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ANNEX I:

RECOMMENDED DECAY DATA

Tabulations of the recommended decay data for the 85 radionuclides are presented in this Annex.
The radionuclides are ordered by atomic number.

Data presented include:

- recommended half-lives (T1/2), Q values and decay modes

- transition probabilities, nature and log ft data for β− transitions

- transition probabilites, nature, log ft and shell capture probabilities for electron capture
(EC) transitions

- energies and emission probabilities for the different radiations

α-particles

electrons (β− emission, Auger and conversion electrons)

X-rays

- γ-ray energies, transition and emission probabilities, multipolarities and total internal
conversion coefficients.
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SYMBOLS AND NOTATION

1 Units

s second
min minute
h hour
d day
y year (1 y = 365.242 198 78 d or 31 556 925.26 s)
eV electronvolt (1 eV = 1.602 176 462 (63)× 10−19 J)
keV kiloelectronvolt (1 keV = 1000 eV)

2 Particles and quanta

α alpha particle
β+ positron from β+ decay
β− electron from β− decay
γ gamma quantum, photon emitted when a nucleus decays to a lower energy state
ec internal conversion electron
ecK internal conversion electron, ejected from the K shell
ecL internal conversion electron, ejected from the L shell
ecM internal conversion electron, ejected from the M shell
ecM+ internal conversion electron, ejected from the M and higher shells
ecN internal conversion electron, ejected from the N shell
ecN+ internal conversion electron, ejected from the N and higher shells
ecO internal conversion electron, ejected from the O shell
eA Auger electron
eAK K-Auger electron
eAL L-Auger electron
KLL KLL-Auger electron
KLX KLX-Auger electron (X=M, N)
KXY KXY-Auger electron (X=M, N; Y=M, N)
X X-ray quantum, photon emitted during the rearrangement of the atomic shells
XK X-ray quantum, photon emitted during the rearrangement of the atomic K shell
XL X-ray quantum, photon emitted during the rearrangement of the atomic L shell

3 Energies

Qα total energy of alpha decay
Qβ− total energy of β−decay
QEC total energy of electron capture (EC) decay
QIT total energy of isomeric transition decay

4 Transitions, probabilities, emission intensities and conversion coefficients

αx,y transition by α decay between level x and level y
β−x,y transition by β− decay between level x and level y
εx,y transition by electron capture (EC) between level x and level y
PK K-shell capture probability for an electron capture (EC) transition
PL L-shell capture probability for an electron capture (EC) transition
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PM M-shell capture probability for an electron capture (EC) transition
PM+ M- and higher-shells capture probability for an electron capture (EC) transition

(PK + PL + PM + . . . = 1)
γx,y γ-ray emission between level x and level y
Pγ γ-ray emission probability for a given transition (not including conversion electrons)
Pce conversion electron emission probability for a given transition
Pγ+ce total transition probability for a given transition (including conversion electrons)

Pγ+ce = Pγ + Pce

αK K-shell internal conversion coefficient
αL total L-shell internal conversion coefficient
αM total M-shell internal conversion coefficient
αM+ total M- and higher-shells internal conversion coefficient
αN total N-shell internal conversion coefficient
αN+ total N- and higher-shells internal conversion coefficient
απ internal-pair formation coefficient
αT (ICC) total internal conversion coefficient (αT = αK + αL + αM + . . .)
αT total conversion coefficient (αT = αK + αL + αM + . . . + απ)

5 Other physical quantities and abbreviations

E0, E1, E2, EL electric monopole, dipole, quadrupole, 2L-pole
log ft logarithm of the comparative half-life in β− or EC decay
J quantum number of total angular momentum
K, L, M, ... electron shells
K/L ratio PceK

/PceL
= αK/αL

K/LM ratio PceK
/(PceL

+ PceM
) = αK/(αL + αM)

K/LMN ratio PceK
/(PceL

+ PceM
+ PceN

) = αK/(αL + αM + αN)
KLX/KXY ratio PAKLX

/PAKXY

L orbital angular momentum quantum number
m0 electron rest mass
max maximum
min minimum
avg average
Z atomic number of an element
A mass number of an isotope
N number of neutrons in an isotope, N = A− Z
M1, M2, ML magnetic dipole, quadrupole, 2L-pole
ν̄ average total number of spontaneous fission neutrons
T1/2 half-life (= total half-life for multiple decay modes)
λ decay constant, λ = ln2/T1/2

δ mixing ratio of different multipolarities
π parity
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1 Half-life, Q-value and Decay mode

T1/2 : 8.32 (7) min
Qβ− : 1308 (20) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,3 659 (20) 3.0 (4) 1st forbidden non-unique 5.41
β−0,2 1003 (20) 35 (7) 1st forbidden non-unique 5.24
β−0,0 1308 (20) 62 (7) 1st forbidden non-unique 5.67

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Tl) 5.25 - 15.32 5.1 (4)

eAK (Tl) 0.30 (7)
KLL 54.587 - 59.954 }
KLX 66.37 - 72.86 }
KXY 78.12 - 85.50 }

ec2,0 K (Tl) 219.366 (6) 8.0 (15)
ec2,0 L (Tl) 289.549 - 292.238 1.35 (26)
ec2,0 M (Tl) 301.192 - 302.507 0.31 (6)
ec2,0 N (Tl) 304.050 - 304.777 0.080 (15)
ec3,2 K (Tl) 258.99 (17) 0.122 (24)
ec3,2 L (Tl) 329.17 - 331.86 0.0204 (41)
ec3,0 K (Tl) 563.89 (5) 0.0906 (18)
ec3,0 L (Tl) 634.07 - 636.76 0.01498 (30)

β−0,3 max: 659 (20) 3.0 (4) avg: 203 (7)
β−0,2 max: 1003 (20) 35 (7) avg: 330 (8)
β−0,0 max: 1308 (20) 62 (7) avg: 450 (8)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Tl) 8.9531 — 14.7362 2.9 (4)

XKα2 (Tl) 70.8325 2.3 (5) } Kα

ANL /F.G. Kondev
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Energy Photons
keV per 100 disint.

XKα1 (Tl) 72.8725 3.9 (8) }

XKβ3 (Tl) 82.118 }
XKβ1 (Tl) 82.577 } 1.32 (25) Kβ

′
1

XKβ
′′
5 (Tl) 83.115 }

XKβ2 (Tl) 84.838 }
XKβ4 (Tl) 85.134 } 0.39 (8) Kβ

′
2

XKO2,3 (Tl) 85.444 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Tl) 265.832 (5) 0.014 (7) E2 0.1603 (23) 0.012 (6)
γ2,0(Tl) 304.896 (6) 36 (7) M1 0.375 (6) 26 (5)
γ3,2(Tl) 344.52 (17) 0.70 (14) M1 0.269 (4) 0.55 (11)
γ3,1(Tl) 383.59 (6) 0.014 (7) M1(+E2) 0.13 (8) 0.012 (6)
γ3,0(Tl) 649.42 (5) 2.3 (3) M1 0.0501 (7) 2.2 (3)

5 References

M.Nurmia, P.Kauranen, M.Karras, A.Siivola, A.Isola, G.Graeffe, A.Lyyjyen, Nature 190 (1961) 427

(Half-life)

G.K.Wolf, Nucl. Phys. A116 (1968) 387

(Half-life, gamma-ray energy and emission probabilities)

R.C.Lange, G.R.Hagee, A.R.Campbell, Nucl. Phys. A133 (1969) 273

(Gamma-ray energy and emission probabilities)

G.Astner, G.K.Wolf, Nucl. Phys. A147 (1970) 481

(Gamma-ray energy and emission probabilities)

R.C.Lange, G.R.Hagee, A.R.Campbell, Priv. Comm. (1971)

(Gamma-ray energy and emission probabilities)

D.G.Tuggle, Thesis, Report LBL-4460, Univ. California (1976)

(Gamma-ray energy and emission probabilities)

F.P.Larkins, At. Data Nucl. Data Tables 20 (1977) 311

(K Auger electron energies)

M.U.Rajput, T.D.MacMahon, Nucl. Instrum. Methods Phys. Res. A312 (1992) 289

(Evaluation techniques)

S.I.Kafala, T.D.MacMahon, P.W.Gray, Nucl. Instrum. Methods Phys. Res. A339 (1994) 151

(Evaluation techniques)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(K-shell fluorescence yields)

B.Singh, J.L.Rodriguez, S.S.M.Wong, J.K.Tuli, Nucl. Data Sheets 84 (1998) 487

(log ft values)

E.Schönfeld, G.Rodloff, Report PTB-6.11-98-1, Braunschweig (1998)

(K Auger electron energies)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(K X-ray energies and relative emission probabilities)

E.Browne, Nucl. Data Sheets 88 (1999) 29

(Nuclear levels)

ANL /F.G. Kondev
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E.Schönfeld, H.Janssen, Appl. Radiat. Isot. 52 (2000) 595

(EMISSION program and X-ray and Auger electron emission probabilities and energies)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(ICCs)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

R.D.Deslattes, E.G.Kessler Jr., P.Indelicato, L.de Billy, E.Lindroth, J.Anton, Rev. Mod. Phys. 75
(2003) 35

(K and L X-ray energies)

T.D.MacMahon, A.Pearce, P.Harris, Appl. Radiat. Isot. 60 (2004) 275

(Evaluation techniques)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICCs)

F.G.Kondev, Nucl. Data Sheets 109 (2008) 1527

(Nuclear levels)

C.Dulieu, M.M.Bé, V.Chisté, Proc. Int. Conf. on Nuclear Data for Science and Technology, 22-27 April 2007,
Nice, France (2008) 97

(SAISINUC software)

ANL /F.G. Kondev
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1 Half-life, Q-value and Decay mode

T1/2 : 4.202 (11) min
Qβ− : 1532.4 (6) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,2 366.0 (8) 0.110 (14) 1st forbidden 6
β−0,1 729.3 (6) 0.0051 (3) 1st forbidden unique 8.6
β−0,0 1532.4 (6) 99.885 (14) 1st forbidden 5.2

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAK (Pb) 0.0034 (6)
KLL 56.028 - 61.669 }
KLX 68.181 - 74.969 }
KXY 80.3 - 88.0 }

ec2,0 K (Pb) 1078.4 0.093 (11)
ec2,0 L (Pb) 1150.54 - 1151.20 0.017 (3)

β−0,2 max: 366.0 (8) 0.110 (14) avg: 104.52 (25)
β−0,1 max: 729.3 (6) 0.0051 (3) avg: 232.39 (21)
β−0,0 max: 1532.4 (6) 99.885 (14) avg: 538.86 (25)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.19 — 15.217 0.035 (4)

XKα2 (Pb) 72.8049 0.026 (3) } Kα
XKα1 (Pb) 74.97 0.044 (5) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 0.0150 (17) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 0.0045 (6) Kβ

′
2

XKO2,3 (Pb) 87.911 }

ANL /F.G. Kondev
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ2,1(Pb) 363.3 (5) 0.00015 (15) E2 0.0663 (20) 0.00014 (14)
γ1,0(Pb) 803.06 (3) 0.0051 (3) E2 0.01030 (31) 0.0050 (3)

5 References

K.Fajans, A.F.Voigt, Phys. Rev. 60 (1941) 619

(Half-life)

D.E.Alburger, G.Friedlander, Phys. Rev. 82 (1951) 977

(Maximum beta-decay energy)

B.W.Sargent, L.Yaffe, A.P.Gray, Can. J. Phys. 31 (1953) 235

(Half-life)

A.Poularikas, R.W.Fink, Phys. Rev. 115 (1959) 989

(Half-life)

D.A.Howe, L.M.Langer, Phys. Rev. 124 (1961) 519

(Maximum beta-decay energy)

M.Nurmia, P.Kauranen, M.Karras, A.Siivola, A.Isola, G.Graeffe, A.Lyyjyen, Nature 190 (1961) 427

(Half-life)

W.H.Zoller, C.Botteron, W.B.Walters, Report MIT-905-133, Massachusetts Institute of Technology (1968)

(Gamma-ray emission probability)

W.H.Zoller, W.B.Walters, J. Inorg. Nucl. Chem. 32 (1970) 2465

(Gamma-ray emission probability)

D.Flothmann, R.Lohken, W.Wiesner, H.Rebel, Phys. Rev. Lett. 25 (1970) 1719

(Half-life, Maximum beta-decay energy)

N.B.Gove, M.J.Martin, Nucl. Data Tables 10 (1971) 205

(Log ft values)

B.I.Persson, I.Plesser, J.W.Sunier, Nucl. Phys. A167 (1971) 470

(Half-life, Maximum beta-decay energy)

J.C.Manthuruthil, D.C.Camp, A.V.Ramayya, J.H.Hamilton, J.J.Pinajian, J.W.Doornebos, Phys. Rev.
C6 (1972) 1870

(Gamma-ray transition energies)

L.L.Collins, G.D.O’Kelley, E.Eichler, Report ORNL-4791, Oak Ridge National Laboratory (1972)

(Half-llife)

H.C.Griffin, A.M.Donne, Phys. Rev. Lett. 28 (1972) 107

(Half-life)

W.Wiesner, D.Flothmann, H.J.Gils, R.Lohken, H.Rebel, Nucl. Phys. A191 (1972) 166

(Half-life, Maximum beta-decay energy)

J.E.Draper, R.J.McDonald, N.S.P.King, Phys. Rev. C16 (1977) 1594

(Transition energies, K/L conversion electrons subs)

F.P.Larkins, At. Data Nucl. Data Tables 20 (1977) 313

(Electron shells binding energies)

W.H.Trzaska, J.Kantele, R.Julin, J.Kumpulainen, P.van Duppen, M.Huyse, J.Wauters, Z. Phys. A335
(1990) 475

(K/L conversion electrons subshell ratio)

M.U.Rajput, T.D.McMahon, Nucl. Instrum. Methods Phys. Res. A312 (1992) 289

(Evaluation techniques)

S.I.Kafala, T.D.McMahon, P.W.Gray, Nucl. Instrum. Methods Phys. Res. A339 (1994) 151

(Evaluation techniques)

S.Raman, J.B.McGrory, E.T.Jurney, J.W.Starner, Phys. Rev. C53 (1996) 2732

(Gamma-ray transition energies)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Fluorescence yields)

E.Schönfeld, G.Rodloff, Report PTB-6.11-98-1, Braunschweig (1998)

(K Auger electron energies)
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E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(KX-ray energies and relative emission probabilitie)

E.Browne, Nucl. Data Sheets 88 (1999) 29

(206Tl and 206Pb level schemes)

E.Schönfeld, H.Janssen, Appl. Radiat. Isot. 52 (2000) 595

(Program Emission)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor, P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables 91
(2002) 1

(ICC)

M.-M.Bé, R.G.Helmer, V.Chisté, J. Nucl. Sci. Technol. (Tokyo) suppl. 2 (2002) 481

(Saisinuc supporting software)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

R.D.Deslattes, E.G.Kessler, P.Indelicato, L.de Billy, E.Lindroth, J.Anton, Rev. Mod. Phys. 77 (2003)
35

(K and L X-ray energies)

D.MacMahon, A.Pearce, P.Harris, Appl. Radiat. Isot. 60 (2004) 275

(Evaluation techniques)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICC)

ANL /F.G. Kondev
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1 Half-life, Q-value and Decay mode

T1/2 : 4.774 (12) min
Qβ− : 1418 (5) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,2 520 (5) 0.271 (10) 1st forbidden non-unique 6.15
β−0,1 848 (5) <0.00008 1st forbidden unique >10.8
β−0,0 1418 (5) 99.729 (10) 1st forbidden non-unique 5.11

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pb) 5.33 - 15.82 0.00333 (6)

eAK (Pb) 0.000202 (23)
KLL 56.028 - 61.669 }
KLX 68.181 - 74.969 }
KXY 80.3 - 88.0 }

β−0,2 max: 520 (5) 0.271 (10) avg: 155.0 (17)
β−0,1 max: 848 (5) <0.00008 avg: 273.2 (18)
β−0,0 max: 1418 (5) 99.729 (10) avg: 492.5 (21)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.186 — 15.2169 0.00201 (6)

XKα2 (Pb) 72.8049 0.00154 (6) } Kα
XKα1 (Pb) 74.97 0.00258 (10) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 0.00088 (4) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 0.000266 (12) Kβ

′
2

XKO2,3 (Pb) 87.911 }

ANL /F.G. Kondev
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ2,1(Pb) 328.10 (12) 0.00189 (19) [M1] 0.334 (5) 0.00142 (14)
γ1,0(Pb) 569.698 (2) 0.00189 (19) E2 0.0216 (3) 0.00185 (19)
γ2,0(Pb) 897.77 (12) 0.269 (9) M1+0.8%E2 0.0233 (4) 0.263 (9)

5 References

M.Curie, A.Debierne, A.S.Eve, H.Geiger, O.Hahn, S.C.Lind, S.Meyer, E.Rutherford, E.Schweidler,
Rev. Mod. Phys. 3 (1931) 427

(Half-life)

K.Fajans, A.F.Voigt, Phys. Rev. 58 (1940) 177

(Half-life)

H.D.Evans, Proc. Phys. Soc. (London) 63A (1950) 575

(Measured energies and probabilities of beta-transitions)

B.W.Sargent, L.Yaffe, A.P.Gray, Can. J. Phys. 31 (1953) 235

(Half-life)

S.Cuperman, Nucl. Phys. 28 (1961) 84

(Measured energies and probabilities of beta-transitions)

P.R.Christensen, O.B.Nielsen, H.Nordby, Phys. Lett. 4 (1963) 318

(Measured energies and probabilities of beta-transitions)

W.F.Davidson, C.R.Cothern, R.D.Connor, Can. J. Phys. 45 (1967) 2295

(Measured energies and probabilities of beta-transitions)

J.M.Trischuk, E.Kankeleit, Nucl. Phys. A90 (1967) 33

(Half-life, measured energies and probabilities of beta-transitions)

Ch.Briançon, C.F.Leang, R.Walen, Compt. Rend. Acad. Sci. (Paris) Ser. B 266 (1968) 1533

(Measured energies and probabilities of gamma-transitions)

H.V.Klapdor, P.von Brentano, E.Grosse, K.Haberkant, Nucl. Phys. A152 (1970) 263

(Measured energies and probabilities of gamma- and beta-transitions and ICCs)

N.B.Gove, M.J.Martin, Nucl. Data Tables A10 (1971) 205

(Log ft values)

O.Hausser, F.C.Khanna, D.Ward, Nucl. Phys. A194 (1972) 113

(Multipolarity and mixing ratio)

C.Bargholtz, L.Eriksson, L.Gidefeldt, Phys. Scr. 7 (1973) 254

(Multipolarity and mixing ratio)

O.Hausser, D.B.Fossan, A.Olin, D.Ward, W.Witthuhn, R.E.Warner, Nucl. Phys. A225 (1974) 425

(Measured energies and probabilities of gamma-transitions)

F.T.Avignone III, T.A.Girard, Phys. Rev. C13 (1976) 2067

(Multipolarity and mixing ratio)

F.P.Larkins, At. Data Nucl. Data Tables 20 (1977) 311

(Auger electron energies)

M.M.Hindi, E.G.Adelberger, S.E.Kellogg, T.Murakami, Phys. Rev. C38 (1988) 1370

(Measured energies and probabilities of gamma- and beta-transitions, B(M1), experimental ICCs)

A.Artna-Cohen, Nucl. Data Sheets 63 (1991) 79

(Evaluation and gamma-ray normalisation factor)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Evaluation of K-shell fluorescence yields and X-ray emission probabilities)

E.Schönfeld, G.Rodloff, Report PTB-6.11-98-1, Braunschweig (1998)

(Auger electron energies)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(X-ray energies and emission probabilities)

E.Schönfeld, H.Janssen, Appl. Radiat. Isot. 52 (2000) 595

(X-ray and Auger electron emission probabilities)
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R.G.Helmer, C.van der Leun, Nucl. Instrum. Methods Phys. Res. A450 (2000) 35

(Evaluated energies and probabilities of gamma-transitions)

R.D.Deslattes, E.G.Kessler Jr., P.Indelicato, L.de Billy, E.Lindroth, J.Anton, Rev. Mod. Phys. 75
(2003) 35

(Evaluated X-ray transition energies)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICC)

C.Dulieu, M.M.Bé, V.Chisté, Proc. Int. Conf. on Nuclear Data for Science and Technology, 22-27 April 2007,
Nice, France (2008) 97

(SAISINUC Software and atomic data)

F.G.Kondev, S.Lalkovski, Nucl. Data Sheets 112 (2011) 707

(Nuclear levels)
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ANNEX I: RECOMMENDED DECAY DATA T l − 208

1 Half-life, Q-value and Decay mode

T1/2 : 3.058 (6) min
Qβ− : 4999.0 (17) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,23 518.3 (17) 0.052 (5) 1st forbidden non-unique 6.67
β−0,21 615.7 (17) 0.017 (5) 1st forbidden non-unique 7.41
β−0,20 640.3 (17) 0.045 (4) 1st forbidden non-unique 7.04
β−0,19 675.1 (17) 0.005 (2) Allowed 8.1
β−0,18 702.4 (17) 0.102 (11) 1st forbidden non-unique 6.82
β−0,17 737.1 (17) 0.002 (1) 1st forbidden non-unique 8.6
β−0,13 818.6 (17) 0.231 (9) 1st forbidden non-unique 6.7
β−0,12 873.7 (17) 0.174 (9) 1st forbidden non-unique 6.92
β−0,8 1003.6 (17) 0.007 (3) 1st forbidden non-unique 8.5
β−0,7 1037.8 (17) 3.17 (4) 1st forbidden non-unique 5.92
β−0,6 1052.4 (17) 0.048 (3) 1st forbidden non-unique 7.76
β−0,5 1079.0 (17) 0.63 (4) 1st forbidden non-unique 6.68
β−0,4 1290.5 (17) 24.1 (2) 1st forbidden non-unique 5.38
β−0,3 1523.9 (17) 22.1 (5) 1st forbidden non-unique 5.69
β−0,2 1801.3 (17) 49.2 (6) 1st forbidden non-unique 5.61

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pb) 5.262 - 10.398 4.50 (13)

eAK (Pb) 0.27 (3)
KLL 56.028 - 61.669 }
KLX 68.181 - 74.969 }
KXY 80.3 - 88.0 }

ec3,2 K (Pb) 189.36 (2) 2.86 (13)
ec3,2 L (Pb) 261.51 - 264.33 0.49 (2)
ec3,2 M+ (Pb) 273.52 - 277.37 0.15 (1)
ec4,2 K (Pb) 422.73 (2) 1.88 (2)
ec4,2 L (Pb) 494.88 - 497.70 0.32
ec4,2 M+ (Pb) 506.89 - 510.74 0.098
ec2,1 K (Pb) 495.18 (2) 1.25 (1)
ec2,1 L (Pb) 567.33 - 570.15 0.34
ec2,1 M+ (Pb) 579.33 - 583.19 0.109
ec1,0 α (Pb) 1592.51 (1) 0.0369 (6)
ec1,0 K (Pb) 2526.51 (1) 0.170 (3)
ec1,0 L (Pb) 2598.65 - 2601.48 0.0291 (4)
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Energy Electrons Energy
keV per 100 disint. keV

β−0,23 max: 518.3 (17) 0.052 (5) avg: 154.3 (6)
β−0,21 max: 615.7 (17) 0.017 (5) avg: 187.7 (6)
β−0,20 max: 640.3 (17) 0.045 (4) avg: 196.4 (6)
β−0,19 max: 675.1 (17) 0.005 (2) avg: 208.6 (6)
β−0,18 max: 702.4 (17) 0.102 (11) avg: 218.3 (6)
β−0,17 max: 737.1 (17) 0.002 (1) avg: 230.8 (6)
β−0,13 max: 818.6 (17) 0.231 (9) avg: 260.4 (6)
β−0,12 max: 873.7 (17) 0.174 (9) avg: 280.8 (6)
β−0,8 max: 1003.6 (17) 0.007 (3) avg: 329.7 (7)
β−0,7 max: 1037.8 (17) 3.17 (4) avg: 342.8 (7)
β−0,6 max: 1052.4 (17) 0.048 (3) avg: 348.4 (7)
β−0,5 max: 1079.0 (17) 0.63 (4) avg: 358.6 (7)
β−0,4 max: 1290.5 (17) 24.1 (2) avg: 441.5 (7)
β−0,3 max: 1523.9 (17) 22.1 (5) avg: 535.4 (7)
β−0,2 max: 1801.3 (17) 49.2 (6) avg: 649.5 (7)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.184 — 15.216 2.75 (12)

XKα2 (Pb) 72.8049 2.03 (5) } Kα
XKα1 (Pb) 74.97 3.42 (7) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 1.17 (3) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 0.353 (11) Kβ

′
2

XKO2,3 (Pb) 87.911 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ5,4(Pb) 211.52 (2) 0.38 (2) M1+3%E2 1.096 (17) 0.18 (1)
γ4,3(Pb) 233.37 (2) 0.51 (2) [M1+33%E2] 0.66 (3) 0.31 (1)
γ7,4(Pb) 252.71 (2) 1.26 (3) [M1+14%E2] 0.616 (15) 0.78 (2)
γ3,2(Pb) 277.37 (2) 10.1 (5) [M1+0.04%E2] 0.529 (8) 6.6 (3)
γ7,3(Pb) 486.08 (2) 0.055 (4) [M1] 0.1164 (17) 0.049 (4)
γ4,2(Pb) 510.74 (2) 24.8 (2) [M1+0.25%E2] 0.1019 (16) 22.5 (2)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ2,1(Pb) 583.187 (2) 86.7 (3) E2 0.0205 (3) 85.0 (3)
γ18,4(Pb) 588.108 (18) 0.06 (1) [M1] 0.0704 (10) 0.06 (1)
γ12,3(Pb) 650.27 (2) 0.043 (5) [M1] 0.0541 (8) 0.041 (5)
γ13,3(Pb) 705.34 (2) 0.023 (4) [M1] 0.0438 (7) 0.022 (4)
γ5,2(Pb) 722.26 (2) 0.25 (4) M1+8.8%E2 0.0387 (7) 0.24 (4)
γ6,2(Pb) 748.87 (2) 0.048 (3) [M1] 0.0375 (6) 0.046 (3)
γ7,2(Pb) 763.45 (2) 1.86 (2) [M1+1.0%E2] 0.0354 (5) 1.80 (2)
γ−1,1(Pb) 808.32 (13) 0.030 (7) 0.030 (7)
γ18,3(Pb) 821.48 (2) 0.042 (4) M1 0.0295 (5) 0.041 (4)
γ−1,2(Pb) 835.90 (11) 0.076 (11) 0.076 (11)
γ3,1(Pb) 860.53 (2) 12.7 (1) [M1+0.02%E2] 0.0262 (4) 12.4 (1)
γ20,3(Pb) 883.59 (2) 0.032 (3) [M1] 0.0244 (4) 0.031 (3)
γ12,2(Pb) 927.64 (2) 0.131 (7) [M1] 0.0216 (3) 0.128 (7)
γ13,2(Pb) 982.70 (2) 0.208 (8) [M1] 0.0186 (3) 0.204 (8)
γ4,1(Pb) 1093.90 (2) 0.44 (1) E2 0.00560 (8) 0.44 (1)
γ19,2(Pb) 1126.24 (2) 0.005 (2) E1 0.00203 (3) 0.005 (2)
γ20,2(Pb) 1160.96 (2) 0.011 (3) [M1] 0.01214 (17) 0.011 (3)
γ21,2(Pb) 1185.57 (2) 0.017 (5) [M1] 0.01151 (17) 0.017 (5)
γ23,2(Pb) 1283.04 (2) 0.052 (5) [M1] 0.00943 (14) 0.052 (5)
γ8,1(Pb) 1380.89 (2) 0.007 (3) [M1] 0.00785 (11) 0.007 (3)
γ17,1(Pb) 1647.32 (2) 0.002 (1) [M1] 0.00518 (8) 0.002 (1)
γ20,12(Pb) 1744.12 (2) 0.002 (1) [M1] 0.00457 (7) 0.002 (1)
γ1,0(Pb) 2614.511 (10) 100 E3 0.00246 (4) 99.755 (4)
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1 Half-life, Q-value and Decay mode

T1/2 : 2.161 (7) min
Qβ− : 3976 (8) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,10 587 (8) 0.420 (22)
β−0,9 615 (8) 0.10 (3)
β−0,8 906 (8) 0.645 (16) 1st forbidden 6.3
β−0,7 1071 (8) 0.70 (9) 1st forbidden 6.5
β−0,6 1451 (8) 0.070 (15) Allowed 8
β−0,5 1515 (8) 0.031 (16) 1st forbidden unique 9.2
β−0,4 1660 (8) 0.32 (11) 1st forbidden 7.5
β−0,3 1827 (8) 97.70 (15) 1st forbidden 5.2
β−0,2 1944 (8) <0.1 Allowed >8.3

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pb) 5.34 - 15.82 13.23 (15)

eAK (Pb) 0.77 (9)
KLL 56.028 - 61.669 }
KLX 68.181 - 74.969 }
KXY 80.3 - 88.0 }

ec3,2 K (Pb) 29.22 (8) 17.51 (48)
ec3,2 L (Pb) 101.36 - 104.18 3.39 (9)
ec3,2 M (Pb) 113.37 - 114.74 0.799 (20)
ec3,2 N (Pb) 116.33 - 117.08 0.200 (5)
ec4,2 K (Pb) 195.61 (14) 0.057 (28)
ec2,1 K (Pb) 377.13 (8) 2.34 (7)
ec2,1 L (Pb) 449.27 - 452.09 0.786 (23)
ec2,1 M (Pb) 461.28 - 462.65 0.197 (6)
ec2,1 N (Pb) 464.24 - 464.99 0.0497 (15)
ec3,1 K (Pb) 494.35 (8) 0.0491 (40)
ec3,1 L (Pb) 566.49 - 569.31 0.0100 (8)
ec8,3 K (Pb) 832.43 (14) 0.01142 (33)
ec1,0 K (Pb) 1478.94 (5) 0.2340 (42)
ec1,0 L (Pb) 1551.08 - 1553.90 0.0396 (6)

β−0,10 max: 587 (8) 0.420 (22) avg: 177.8 (28)
β−0,9 max: 615 (8) 0.10 (3) avg: 187.4 (28)
β−0,8 max: 906 (8) 0.645 (16) avg: 292.9 (30)
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Energy Electrons Energy
keV per 100 disint. keV

β−0,7 max: 1071 (8) 0.70 (9) avg: 355.5 (31)
β−0,6 max: 1451 (8) 0.070 (15) avg: 505.9 (33)
β−0,5 max: 1515 (8) 0.031 (16) avg: 518.1 (31)
β−0,4 max: 1660 (8) 0.32 (11) avg: 591.2 (33)
β−0,3 max: 1827 (8) 97.70 (15) avg: 660.0 (34)
β−0,2 max: 1944 (8) <0.1 avg: 709.0 (34)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.186 — 15.2169 8.04 (14)

XKα2 (Pb) 72.8049 5.85 (10) } Kα
XKα1 (Pb) 74.97 9.84 (16) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 3.36 (8) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 1.016 (28) Kβ

′
2

XKO2,3 (Pb) 87.911 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ3,2(Pb) 117.224 (7) 100 E1 0.295 (5) 77.22 (27)
γ4,2(Pb) 284.04 (23) 0.21 (10) [M1] 0.495 (7) 0.14 (7)
γ5,3(Pb) 311.5 (3) 0.031 (15) [E2] 0.1034 (15) 0.028 (14)
γ6,3(Pb) 375.5 (2) 0.070 (15) 0.070 (15)
γ2,1(Pb) 465.128 (24) 100 E2 0.0350 (5) 96.62 (5)
γ−1,1(Pb) 469.7 (3) 0.12 (3) 0.12 (3)
γ3,1(Pb) 582.4 (2) 0.374 (29) [M2] 0.200 (3) 0.312 (24)
γ4,1(Pb) 748.3 (2) 0.080 (21) [E1] 0.00428 (6) 0.080 (21)
γ7,3(Pb) 755.6 (3) 0.114 (21) [M1] 0.0366 (6) 0.11 (2)
γ−1,2(Pb) 860.5 (3) 0.26 (4) 0.26 (4)
γ7,2(Pb) 873.5 (4) 0.59 (8) [E1] 0.00320 (5) 0.59 (8)
γ−1,3(Pb) 890.0 (4) 0.12 (3) 0.12 (3)
γ−1,4(Pb) 902.8 (4) 0.10 (2) 0.10 (2)
γ8,3(Pb) 920.43 (11) 0.645 (15) [M1] 0.0220 (3) 0.631 (15)
γ−1,5(Pb) 970.3 0.054 (15) 0.054 (15)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ10,3(Pb) 1239.66 (11) 0.420 (22) 0.420 (22)
γ9,2(Pb) 1329.29 (16) 0.10 (3) 0.10 (3)
γ1,0(Pb) 1566.93 (5) 100 E2 0.00294 (5) 99.707 (5)
γ−1,6(Pb) 1661.1 (5) 0.10 (2) 0.10 (2)
γ−1,7(Pb) 1673.2 (4) 0.48 (4) 0.48 (4)
γ−1,8(Pb) 1781.7 (5) 0.04 (2) 0.04 (2)
γ−1,9(Pb) 2005.3 (2) 0.020 (5) 0.020 (5)
γ−1,10(Pb) 2032.1 (5) 0.001 0.001
γ3,0(Pb) 2149 (1) 0.015 (5) [M4] 0.01529 (22) 0.015 (5)
γ4,0(Pb) 2315.80 (21) 0.0289 (21) [E3] 0.00292 (4) 0.0288 (21)
γ−1,11(Pb) 2548.2 0.015 (6) 0.015 (6)
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(Gamma-ray emission energies and probabilities)
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(X-ray and Auger electron emission probabilities)
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(2003) 35

(K and L X-ray energies)
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C.Dulieu, M.M.Bé, V.Chisté, Proc. Int. Conf. on Nuclear Data for Science and Technology, 22-27 April 2007,
Nice, France (2008) 97

(SAISINUC software)

ANL /F.G. Kondev



ANNEX I: RECOMMENDED DECAY DATA T l − 210

1 Half-life, Q-value and Decay mode

T1/2 : 1.30 (3) min
Qβ− : 5482 (12) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,11 1380 (12) ∼2 6.2
β−0,10 1603 (12) ∼7 5.9
β−0,9 1860 (12) ∼24 5.6
β−0,8 2024 (12) ∼10 Allowed 6.1
β−0,7 2413 (12) ∼10 2nd forbidden unique 6.4
β−0,3 4290 (12) ∼31 Allowed 6.9
β−0,2 4386 (12) ∼13 Allowed 7.3

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

ec3,2 K (Pb) ∼9 ∼16
ec3,2 L (Pb) 81.1392 - 83.9648 ∼12
ec3,2 M (Pb) 93.1493 - 94.5160 ∼3.2
ec2,1 K (Pb) 208 (3) 5.3 (7)
ec2,1 L (Pb) 280.1392 - 282.9648 3.15 (42)
ec2,1 M (Pb) 292.1493 - 293.5160 0.81 (11)
ec2,1 N (Pb) 295.1064 - 295.8637 0.205 (27)
ec1,0 K (Pb) 711.6 (3) 0.803 (12)
ec1,0 L (Pb) 783.7 - 786.6 0.1746 (25)
ec1,0 M (Pb) 795.7 - 797.1 0.0421 (6)
ec1,0 N (Pb) 798.7 - 799.5 0.01066 (16)
ec4,1 K (Pb) 982 (20) 0.022 (9)

ec−1,1 L (Pb) 67.1392 - 69.9648 ∼20
ec−1,1 M (Pb) 79.1493 - 80.5160 ∼6
ec−1,2 K (Pb) 268 (10) 0.88 (45)
ec−1,2 L (Pb) 340.1392 - 342.9648 0.15 (8)
ec−1,2 M (Pb) 352.1493 - 353.5160 0.035 (18)
ec−1,3 K (Pb) 294 (10) 0.55 (37)
ec−1,3 L (Pb) 366.1392 - 368.9648 0.09 (6)
ec−1,3 M (Pb) 378.1493 - 379.5160 0.022 (15)

β−0,11 max: 1380 (12) ∼2 avg: 477 (13)
β−0,10 max: 1603 (12) ∼7 avg: 568 (14)
β−0,9 max: 1860 (12) ∼24 avg: 674 (10)
β−0,8 max: 2024 (12) ∼10 avg: 743 (10)
β−0,7 max: 2413 (12) ∼10 avg: 907 (7)
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ANNEX I: RECOMMENDED DECAY DATA T l − 210

Energy Electrons Energy
keV per 100 disint. keV

β−0,3 max: 4290 (12) ∼31 avg: 1721 (11)
β−0,2 max: 4386 (12) ∼13 avg: 1763 (5)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.186 — 15.217

XKα2 (Pb) 72.805 7 (4) } Kα
XKα1 (Pb) 74.97 11 (6) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 3.8 (19) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 1.1 (6) Kβ

′
2

XKO2,3 (Pb) 87.911 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ−1,1(Pb) 83 (30) 30 (6) [E2] ∼14 ∼1.98 (40)
γ3,2(Pb) 97 (30) 40 (20) M1+E2 ∼9 ∼4 (2)
γ2,1(Pb) 296 (3) 89 (11) E2 0.120 (5) 79 (10)
γ−1,2(Pb) 356 (10) 5.0 (25) [M1] 0.270 (22) 4 (2)
γ−1,3(Pb) 382 (10) 3.7 (24) [M1] 0.223 (17) 3 (2)
γ11,9(Pb) 480 (36) 2 (1) 2 (1)
γ−1,4(Pb) 670 (20) 2 (1) 2 (1)
γ1,0(Pb) 799.6 (3) 100 E2 0.01042 (31) 98.969 (30)
γ7,5(Pb) 860 (30) 6.9 (20) 6.9 (20)
γ−1,5(Pb) 910 (30) 3 (2) 3 (2)
γ4,1(Pb) 1070 (20) 11.9 (49) [E1] 0.00222 (7) 11.9 (49)
γ5,2(Pb) 1110 (20) 6.9 (20) 6.9 (20)
γ9,6(Pb) 1210 (20) 16.8 (40) 16.8 (40)
γ6,2(Pb) 1310 (20) 20.8 (49) 20.8 (49)
γ5,1(Pb) 1410 (20) 4.9 (20) 4.9 (20)
γ−1,6(Pb) 1490 (20) 2 (1) 2 (1)
γ−1,7(Pb) 1540 (30) 2 (1) 2 (1)
γ8,4(Pb) 1590 (30) 2 (1) 2 (1)
γ−1,8(Pb) 1650 (30) 2 (1) 2 (1)
γ10,4(Pb) 2010 (30) 6.9 (20) 6.9 (20)
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ANNEX I: RECOMMENDED DECAY DATA T l − 210

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ−1,9(Pb) 2090 (30) 4.9 (20) 4.9 (20)
γ7,1(Pb) 2280 (12) 3 (2) 3 (2)
γ8,2(Pb) 2360 (30) 7.9 (30) 7.9 (30)
γ9,3(Pb) 2430 (30) 8.9 (30) 8.9 (30)

5 References

M.Curie, A.Debierne, A.S.Eve, H.Geiger, O.Hahn, S.C.Lind, St.Meyer, E.Rutherford, E.Schweildler,
Rev. Mod. Phys. 3 (1931) 427

(Half-life)

A.V.Kogan, L.I.Rusinov, Sov. Phys. - JETP 5 (1957) 365

(Half-life, neutron emission)

G.Stetter, Report TID-14880 (1961)

(Neutron emission probability)

P.Weinzierl, E.Ujlaki, G.Preinreich, G.Eder, Phys. Rev. 134 (1964) B257

(Half-life, beta emission energies and probabilities, gamma-ray energies and emission probabilities)

B.Harmatz, Nucl. Data Sheets 34 (1981) 735

(Spin, parity, energy level, beta and gamma probabilities)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)

E.Browne, Nucl. Data Sheets 99 (2003) 483

(Spin, parity, energy level, beta and gamma probabilities)
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ANNEX I: RECOMMENDED DECAY DATA T l − 210

CEA/LNE-LNHB /V. Chisté, M.M. Bé



ANNEX I: RECOMMENDED DECAY DATA Pb− 209

1 Half-life, Q-value and Decay mode

T1/2 : 3.277 (15) h
Qβ− : 644.0 (12) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,0 644.0 (12) 100 1st forbidden non-unique 5.54

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

β−0,0 max: 644.0 (12) 100 avg: 197.35 (42)

4 References

R.S.Krishnan, E.A.Nahum, Proc. Cambridge Phil. Soc. 36 (1940) 490

(Half-life)

K.Fajans, A.F.Voigt, Phys. Rev. 60 (1941) 619

(Half-life)

W.Maurer, W.Ramm, Z. Phys. 119 (1942) 602

(Half-life)

A.Poularikas, R.W.Fink, Phys. Rev. 115 (1959) 989

(Half-life)

N.B.Gove, M.J.Martin, Nucl. Data Tables A10 (1971) 205

(log ft values)

B.I.Persson, I.Plesser, J.W.Sunier, Nucl. Phys. A167 (1971) 470

(Half-life)

H.Behrens, M.Kobelt, W.G.Thies, H.Appel, Z. Phys. 252 (1972) 349

(Half-life)

M.J.Martin, Nucl. Data Sheets 63 (1991) 723

(Nuclear levels)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

ANL /F.G. Kondev



ANNEX I: RECOMMENDED DECAY DATA Pb− 209

ANL /F.G. Kondev



ANNEX I: RECOMMENDED DECAY DATA Pb− 210

1 Half-life, Q-value and Decay mode

T1/2 : 22.23 (12) y
Qβ− : 63.5 (5) keV
Qα : 3792 (20) keV
β− : 100 %
α : 1.9 (4) ×10−6 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,1 17.0 (5) 80.2 (13) 1st forbidden 5.5
β−0,0 63.5 (5) 19.8 (13) 1st forbidden 7.8

3 α Emissions

Energy Probability
keV × 100

α0,0 3720 (20) 0.0000019 (4)

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Bi) 5.3 - 10.7 36.0 (9)

eAK (Bi)
ec1,0 L (Bi) 30.152 - 33.120 58 (1)
ec1,0 M (Bi) 42.540 - 43.959 13.65 (25)
ec1,0 N (Bi) 45.601 - 46.382 3.50 (6)

β−0,1 max: 17.0 (5) 80.2 (13) avg: 4.3 (1)
β−0,0 max: 63.5 (5) 19.8 (13) avg: 16.3 (1)

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Bi) 9.4207 — 15.7084 22.0 (5)
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ANNEX I: RECOMMENDED DECAY DATA Pb− 210

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Bi) 46.539 (1) 80.2 (13) M1 17.86 (25) 4.252 (40)

6 References

I.Curie, J. Phys. Radium 10 (1929) 388

(Half-life)

P.Curie, I.Curie, J. Phys. Radium 10 (1929) 385

(Half-life)

M.Curie, A.Debierne, A.S.Eve, H.Geiger, O.Hahn, S.C.Lind, St.Meyer, E.Rutherford, E.Schweidler,
Rev. Mod. Phys. 3 (1931) 427

(Half-life)

F.Wagner, Report ANL-4490, Argonne National Laboratory (1950) 5

(Half-life)

D.K.Butt, W.D.Brodie, Proc. Phys. Soc. (London) 64A (1951) 791

(Gamma-ray intensity)

C.S.Wu, F.Boehm, E.Nagel, Phys. Rev. 91 (1953) 319

(Gamma-ray intensity)

P.E.Damon, R.R.Edwards, Phys. Rev. 95 (1954) 1698

(Gamma-ray intensity)

J.Tobailem, J. Phys. Radium 16 (1955) 235

(Half-life)

W.Stanners, M.A.S.Ross, Proc. Phys. Soc. 69A (1956) 836

(Beta intensity)

J.Tousset, Compt. Rend. Acad. Sci. (Paris) 245 (1957) 1617

(Beta intensity)

W.F.Merritt, P.J.Campion, R.C.Hawkings, Can. J. Phys. 35 (1957) 16

(Half-life)

R.W.Fink, Phys. Rev. 106 (1957) 266

(Gamma-ray intensity)

I.Y.Krause, Z. Phys. 152 (1958) 586

(Gamma-ray intensity)

J.Tousset, J. Phys. Radium 19 (1958) 39

(Beta intensity)

B.D.Pate, D.C.Santry, L.Yaffe, Can. J. Phys. 37 (1959) 1000

(Half-life)

G.Haborttle, J. Inorg. Nucl. Chem. 12 (1959) 6

(Half-life)

W.R.Eckelmann, W.S.Broecker, J.L.Kulp, Phys. Rev. 118 (1960) 698

(Half-life)

M.Nurmia, P.Kauranen, M.Karras, A.Siivola, A.Isola, G.Graeffe, A.Lyyjynen, Nature 190 (1961) 427

(Alpha branching ratio)

P.Kauranen, Ann. Acad. Sci. Fenn., Ser. A, VI 96 (1962)

(Alpha branching ratio)

L.Imre, G.Fabry, I.Dezsi, Nucl. Sci. Abstr. 17 (1963) 4186

(Half-life)

G.K.Wolf, F.Lux, H.J.Born, Radiochim. Acta 3 (1964) 206

(Alpha branching ratio)

H.Ramthun, Z. Naturforsch. 19a (1964) 1064

(Half-life)

H.R.von Gunten, A.Wyttenbach, H.Dulakas, J. Inorg. Nucl. Chem. 29 (1967) 2826

(Half-life)

A.Höhndorf, Z. Naturforsch. 24a (1969) 612

(Half-life)
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ANNEX I: RECOMMENDED DECAY DATA Pb− 210

K.Ya.Gromov, B.M.Sabirov, J.J.Urbanets, Bull. Rus. Acad. Sci. Phys. 33 (1970) 1510

(Gamma-ray intensity)

R.J.Gehrke, R.A.Lokken, Nucl. Instrum. Methods 97 (1971) 219

(L x-rays)

R.G.Helmer, A.J.Caffrey, R.J.Gehrke, R.C.Greenwood, Nucl. Instrum. Methods 188 (1981) 671

(Gamma-ray energy)

K.Debertin, W.Pessara, Int. J. Appl. Radiat. Isotop. 34 (1983) 515

(Gamma-ray intensity)

D.Metha, B.Chand, S.Singh, M.L.Garg, N.Singh, T.S.Cheema, P.N.Trehan, Nucl. Instrum. Methods Phys.
Res. A260 (1987) 157

(L x-rays)

R.G.Helmer, M.A.Lee, Nucl. Data Sheets 61 (1990) 93

(Spin, parity, level energy)

U.Schötzig, Nucl. Instrum. Methods Phys. Res. A286 (1990) 523

(Gamma-ray intensity)

Y.Hino, Y.Kawada, Nucl. Instrum. Methods Phys. Res. A286 (1990) 543

(Gamma-ray intensity)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

E.Browne, Nucl. Data Sheets 88 (1999) 29

(Spin, parity, level energy)

R.G.Helmer, C.van der Leun, Nucl. Instrum. Methods Phys. Res. A450 (2000) 35

(Gamma-ray energy)

G.A.Rech, E.Browne, I.D.Goldman, F.J.Schima, E.B.Norman, Phys. Rev. C65 (2002) 057302

(Half-life)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

E.Browne, Nucl. Data Sheets 99 (2003) 483

(Spin, parity, level energy)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)
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CEA/LNE-LNHB /V. Chisté, M.M. Bé



ANNEX I: RECOMMENDED DECAY DATA Pb− 211

1 Half-life, Q-value and Decay mode

T1/2 : 36.1 (2) min
Qβ− : 1367 (6) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,10 96 (6) 0.0172 (15) 1st forbidden non-unique 5.93
β−0,9 133 (6) 0.0009 (3)
β−0,8 171 (6) 0.019 (4)
β−0,7 257 (6) 1.06 (4) 1st forbidden non-unique 5.58
β−0,6 263 (6) 0.0047 (7)
β−0,5 286 (6) 0.0570 (24)
β−0,3 535 (6) 6.32 (9) 1st forbidden non-unique 5.73
β−0,2 600 (6) <0.09 1st forbidden non-unique >7.7
β−0,1 962 (6) 1.57 (9) 1st forbidden non-unique 7.21
β−0,0 1367 (6) 91.28 (12) 1st forbidden non-unique 5.99

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Bi) 5.42 - 16.34 0.782 (18)

eAK (Bi) 0.029 (4)
KLL 57.491 - 63.419 }
KLX 70.025 - 77.105 }
KXY 82.53 - 90.52 }

ec7,4 K (Bi) 4.60 (5) 0.050 (18)
ec7,4 L (Bi) 78.74 - 81.71 0.086 (17)
ec7,4 M (Bi) 91.13 - 92.55 0.0229 (44)
ec3,2 L (Bi) 48.916 - 51.885 0.389 (21)
ec3,2 M (Bi) 61.305 - 62.724 0.092 (5)
ec3,2 N (Bi) 64.366 - 65.147 0.0234 (13)
ec1,0 K (Bi) 314.308 (9) 0.36 (3)
ec1,0 L (Bi) 388.446 - 391.415 0.079 (3)
ec1,0 M (Bi) 400.835 - 402.254 0.0191 (7)
ec3,1 K (Bi) 336.624 (15) 0.264 (7)
ec3,1 L (Bi) 410.76 - 413.73 0.0451 (12)
ec3,1 M (Bi) 423.15 - 424.57 0.01059 (29)
ec7,1 K (Bi) 614.149 (25) 0.01833 (48)
ec2,0 K (Bi) 676.154 (13) 0.0194 (13)
ec3,0 K (Bi) 741.458 (12) 0.080 (8)
ec3,0 L (Bi) 815.596 - 818.565 0.0136 (14)
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ANNEX I: RECOMMENDED DECAY DATA Pb− 211

Energy Electrons Energy
keV per 100 disint. keV

β−0,10 max: 96 (6) 0.0172 (15) avg: 25.0 (17)
β−0,9 max: 133 (6) 0.0009 (3) avg: 35.0 (17)
β−0,8 max: 171 (6) 0.019 (4) avg: 45.6 (18)
β−0,7 max: 257 (6) 1.06 (4) avg: 71.0 (18)
β−0,6 max: 263 (6) 0.0047 (7) avg: 72.8 (18)
β−0,5 max: 286 (6) 0.0570 (24) avg: 79.7 (19)
β−0,3 max: 535 (6) 6.32 (9) avg: 159.8 (21)
β−0,2 max: 600 (6) <0.09 avg: 182.2 (21)
β−0,1 max: 962 (6) 1.57 (9) avg: 313.3 (23)
β−0,0 max: 1367 (6) 91.28 (12) avg: 470.9 (24)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Bi) 9.4207 — 15.7084 0.494 (13)

XKα2 (Bi) 74.8157 0.228 (10) } Kα
XKα1 (Bi) 77.1088 0.381 (17) }

XKβ3 (Bi) 86.835 }
XKβ1 (Bi) 87.344 } 0.130 (6) Kβ

′
1

XKβ
′′
5 (Bi) 87.862 }

XKβ2 (Bi) 89.732 }
XKβ4 (Bi) 90.074 } 0.0399 (20) Kβ

′
2

XKO2,3 (Bi) 90.421 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ3,2(Bi) 65.304 (18) 0.59 (3) M1 6.61 (10) 0.077 (4)
γ7,4(Bi) 95.13 (5) 0.19 (3) M1+74.3%E2 9.3 (4) 0.018 (3)
γ5,2(Bi) 313.96 (4) 0.0268 (21) 0.0268 (21)
γ7,2(Bi) 342.83 (3) 0.035 (6) [M1,E2] 0.20 (12) 0.029 (4)
γ2,1(Bi) 361.846 (16) 0.049 (6) [M1,E2] 0.17 (11) 0.042 (3)
γ1,0(Bi) 404.834 (9) 4.30 (7) M1+54.8%E2 0.122 (8) 3.83 (6)
γ3,1(Bi) 427.150 (15) 2.13 (5) M1+0.05%E2 0.1783 (25) 1.81 (4)
γ8,2(Bi) 429.65 (6) 0.008 (3) 0.008 (3)
γ10,2(Bi) 504.07 (6) 0.0059 (8) 0.0059 (8)
γ4,1(Bi) 609.55 (4) 0.033 (9) 0.033 (9)
γ5,1(Bi) 675.81 (4) 0.0181 (9) 0.0181 (9)
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ANNEX I: RECOMMENDED DECAY DATA Pb− 211

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ7,1(Bi) 704.675 (25) 0.492 (10) M1+0.05%E2 0.0476 (7) 0.47 (1)
γ2,0(Bi) 766.680 (13) 0.64 (4) M1 0.0382 (6) 0.62 (4)
γ3,0(Bi) 831.984 (12) 3.60 (5) M1+13.8%E2 0.028 (3) 3.50 (5)
γ10,1(Bi) 865.92 (6) 0.0046 (2) 0.0046 (2)
γ4,0(Bi) 1014.38 (4) 0.0173 (5) 0.0173 (5)
γ5,0(Bi) 1080.64 (4) 0.0121 (5) 0.0121 (5)
γ6,0(Bi) 1103.52 (20) 0.0047 (7) 0.0047 (7)
γ7,0(Bi) 1109.509 (23) 0.118 (3) [M1] 0.01472 (21) 0.116 (3)
γ8,0(Bi) 1196.33 (5) 0.0103 (4) 0.0103 (4)
γ9,0(Bi) 1234.3 (4) 0.0009 (3) 0.0009 (3)
γ10,0(Bi) 1270.75 (6) 0.0068 (12) 0.0068 (12)

5 References

B.W.Sargent, Can. J. Res. 17A (1939) 103

(Half-life)

M.Giannini, D.Prosperi, S.Sciuti, Nuovo Cim. 25 (1962) 1227

(Gamma-ray emission energies and probabilities)

S.E.Vandenbosch, C.V.K.Baba, P.R.Christensen, O.B.Nielsen, H.Nordby, Nucl. Phys. 41 (1963) 482

(Gamma-ray emission energies and probabilities)

C.R.Cothern, R.D.Connor, Can. J. Phys. 43 (1965) 383

(Gamma-ray emission energies and probabilities)

R.O.Mead, J.E.Draper, Phys. Rev. 139 (1965) B9

(Gamma-ray emission energies and probabilities)

M.Nurmia, D.Giessing, W.Sievers, L.Varga, Ann. Acad. Sci. Fenn., Ser. A, VI 167 (1965)

(Half-life)

W.F.Davidson, C.R.Cothern, R.D.Connor, Can. J. Phys. 45 (1967) 2295

(Gamma-ray emission energies and probabilities)

J.Dalmasso, H.Maria, Compt. Rend. Acad. Sci. (Paris) Ser. B 265 (1967) 822

(Gamma-ray emission energies and probabilities)

Ch.Briançon, C.F.Leang, R.Walen, Compt. Rend. Acad. Sci. (Paris) Ser. B 266 (1968) 1533

(Gamma-ray emission energies and probabilities)

S.Gorodetzky, F.A.Beck, T.Byrski, A.Knipper, Nucl. Phys. A117 (1968) 208

(Gamma-ray emission energies and probabilities)

W.D.Hamilton, K.E.Davies, Nucl. Phys. A114 (1968) 577

(Gamma-ray emission energies and probabilities)

E.F.da Silveira, A.G.de Pinho, C.V.de Barros, Ann. Acad. Brasil. Ciênc. 43 (1971) 97

(Gamma-ray emission energies and probabilities)

N.B.Gove, M.J.Martin, Nucl. Data Tables A10 (1971) 205

(Log ft)

K.Blaton-Albicka, B.Kotlinska-Filipek, M.Matul, K.Stryczniewicz, M.Nowicki, E.Ruchowska-Lukasiak,
Nukleonika 21 (1976) 935

(Gamma-ray emission energies and probabilities)

M.M.Hindi, E.G.Adelberger, S.E.Kellogg, T.Murakami, Phys. Rev. C38 (1988) 1370

(Gamma-ray emission energies and probabilities)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(K-shell fluorescence yields)

E.Schönfeld, G.Rodloff, Report PTB-6.11-98-1, Braunschweig (1998)

(K Auger electron energies)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(K X-ray energies and relative emission probabilities)

E.Schönfeld, H.Janssen, Appl. Radiat. Isot. 52 (2000) 595

(X-ray and Auger electron emission probabilities and energies)
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ANNEX I: RECOMMENDED DECAY DATA Pb− 211

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

R.D.Deslattes, E.G.Kessler Jr., P.Indelicato, L.de Billy, E.Lindroth, J.Anton, Rev. Mod. Phys. 75
(2003) 35

(K and L X-ray energies)

E.Browne, Nucl. Data Sheets 103 (2004) 183

(Nuclear levels, multipolarities and mixing ratios)

C.Dulieu, M.M.Bé, V.Chisté, Proc. Int. Conf. on Nuclear Data for Science and Technology, 22-27 April 2007,
Nice, France (2008) 97

(SAISINUC software)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICCs)

F.G.Kondev, S.Lalkovski, Nucl. Data Sheets 112 (2011) 707

(Nuclear levels)
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ANNEX I: RECOMMENDED DECAY DATA Pb− 212

1 Half-life, Q-value and Decay mode

T1/2 : 10.64 (1) h
Qβ− : 569.9 (19) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,3 154.6 (19) 4.99 (21) 1st forbidden 5.35
β−0,2 331.3 (19) 81.7 (11) 1st forbidden 5.18
β−0,0 569.9 (19) 13.3 (11) 1st forbidden 6.74

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Bi) 5.35 - 10.66 21.4 (7)

eAK (Bi) 1.29 (15)
KLL 57.49 - 63.42 }
KLX 70.03 - 77.11 }
KXY 82.53 - 90.52 }

ec1,0 K (Bi) 24.657 (5) 3.45 (16)
ec1,0 L (Bi) 98.80 - 101.76 0.61 (3)
ec1,0 M+ (Bi) 111.18 - 115.18 0.19 (1)
ec2,0 K (Bi) 148.106 (2) 30.9 (10)
ec2,0 L (Bi) 222.24 - 225.21 5.37 (17)
ec2,0 M+ (Bi) 234.63 - 238.63 1.73 (5)
ec3,1 K (Bi) 209.563 (12) 1.21 (20)
ec3,1 L (Bi) 283.70 - 286.67 0.21 (4)
ec3,1 M+ (Bi) 296.090 - 300.086 0.066 (11)

β−0,3 max: 154.6 (19) 4.99 (21) avg: 41.1 (5)
β−0,2 max: 331.3 (19) 81.7 (11) avg: 93.5 (6)
β−0,0 max: 569.9 (19) 13.3 (11) avg: 171.7 (7)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Bi) 9.42 — 15.709 13.8 (6)

XKα2 (Bi) 74.8157 10.07 (18) } Kα
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ANNEX I: RECOMMENDED DECAY DATA Pb− 212

Energy Photons
keV per 100 disint.

XKα1 (Bi) 77.1088 16.9 (3) }

XKβ3 (Bi) 86.835 }
XKβ1 (Bi) 87.344 } 5.77 (13) Kβ

′
1

XKβ
′′
5 (Bi) 87.862 }

XKβ2 (Bi) 89.732 }
XKβ4 (Bi) 90.074 } 1.77 (5) Kβ

′
2

XKO2,3 (Bi) 90.421 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Bi) 115.183 (5) 4.87 (19) [M1] 6.8 (1) 0.624 (23)
γ2,1(Bi) 123.449 (5) 0.198 (19) [E2] 2.80 (4) 0.052 (5)
γ3,2(Bi) 176.640 (11) 0.157 (15) [M1] 2.02 (3) 0.052 (5)
γ2,0(Bi) 238.632 (2) 81.6 (11) [M1] 0.872 (13) 43.6 (5)
γ3,1(Bi) 300.089 (12) 4.66 (21) [M1] 0.464 (7) 3.18 (14)
γ3,0(Bi) 415.272 (11) 0.17 (3) [M1] 0.192 (3) 0.144 (22)
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ANNEX I: RECOMMENDED DECAY DATA Pb− 212

F.P.Larkins, At. Data Nucl. Data Tables 20 (1977) 311

(Auger-electron energies)

F.T.Avignone, A.G.Schmidt, Phys. Rev. C17 (1978) 380
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(Gamma-ray emission probabilities)
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(Auger electrons)
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G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337
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ANNEX I: RECOMMENDED DECAY DATA Pb− 214

1 Half-life, Q-value and Decay mode

T1/2 : 26.916 (44) min
Qβ− : 1019 (11) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,9 180 (11) 2.762 (22) Allowed 4.5
β−0,8 222 (11) 0.0196 (27) Allowed 6.9
β−0,7 485 (11) 1.047 (17) 1st forbidden 6.2
β−0,5 667 (11) 46.52 (37) 1st forbidden 5.1
β−0,4 729 (11) 41.09 (39) 1st forbidden 5.2
β−0,0 1019 (11) 9.2 (7) 1st forbidden 6.3

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Bi) 5.3 - 16.4 19.8 (3)

eAK (Bi) 0.80 (9)
KLL 57.49 - 63.42 }
KLX 70.02 - 77.10 }
KXY 82.45 - 90.52 }

ec1,0 L (Bi) 36.8400 - 39.8089 10.39 (31)
ec1,0 M (Bi) 49.2284 - 50.6479 2.46 (8)
ec1,0 N (Bi) 52.2893 - 53.0704 0.641 (20)
ec4,1 K (Bi) 151.471 (3) 5.26 (16)
ec4,1 L (Bi) 225.610 - 228.578 0.908 (28)
ec4,1 M (Bi) 237.998 - 239.417 0.214 (7)
ec4,1 N (Bi) 241.059 - 241.840 0.0560 (17)
ec3,0 K (Bi) 168.34 (3) 0.32 (1)
ec3,0 L (Bi) 242.48 - 245.45 0.0551 (17)
ec3,0 M (Bi) 254.87 - 256.29 0.01298 (38)
ec4,0 K (Bi) 204.698 (2) 7.22 (23)
ec4,0 L (Bi) 278.836 - 281.805 1.291 (40)
ec4,0 M (Bi) 291.225 - 292.644 0.305 (10)
ec4,0 N (Bi) 294.286 - 295.067 0.0797 (25)
ec5,0 K (Bi) 261.406 (2) 9.26 (29)
ec5,0 L (Bi) 335.544 - 338.513 1.584 (46)
ec5,0 M (Bi) 347.933 - 349.352 0.373 (11)
ec5,0 N (Bi) 350.994 - 351.775 0.0975 (29)

β−0,9 max: 180 (11) 2.762 (22) avg: 50 (3)
β−0,8 max: 222 (11) 0.0196 (27) avg: 62 (3)

CEA/LNE-LNHB /V. Chisté, M.M. Bé



ANNEX I: RECOMMENDED DECAY DATA Pb− 214

Energy Electrons Energy
keV per 100 disint. keV

β−0,7 max: 485 (11) 1.047 (17) avg: 145 (4)
β−0,5 max: 667 (11) 46.52 (37) avg: 207 (4)
β−0,4 max: 724 (11) 41.09 (39) avg: 227 (4)
β−0,0 max: 1019 (11) 9.2 (7) avg: 337 (4)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Bi) 9.42 — 16.36 12.42 (22)

XKα2 (Bi) 74.8157 6.26 (12) } Kα
XKα1 (Bi) 77.1088 10.47 (20) }

XKβ3 (Bi) 86.835 }
XKβ1 (Bi) 87.344 } 3.59 (9) Kβ

′
1

XKβ
′′
5 (Bi) 87.862 }

XKβ2 (Bi) 89.732 }
XKβ4 (Bi) 90.074 } 1.10 (4) Kβ

′
2

XKO2,3 (Bi) 90.421 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Bi) 53.2275 (21) 14.71 (42) M1+E2 12.88 (39) 1.060 (7)
γ−1,0(Bi) 107.22 (9) 0.0068 (14) 0.0068 (14)
γ−1,1(Bi) 137.45 (30) 0.045 (18) 0.045 (18)
γ−1,2(Bi) 141.3 (6) 0.027 (14) 0.027 (14)
γ−1,3(Bi) 170.07 (6) 0.0146 (27) 0.0146 (27)
γ3,2(Bi) 196.20 (5) 0.069 (9) 0.069 (9)
γ3,1(Bi) 205.68 (9) 0.0114 (23) 0.0114 (23)
γ−1,4(Bi) 216.47 (7) 0.0100 (23) 0.0100 (23)
γ4,1(Bi) 241.997 (3) 13.72 (20) M1(+E2) 0.888 (27) 7.268 (22)
γ3,0(Bi) 258.87 (3) 0.924 (13) M1 0.737 (22) 0.5318 (36)
γ7,3(Bi) 274.80 (5) 0.504 (15) M1+E2 0.392 (12) 0.362 (10)
γ4,0(Bi) 295.224 (2) 27.29 (26) M1+E2 0.482 (14) 18.414 (36)
γ9,7(Bi) 305.26 (3) 0.0324 (22) [E1] 0.0295 (9) 0.0315 (21)
γ6,2(Bi) 314.32 (7) 0.077 (6) 0.077 (6)
γ6,1(Bi) 323.83 (4) 0.0287 (32) 0.0287 (32)
γ5,0(Bi) 351.932 (2) 46.96 (37) M1(+E2) 0.319 (10) 35.60 (7)
γ9,6(Bi) 462.00 (7) 0.213 (6) 0.213 (6)
γ7,1(Bi) 480.43 (2) 0.3838 (49) M1(+E2) 0.1384 (42) 0.3371 (41)
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ANNEX I: RECOMMENDED DECAY DATA Pb− 214

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ9,5(Bi) 487.09 (7) 0.438 (6) (E1) 0.01058 (32) 0.433 (6)
γ7,0(Bi) 533.66 (2) 0.192 (10) [M1,E2] 0.06 (4) 0.182 (6)
γ8,3(Bi) 538.41 (8) 0.0196 (27) 0.0196 (27)
γ9,4(Bi) 543.81 (7) 0.050 (9) E1+M2 0.00843 (25) 0.050 (9)
γ9,3(Bi) 580.13 (3) 0.372 (6) (E1) 0.00740 (22) 0.369 (6)
γ−1,5(Bi) 765.96 (9) 0.053 (8) 0.053 (8)
γ9,1(Bi) 785.96 (9) 1.068 (13) E1 0.00410 (12) 1.064 (13)
γ9,0(Bi) 839.04 (9) 0.589 (8) (E1) 0.00363 (11) 0.587 (8)
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ANNEX I: RECOMMENDED DECAY DATA Pb− 214
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ANNEX I: RECOMMENDED DECAY DATA Bi− 210

1 Half-life, Q-value and Decay mode

T1/2 : 5.012 (5) d
Qβ− : 1162.1 (8) keV
Qα : 5042.7 (18) keV
β− : 99.99986 (2) %
α : 1.40 (15) ×10−4 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,0 1162.1 (8) 99.99986 (2) 1st forbidden 8

3 α Emissions

Energy Probability
keV × 100

α0,2 4650 (4) 0.000084 (9)
α0,1 4687 (4) 0.000056 (6)

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

β−0,0 max: 1162.1 (8) 99.99986 (2) avg: 389.2 (3)

5 Photon Emissions

5.1 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Tl) 265.832 (5) 0.000056 (6) E2 0.1603 (23) 0.000048 (5)
γ2,0(Tl) 304.896 (6) 0.000084 (9) M1 0.375 (6) 0.000061 (7)
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ANNEX I: RECOMMENDED DECAY DATA Bi− 210
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ANNEX I: RECOMMENDED DECAY DATA Bi− 211

1 Half-life, Q-value and Decay mode

T1/2 : 2.15 (2) min
Qα : 6750.33 (46) keV
Qβ− : 574 (5) keV
α : 99.724 (4) %
β− : 0.276 (4) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,0 574 (5) 0.276 (4) 1st forbidden 5.99

3 α Emissions

Energy Probability
keV × 100

α0,1 6278.5 (9) 16.16 (23)
α0,0 6622.4 (6) 83.56 (23)

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Tl) 5.18 - 15.31 1.617 (21)

eAK (Tl) 0.096 (11)
KLL 54.587 - 59.954 }
KLX 66.37 - 72.86 }
KXY 78.12 - 85.50 }

ec1,0 K (Tl) 265.50 (4) 2.59 (5)
ec1,0 L (Tl) 335.68 - 338.37 0.446 (9)
ec1,0 M (Tl) 347.33 - 348.64 0.1044 (22)
ec1,0 N (Tl) 350.18 - 350.91 0.0263 (5)

β−0,0 max: 574 (5) 0.276 (4) avg: 172.9 (18)
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ANNEX I: RECOMMENDED DECAY DATA Bi− 211

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Tl) 8.9531 — 14.7362 0.929 (19)

XKα2 (Tl) 70.8325 0.726 (16) } Kα
XKα1 (Tl) 72.8725 1.225 (27) }

XKβ3 (Tl) 82.118 }
XKβ1 (Tl) 82.577 } 0.417 (11) Kβ

′
1

XKβ
′′
5 (Tl) 83.115 }

XKβ2 (Tl) 84.838 }
XKβ4 (Tl) 85.134 } 0.124 (4) Kβ

′
2

XKO2,3 (Tl) 85.444 }

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Tl) 351.03 (4) 16.16 (24) M1+E2 0.243 (4) 13.00 (19)
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1 Half-life, Q-value and Decay mode

T1/2 : 60.54 (6) min
Qβ− : 2252.1 (17) keV
Qα : 6207.26 (3) keV
Qα∗ : 8954.12 (11) keV
β− : 64.06 (7) %
β−α : 0.014 (1) %
α : 35.93 (7) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,6 446.1 (17) 0.68 (4) 1st forbidden non-unique 6.67
β−0,5 451.2 (17) 0.032 (4) 1st forbidden non-unique 8.03
β−0,4 572.7 (17) 0.21 (4) 1st forbidden non-unique 7.55
β−0,3 631.4 (17) 1.90 (3) 1st forbidden non-unique 6.74
β−0,2 739.4 (17) 1.44 (1) 1st forbidden non-unique 7.094
β−0,1 1524.8 (17) 4.50 (6) 1st forbidden non-unique 7.718
β−0,0 2252.1 (17) 55.31 (9) 1st forbidden non-unique 7.267

3 α Emissions

Energy Probability
keV × 100

α0,8 5302 (2) 0.000040 (4)
α0,7 5344 (2) 0.00036 (3)
α0,6 5481.4 (3) 0.0050 (4)
α0,4 5606.60 (5) 0.43 (3)
α0,3 5625.7 (4) 0.060 (3)
α0,2 5768.29 (6) 0.61 (3)
α0,1 6051.04 (3) 25.1 (1)
α0,0 6090.14 (3) 9.7 (1)
∗α1,0 9498.78 (11) 0.0024 (2)
∗α4,0 10432.94 (11) 0.0010 (1)
∗α5,0 10552.1 (2) 0.0106 (7)

* Long-range α.

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Tl) 5.182 - 10.132 12.2 (4)

eAK (Tl) 0.0069 (8)
KLL 54.587 - 59.954 }
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Energy Electrons Energy
keV per 100 disint. keV

KLX 66.37 - 72.86 }
KXY 78.12 - 85.50 }

eAL (Po) 5.434 - 10.934 0.0833 (25)

eAK (Po) 0.0048 (6)
KLL 58.978 - 65.205 }
KLX 71.902 - 79.289 }
KXY 84.8 - 93.1 }

ec1,0 L (Tl) 24.511 - 27.200 19.06 (23)
ec1,0 M (Tl) 36.154 - 39.469 4.46 (5)

β−0,6 max: 446.1 (17) 0.68 (4) avg: 130.1 (6)
β−0,5 max: 451.2 (17) 0.032 (4) avg: 131.7 (6)
β−0,4 max: 572.7 (17) 0.21 (4) avg: 172.4 (6)
β−0,3 max: 631.4 (17) 1.90 (3) avg: 192.7 (6)
β−0,2 max: 739.4 (17) 1.44 (1) avg: 230.8 (6)
β−0,1 max: 1524.8 (17) 4.50 (6) avg: 533.1 (7)
β−0,0 max: 2252.1 (17) 55.31 (9) avg: 834.2 (7)

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Tl) 8.953 — 14.738 7.1 (3)

XKα2 (Tl) 70.8325 0.0525 (23) } Kα
XKα1 (Tl) 72.8725 0.089 (4) }

XKβ3 (Tl) 82.118 }
XKβ1 (Tl) 82.577 } 0.0301 (14) Kβ

′
1

XKβ
′′
5 (Tl) 83.115 }

XKβ2 (Tl) 84.838 }
XKβ4 (Tl) 85.134 } 0.0089 (5) Kβ

′
2

XKO2,3 (Tl) 85.444 }

XL (Po) 9.658 — 16.213 0.0563 (24)

XKα2 (Po) 76.864 0.0388 (8) } Kα
XKα1 (Po) 79.293 0.0647 (13) }

XKβ3 (Po) 89.256 }
XKβ1 (Po) 89.807 } 0.0223 (6) Kβ

′
1

XKβ
′′
5 (Po) 90.363 }

XKβ2 (Po) 92.263 }
XKβ4 (Po) 92.618 } 0.00693 (20) Kβ

′
2

XKO2,3 (Po) 92.983 }
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5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Tl) 39.858 (4) 26.0 (3) [M1] 23.3 (4) 1.07 (1)
γ4,2(Tl) 164.80 (6) 0.010 (1) (E2) 0.816 (12) 0.0055 (6)
γ5,3(Po) 180.2 (2) 0.0095 (40) M1 2.08 (3) 0.0031 (12)
γ2,1(Tl) 288.18 (5) 0.46 (3) M1+0.64%E2 0.436 (7) 0.32 (2)
γ2,0(Tl) 328.04 (5) 0.158 (4) [M1] 0.308 (5) 0.121 (3)
γ3,1(Tl) 433.5 (4) 0.013 (1) [M1] 0.1453 (21) 0.011 (1)
γ4,1(Tl) 452.98 (4) 0.38 (3) (M1) 0.1293 (18) 0.34 (3)
γ3,0(Tl) 473.4 (4) 0.047 (3) [M1+E2] 0.074 (10) 0.044 (3)
γ4,0(Tl) 492.84 (4) 0.04 (1) E2 0.0291 (4) 0.039 (10)
γ6,1(Tl) 580.5 (3) 0.0011 (2) E2 0.0198 (3) 0.0011 (2)
γ6,0(Tl) 620.4 (3) 0.0039 (4) [M1+E2] 0.037 (5) 0.0038 (4)
γ1,0(Po) 727.330 (9) 6.74 (4) E2 0.01393 (20) 6.65 (4)
γ2,1(Po) 785.37 (9) 1.15 (1) M1+0.8%E2 0.0387 (6) 1.11 (1)
γ3,1(Po) 893.408 (14) 0.39 (1) M1+0.2%E2 0.0278 (4) 0.38 (1)
γ4,1(Po) 952.12 (2) 0.14 (4) M1+30%E2 0.0190 (3) 0.14 (4)
γ5,1(Po) 1073.6 (2) 0.0155 (6) E2 0.00642 (9) 0.0154 (6)
γ6,1(Po) 1078.63 (10) 0.559 (20) M1+1.8%E2 0.01692 (24) 0.55 (2)
γ2,0(Po) 1512.70 (8) 0.291 (10) E2 0.00344 (5) 0.29 (1)
γ3,0(Po) 1620.738 (10) 1.52 (3) [M1] 0.00620 (9) 1.51 (3)
γ4,0(Po) 1679.450 (14) 0.07 (1) E2 0.00291 (4) 0.07 (1)
γ6,0(Po) 1805.96 (10) 0.12 (3) E2 0.00261 (4) 0.12 (3)

6 References

F.V.Lerch, Sitzber. Akad. Wiss. Wien, Wath-naturw. Kl. Abt. IIa 123 (1914) 699

(Half-life)

A.Rytz, Compt. Rend. Acad. Sci. (Paris) 233 (1951) 790

(Alpha emission energies, Alpha emission probabilities)

J.Burde, B.Rozner, Phys. Rev. 107 (1957) 531

(Beta-ray emission probabilities)

R.J.Walen, G.Bastin-Scoffier, Nucl. Phys. 16 (1960) 246

(Alpha emission energies, Alpha emission probabilities)

G.T.Emery, W.R.Kane, Phys. Rev. 118 (1960) 755

(Gamma-ray emission probabilities, high-energy alpha)

G.Schupp, H.Daniel, G.W.Eakins, E.N.Jensen, Phys. Rev. 120 (1960) 189

(Gamma-ray emission probabilities)

K.P.Applegate, E.M.Morimoto, M.Kahr, J.D.Knight, J. Inorg. Nucl. Chem. 19 (1961) 375

(Half-life)

F.C.Flack, J.E.Johnson, Proc. Phys. Soc. 79 (1962) 10

(Gamma-ray emission probabilities, branching fraction)

G.Bertolini, F.Cappellani, G.Restelli, A.Rota, Nucl. Phys. 30 (1962) 599

(Alpha emission probabilities)

J.Walker, T.Salgir, Proc. Phys. Soc. 86 (1965) 423

(Branching fraction)

C.F.Leang, Compt. Rend. Acad. Sci. (Paris) 260 (1965) 3037

(Alpha emission energies, Alpha emission probabilities)

S.S.Klein, Thesis, Report NP-16835, Univ. Amsterdam (1966)

(Gamma-ray energies)

R.Benoit, G.Bertolini, F.Cappellani, G.Restelli, Nuovo Cim. 49B (1967) 125

(Gamma-ray emission probabilities)

Surrey Univ. /A.L. Nichols



ANNEX I: RECOMMENDED DECAY DATA Bi− 212

C.Ythier, H.Forest, G.Ardisson, H.Maria, Compt. Rend. Acad. Sci. (Paris) Ser. B 267 (1968) 1362

(Gamma-ray energies, Gamma-ray emission probabilities)

J.Dalmasso, Thesis, Report FRNC-TH-441, Univ. Nice (1972)

(Gamma-ray emission probabilities)

J.Dalmasso, H.Maria, C.Ythier, Compt. Rend. Acad. Sci. (Paris) Ser. B 277 (1973) 467

(Gamma-ray emission probabilities)

F.P.Larkins, At. Data Nucl. Data Tables 20 (1977) 311

(Auger-electron energies)

F.T.Avignone, A.G.Schmidt, Phys. Rev. C17 (1978) 380

(Gamma-ray emission probabilities)

B.Bengtson, H.L.Nielsen, N.Rud, K.Wilsky, Nucl. Phys. A378 (1982) 1

(Multipolarity)

S.Sadasivan, V.M.Raghunath, Nucl. Instrum. Methods 196 (1982) 561

(Gamma-ray emission probabilities)

U.Schötzig, K.Debertin, Int. J. Appl. Radiat. Isotop. 34 (1983) 533

(Gamma-ray emission probabilities)

R.Vaninbroukx, H.H.Hansen, Int. J. Appl. Radiat. Isotop. 34 (1983) 1395

(Gamma-ray emission probabilities)

R.J.Gehrke, V.J.Novick, J.D.Baker, Int. J. Appl. Radiat. Isotop. 35 (1984) 581

(Gamma-ray emission probabilities)

W.-J.Lin, G.Harbottle, J. Radioanal. Nucl. Chem. 157 (1992) 367

(Gamma-ray emission probabilities)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(KX-ray, LX-ray, Auger electrons)

E.Schönfeld, G.Rodloff, Report PTB-6.11-98-1, Braunschweig (1998)

(Auger electrons)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(KX-ray)

S.Raman, C.W.Nestor Jr., A.Ichihara, M.B.Trzhaskovskaya, Phys. Rev. C66 (2002) 044312

(Theoretical ICC)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

E.Browne, Nucl. Data Sheets 104 (2005) 427

(Nuclear structure, energies)

N.J.Stone, J.R.Stone, M.Lindroos, P.Richards, M.Veskovic, D.A.Williams, Nucl. Phys. A793 (2007) 1

(Half-life)

M.J.Martin, Nucl. Data Sheets 108 (2007) 1583

(Nuclear structure, energies)
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1 Half-life, Q-value and Decay mode

T1/2 : 45.59 (6) min
Qβ− : 1423 (5) keV
Qα : 5983 (6) keV
β− : 97.91 (3) %
α : 2.09 (3) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,9 95 (5) 0.00039 (13) 7.68
β−0,8 304 (5) 0.0608 (20) 7.07
β−0,7 323 (5) 0.595 (17) 6.16
β−0,6 377 (5) 0.020 (4) 7.85
β−0,5 419 (5) 0.0648 (23) 7.494
β−0,4 555 (5) 0.0129 (6) 1st forbidden unique 8.597
β−0,3 822 (5) 0.0025 (19) 9.9
β−0,2 983 (5) 30.8 (4) 1st forbidden 6.07
β−0,1 1130 (5) 0.21 (9) 1st forbidden 8.45
β−0,0 1423 (5) 66.2 (4) 1st forbidden 6.316

3 α Emissions

Energy Probability
keV × 100

α0,1 5549 (10) 0.186 (5)
α0,0 5869 (10) 1.90 (4)

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Po) 5.43 - 16.86 1.7 (3)

eAK (Po) 0.121 (19)
KLL 58.978 - 65.205 }
KLX 71.902 - 79.289 }
KXY 84.8 - 93.1 }

eAL (Tl) 5.18 - 10.13 0.0107 (13)

eAK (Tl) 0.00076 (9)
KLL 54.587 - 59.954 }
KLX 66.37 - 72.86 }
KXY 78.12 - 85.50 }
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Energy Electrons Energy
keV per 100 disint. keV

ec2,1 L (Po) 130.8 - 133.9 0.0109 (7)
ec1,0 K (Po) 199.70 (1) 0.09 (7)
ec1,0 L (Po) 275.9 - 279.0 0.025 (8)
ec2,0 K (Po) 347.34 (1) 3.81 (7)
ec2,0 L (Po) 423.51 - 426.63 0.653 (13)
ec2,0 M (Po) 436.29 - 437.76 0.1550 (27)
ec2,0 N (Po) 439.45 - 440.26 0.0392 (7)

ec1,0 K (Tl) 238.17 (2) 0.0212 (22)

β−0,9 max: 95 (5) 0.00039 (13) avg: 24.6 (14)
β−0,8 max: 304 (5) 0.0608 (20) avg: 84.9 (16)
β−0,7 max: 323 (5) 0.595 (17) avg: 90.8 (16)
β−0,6 max: 377 (5) 0.020 (4) avg: 107.9 (16)
β−0,5 max: 419 (5) 0.0648 (23) avg: 121.4 (17)
β−0,4 max: 555 (5) 0.0129 (6) avg: 166.4 (17)
β−0,3 max: 822 (5) 0.0025 (19) avg: 260.8 (19)
β−0,2 max: 983 (5) 30.8 (4) avg: 320.4 (19)
β−0,1 max: 1130 (5) 0.21 (9) avg: 376.8 (20)
β−0,0 max: 1423 (5) 66.2 (4) avg: 492.2 (20)

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Po) 9.6576 — 16.2129 1.14 (18)

XKα2 (Po) 76.864 0.99 (15) } Kα
XKα1 (Po) 79.293 1.6 (3) }

XKβ3 (Po) 89.256 }
XKβ1 (Po) 89.807 } 0.56 (9) Kβ

′
1

XKβ
′′
5 (Po) 90.363 }

XKβ2 (Po) 92.263 }
XKβ4 (Po) 92.618 } 0.18 (3) Kβ

′
2

XKO2,3 (Po) 92.983 }

XL (Tl) 8.9531 — 14.7362 0.0062 (8)

XKα2 (Tl) 70.8325 0.0058 (7) } Kα
XKα1 (Tl) 72.8725 0.0098 (12) }

XKβ3 (Tl) 82.118 }
XKβ1 (Tl) 82.577 } 0.0033 (5) Kβ

′
1

XKβ
′′
5 (Tl) 83.115 }
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Energy Photons
keV per 100 disint.

XKβ2 (Tl) 84.838 }
XKβ4 (Tl) 85.134 } 0.00098 (14) Kβ

′
2

XKO2,3 (Tl) 85.444 }

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ2,1(Po) 147.70 (4) 0.0314 (20) E2 1.453 (21) 0.0128 (8)
γ1,0(Po) 292.80 (1) 0.55 (8) M1+E2 0.30 (18) 0.421 (7)
γ1,0(Tl) 323.70 (2) 0.1866 (37) M1+E2 0.178 (15) 0.1584 (24)
γ5,3(Po) 402.8 (3) 0.00010 (4) 0.00010 (4)
γ2,0(Po) 440.44 (1) 30.77 (36) M1 0.179 (3) 26.1 (3)
γ4,1(Po) 574.9 (3) 0.00068 (16) 0.00068 (16)
γ3,0(Po) 600.9 (2) 0.0026 (19) 0.0026 (19)
γ6,2(Po) 604.93 (17) 0.0014 (5) 0.0014 (5)
γ7,2(Po) 659.75 (2) 0.043 (6) 0.043 (6)
γ5,1(Po) 710.82 (3) 0.0112 (6) 0.0112 (6)
γ7,1(Po) 807.37 (1) 0.287 (14) 0.287 (14)
γ8,1(Po) 826.55 (4) 0.0065 (4) 0.0065 (4)
γ4,0(Po) 867.96 (2) 0.0122 (6) 0.0122 (6)
γ9,2(Po) 886.66 (14) 0.00102 (19) 0.00102 (19)
γ5,0(Po) 1003.58 (2) 0.0535 (22) 0.0535 (22)
γ6,0(Po) 1045.67 (8) 0.019 (4) 0.019 (4)
γ7,0(Po) 1100.16 (1) 0.265 (6) 0.265 (6)
γ8,0(Po) 1119.42 (8) 0.0543 (20) 0.0543 (20)
γ9,0(Po) 1328.2 (3) 0.00039 (13) 0.00039 (13)
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ANNEX I: RECOMMENDED DECAY DATA Bi− 214

1 Half-life, Q-value and Decay mode

T1/2 : 19.8 (1) min
Qβ− : 3270 (11) keV
Qα : 5621 (3) keV
Qα∗ : 11105 (11) keV
β− : 99.979 (13) %
α : 0.021 (13) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,80 86 (11) 0.0011 (5) 6.8
β−0,79 99 (11) 0.00014 (9) 1st forbidden 7.8
β−0,77 110 (11) 0.00079 (12) 7.2
β−0,76 121 (11) 0.00019 8
β−0,75 127 (11) 0.00118 (9) 7.3
β−0,73 176 (11) 0.00037 (4) 8.2
β−0,72 188 (11) 0.0052 (7) 7.1
β−0,70 204 (11) 0.00141 (23) 1st forbidden 7.8
β−0,69 216 (11) 0.030 (5) 6.6
β−0,65 256 (11) 0.0252 (24) 6.9
β−0,62 270 (11) 0.0160 (16) 7.1
β−0,61 284 (11) 0.032 (5) 6.9
β−0,60 291 (11) 0.0165 (6) 7.2
β−0,58 309 (11) 0.00036 (14) 1st forbidden 9
β−0,57 329 (11) 0.041 (7) 7
β−0,56 336 (11) 0.00216 (32) 8.3
β−0,55 341 (11) 0.0025 (9) 8.3
β−0,54 348 (11) 0.0220 (9) 7.3
β−0,53 353 (11) 0.0014 (9) 1st forbidden 8.6
β−0,52 373 (11) 0.0046 (5) 1st forbidden 8.1
β−0,51 376 (11) 0.022 (3) 7.5
β−0,50 390 (11) 0.0115 (16) 7.8
β−0,49 400 (11) 0.0087 (4) 1st forbidden 7.9
β−0,48 409 (11) 0.0146 (20) 7.6
β−0,47 443 (11) 0.00218 (17) 8.7
β−0,44 484 (11) 0.0248 (31) 7.8
β−0,43 500 (11) 0.038 (5) 7.6
β−0,42 541 (11) 0.525 (16) 6.6
β−0,41 551 (11) 0.247 (8) 6.9
β−0,39 571 (11) 0.026 (4) 8
β−0,40 573 (11) 0.0471 (23) 1st forbidden 7.7
β−0,38 575 (11) 0.231 (15) 1st forbidden 7
β−0,37 608 (11) 0.098 (9) 7.5
β−0,36 639 (11) 0.0223 (21) 8.2
β−0,35 665 (11) 0.058 (4) 7.7
β−0,34 710 (11) 0.00018 (9) 1st forbidden 10.5
β−0,32 727 (11) 0.044 (7) 1st forbidden 8.1
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ANNEX I: RECOMMENDED DECAY DATA Bi− 214

Energy Probability Nature log ft
keV × 100

β−0,31 764 (11) 0.092 (9) 1st forbidden 7.9
β−0,30 765 (11) 0.169 (10) 1st forbidden 7.6
β−0,29 788 (11) 1.227 (27) 6.8
β−0,28 822 (11) 2.76 (6) Allowed 6.5
β−0,27 847 (11) 0.0620 (49) 8.1
β−0,26 909 (11) 0.0030 (8) 9.6
β−0,25 922 (11) 0.0014 (9) 9.9
β−0,24 977 (11) 0.558 (8) 1st forbidden 7.4
β−0,23 1004 (11) 0.187 (12) 1st forbidden 8
β−0,21 1068 (11) 5.642 (43) 1st forbidden 6.6
β−0,20 1077 (11) 0.851 (10) 1st forbidden 7.4
β−0,19 1124 (11) 0.433 (22) 1st forbidden 7.8
β−0,18 1151 (11) 4.339 (18) 1st forbidden 6.8
β−0,17 1182 (11) 0.114 (6) 8.4
β−0,16 1253 (11) 2.449 (10) 1st forbidden 7.2
β−0,15 1261 (11) 1.430 (9) 1st forbidden 7.4
β−0,14 1275 (11) 1.171 (18) 7.5
β−0,13 1382 (11) 1.584 (10) 1st forbidden 7.5
β−0,12 1423 (11) 8.147 (28) 1st forbidden 6.9
β−0,11 1506 (11) 17.10 (8) 1st forbidden 6.6
β−0,10 1529 (11) 0.116 (16) 1st forbidden 8.8
β−0,9 1540 (11) 17.494 (36) 1st forbidden 6.7
β−0,8 1557 (11) 0.170 (16) 8.7
β−0,7 1609 (11) 0.65 (6) 1st forbidden 8.2
β−0,6 1727 (11) 3.12 (4) 1st forbidden 7.6
β−0,5 1857 (11) 0.396 (46) 1st forbidden 8.6
β−0,4 1894 (11) 7.45 (5) 1st forbidden 7.4
β−0,1 2661 (11) 0.62 (20) 1st forbidden 9
β−0,0 3270 (11) 19.67 (20) 1st forbidden 7.9

3 α Emissions

Energy Probability
keV × 100

α0,5 4941 (3) 0.000052 (3)
α0,4 5023 (3) 0.000045 (3)
α0,3 5184 (3) 0.00013 (1)
α0,2 5273 (9) 0.00125 (7)
α0,1 5452 (3) 0.0116 (7)
α0,0 5516 (3) 0.0082 (5)
∗α1,0 8287 (6) 0.00012
∗α6,1 8430 (6) 0.00006
∗α2,0 8950 (6) 0.00002
∗α4,0 9080 (6) 0.0022
∗α6,0 9320 (6) 0.00005
∗α7,0 9378 (8) 0.00002
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ANNEX I: RECOMMENDED DECAY DATA Bi− 214

Energy Probability
keV × 100

∗α10,0 9500 (6) 0.0001
∗α14,0 9670 (8) 0.00004
∗α17,0 9802 (6) 0.00012
∗α21,0 9907 (6) 0.00007
∗α24,0 10082 (6) 0.00014
∗α26,0 10150 (8) 0.00002
∗α32,0 10332 (6) 0.00008
∗α38,0 10505 (10) 0.00002

* Long-range α.

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Po) 5.43 - 16.86 0.934 (16)

eAK (Po) 0.053 (7)
KLL 58.97 - 65.20 }
KLX 71.93 - 76.60 }
KXY 84.72 - 93.04 }

ec18,9 K (Po) 295.84 (5) 0.0800 (16)
ec18,9 L (Po) 372.01 - 375.13 0.01391 (26)
ec1,0 K (Po) 516.216 (7) 0.676 (10)
ec1,0 L (Po) 592.388 - 595.510 0.1892 (28)
ec1,0 M (Po) 605.164 - 606.640 0.0469 (7)
ec1,0 N (Po) 608.329 - 609.138 0.01201 (19)
ec4,1 K (Po) 675.259 (14) 0.060 (9)
ec5,1 K (Po) 713.07 (2) 0.01094 (17)
ec4,1 L (Po) 751.431 - 754.550 0.0127 (15)
ec6,1 K (Po) 840.959 (16) 0.0595 (25)
ec6,1 L (Po) 917.131 - 920.250 0.01014 (40)
ec9,1 K (Po) 1027.195 (15) 0.1858 (29)
ec9,1 L (Po) 1103.367 - 1106.490 0.03131 (45)
ec12,1 K (Po) 1145.015 (12) 0.0573 (8)
ec11,0 K (Po) 1671.398 (14) 0.0608 (9)
ec11,0 L (Po) 1747.57 - 1750.69 0.01012 (16)

β−0,80 max: 86 (11) 0.0011 (5) avg: 23 (3)
β−0,79 max: 97 (11) 0.00014 (9) avg: 26 (3)
β−0,77 max: 110 (11) 0.00079 (12) avg: 29 (3)
β−0,76 max: 121 (11) 0.00019 avg: 32 (3)
β−0,75 max: 127 (11) 0.00118 (9) avg: 34 (3)
β−0,73 max: 176 (11) 0.00037 (4) avg: 48 (3)
β−0,72 max: 188 (11) 0.0052 (7) avg: 51 (3)
β−0,70 max: 202 (11) 0.00141 (23) avg: 55 (3)
β−0,69 max: 216 (11) 0.030 (5) avg: 59 (3)
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ANNEX I: RECOMMENDED DECAY DATA Bi− 214

Energy Electrons Energy
keV per 100 disint. keV

β−0,65 max: 256 (11) 0.0252 (24) avg: 71 (3)
β−0,62 max: 270 (11) 0.0160 (16) avg: 75 (3)
β−0,61 max: 284 (11) 0.032 (5) avg: 80 (3)
β−0,60 max: 291 (11) 0.0165 (6) avg: 82 (3)
β−0,58 max: 307 (11) 0.00036 (14) avg: 87 (3)
β−0,57 max: 329 (11) 0.041 (7) avg: 93 (3)
β−0,56 max: 336 (11) 0.00216 (32) avg: 95 (3)
β−0,55 max: 341 (11) 0.0025 (9) avg: 97 (3)
β−0,54 max: 348 (11) 0.0220 (9) avg: 99 (3)
β−0,53 max: 350 (11) 0.0014 (9) avg: 100 (3)
β−0,52 max: 373 (11) 0.0046 (5) avg: 107 (3)
β−0,51 max: 376 (11) 0.022 (3) avg: 108 (3)
β−0,50 max: 390 (11) 0.0115 (16) avg: 113 (3)
β−0,49 max: 400 (11) 0.0087 (4) avg: 116 (3)
β−0,48 max: 409 (11) 0.0146 (20) avg: 119 (4)
β−0,47 max: 443 (11) 0.00218 (17) avg: 130 (4)
β−0,44 max: 484 (11) 0.0248 (31) avg: 143 (4)
β−0,43 max: 500 (11) 0.038 (5) avg: 149 (4)
β−0,42 max: 541 (11) 0.525 (16) avg: 162 (4)
β−0,41 max: 551 (11) 0.247 (8) avg: 166 (4)
β−0,40 max: 571 (11) 0.0471 (23) avg: 172 (4)
β−0,39 max: 571 (11) 0.026 (4) avg: 173 (4)
β−0,38 max: 575 (11) 0.231 (15) avg: 174 (4)
β−0,37 max: 608 (11) 0.098 (9) avg: 185 (4)
β−0,36 max: 639 (11) 0.0223 (21) avg: 196 (4)
β−0,35 max: 665 (11) 0.058 (4) avg: 205 (4)
β−0,34 max: 708 (11) 0.00018 (9) avg: 220 (4)
β−0,32 max: 725 (11) 0.044 (7) avg: 226 (4)
β−0,31 max: 762 (11) 0.092 (9) avg: 240 (4)
β−0,30 max: 765 (11) 0.169 (10) avg: 241 (4)
β−0,29 max: 788 (11) 1.227 (27) avg: 249 (3)
β−0,28 max: 822 (11) 2.76 (6) avg: 262 (4)
β−0,27 max: 847 (11) 0.0620 (49) avg: 271 (4)
β−0,26 max: 909 (11) 0.0030 (8) avg: 294 (4)
β−0,25 max: 922 (11) 0.0014 (9) avg: 298 (4)
β−0,24 max: 977 (11) 0.558 (8) avg: 319 (4)
β−0,23 max: 1004 (11) 0.187 (12) avg: 329 (4)
β−0,21 max: 1066 (11) 5.642 (43) avg: 353 (4)
β−0,20 max: 1077 (11) 0.851 (10) avg: 357 (4)
β−0,19 max: 1122 (11) 0.433 (22) avg: 375 (4)
β−0,18 max: 1151 (11) 4.339 (18) avg: 386 (4)
β−0,17 max: 1182 (11) 0.114 (6) avg: 398 (4)
β−0,16 max: 1253 (11) 2.449 (10) avg: 425 (4)
β−0,15 max: 1259 (11) 1.430 (9) avg: 428 (4)
β−0,14 max: 1275 (11) 1.171 (18) avg: 434 (4)
β−0,13 max: 1380 (11) 1.584 (10) avg: 476 (4)
β−0,12 max: 1423 (11) 8.147 (28) avg: 493 (4)
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ANNEX I: RECOMMENDED DECAY DATA Bi− 214

Energy Electrons Energy
keV per 100 disint. keV

β−0,11 max: 1506 (11) 17.10 (8) avg: 526 (4)
β−0,10 max: 1527 (11) 0.116 (16) avg: 535 (4)
β−0,9 max: 1540 (11) 17.494 (36) avg: 540 (4)
β−0,8 max: 1557 (11) 0.170 (16) avg: 547 (4)
β−0,7 max: 1609 (11) 0.65 (6) avg: 568 (4)
β−0,6 max: 1727 (11) 3.12 (4) avg: 616 (5)
β−0,5 max: 1855 (11) 0.396 (46) avg: 669 (5)
β−0,4 max: 1892 (11) 7.45 (5) avg: 685 (5)
β−0,1 max: 2661 (11) 0.62 (20) avg: 1008 (5)
β−0,0 max: 3270 (11) 19.67 (20) avg: 1270 (5)

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Po) 9.66 — 16.21 0.627 (15)

XKα2 (Po) 76.864 0.426 (13) } Kα
XKα1 (Po) 79.293 0.710 (22) }

XKβ3 (Po) 89.256 }
XKβ1 (Po) 89.807 } 0.244 (9) Kβ

′
1

XKβ
′′
5 (Po) 90.363 }

XKβ2 (Po) 92.263 }
XKβ4 (Po) 92.618 } 0.0760 (29) Kβ

′
2

XKO2,3 (Po) 92.983 }

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Tl) 62.5 (10) 0.0116 (7) (M1) 0.0116 (7)
γ2,1(Tl) 191.1 (18) 0.00125 (7) 0.00125 (7)
γ11,6(Po) 221 (1) 0.106 (31) [M1,E2] 0.8 (5) 0.059 (6)
γ−1,0(Po) 230 (1) 0.0031 (11) 0.0585 (11) 0.0029 (10)
γ16,11(Po) 252.80 (6) 0.0212 (33) [M1] 0.809 (12) 0.0117 (18)
γ6,3(Po) 268.8 (2) 0.0168 (19) [E1] 0.0405 (6) 0.0161 (18)
γ29,22(Po) 273.80 (5) 0.120 (8) 0.120 (8)
γ42,28(Po) 280.95 (5) 0.062 (6) 0.062 (6)
γ−1,1(Po) 304.2 (2) 0.033 (6) 0.30 (19) 0.0255 (23)
γ14,7(Po) 333.350 (42) 0.0646 (41) [E1] 0.0247 (4) 0.063 (4)
γ−1,2(Po) 334.78 (8) 0.033 (5) 0.033 (5)
γ11,5(Po) 348.92 (6) 0.164 (43) [M1] 0.335 (5) 0.123 (32)
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ANNEX I: RECOMMENDED DECAY DATA Bi− 214

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ11,4(Po) 386.77 (5) 0.343 (30) [M1,E2] 0.16 (10) 0.296 (5)
γ18,9(Po) 388.88 (5) 0.493 (6) (M1) 0.250 (4) 0.394 (5)
γ29,17(Po) 394.05 (8) 0.0127 (18) 0.0127 (18)
γ35,22(Po) 396.01 (8) 0.0259 (18) 0.0259 (18)
γ2,1(Po) 405.74 (3) 0.180 (7) [E2] 0.0541 (8) 0.171 (7)
γ28,14(Po) 452.92 (10) 0.034 (5) [M1,E2] 0.10 (7) 0.031 (4)
γ9,3(Po) 454.770 (12) 0.292 (5) [E1] 0.01251 (18) 0.288 (5)
γ21,10(Po) 461.0 (2) 0.067 (9) [M1] 0.1581 (23) 0.058 (8)
γ12,4(Po) 469.76 (7) 0.145 (18) [M1,E2] 0.09 (6) 0.133 (15)
γ21,9(Po) 474.41 (5) 0.100 (9) [M1,E2] 0.09 (6) 0.092 (6)
γ38,22(Po) 485.92 (11) 0.021 (4) 0.021 (4)
γ29,14(Po) 487.95 (13) 0.028 (9) [E1] 0.01080 (16) 0.028 (9)
γ39,21(Po) 494.2 (4) 0.011 (3) 0.011 (3)
γ31,15(Po) 496.90 (18) 0.0068 (18) 0.0068 (18)
γ23,11(Po) 501.96 (15) 0.0181 (22) 0.0181 (22)
γ42,22(Po) 519.90 (5) 0.0166 (17) 0.0166 (17)
γ42,21(Po) 524.6 (2) 0.0169 (17) 0.0169 (17)
γ6,2(Po) 528 (1) 0.0112 (13) [E2] 0.0282 (5) 0.0109 (13)
γ23,9(Po) 536.77 (4) 0.061 (8) 0.061 (8)
γ21,7(Po) 543.0 (2) 0.093 (23) [M1,E2] 0.06 (4) 0.088 (21)
γ22,7(Po) 547.6 (3) 0.034 (3) 0.034 (3)
γ62,28(Po) 551.9 (8) 0.0055 (14) 0.0055 (14)
γ12,3(Po) 572.76 (7) 0.072 (8) [E1] 0.00779 (11) 0.071 (8)
γ15,5(Po) 595.23 (7) 0.0183 (17) [M1,E2] 0.05 (3) 0.0174 (15)
γ41,18(Po) 600.0 (5) 0.008 (4) 0.008 (4)
γ1,0(Po) 609.312 (7) 46.42 (19) E2 0.0204 (3) 45.49 (19)
γ13,3(Po) 615.73 (10) 0.055 (7) [E1] 0.00674 (10) 0.055 (7)
γ14,4(Po) 617.0 (2) 0.027 (5) [E1] 0.00672 (10) 0.027 (5)
γ51,23(Po) 626.4 (6) 0.0041 (14) 0.0041 (14)
γ−1,3(Po) 630.79 (7) 0.0166 (14) 0.0166 (14)
γ15,4(Po) 633.14 (10) 0.057 (3) [M1,E2] 0.044 (25) 0.055 (3)
γ29,12(Po) 634.72 (21) 0.0067 (24) [M1,E2] 0.043 (25) 0.0064 (23)
γ16,4(Po) 639.67 (10) 0.035 (5) [E2] 0.0183 (3) 0.034 (5)
γ20,6(Po) 649.18 (7) 0.056 (7) [M1,E2] 0.041 (24) 0.054 (7)
γ27,11(Po) 658.7 (2) 0.017 (4) 0.017 (4)
γ21,6(Po) 661.1 (2) 0.056 (4) [M1,E2] 0.039 (22) 0.054 (4)
γ3,1(Po) 665.453 (22) 1.539 (7) E1 0.00579 (9) 1.530 (7)
γ38,16(Po) 677.41 (15) 0.0055 (23) 0.0055 (23)
γ28,11(Po) 683.22 (6) 0.084 (6) [E1] 0.00551 (8) 0.084 (6)
γ39,15(Po) 687.6 (3) 0.0066 (14) 0.0066 (14)
γ27,9(Po) 693.3 (5) 0.0059 (15) 0.0059 (15)
γ8,2(Po) 697.90 (25) 0.069 (4) [M1,E2] 0.034 (19) 0.067 (4)
γ38,14(Po) 699.82 (18) 0.016 (5) 0.016 (5)
γ18,5(Po) 703.11 (4) 0.504 (12) [M1] 0.0519 (8) 0.479 (11)
γ28,10(Po) 704.9 (3) 0.051 (10) [E1] 0.00519 (8) 0.051 (10)
γ41,15(Po) 708.8 (3) 0.0119 (20) 0.0119 (20)
γ17,4(Po) 710.67 (10) 0.076 (4) 0.076 (4)
γ14,3(Po) 719.86 (3) 0.399 (10) E2 0.01424 (20) 0.393 (10)
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ANNEX I: RECOMMENDED DECAY DATA Bi− 214

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ23,6(Po) 722.98 (12) 0.037 (7) 0.037 (7)
γ42,14(Po) 733.80 (15) 0.038 (3) 0.038 (3)
γ18,4(Po) 740.73 (18) 0.0440 (23) [M1,E2] 0.029 (16) 0.0428 (21)
γ29,9(Po) 752.84 (3) 0.130 (8) [M1,E2] 0.028 (16) 0.126 (8)
γ4,1(Po) 768.356 (10) 4.969 (19) M1+E2 0.0157 (21) 4.892 (16)
γ28,7(Po) 786.1 (4) 0.31 (5) [E1] 0.00422 (6) 0.31 (5)
γ21,5(Po) 788.6 (5) 0.016 (5) [M1] 0.0385 (6) 0.015 (5)
γ5,1(Po) 806.174 (18) 1.276 (6) E2 0.01127 (16) 1.262 (6)
γ20,4(Po) 815.0 (1) 0.0399 (31) [M1,E2] 0.023 (13) 0.039 (3)
γ29,7(Po) 821.18 (3) 0.172 (10) M1 0.0346 (5) 0.166 (10)
γ21,4(Po) 826.3 (2) 0.133 (11) M1 0.0341 (5) 0.129 (11)
γ12,2(Po) 832.39 (11) 0.0354 (20) [E2] 0.01057 (15) 0.035 (2)
γ38,12(Po) 847.16 (11) 0.016 (6) 0.016 (6)
γ19,3(Po) 873.07 (19) 0.019 (3) 0.019 (3)
γ24,5(Po) 878.03 (12) 0.0120 (28) [M1,E2] 0.019 (10) 0.0118 (27)
γ28,6(Po) 904.29 (10) 0.066 (8) [E1] 0.00326 (5) 0.066 (8)
γ24,4(Po) 915.74 (15) 0.023 (5) [M1,E2] 0.017 (9) 0.023 (5)
γ20,3(Po) 917.8 (3) 0.005 (3) [E1] 0.00317 (5) 0.005 (3)
γ38,11(Po) 930.2 (2) 0.043 (8) 0.043 (8)
γ6,1(Po) 934.061 (12) 3.173 (11) M1+E2 0.0234 (10) 3.10 (1)
γ29,6(Po) 939.6 (5) 0.016 (4) [M1,E2] 0.016 (8) 0.016 (4)
γ35,7(Po) 943.34 (12) 0.017 (3) 0.017 (3)
γ37,8(Po) 949.8 (5) 0.0055 (23) 0.0055 (23)
γ38,10(Po) 952.2 (8) 0.0059 (23) 0.0059 (23)
γ30,6(Po) 961.61 (17) 0.0101 (14) 0.0101 (14)
γ42,11(Po) 964.08 (3) 0.363 (12) 0.363 (12)
γ41,10(Po) 976.18 (12) 0.0151 (21) 0.0151 (21)
γ23,3(Po) 991.49 (19) 0.011 (3) [M1,E2] 0.014 (7) 0.011 (3)
γ48,12(Po) 1013.8 (2) 0.0087 (19) 0.0087 (19)
γ44,11(Po) 1021.0 (5) 0.016 (3) 0.016 (3)
γ28,5(Po) 1032.37 (8) 0.061 (4) [E1] 0.00257 (4) 0.061 (4)
γ39,7(Po) 1038.0 (3) 0.0086 (15) 0.0086 (15)
γ27,4(Po) 1045.6 (2) 0.023 (3) 0.023 (3)
γ7,1(Po) 1051.96 (3) 0.328 (8) [M1,E2] 0.012 (6) 0.324 (8)
γ42,7(Po) 1067.2 (3) 0.024 (7) 0.024 (7)
γ28,4(Po) 1069.96 (8) 0.272 (10) [E1] 0.00241 (4) 0.271 (10)
γ8,1(Po) 1103.64 (19) 0.107 (15) [M1,E2] 0.011 (5) 0.106 (15)
γ29,4(Po) 1104.79 (19) 0.074 (14) [M1,E2] 0.011 (5) 0.073 (14)
γ37,6(Po) 1118.9 (5) 0.010 (4) 0.010 (4)
γ9,1(Po) 1120.287 (10) 15.14 (3) M1+E2 0.01522 (23) 14.91 (3)
γ31,4(Po) 1130.29 (19) 0.036 (3) 0.036 (3)
γ10,1(Po) 1133.66 (3) 0.255 (8) [E2] 0.00578 (8) 0.254 (8)
γ11,1(Po) 1155.19 (2) 1.657 (7) M1+E2 0.0135 (4) 1.635 (7)
γ32,4(Po) 1167.3 (2) 0.0123 (17) 0.0123 (17)
γ28,3(Po) 1172.98 (10) 0.055 (7) [E2] 0.00542 (8) 0.055 (7)
γ29,3(Po) 1207.68 (3) 0.455 (12) [E1] 0.00196 (3) 0.454 (12)
γ−1,4(Po) 1226.7 (3) 0.018 (8) 0.018 (8)
γ30,3(Po) 1230.6 (4) 0.007 (5) 0.007 (5)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ12,1(Po) 1238.111 (12) 5.901 (14) M1+E2 0.01200 (17) 5.831 (14)
γ13,1(Po) 1280.96 (2) 1.451 (6) M1 0.01101 (16) 1.435 (6)
γ37,4(Po) 1284 (1) 0.013 (6) 0.013 (6)
γ41,5(Po) 1303.76 (8) 0.105 (5) 0.105 (5)
γ38,4(Po) 1316.96 (15) 0.077 (7) 0.077 (7)
γ35,3(Po) 1330.0 (2) 0.0120 (14) 0.0120 (14)
γ41,4(Po) 1341.49 (16) 0.0214 (27) 0.0214 (27)
γ42,4(Po) 1351 (1) 0.0042 (11) 0.0042 (11)
γ65,7(Po) 1353.4 (8) 0.0036 (9) 0.0036 (9)
γ4,0(Po) 1377.669 (12) 3.984 (11) E2 0.00404 (6) 3.968 (11)
γ14,1(Po) 1385.31 (3) 0.796 (5) [E1] 0.001631 (23) 0.795 (5)
γ43,4(Po) 1392.5 (4) 0.0087 (19) 0.0087 (19)
γ15,1(Po) 1401.50 (4) 1.337 (7) (M1+E2) 0.0053 (9) 1.330 (7)
γ16,1(Po) 1407.98 (4) 2.398 (8) (E2) 0.00389 (6) 2.389 (8)
γ38,3(Po) 1419.7 (3) 0.0055 (10) 0.0055 (10)
γ65,6(Po) 1470.9 (3) 0.0094 (13) 0.0094 (13)
γ17,1(Po) 1479.15 (14) 0.051 (4) 0.051 (4)
γ18,1(Po) 1509.228 (15) 2.144 (10) M1+E2 0.00732 (11) 2.128 (10)
γ51,4(Po) 1515.5 (3) 0.0072 (21) 0.0072 (21)
γ19,1(Po) 1538.50 (6) 0.401 (22) 0.401 (22)
γ6,0(Po) 1543.32 (6) 0.303 (13) [E2] 0.00333 (5) 0.302 (13)
γ20,1(Po) 1583.22 (4) 0.712 (5) M1+E2 0.00642 (18) 0.707 (5)
γ21,1(Po) 1594.73 (8) 0.276 (15) [M1] 0.00644 (9) 0.274 (15)
γ22,1(Po) 1599.31 (6) 0.322 (15) 0.322 (15)
γ65,4(Po) 1636.3 (2) 0.0111 (16) 0.0111 (16)
γ23,1(Po) 1657.00 (19) 0.047 (5) 0.047 (5)
γ7,0(Po) 1661.28 (6) 1.051 (9) E2 0.00296 (5) 1.048 (9)
γ57,3(Po) 1665.8 (2) 0.015 (6) 0.015 (6)
γ24,1(Po) 1683.99 (4) 0.217 (3) 0.217 (3)
γ61,3(Po) 1711.0 (8) 0.023 (5) 0.023 (5)
γ9,0(Po) 1729.595 (15) 2.852 (10) E2 0.00278 (4) 2.844 (10)
γ26,1(Po) 1751.4 (8) 0.0009 (5) 0.0009 (5)
γ11,0(Po) 1764.494 (14) 15.39 (5) M1 0.00511 (8) 15.31 (5)
γ27,1(Po) 1813.73 (14) 0.0108 (9) 0.0108 (9)
γ28,1(Po) 1838.36 (5) 0.343 (10) 0.343 (10)
γ12,0(Po) 1847.420 (25) 2.025 (12) 2.025 (12)
γ29,1(Po) 1873.16 (6) 0.212 (8) 0.212 (8)
γ13,0(Po) 1890.30 (15) 0.078 (4) 0.078 (4)
γ30,1(Po) 1895.92 (14) 0.146 (8) 0.146 (8)
γ31,1(Po) 1898.7 (4) 0.049 (8) 0.049 (8)
γ32,1(Po) 1935.5 (2) 0.032 (7) 0.032 (7)
γ35,1(Po) 1994.6 (6) 0.0024 (5) 0.0024 (5)
γ15,0(Po) 2010.78 (12) 0.0434 (17) 0.0434 (17)
γ36,1(Po) 2021.6 (2) 0.0214 (21) 0.0214 (21)
γ37,1(Po) 2052.94 (12) 0.069 (4) 0.069 (4)
γ38,1(Po) 2085.1 (2) 0.0082 (5) 0.0082 (5)
γ40,1(Po) 2089.7 (2) 0.0443 (22) 0.0443 (22)
γ41,1(Po) 2109.92 (12) 0.084 (3) 0.084 (3)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ18,0(Po) 2118.55 (3) 1.162 (5) M1 0.00356 (5) 1.158 (5)
γ19,0(Po) 2147.9 (2) 0.0134 (13) 0.0134 (13)
γ43,1(Po) 2160.4 (3) 0.007 (5) 0.007 (5)
γ44,1(Po) 2176.5 (2) 0.0033 (6) 0.0033 (6)
γ20,0(Po) 2192.58 (16) 0.038 (3) 0.038 (3)
γ21,0(Po) 2204.21 (4) 4.929 (23) M1 0.00333 (5) 4.913 (23)
γ48,1(Po) 2251.6 (2) 0.0055 (5) 0.0055 (5)
γ49,1(Po) 2260.3 (2) 0.0087 (4) 0.0087 (4)
γ23,0(Po) 2266.51 (13) 0.0165 (8) 0.0165 (8)
γ50,1(Po) 2270.9 (4) 0.0014 (3) 0.0014 (3)
γ51,1(Po) 2284.3 (2) 0.0050 (4) 0.0050 (4)
γ52,1(Po) 2287.65 (23) 0.0046 (5) 0.0046 (5)
γ24,0(Po) 2293.40 (12) 0.306 (4) 0.306 (4)
γ53,1(Po) 2310.2 (3) 0.0014 (9) 0.0014 (9)
γ54,1(Po) 2312.4 (2) 0.0086 (8) 0.0086 (8)
γ55,1(Po) 2319.3 (3) 0.0014 (9) 0.0014 (9)
γ56,1(Po) 2325.0 (3) 0.0017 (3) 0.0017 (3)
γ57,1(Po) 2331.3 (2) 0.026 (4) 0.026 (4)
γ25,0(Po) 2348.0 (13) 0.0014 (9) 0.0014 (9)
γ58,1(Po) 2353.5 (7) 0.00036 (14) 0.00036 (14)
γ26,0(Po) 2361.00 (19) 0.0021 (6) 0.0021 (6)
γ60,1(Po) 2369.0 (4) 0.0028 (4) 0.0028 (4)
γ61,1(Po) 2376.9 (2) 0.0086 (8) 0.0086 (8)
γ62,1(Po) 2390.8 (2) 0.00156 (14) 0.00156 (14)
γ65,1(Po) 2405.1 (5) 0.0011 (7) 0.0011 (7)
γ27,0(Po) 2423.27 (13) 0.0048 (6) 0.0048 (6)
γ69,1(Po) 2444.7 (8) 0.008 (4) 0.008 (4)
γ28,0(Po) 2447.86 (10) 1.550 (7) E1 0.001424 (20) 1.548 (7)
γ70,1(Po) 2459.0 (8) 0.00141 (23) 0.00141 (23)
γ29,0(Po) 2482.8 (4) 0.00096 (18) 0.00096 (18)
γ30,0(Po) 2505.4 (2) 0.0056 (6) 0.0056 (6)
γ77,1(Po) 2550.7 (7) 0.00032 (9) 0.00032 (9)
γ34,0(Po) 2562.0 (6) 0.00018 (9) 0.00018 (9)
γ79,1(Po) 2564.0 (6) 0.00014 (9) 0.00014 (9)
γ35,0(Po) 2604.5 (5) 0.00036 (9) 0.00036 (9)
γ36,0(Po) 2630.9 (3) 0.00086 (23) 0.00086 (23)
γ37,0(Po) 2662.4 (10) 0.000200 (41) 0.000200 (41)
γ38,0(Po) 2694.7 (2) 0.033 (3) 0.033 (3)
γ40,0(Po) 2699.4 (3) 0.00282 (23) 0.00282 (23)
γ41,0(Po) 2719.3 (2) 0.00170 (17) 0.00170 (17)
γ43,0(Po) 2769.9 (2) 0.0225 (8) 0.0225 (8)
γ44,0(Po) 2785.9 (2) 0.0055 (5) 0.0055 (5)
γ47,0(Po) 2826.98 (20) 0.00218 (17) 0.00218 (17)
γ48,0(Po) 2861.08 (40) 0.00041 (13) 0.00041 (13)
γ50,0(Po) 2880.3 (2) 0.0101 (16) 0.0101 (16)
γ51,0(Po) 2893.5 (2) 0.0057 (5) 0.0057 (5)
γ54,0(Po) 2921.9 (2) 0.0134 (5) 0.0134 (5)
γ55,0(Po) 2928.6 (3) 0.00109 (9) 0.00109 (9)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ56,0(Po) 2934.6 (3) 0.00046 (12) 0.00046 (12)
γ60,0(Po) 2978.9 (2) 0.0137 (4) 0.0137 (4)
γ62,0(Po) 2999.98 (20) 0.0089 (7) 0.0089 (7)
γ69,0(Po) 3053.88 (20) 0.022 (3) 0.022 (3)
γ72,0(Po) 3081.7 (3) 0.0052 (7) 0.0052 (7)
γ73,0(Po) 3093.98 (40) 0.00037 (4) 0.00037 (4)
γ75,0(Po) 3142.58 (40) 0.00118 (9) 0.00118 (9)
γ76,0(Po) 3149.0 (5) 0.00019 0.00019
γ77,0(Po) 3160.6 (6) 0.00047 (8) 0.00047 (8)
γ80,0(Po) 3183.57 (40) 0.0011 (5) 0.0011 (5)
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F.Rösel, H.M.Friess, K.Alder, H.C.Pauli, At. Data Nucl. Data Tables 21 (1978) 92

(Theoretical internal conversion coefficients)

R.G.Helmer, R.J.Gehrke, R.C.Greenwood, Nucl. Instrum. Methods 166 (1979) 547

(Gamma-ray energies)

B.Bengtson, H.L.Nielsen, N.Rud, Nucl. Phys. A319 (1979) 21

(Half-life and gamma transition probabilities)

G.Mouze, Compt. Rend. Acad. Sci. (Paris) 292 (1981) 1243

(Gamma-ray emission probabilities)

H.Akcay, G.Mouze, D.Maillard, C.Ythier, Radiochem. Radioanal. Lett. 51 (1982) 1

(Gamma-ray energies and emission probabilities)

M.A.Farouk, A.M.Al-Soraya, Nucl. Instrum. Methods 200 (1982) 593

(Gamma-ray emission probabilities)
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1 Half-life, Q-value and Decay mode

T1/2 : 7.6 (2) min
Qβ− : 2189 (15) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,18 790 (15) 2.8 (1) [1st forbidden non-unique] 6
β−0,17 895 (15) 2.0 (2) [1st forbidden non-unique] 6.34
β−0,16 1013 (15) 0.2 (1) [1st forbidden non-unique] 7.5
β−0,14 1111 (15) 0.7 (1) [1st forbidden non-unique] 7.1
β−0,9 1354 (15) 1.5 (1) [1st forbidden non-unique] 7.1
β−0,6 1512 (15) 0.5 (1) [1st forbidden non-unique] 7.8
β−0,5 1581 (15) 0.7 (1) (1st forbidden non-unique) 7.7
β−0,4 1671 (15) 0.3 (2) (1st forbidden non-unique) 8.1
β−0,3 1787 (15) 0.5 (1) (1st forbidden unique) 9
β−0,2 1895 (15) 30 (6) (1st forbidden non-unique) 6.35
β−0,0 2189 (15) 61 (6) (1st forbidden non-unique) 6.28

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Po) 5.434 - 10.934 4.0 (4)

eAK (Po) 0.22 (5)
KLL 58.978 - 65.205 }
KLX 71.902 - 79.289 }
KXY 84.8 - 93.1 }

ec1,0 K (Po) 178.13 (1) 0.22 (1)
ec1,0 L (Po) 254.30 - 257.42 0.13 (1)
ec1,0 M+ (Po) 267.08 - 271.23 0.04
ec2,0 K (Po) 200.46 (4) 6.0 (4)
ec2,0 L (Po) 276.63 - 279.75 1.5 (1)
ec2,0 M+ (Po) 289.41 - 293.56 0.7 (1)

β−0,18 max: 790 (15) 2.8 (1) avg: 249 (6)
β−0,17 max: 895 (15) 2.0 (2) avg: 287 (6)
β−0,16 max: 1013 (15) 0.2 (1) avg: 332 (6)
β−0,14 max: 1111 (15) 0.7 (1) avg: 370 (6)
β−0,9 max: 1354 (15) 1.5 (1) avg: 465 (6)
β−0,6 max: 1512 (15) 0.5 (1) avg: 528 (6)
β−0,5 max: 1581 (15) 0.7 (1) avg: 556 (6)
β−0,4 max: 1671 (15) 0.3 (2) avg: 593 (6)
β−0,3 max: 1787 (15) 0.5 (1) avg: 619 (6)
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Energy Electrons Energy
keV per 100 disint. keV

β−0,2 max: 1895 (15) 30 (6) avg: 685 (6)
β−0,0 max: 2189 (15) 61 (6) avg: 808 (6)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Po) 9.658 — 16.213 2.7 (3)

XKα2 (Po) 76.864 1.8 (3) } Kα
XKα1 (Po) 79.293 3.0 (5) }

XKβ3 (Po) 89.256 }
XKβ1 (Po) 89.807 } 1.02 (16) Kβ

′
1

XKβ
′′
5 (Po) 90.363 }

XKβ2 (Po) 92.263 }
XKβ4 (Po) 92.618 } 0.32 (5) Kβ

′
2

XKO2,3 (Po) 92.983 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ3,1(Po) 130.58 (1) 0.0505 (12) M1+26.5%E2 4.44 (13) 0.0093 (10)
γ4,2(Po) 224.04 (7) 0.044 (7) E2 0.319 (5) 0.033 (5)
γ1,0(Po) 271.228 (10) 2.34 (10) M1+94%E2 0.201 (7) 1.95 (7)
γ2,0(Po) 293.56 (4) 32 (2) M1+50%E2 0.34 (5) 23.8 (9)
γ6,2(Po) 383.10 (8) 0.14 (7) 0.14 (7)
γ3,0(Po) 401.81 (1) 0.50 (8) E2 0.0555 (8) 0.48 (7)
γ6,1(Po) 405.43 (7) 0.006 (1) 0.006 (1)
γ4,0(Po) 517.60 (6) 1.10 (8) M1+50%E2 0.073 (10) 1.02 (8)
γ9,2(Po) 541.76 (22) 0.21 (7) 0.21 (7)
γ9,1(Po) 564.09 (22) 0.67 (7) 0.67 (7)
γ5,0(Po) 608.30 (7) 0.67 (7) (M1+E2) 0.67 (7)
γ6,0(Po) 676.66 (7) 0.40 (7) 0.40 (7)
γ17,4(Po) 776.9 (1) 0.81 (14) 0.81 (14)
γ14,2(Po) 784 (2) 0.33 (7) 0.33 (7)
γ14,1(Po) 806.4 (20) 0.40 (7) 0.40 (7)
γ9,0(Po) 835.32 (22) 0.62 (7) 0.62 (7)
γ16,1(Po) 905 (2) 0.21 (7) 0.21 (7)
γ17,1(Po) 1023.3 (1) 0.62 (7) 0.62 (7)
γ18,2(Po) 1105.2 (4) 1.50 (7) 1.50 (7)
γ18,1(Po) 1127.6 (4) 0.48 (7) 0.48 (7)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ17,0(Po) 1294.5 (1) 0.62 (7) 0.62 (7)
γ18,0(Po) 1398.8 (4) 0.81 (7) 0.81 (7)
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(Auger electrons)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(X(K))

E.Browne, Nucl. Data Sheets 93 (2001) 763

(Nuclear structure, level energies)

S.Raman, C.W.Nestor Jr., A.Ichihara, M.B.Trzhaskovskaya, Phys. Rev. C66 (2002) 044312

(Theoretical ICC)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

J.Kurpeta, A.Plochocki, A.N.Andreyev, J.Aysto, A.de Smet, H.de Witte, A.-H.Evensen, V.Fedoseyev,
S.Franchoo, M.Gorska, H.Grawe, M.Huhta, M.Huyse, Z.Janas, A.Jokinen, M.Karny, E.Kugler, W.Kurcewicz,
U.Koster, et al., Eur. Phys. J. A18 (2003) 31

(Gamma-ray energies, gamma-ray emission probabilities, beta-particle emission probabilities)

Y.A.Akovali, At. Data Nucl. Data Tables 100 (2003) 141

(Nuclear structure, level energies)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

E.Browne, Nucl. Data Sheets 103 (2004) 183

(Nuclear structure, level energies)

M.S.Basunia, Nucl. Data Sheets 108 (2007) 633

(Nuclear structure, level energies)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICC)

Surrey Univ. /A.L. Nichols, ANL /F.G. Kondev
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ANNEX I: RECOMMENDED DECAY DATA Po− 210

1 Half-life, Q-value and Decay mode

T1/2 : 138.3763 (17) d
Qα : 5407.46 (7) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,1 4516.66 (9) 0.00124 (4)
α0,0 5304.33 (7) 99.99876 (4)

3 Photon Emissions

3.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.186 — 15.217 0.00000384 (10)

XKα2 (Pb) 72.805 0.00000277 (10) } Kα
XKα1 (Pb) 74.97 0.00000466 (17) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 0.00000159 (6) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 0.000000481 (20) Kβ

′
2

XKO2,3 (Pb) 87.911 }

3.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pb) 803.10 (5) 0.00124 (4) E2 0.01033 (15) 0.00123 (4)

4 References

E.V.Schweidler, Verh. Deutsch Phys. Ges. 14 (1912) 539

(Half-life)

M.Curie, J. Phys. Radium 1 (1920) 12

(Half-life)

A.Dorabialska, Roczniki Chem. (Poland) 11 (1931) 475

(Half-life)

S.Rosenblum, G.Dupouy, J. Phys. Radium 4 (1933) 262

(Alpha energy)

W.B.Lewis, B.V.Bowden, Proc. Roy. Soc. (London) A145 (1934) 235

CEA/LNE-LNHB /V. Chisté, M.M. Bé



ANNEX I: RECOMMENDED DECAY DATA Po− 210

(Alpha energy)

A.S.Sanielevici, J. Chim. Phys. 33 (1936) 759

(Half-life)

W.H.Beamer, C.R.Maxwell, J. Chem. Phys. 17 (1949) 1293

(Half-life)

M.A.Grace, R.A.Allen, D.West, H.Halban, Proc. Roy. Soc. (London) A64 (1951) 493

(Gamma-ray instensity)

W.C.Barber, R.H.Helm, Phys. Rev. 86 (1952) 275

(Gamma-ray instensity)

S.de Benedetti, G.H.Minton, Phys. Rev. 85 (1952) 944

(Multipolaity)

M.Riou, J. Phys. Radium 13 (1952) 244

(Gamma-ray instensity)

D.C.Ginnings, A.F.Ball, D.T.Vier, J. Res. Nat. Bur. Stand. 50 (1953) 75

(Half-life)

M.L.Curtis, Phys. Rev. 92 (1953) 1489

(Half-life)

E.R.Collins, C.D.McKenzie, C.A.Ramm, Proc. Roy. Soc. (London) 216A (1953) 219

(Alpha energy)

G.H.Briggs, Rev. Mod. Phys. 26 (1954) 1

(Alpha energy)

J.F.Eichelberger, K.C.Jordan, S.R.Orr, J.R.Parks, Phys. Rev. 96 (1954) 719

(Half-life)

R.W.Hayward, D.D.Hoppes, W.B.Mann, J. Res. Nat. Bur. Stand. 54 (1955) 47

(Gamma-ray instensity)

O.Rojo, M.A.Hakeem, M.Goodrich, Phys. Rev. 99 (1955) 1629

(Gamma-ray instensity)

A.Ascoli, M.Asdente, E.Germagnoli, Nuovo Cim. 4 (1956) 946

(Gamma-ray instensity)

N.S.Shimanskaia, Sov. Phys. - JETP 4 (1957) 165

(Gamma-ray instensity)

V.V.Ovechkin, Bull. Rus. Acad. Sci. Phys. 21 (1958) 1627

(Gamma-ray instensity)

I.I.Agapkin, L.L.Goldin, Bull. Rus. Acad. Sci. Phys. 21 (1958) 911

(Alpha energy)

F.A.White, F.M.Rourke, J.C.Sheffield, R.P.Schuman, J.R.Huizenga, Phys. Rev. 109 (1958) 437

(Alpha energy)

C.P.Browne, J.A.Galey, J.R.Erskine, K.L.Warsh, Phys. Rev. 120 (1960) 905

(Alpha energy)

A.Rytz, H.H.Staub, H.Winkler, Helv. Phys. Acta 34 (1961) 960

(Alpha energy)

E.H.Beckner, R.L.Bramblett, G.C.Philllips, T.A.Eastwood, Phys. Rev. 123 (1961) 2100

(Alpha energy)

C.P.Browne, Phys. Rev. 126 (1962) 1139

(Alpha energy)

J.F.Eichelberger, G.R.Grove, L.V.Jone, Report MLM-1209, Mound Laboratory (1964) 11

(Half-life)

D.J.Gorman, A.Rytz, Compt. Rend. Acad. Sci. (Paris) Ser. B 277 (1973) 29

(Alpha energy)

R.G.Helmer, Nucl. Data Sheets 61 (1990) 93

(Energy level, spin and parity)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha energy)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

E.Browne, Nucl. Data Sheets 88 (1999) 29

(Spin, parity)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
8 (2002) 1

(Theoretical ICC)

CEA/LNE-LNHB /V. Chisté, M.M. Bé
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G.Audi, A.H.Wapstra, V.Thibault, Nucl. Phys. A729 (2003) 129

(Q)

CEA/LNE-LNHB /V. Chisté, M.M. Bé
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CEA/LNE-LNHB /V. Chisté, M.M. Bé



ANNEX I: RECOMMENDED DECAY DATA Po− 211

1 Half-life, Q-value and Decay mode

T1/2 : 0.516 (3) s
Qα : 7594.48 (51) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,2 6568.4 (10) 0.523 (9)
α0,1 6891.2 (10) 0.541 (17)
α0,0 7450.2 (3) 98.936 (19)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pb) 5.33 - 15.82 0.01216 (17)

eAK (Pb) 0.00071 (8)
KLL 56.028 - 61.669 }
KLX 68.181 - 74.969 }
KXY 80.3 - 88.0 }

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.186 — 15.2169 0.00740 (16)

XKα2 (Pb) 72.8049 0.00535 (14) } Kα
XKα1 (Pb) 74.97 0.00900 (24) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 0.00308 (10) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 0.00093 (4) Kβ

′
2

XKO2,3 (Pb) 87.911 }

IFIN-HH /A. Luca
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ2,1(Pb) 328.2 (2) 0.0043 (15) M1 0.334 (5) 0.0032 (11)
γ1,0(Pb) 569.65 (15) 0.546 (17) E2 0.0216 (3) 0.534 (17)
γ2,0(Pb) 897.8 (2) 0.519 (9) M1+E2 0.0233 (4) 0.507 (9)

5 References

M.Curie, A.Debierne, A.S.Eve, H.Geiger, O.Hahn, S.C.Lind, St.Meyer, E.Rutherford, E.Schweidler,
Rev. Mod. Phys. 3 (1931) 427

(Half-life)

R.F.Leininger, E.Segrè, F.N.Spiess, Phys. Rev. 82 (1951) A334

(Alpha emission energies, Alpha emission probabilities)

H.M.Neumann, I.Perlman, Phys. Rev. 81 (1951) 958

(Alpha emission energies, Alpha emission probabilities)

F.Asaro, Thesis, Report UCRL-2180, Univ. California (1953)

(Alpha emission energies, Alpha emission probabilities)

R.W.Hoff, Report UCRL-2325, Univ. California (1953)

(Alpha emission energies, Alpha emission probabilities)

G.H.Briggs, Rev. Mod. Phys. 26 (1954) 1

(Alpha emission energies)

J.W.Mihelich, A.W.Schardt, E.Segrè, Phys. Rev. 95 (1954) 1508

(Gamma-ray energies)

F.N.Spiess, Phys. Rev. 94 (1954) 1292

(Half-life)

M.M.Winn, Proc. Phys. Soc. (London) 67A (1954) 949

(Half-life)

P.A.Tove, Ark. Fys. 13 (1958) 549

(Half-life)

R.J.Walen, V.Nedovesov, G.Bastin-Scoffier, Nucl. Phys. 35 (1962) 232

(Alpha emission energies, Alpha emission probabilities)

W.B.Jones, Phys. Rev. 130 (1963) 2042

(Alpha emission energies)

L.Gueth, S.Gueth, E.Daroczy, B.S.Dzhelepov, Y.V.Norseev, V.A.Khalkin, Report JINR-P6-4079, Joint
Institute of Nuclear Research, Dubna (1968)

(Alpha emission energies, Alpha emission probabilities)

Ch.Briançon, C.F.Leang, R.Walen, Compt. Rend. Acad. Sci. (Paris) Ser. B 266 (1968) 1533

(Gamma-ray emission probabilities)

N.A.Golovkov, S.Guetkh, B.S.Dzhelepov, Y.V.Norseev, V.A.Khalkin, V.G.Chumin, Izv. Akad. Nauk
SSSR, Ser. Fiz. 33 (1969) 1622

(Alpha emission energies)

R.L.Hahn, M.F.Roche, K.S.Toth, Phys. Rev. 182 (1969) 1329

(Alpha emission energies)

K.Valli, E.K.Hyde, J.Borggreen, Phys. Rev. C1 (1970) 2115

(Alpha emission energies)

G.Astner, Phys. Scr. 5 (1972) 31

(Alpha emission probabilities, Gamma-ray emission probabilities)

A.R.Barnett, J.S.Lilley, Phys. Rev. C9 (1974) 2010

(Half-life)

L.J.Jardine, Phys. Rev. C11 (1975) 1385

(Alpha emission probabilities, Gamma-ray energies, Gamma-ray emission probabilities)

M.Yanokura, H.Kudo, H.Nakahara, K.Miyano, S.Ohya, O.Nitoh, Nucl. Phys. A299 (1978) 92

(Alpha emission energies, Alpha emission probabilities)

IFIN-HH /A. Luca
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J.D.Bowman, R.E.Eppley, E.K.Hyde, Phys. Rev. C25 (1982) 941

(Alpha emission energies)

R.M.Lambrecht, S.Mirzadeh, Int. J. Appl. Radiat. Isotop. 36 (1985) 443

(Alpha emission energies, Alpha emission probabilities, Gamma-ray emission probabilities)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha emission energies)

M.J.Martin, Nucl. Data Sheets 70 (1993) 315

(Multipolarities, Spin and Parity, Mixing ratio)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic Data, Auger electron emission probabilities, L X-ray emission probabilities, K X-ray emission probabilities)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

E.Browne, Nucl. Data Sheets 103 (2004) 183

(Production modes)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICC)
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ANNEX I: RECOMMENDED DECAY DATA Po− 212

1 Half-life, Q-value and Decay mode

T1/2 : 300 (2) ×10−9 s
Qα : 8954.12 (11) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,0 8785.17 (11) 100

3 References

D.E.Bunyan, A.Lundby, D.Walker, Proc. Phys. Soc. (London) 62A (1949) 253

(Half-life)

F.C.Flack, J.E.Johnson, Proc. Phys. Soc. 79 (1962) 10

(Half-life)

G.Astner, I.Bergstrom, L.Eriksson, U.Fagerguist, G.Holm, A.Persson, Nucl. Phys. 45 (1963) 49

(Half-life)

G.W.McBeth, R.A.Winyard, Int. J. Appl. Radiat. Isotop. 23 (1972) 527

(Half-life)

S.Sanyal, R.K.Garg, S.D.Chauhan, S.L.Gupta, S.C.Pancholi, Phys. Rev. C12 (1975) 318

(Half-life)

H.Bohn, E.Endres, T.Faestermann, P.Kienle, Z. Phys. A302 (1981) 51

(Half-life)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

E.Browne, Nucl. Data Sheets 104 (2005) 427

(Nuclear structure, energies)

Surrey Univ. /A.L. Nichols
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ANNEX I: RECOMMENDED DECAY DATA Po− 213

1 Half-life, Q-value and Decay mode

T1/2 : 3.70 (5) ×10−6 s
Qα : 8536.1 (26) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,1 7614 (10) 0.0050 (5)
α0,0 8375.9 (25) 99.9950 (5)

3 Photon Emissions

3.1 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pb) 778.8 (3) 0.0050 (5) M1 0.0339 (5) 0.0048 (5)

4 References

J.V.Jelley, Can. J. Res. 26A (1948) 255

(Half-life)

K.Valli, Ann. Acad. Sci. Fenn., Ser. A, VI 165 (1964)

(Alpha energies)

C.F.Leang, Thesis, Univ. Paris (1969)

(Alpha energies)

J.D.Bowman, R.E.Eppley, E.K.Hyde, Phys. Rev. C25 (1982) 941

(Alpha energies)

M.C.Kouassi, A.Hachem, C.Ardisson, G.Ardisson, Nucl. Instrum. Methods Phys. Res. A280 (1989) 424

(Gamma-ray energies and intensities)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Evaluation alpha energies)

J.Wawryszczuk, M.B.Yuldashev, K.Ya.Gromov, T.M.Muminov, Proc. 45th Ann. Conf. Nucl. Spectrosc.
Struct. At. Nuclei, St. Petersburg (1995) 107

(Half-life)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

J.Wawryszczuk, K.V.Kalyapkin, M.B.Yuldashev, K.Ya.Gromov, V.I.Fominykh, Bull. Rus. Acad. Sci.
Phys. 61 (1997) 25

(Half-life)

V.G.Chumin, J.K.Jabber, K.V.Kalyapkin, S.A.Kudrya, V.V.Tsupko-Sitnikov, K.Ya.Gromov, V.I.Fomin-
ykh, T.A.Furyaev, Bull. Rus. Acad. Sci. Phys. 61 (1997) 1606

(Alpha emission probabilities)

Ya.Vavryshchuk, K.Ya.Gromov, V.B.Zlokazov, V.G.Kalinnikov, V.A.Morozov, N.V.Morozova, V.I.Fo-
minykh, V.V.Tsupko-Sitnikov, I.N.Churin, Report JINR-P6-97-180, Joint Institute of Nuclear Research, Dubna
(1997)

(Half-life)

J.Wawryszczuk, K.Ya.Gromov, V.B.Zlokazov, V.G.Kalinnikov, V.A.Morozov, N.V.Morozova, V.I.Fo-
minikh, V.V.Tsupko-Sitnikov, I.N.Churin, Phys. Atomic Nuclei 61 (1998) 1322

(Half-life)

CNDC /Huang Xiaolong, Wang Baosong
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V.A.Morozov, N.V.Morozova, Yu.V.Norseev, Zh.Sereeter, V.B.Zlokazov, Nucl. Instrum. Methods Phys.
Res. A484 (2002) 225

(Half-life)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)

Huang Xiaolong, Wang Baosong, Nuclear Science and Techniques Vol.108 (2007) 261

(Evaluation)

M.S.Basunia, Nucl. Data Sheets 108 (2007) 633

(Decay scheme and levels)

CNDC /Huang Xiaolong, Wang Baosong



ANNEX I: RECOMMENDED DECAY DATA Po− 214

1 Half-life, Q-value and Decay mode

T1/2 : 162.3 (12) ×10−6 s
Qα : 7833.46 (6) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,2 6610.1 (10) 0.000058 (2)
α0,1 6902.6 (3) 0.0105 (7)
α0,0 7686.82 (6) 99.9895 (7)

3 Photon Emissions

3.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.19 — 15.22 0.0000347 (13)

XKα2 (Pb) 72.8049 0.0000246 (15) } Kα
XKα1 (Pb) 74.97 0.0000414 (25) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 0.0000141 (9) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 0.00000427 (27) Kβ

′
2

XKO2,3 (Pb) 87.911 }

3.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ2,1(Pb) 298 (1) 0.000058 (20) E2 0.1180 (21) 0.000052 (18)
γ1,0(Pb) 799.7 (1) 0.0105 (7) E2 0.01042 (15) 0.0104 (6)

4 References

J.V.Dunworth, Nature 144 (1939) 152

(Half-life)

J.Rotblat, Proc. Roy. Soc. (London) A177 (1941) 260

(Half-life)

A.G.Ward, Proc. Roy. Soc. (London) A181 (1942) 183

(Half-life)

J.C.Jacobsen, T.Sigurgeirsson, Kgl. Dan. Vidensk. Selsk. Mat.-Fys. Medd. 20 (1943) 11

CEA/LNE-LNHB /V. Chisté, M.M. Bé
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(Half-life)

G.von Dardel, Phys. Rev. 79 (1950) 734

(Half-life)

R.Ballini, Ann. Phys. (Paris) 8 (1953) 441

(Half-life)

K.W.Ogilvie, Proc. Phys. Soc. (London) 76 (1960) 299

(Half-life)

A.Rytz, Helv. Phys. Acta 34 (1961) 240

(Alpha transitions)

T.Dobrowolski, J.Young, Proc. Phys. Soc. (London) 77 (1961) 1219

(Half-life)

A.Peghaire, Nucl. Instrum. Methods 75 (1969) 66

(Gamma-ray instensity)

B.Grennberg, A.Rytz, Metrologia 7 (1971) 65

(Alpha transitions)

A.Erlik, J.Felsteiner, H.Lindeman, M.Tatcher, Nucl. Instrum. Methods 92 (1971) 45

(Half-life)

W.Kurcewicz, N.Kaffrell, N.Trautmann, A.Plochocki, J.Zylicz, K.Stryczniewicz, I.Yutlandov, Nucl.
Phys. A270 (1976) 175

(Gamma-ray instensity and energy, alpha intensity)

N.E.Holden, Pure Appl. Chem. 62 (1990) 941

(Half-life)

E.Browne, Nucl. Data Sheets 65 (1992) 209

(Energy level, spin, parity)

J.W.Zhou, P.de Marcillac, N.Coron, S.Wang, H.H.Stroke, O.Redi, J.Leblanc, G.Dambier, M.Barthelemy,
J.P.Torre, O.Testard, G.Beyer, H.Ravn, J.Mangin, Nucl. Instrum. Methods Phys. Res. A335 (1993) 443

(Half-life)

A.Rytz, At. Data Nucl. Data Tables 47 (1995) 205

(Alpha energy and intensity)

Y.A.Akovali, Nucl. Data Sheets 76 (1995) 127

(Energy level, spin, parity)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

Y.A.Akovali, Nucl. Data Sheets 84 (1998) 1

(Alpha energy and intensity)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)

E.Browne, Nucl. Data Sheets 99 (2003) 483

(Energy level, spin, parity)

CEA/LNE-LNHB /V. Chisté, M.M. Bé
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1 Half-life, Q-value and Decay mode

T1/2 : 1.781 (4) ×10−3 s
Qα : 7526.3 (8) keV
Qβ− : 715 (7) keV
α : 99.99977 (2) %
β− : 2.3 (2) ×10−4 %

2 α Emissions

Energy Probability
keV × 100

α0,7 6509 (3) 0.0003
α0,6 6586 (3) 0.0020 (6)
α0,5 6667 (3) 0.0008 (3)
α0,4 6755 (3) 0.0008 (3)
α0,3 6799 (3) 0.0016 (5)
α0,2 6813 (3) 0.0004 (2)
α0,1 6955.4 (8) 0.06 (2)
α0,0 7386.1 (8) 99.934 (20)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pb) 5.33 - 15.82 0.00115 (14)

eAK (Pb) 0.000059 (21)
KLL 56.028 - 61.669 }
KLX 68.181 - 74.969 }
KXY 80.3 - 88.0 }

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.186 — 15.2169 0.00071 (12)

XKα2 (Pb) 72.8049 0.00045 (15) } Kα
XKα1 (Pb) 74.97 0.00075 (25) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 0.00026 (9) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

KRI /V.P. Chechev
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Energy Photons
keV per 100 disint.

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 0.000078 (26) Kβ

′
2

XKO2,3 (Pb) 87.911 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pb) 438.9 (2) 0.06 (2) E2 0.0405 (6) 0.058 (19)

5 References

A.G.Ward, Proc. Roy. Soc. (London) 181A (1942) 183

(Half-life)

P.Avignon, J. Phys. Radium 11 (1950) 521

(Beta-branching)

Yu.M.Volkov, A.P.Komar, G.A.Korolev, G.E.Kocharov, Izv. Akad. Nauk SSSR, Ser. Fiz. (Columbia
Tech.Transl. 25, 1193 (1962)) 25 (1961) 1188

(Half-life)

R.J.Walen, V.Nedovesov, G.Bastin-Scoffier, Nucl. Phys. 35 (1962) 232

(Alpha-particle energies and emission probabilities)

K.Valli, J.Aaltonen, G.Graeffe, M.Nurmia, Ann. Acad. Sci. Fenn., Ser. A, VI 184 (1965)

(Alpha-particle energies and emission probabilities)

Ch.Briançon, C.F.Leang, R.Walen, Compt. Rend. Acad. Sci. (Paris) Ser. B 266 (1968) 1533

(Gamma-ray energies and emission probabilities)

W.F.Davidson, R.D.Connor, Nucl. Phys. A149 (1970) 385

(Gamma-ray energies and emission probabilities)

B.Grennberg, A.Rytz, Metrologia 7 (1971) 65

(Alpha-particle energies)

A.Erlik, J.Felsteiner, H.Lindeman, M.Tatcher, Nucl. Instrum. Methods 92 (1971) 45

(Half-life)

C.Maples, Nucl. Data Sheets 22 (1977) 207

(X-, gamma-ray emission probabilities)

A.Rytz, At. Data Nucl. Data Tables (1991)

(Alpha-particle energies and emission probabilities)

C.F.Liang, P.Paris, R.K.Sheline, Phys. Rev. C58 (1998) 3223

(Alpha -particle and gamma-ray energies and emission probabilities)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

E.Browne, Nucl. Data Sheets 103 (2004) 183

(215Po decay scheme, 211Pb levels)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Band-Raman ICC for gamma-ray transitions)

KRI /V.P. Chechev



ANNEX I: RECOMMENDED DECAY DATA Po− 216

1 Half-life, Q-value and Decay mode

T1/2 : 0.148 (4) s
Qα : 6906.3 (5) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,1 5988.4 (7) 0.0019 (3)
α0,0 6778.4 (5) 99.9981 (3)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pb) 5.26 - 10.40 0.0000097 (10)

eAK (Pb) 0.00000056 (11)
KLL 56.03 - 61.67 }
KLX 68.18 - 74.97 }
KXY 80.3 - 88.0 }

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pb) 9.184 — 15.216 0.0000059 (6)

XKα2 (Pb) 72.8049 0.0000043 (7) } Kα
XKα1 (Pb) 74.97 0.0000072 (12) }

XKβ3 (Pb) 84.451 }
XKβ1 (Pb) 84.937 } 0.0000024 (4) Kβ

′
1

XKβ
′′
5 (Pb) 85.47 }

XKβ2 (Pb) 87.238 }
XKβ4 (Pb) 87.58 } 0.00000074 (12) Kβ

′
2

XKO2,3 (Pb) 87.911 }

Surrey Univ. /A.L. Nichols



ANNEX I: RECOMMENDED DECAY DATA Po− 216

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pb) 804.9 (5) 0.0019 (3) [E2] 0.01027 (15) 0.0019 (3)

5 References

H.G.J.Moseley, K.Fajans, Phil. Mag. 22 (1911) 629

(Half-life)

A.G.Ward, Proc. Roy. Soc. (London) 181A (1942) 183

(Half-life)

R.J.Walen, Compt. Rend. Acad. Sci. (Paris) 255 (1962) 1604

(Alpha emission energies, Alpha emission probabilities)

H.Diamond, J.E.Gindler, J. Inorg. Nucl. Chem. 25 (1963) 143

(Half-life)

W.Kurcewicz, N.Kaffrell, N.Trautmann, A.Plochocki, J.Zylicz, M.Matul, K.Stryczniewicz, Nucl.
Phys. A289 (1977) 1

(Gamma-ray energies, Gamma-ray emission probabilities)

F.P.Larkins, At. Data Nucl. Data Tables 20 (1977) 311

(Auger-electron energies)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(K-x ray, L-x ray, Auger electrons)

E.Schönfeld, G.Rodloff, Report PTB-6.11-98-1, Braunschweig (1998)

(Auger electrons)

Y.A.Akovali, Nucl. Data Sheets 84 (1998) 1

(Alpha decay, r0 parameter)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(K-x ray)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

S.Raman, C.W.Nestor Jr., A.Ichihara, M.B.Trzhaskovskaya, Phys. Rev. C66 (2002) 044312

(Theoretical ICC)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

F.A.Danevich, A.Sh.Georgadze, V.V.Kobychev, B.N.Kropivyansky, A.S.Nikolaiko, O.A.Ponkratenko,
V.I.Tretyak, S.Yu.Zdesenko, Yu.G.Zdesenko, P.G.Bizzeti, T.F.Fazzini, P.R.Maurenzig, Phys. Rev. C68
(2003) 035501

(Half-life)

E.Browne, Nucl. Data Sheets 104 (2005) 427

(Nuclear structure, energies)

S.-C.Wu, Nucl. Data Sheets 108 (2007) 1057

(Nuclear structure, energies)

N.J.Stone, J.R.Stone, M.Lindroos, P.Richards, M.Veskovic, D.A.Williams, Nucl. Phys. A793 (2007) 1

(Half-life)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICC)

Surrey Univ. /A.L. Nichols



ANNEX I: RECOMMENDED DECAY DATA Po− 218

1 Half-life, Q-value and Decay mode

T1/2 : 3.071 (22) min
Qα : 6114.68 (9) keV
Qβ− : 260 (12) keV
α : 99.978 (3) %
β− : 0.022 (3) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,0 260 (12) 0.022 (3)

3 α Emissions

Energy Probability
keV × 100

α0,1 5181 (2) 0.0011 (11)
α0,0 6002.35 (9) 99.9769 (32)

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

β−0,0 max: 260 (12) 0.022 (3) avg: 73 (4)

5 Photon Emissions

5.1 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pb) 836 (2) 0.0011 (11) (E2) 0.0011 (11)

6 References

M.Blau, Akad. Wiss. Wien, Berlin 133 (1924) 17

(Half-life)

M.Curie, A.Debierne, A.S.Eve, H.Geiger, O.Hahn, S.C.Lind, St.Meyer, E.Rutherford, E.Schweildler,
Rev. Mod. Phys. 3 (1931) 427

(Half-life (Pb-214))

R.J.Walen, J. Phys. Radium 10 (1949) 95

(Beta emission probabilities and half-life (At-218))

CEA/LNE-LNHB /V. Chisté, M.M. Bé



ANNEX I: RECOMMENDED DECAY DATA Po− 218

F.Hiessberger, B.Karlik, Stizber. Akad. Wiss. Wien, Math-Naturw. Kl. Abt. Iia 161 (1952) 51

(Branching ratio)

R.J.Walen, G.Bastin, Compt. Rend. Cong. Phys. Nucl., Paris (1958) 910

(Alpha emission energies and probabilities, beta emission probabilities)

G.Bastin-Scoffier, C.F.Leang, R.J.Walen, J. Phys. (Paris) 24 (1963) 854

(Alpha energy)

B.Grennberg, A.Rytz, Metrologia 7 (1971) 65

(Alpha energy)

A.Rytz, At. Data Nucl. Data Tables 23 (1979) 507

(Alpha emission energy and probabilities)

J.R.van Hise, D.E.Martz, R.A.Jackson, D.Y.Kunihira, E.Bolton, Phys. Rev. C25 (1982) 2802

(Half-life)

G.V.Potapov, P.S.Soloshenkov, Sov. J. At. Energy 60 (1986) 345

(Half-life)

Y.A.Ellis-Akovali, Nucl. Data Sheets 52 (1987) 789

(Energy level, spin, parity, multipolarity)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha emission energy and probabilities)

P.Baltzer, K.G.Görsten, A.Bäcklin, Nucl. Instrum. Methods Phys. Res. A317 (1992) 357

(Alpha energy)

Y.A.Akovali, Nucl. Data Sheets 76 (1995) 127

(Energy level, spin, parity, multipolarity)

Y.A.Akovali, Nucl. Data Sheets 76 (1995) 457

(Energy level and half-life)

Y.A.Akovali, Nucl. Data Sheets 84 (1998) 1

(Branching ratio)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)

A.K.Jain, B.Singh, Nucl. Data Sheets 107 (2006) 1027

(Energy level and haf-life)

CEA/LNE-LNHB /V. Chisté, M.M. Bé



ANNEX I: RECOMMENDED DECAY DATA At− 211

1 Half-life, Q-value and Decay mode

T1/2 : 7.216 (7) h
QEC : 785.4 (25) keV
Qα : 5982.4 (13) keV
EC : 58.22 (8) %
α : 41.78 (8) %

2 Electron Capture Transitions

Energy Probability Nature log ft PK PL PM+

keV × 100

ε0,1 98.2 (26) 0.258 (13) 1st forbidden non-unique 5.77 0.015 (17) 0.684 (10) 0.301 (7)
ε0,0 785.4 (25) 57.96 (8) 1st forbidden non-unique 5.97 0.7731 (2) 0.1693 (1) 0.05758 (4)

3 α Emissions

Energy Probability
keV × 100

α0,5 4895.4 (13) <0.00004
α0,3 4993.4 (13) ∼0.0004
α0,2 5140.3 (13) 0.0011 (2)
α0,1 5211.9 (13) 0.0039 (3)
α0,0 5869.0 (13) 41.78 (8)

4 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Po) 5.434 - 10.934 27.6 (8)

eAK (Po) 1.57 (18)
KLL 58.978 - 65.205 }
KLX 71.902 - 79.289 }
KXY 84.8 - 93.1 }

eAL (Bi) 5.35 - 10.66 0.000211 (20)

eAK (Bi) 0.0000126 (24)
KLL 57.491 - 63.419 }
KLX 70.025 - 77.105 }
KXY 82.53 - 90.52 }

Surrey Univ. /A.L. Nichols



ANNEX I: RECOMMENDED DECAY DATA At− 211

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Po) 9.658 — 16.213 18.6 (8)

XKα2 (Po) 76.864 12.66 (9) } Kα
XKα1 (Po) 79.293 21.08 (12) }

XKβ3 (Po) 89.256 }
XKβ1 (Po) 89.807 } 7.26 (12) Kβ

′
1

XKβ
′′
5 (Po) 90.363 }

XKβ2 (Po) 92.263 }
XKβ4 (Po) 92.618 } 2.26 (5) Kβ

′
2

XKO2,3 (Po) 92.983 }

XL (Bi) 9.42 — 15.709 0.000136 (14)

XKα2 (Bi) 74.8157 0.000098 (15) } Kα
XKα1 (Bi) 77.1088 0.000164 (25) }

XKβ3 (Bi) 86.835 }
XKβ1 (Bi) 87.344 } 0.000056 (9) Kβ

′
1

XKβ
′′
5 (Bi) 87.862 }

XKβ2 (Bi) 89.732 }
XKβ4 (Bi) 90.074 } 0.000017 (3) Kβ

′
2

XKO2,3 (Bi) 90.421 }

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ3,2(Bi) 149.72 (10) ∼0.0002 M1+13.8%E2 3.0 (3) ∼0.00005
γ3,1(Bi) 222.69 (10) ∼0.00008 M1+13.8%E2 0.95 (5) ∼0.00004
γ1,0(Bi) 669.77 (7) 0.0040 (3) [M1+5.9%E2] 0.0520 (9) 0.0038 (3)
γ1,0(Po) 687.2 (7) 0.258 (13) (M1+3.85%E2] 0.0536 (9) 0.245 (12)
γ2,0(Bi) 742.74 (7) 0.0013 (2) [M1+8.3%E2] 0.0391 (7) 0.00125 (19)
γ3,0(Bi) 892.46 (7) ∼0.00014 [M1+66.2%E2] 0.0145 (13) ∼0.00014

6 References

H.M.Neumann, I.Perlman, Phys. Rev. 81 (1951) 958

(Alpha branching fraction)

R.W.Hoff, Thesis, Report UCRL-2325, Univ. California (1953)

(Alpha decay, Auger-electron spectra, gamma-ray spectra)

P.R.Gray, Phys. Rev. 101 (1956) 1306

(Half-life, Alpha spectra, Auger electron spectra)

W.J.Ramler, J.Wing, D.J.Henderson, J.R.Huazenga, Phys. Rev. 114 (1959) 154

(Half-life)

Surrey Univ. /A.L. Nichols



ANNEX I: RECOMMENDED DECAY DATA At− 211

E.H.Appelman, Phys. Rev. 121 (1961) 253

(Half-life)

T.D.Thomas, G.E.Gordon, R.M.Latimer, G.T.Seaborg, Phys. Rev. 126 (1962) 1805

(Half-life)

N.A.Golovkov, SH.Guetkh, B.S.Dzhelepov, YU.V.Norseev, V.A.Khalkin, V.G.Chumin, Bull. Rus. Acad.
Sci. Phys. 33 (1970) 1489

(Alpha emission energies, Alpha emission probabilities, Alpha branching fraction)

G.Astner, M.Alpsten, Nucl. Phys. A140 (1970) 643

(Multipolarities)

V.P.Afanasiev, M.Bochvarova, N.A.Golovkov, I.I.Gromova, R.B.Ivanov, V.I.Kuzin, Y.V.Norseev, V.G.Chumin,
Report JINR-P6-4972, Joint Institute of Nuclear Research, Dubna (1970)

(Alpha emission energies, Alpha emission probabilities, Alpha branching fraction)

L.J.Jardine, Phys. Rev. C11 (1975) 1385

(Alpha emission energies, Alpha emission probabilities, Gamma-ray energies, Gamma-ray emission probabilities,
Alpha branching fraction)

F.P.Larkins, At. Data Nucl. Data Tables 20 (1977) 311

(Auger electron energies)

W.-D.Schmidt-Ott, R.-D.V.Dincklage, Z. Phys. A286 (1978) 301

(Multipolarities)

M.Yanokura, H.Kudo, H.Nakahara, K.Miyano, S.Ohya, O.Nitoh, Nucl. Phys. A299 (1978) 92

(Half-life, Alpha branching fraction)

P.Herzog, H.Walitzki, K.Freitag, H.Hildebrand, K.Schlosser, Z. Phys.A - Atoms and Nuclei A311 (1983)
351

(Multipolarities)

R.M.Lambrecht, S.Mirzadeh, Int. J. Appl. Radiat. Isotop. 36 (1985) 443

(Alpha energies and emission probabilities, Gamma-ray energies and emission probabilities, X-ray energies and
emission probabilities)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha emission energies, Alpha emission probabilities)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(X(K), X(L), Auger electrons)

Y.A.Akovali, Nucl. Data Sheets 84 (1998) 1

(Alpha decay, r(0) parameters)

E.Schönfeld, G.Rodloff, Report PTB-6.11-98-1, Braunschweig (1998)

(Auger electrons)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(X(K))

V.G.Chumin, K.YA.Gromov, SH.R.Malikov, YU.V.Norseev, ZH.K.Samatov, V.I.Fominykh, A.P.Cherevatenko,
L.V.Yurkova, Bull. Rus. Acad. Sci. Phys. 65 (2001) 27

(Alpha emission energies, Alpha emission probabilities)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

S.Raman, C.W.Nestor Jr., A.Ichihara, M.B.Trzhaskovskaya, Phys. Rev. C66 (2002) 044312

(Theoretical ICC)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

E.Browne, Nucl. Data Sheets 103 (2004) 183

(Nuclear structure and level energies)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICC)

F.G.Kondev, S.Lalkoski, Nucl. Data Sheets 112 (2011) 707

(Nuclear structure and level energies)

Surrey Univ. /A.L. Nichols



ANNEX I: RECOMMENDED DECAY DATA At− 211
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ANNEX I: RECOMMENDED DECAY DATA At− 215

1 Half-life, Q-value and Decay mode

T1/2 : 0.10 (2) ×10−3 s
Qα : 8178 (4) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,1 7628 (4) 0.05 (2)
α0,0 8026 (4) 99.95 (2)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Bi) 5.42 - 16.34 0.0027 (5)

eAK (Bi) 0.00015 (7)
KLL 57.491 - 63.419 }
KLX 70.025 - 77.105 }
KXY 82.53 - 90.52 }

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Bi) 9.4207 — 15.7084 0.0017 (4)

XKα2 (Bi) 74.8157 0.0012 (5) } Kα
XKα1 (Bi) 77.1088 0.0020 (9) }

XKβ3 (Bi) 86.835 }
XKβ1 (Bi) 87.344 } 0.00069 (28) Kβ

′
1

XKβ
′′
5 (Bi) 87.862 }

XKβ2 (Bi) 89.732 }
XKβ4 (Bi) 90.074 } 0.00021 (9) Kβ

′
2

XKO2,3 (Bi) 90.421 }

KRI /V.P. Chechev



ANNEX I: RECOMMENDED DECAY DATA At− 215

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Bi) 404.853 (9) 0.05 (2) M1+E2 0.122 (8) 0.045 (18)

5 References

W.W.Meinke, A.Ghiorso, G.T.Seaborg, Phys. Rev. 81 (1951) 782

(Half-life, energy of alpha-emission)

G.Graeffe, P.Kauranen, J. Inorg. Nucl. Chem. 28 (1966) 933

(Alpha-particle energies and emission prjbabilities, Bi-211 levels)

J.D.Bowman, R.E.Eppley, E.K.Hyde, Phys. Rev. C25 (1982) 941

(Alpha-particle energies)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha-particle energies and emission prjbabilities)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

E.Browne, Nucl. Data Sheets 103 (2004) 183

(At215 alpha decay scheme, Bi211 levels)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Band-Raman ICC for gamma-ray transitions)

KRI /V.P. Chechev



ANNEX I: RECOMMENDED DECAY DATA At− 217

1 Half-life, Q-value and Decay mode

T1/2 : 32.3 (4) ×10−3 s
Qα : 7201.3 (12) keV
Qβ− : 737 (6) keV
α : 99.9933 (24) %
β− : 0.0067 (24) %

2 α Emissions

Energy Probability
keV × 100

α0,4 6037 (3) 0.002
α0,3 6322.0 (16) 0.0049 (4)
α0,2 6484.7 (16) 0.0167 (8)
α0,1 6813.8 (16) 0.0384 (15)
α0,0 7066.9 (16) 99.932 (3)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Bi) 5.3 - 16.4 0.0077 (4)

eAK (Bi) 0.00044 (3)
KLL 57.491 - 63.419 }
KLX 70.025 - 77.105 }
KXY 82.53 - 90.52 }

ec1,0 K (Bi) 167.35 (4) 0.0125 (6)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Bi) 9.421 — 15.708 0.00497 (23)

XKα2 (Bi) 74.8157 0.00351 (20) } Kα
XKα1 (Bi) 77.1088 0.0059 (4) }

XKβ3 (Bi) 86.835 }
XKβ1 (Bi) 87.344 } 0.00201 (11) Kβ

′
1

XKβ
′′
5 (Bi) 87.862 }

XKβ2 (Bi) 89.732 }
XKβ4 (Bi) 90.074 } 0.00062 (4) Kβ

′
2

XKO2,3 (Bi) 90.421 }

CNDC /Huang Xiaolong, Wang Baosong



ANNEX I: RECOMMENDED DECAY DATA At− 217

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Bi) 257.88 (4) 0.0446 (13) M1+29%E2 0.555 (26) 0.0287 (7)
γ2,1(Bi) 335.33 (10) 0.0062 (3) 0.0062 (3)
γ4,2(Bi) 455 0.002 0.002
γ2,0(Bi) 593.1 (1) 0.0115 (5) 0.0115 (5)
γ3,0(Bi) 758.9 (1) 0.0049 (4) 0.0049 (4)

5 References

A.C.English, T.E.Cranshaw, P.Demers, J.A.Harvey, E.P.Hincks, J.V.Jelley, A.N.May, Phys. Rev. 72
(1947) 253

(Half-life)

F.Hagemann, L.I.Katzin, M.H.Studier, G.T.Seaborg, A.Ghiorso, Phys. Rev. 79 (1950) 435

(Half-life)

H.Diamond, J.E.Gindler, J. Inorg. Nucl. Chem. 25 (1963) 143

(Half-life)

K.Valli, Ann. Acad. Sci. Fenn., Ser. A, VI 165 (1964)

(Gamma-ray energies)

B.S.Dzhelepov, R.B.Ivanov, M.A.Mikhailova, L.N.Moskvin, O.M.Nazarenko, V.F.Rodionov, Izv. Akad.
Nauk USSR, Ser. Fiz. 31 (1967) 568

(Alpha energies and intensities)

C.F.Leang, Thesis, Univ. Paris (1969)

(Alpha energies and intensities,Beta minus decay branching ratio)

T.Vylov, N.A.Golovkov, B.S.Dzhelepov, R.B.Ivanov, M.A.Mikhailova, Y.V.Norseev, V.G.Chumin,
Bull. Rus. Acad. Sci. Phys. 41 (1977) 85

(Alpha energies)

J.K.Dickens, J.W.McConnell, Radiochem. Radioanal. Lett. 47 (1981) 331

(Gamma-ray energies and emission probabilities)

J.D.Bowman, R.E.Eppley, E.K.Hyde, Phys. Rev. C25 (1982) 941

(Alpha energies)

V.G.Chumin, S.S.Eliseev, K.Ya.Gromov, Yu.V.Norseev, V.I.Fominykh, V.V.Tsupko-Sitnikov, Bull. Rus.
Acad. Sci. Phys. 59 (1995) 1854

(Beta minus decay branching ratio)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

V.G.Chumin, J.K.Jabber, K.V.Kalyapkin, S.A.Kudrya, V.V.Tsupko-Sitnikov, K.Ya.Gromov, V.I.Fominykh,
T.A.Furyaev, Bull. Rus. Acad. Sci. Phys. 61 (1997) 1606

(Alpha and beta minus decay branching ratio)

V.G.Chumin, V.I.Fominykh, K.Ya.Gromov, M.Ya.Kuznetsova, V.V.Tsupko-Sitnikov, M.B.Yuldashev,
Z. Phys. A358 (1997) 33

(Alpha energies and intensities,Gamma-ray energies and emission probabilities,Multipolarity)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)

M.S.Basunia, Nucl. Data Sheets 108 (2007) 633

(Decay scheme, levels)

CNDC /Huang Xiaolong, Wang Baosong



ANNEX I: RECOMMENDED DECAY DATA At− 218

1 Half-life, Q-value and Decay mode

T1/2 : 1.4 (2) s
Qα : 6874 (3) keV
Qβ− : 2881 (12) keV
α : 99.9 (1) %
β− : 0.1 (1) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,0 2881 (12) 0.1 (1)

3 α Emissions

Energy Probability
keV × 100

α0,2 6653 (5) 6.4 (1)
α0,1 6694 (3) 90.0 (1)
α0,0 6756 (5) 3.6 (1)

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

β−0,0 max: 2881 (12) 0.1 (1) avg: 1095 (12)

5 References

R.J.Walen, Compt. Rend. Acad. Sci. (Paris) 227 (1948) 1090

(Branching ratio)

R.J.Walen, J. Phys. Radium 10 (1949) 95

(Beta emission probabilities, half-life)

R.J.Walen, G.Bastin-Scoffier, Compt. Rend. Cong. Phys. Nucl., Paris (1958) 910

(Alpha emission energies and probabilities, beta emission probabilities)

E.K.Hyde, I.Perlman, G.T.Seaborg, The Nuclear Properties of the Heavy Elements, Vol. II, Prentice-Hall
Inc., Englewood Cliffs, N.J. (1964) 460

(Branching ratio)

R.J.Walen, G.Bastin-Scoffier, Priv. Comm. (1963), cited in E.K.Hyde et al., The Nuclear Properties of the
Heavy Elements, Vol. II, Prentice-Hall Inc., Englewood Cliffs, N.J. (1964)

(Branching ratio)

A.Rytz, At. Data Nucl. Data Tables 23 (1979) 507

(Alpha emission energies and probabilities)

Y.A.Ellis-Akovali, Nucl. Data Sheets 52 (1987) 789

(Alpha emission probabilities and energies,spin and parity)

D.G.Burke, H.Folger, H.Gabelmann, E.Hagebo, P.Hill, P.Hoff, O.Jonsson, N.Kaffrell, W.Kurcewicz,
G.Lovhoiden, K.Nybo, G.Nyman, H.Ravn, K.Riisager, J.Rogowski, K.Steffensen, T.F.Thorsteinsen,
Isolde Collaboration, Z. Phys. A333 (1989) 131

CEA/LNE-LNHB /V. Chisté, M.M. Bé
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(Half-life)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha emission energies and probabilities)

Y.A.Akovali, Nucl. Data Sheets 76 (1995) 457

(Alpha emission probabilities and energies,spin and parity)

Y.A.Akovali, Nucl. Data Sheets 76 (1995) 127

(Alpha emission probabilities and energies,spin and parity)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)

A.K.Jain, B.Singh, Nucl. Data Sheets 107 (2006) 1027

(Alpha emission probabilities and energies,spin and parity)

CEA/LNE-LNHB /V. Chisté, M.M. Bé
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1 Half-life, Q-value and Decay mode

T1/2 : 56 (4) s
Qα : 6324 (15) keV
Qβ− : 1566 (3) keV
α : ∼97 %
β− : ∼3 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,0 1566 (3) ∼3 1st forbidden non-unique 6.2

3 α Emissions

Energy Probability
keV × 100

α0,0 6208 (15) ∼97

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

β−0,0 max: 1566 (3) ∼3 avg: 547 (2)

5 References

E.K.Hyde, A.Ghiorso, Phys. Rev. 90 (1953) 267

(Half-life, Alpha emission energies, Alpha and beta minus decay, Alpha/beta minus ratio)

D.G.Burke, H.Folger, H.Gabelmann, E.Hagebø, P.Hill, P.Hoff, O.Jonsson, N.Kaffrell, W.Kurcewicz,
G.Løvhøiden, K.Nybø, G.Nyman, H.Ravn, K.Riisager, J.Rogowski, K.Steffensen, T.F.Thorsteinsen,
The Isolde Collaboration, Z. Phys. A333 (1989) 131

(Half-life)

Y.A.Akovali, Nucl. Data Sheets 84 (1998) 1

(Alpha decay, r0 parameter)

E.Browne, Nucl. Data Sheets 93 (2001) 763

(Nuclear structure, level energies)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

G.Audi, W.Meng, D.Lunney, B.Pfeiffer, AME2009, CSNSM, Orsay, France, private communication (2009)

(Q)
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ANNEX I: RECOMMENDED DECAY DATA Rn− 217

1 Half-life, Q-value and Decay mode

T1/2 : 0.54 (5) ×10−3 s
Qα : 7887 (3) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,0 7742 (3) 100

3 References

W.W.Meinke, A.Ghiorso, G.T.Seaborg, Phys. Rev. 81 (1951) 782

(Half-life)

C.P.Ruiz, Report UCRL-9511, Univ. California (1961)

(Half-life, Alpha energy)

J.D.Bowman, R.E.Eppley, E.K.Hyde, Phys. Rev. C25 (1982) 941

(Alpha energy)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Evaluation alpha energies)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)

M.S.Basunia, Nucl. Data Sheets 108 (2007) 633

(Decay scheme and levels)

CNDC /Huang Xiaolong, Wang Baosong
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ANNEX I: RECOMMENDED DECAY DATA Rn− 218

1 Half-life, Q-value and Decay mode

T1/2 : 36.0 (19) ×10−3 s
Qα : 7262.5 (19) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,1 6531.1 (19) 0.127 (7)
α0,0 7129.2 (19) 99.873 (7)

3 Photon Emissions

3.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Po) 9.66 — 16.21 0.00080 (3)

XKα2 (Po) 76.864 0.00052 (4) } Kα
XKα1 (Po) 79.293 0.00086 (6) }

XKβ3 (Po) 89.256 }
XKβ1 (Po) 89.807 } 0.000296 (21) Kβ

′
1

XKβ
′′
5 (Po) 90.363 }

XKβ2 (Po) 92.263 }
XKβ4 (Po) 92.618 } 0.000092 (7) Kβ

′
2

XKO2,3 (Po) 92.983 }

3.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Po) 609.31 (6) 0.127 (7) E2 0.0204 (3) 0.124 (7)

4 References

F.Asaro, I.Perlman, Phys. Rev. 104 (1956) 91

(Alpha energy)

P.A.Tove, Ark. Fys. 13 (1958) 549

(Half-life)

C.P.Ruiz, Report UCRL-9511, Univ. California (1961)

(Half-life)

H.Diamond, J.E.Gindler, J. Inorg. Nucl. Chem. 25 (1963) 143

(Half-life)

A.Peghaire, Nucl. Instrum. Methods 75 (1969) 66

CEA/LNE-LNHB /V. Chisté, M.M. Bé
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(Gamma-ray instensity)

A.Erlik, J.Felsteiner, H.Lindeman, M.Tatcher, Nucl. Instrum. Methods 92 (1971) 45

(Half-life)

W.Kurcewicz, N.Kaffrell, N.Trautmann, A.Plochocki, J.Zylicz, K.Stryczniewicz, I.Yutlandov, Nucl.
Phys. A270 (1976) 175

(Gamma-ray energy and intensity, alpha intensity)

A.Rytz, At. Data Nucl. Data Tables 23 (1979) 507

(Alpha energy and intensity)

J.D.Bowman, R.E.Eppley, E.K.Hyde, Phys. Rev. C25 (1982) 941

(Alpha energy)

Y.A.Ellis-Akovali, Nucl. Data Sheets 52 (1987) 789

(Alpha energy and intensity, gamma-ray energy and intensity)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha energy and intensity)

Y.A.Akovali, Nucl. Data Sheets 76 (1995) 127

(Alpha energy and intensity, gamma-ray energy and intensity, spin, parity)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

Y.A.Akovali, Nucl. Data Sheets 84 (1998) 1

(Alpha energy and intensity, gamma-ray energy and intensity, spin, parity)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)

CEA/LNE-LNHB /V. Chisté, M.M. Bé
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1 Half-life, Q-value and Decay mode

T1/2 : 3.98 (3) s
Qα : 6946.1 (3) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,14 5745 (1) 0.00009 (5)
α0,13 5765.1 (5) 0.00094 (19)
α0,12 5906.2 (10) 0.00009 (5)
α0,11 5944.4 (4) 0.0021 (3)
α0,10 5958.1 (7) 0.0003 (1)
α0,9 5999.2 (4) 0.0032 (5)
α0,8 6099.9 (5) 0.00123 (12)
α0,7 6124.1 (6) 0.00064 (12)
α0,6 6154.9 (3) 0.0184 (22)
α0,5 6222.0 (3) 0.0043 (10)
α0,4 6311.1 (3) 0.048 (3)
α0,3 6424.8 (3) 7.85 (24)
α0,2 6531.0 (3) 0.098 (5)
α0,1 6553.0 (3) 12.6 (3)
α0,0 6819.2 (3) 79.4 (10)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Po) 5.434 - 10.934 1.50 (5)

eAK (Po) 0.067 (9)
KLL 58.978 - 65.205 }
KLX 71.902 - 79.289 }
KXY 84.8 - 93.1 }

ec1,0 K (Po) 178.13 (1) 1.23 (2)
ec1,0 L (Po) 254.30 - 257.43 0.74 (2)
ec1,0 M (Po) 267.08 - 268.55 0.19 (1)
ec3,0 K (Po) 308.71 (1) 0.234 (8)
ec3,0 L (Po) 384.88 - 388.00 0.102 (3)
ec3,0 M (Po) 397.66 - 399.13 0.026 (1)

Surrey Univ. /A.L. Nichols
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4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Po) 9.658 — 16.213 1.01 (5)

XKα2 (Po) 76.864 0.540 (24) } Kα
XKα1 (Po) 79.293 0.90 (4) }

XKβ3 (Po) 89.256 }
XKβ1 (Po) 89.807 } 0.309 (15) Kβ

′
1

XKβ
′′
5 (Po) 90.363 }

XKβ2 (Po) 92.263 }
XKβ4 (Po) 92.618 } 0.096 (5) Kβ

′
2

XKO2,3 (Po) 92.983 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ3,1(Po) 130.58 (1) 0.72 (6) M1+26.5%E2 4.44 (13) 0.133 (11)
γ4,2(Po) 224.04 (7) 0.0019 (3) (E2) 0.319 (5) 0.0014 (2)
γ1,0(Po) 271.228 (10) 13.30 (26) M1+94%E2 0.201 (7) 11.07 (22)
γ2,0(Po) 293.56 (4) 0.101 (4) M1+50%E2 0.34 (5) 0.075 (3)
γ12,5(Po) 322 (1) 0.00009 (5) 0.00009 (5)
γ8,3(Po) 330.9 (4) 0.00100 (11) 0.00100 (11)
γ11,4(Po) 373.5 (3) 0.00025 (3) 0.00025 (3)
γ6,2(Po) 383.1 (1) 0.00044 (7) 0.00044 (7)
γ3,0(Po) 401.81 (1) 7.12 (23) E2 0.0555 (8) 6.75 (22)
γ6,1(Po) 405.4 (1) 0.00025 (4) 0.00025 (4)
γ7,1(Po) 436.9 (5) 0.00031 (6) 0.00031 (6)
γ8,1(Po) 461.5 (4) 0.00017 (3) 0.00017 (3)
γ11,3(Po) 489.3 (3) 0.00064 (9) 0.00064 (9)
γ4,0(Po) 517.60 (6) 0.046 (4) M1+50%E2 0.073 (10) 0.043 (3)
γ13,4(Po) 556.1 (4) 0.00006 (4) M1+50%E2 0.061 (8) 0.00006 (4)
γ9,1(Po) 564.1 (2) 0.0015 (3) 0.0015 (3)
γ14,4(Po) 576.6 (10) 0.00009 (5) 0.00009 (5)
γ5,0(Po) 608.30 (7) 0.0044 (10) (M1+E2) 0.0044 (10)
γ11,1(Po) 619.9 (3) 0.00033 (11) 0.00033 (11)
γ−1,1(Po) 665.5 (10) 0.00009 (5) 0.00009 (5)
γ13,3(Po) 671.9 (4) 0.00022 (11) M1+E2 0.00022 (11)
γ6,0(Po) 676.66 (7) 0.018 (2) 0.018 (2)
γ7,0(Po) 708.1 (5) 0.00033 (11) 0.00033 (11)
γ8,0(Po) 732.7 (4) 0.00007 (4) 0.00007 (4)
γ13,1(Po) 802.5 (4) 0.00033 (11) M1+E2 0.00033 (11)
γ9,0(Po) 835.32 (22) 0.0017 (3) 0.0017 (3)
γ10,0(Po) 877.2 (6) 0.00033 (11) 0.00033 (11)

Surrey Univ. /A.L. Nichols
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ11,0(Po) 891.1 (3) 0.0009 (2) 0.0009 (2)
γ13,0(Po) 1073.7 (4) 0.00033 (11) E2 0.00641 (9) 0.00033 (11)

5 References

H.Rodenbusch, G.Herrmann, Z. Naturforsch. 16a (1961) 577

(Half-life)

R.J.Walen, V.Nedovessov, G.Bastin-Scoffier, Nucl. Phys. 35 (1962) 232

(Alpha emission energies, Alpha emission probabilities)

K.Valli, J.Aaltonen, G.Graeffe, M.Nurmia, Ann. Acad. Sci. Fenn., Ser. A, VI 184 (1965)

(Gamma-ray energies, Gamma-ray emission probabilities)

J.B.Hursh, J. Inorg. Nucl. Chem. 28 (1966) 2771

(Half-life)

J.Dalmasso, H.Maria, Compt. Rend. Acad. Sci. (Paris) Ser. B 265 (1967) 822

(Gamma-ray energies, Gamma-ray emission probabilities)

Ch.Briançon, C.F.Leang, R.Walen, Compt. Rend. Acad. Sci. (Paris) Ser. B 266 (1968) 1533

(Gamma-ray energies, Gamma-ray emission probabilities)

W.F.Davidson, R.D.Connor, Nucl. Phys. A149 (1970) 385

(Gamma-ray energies, Gamma-ray emission probabilities, Conversion electron emission probabilities, K/L and L
sub-shell ratios, ICC)

K.Krien, M.J.Canty, P.Herzog, Nucl. Phys. A157 (1970) 456

(Gamma-ray energies, Gamma-ray emission probabilities, Conversion electron emission probabilities, L sub-shell
ratios, ICC)

B.Grennberg, A.Rytz, Metrologia 7 (1971) 65

(Alpha emission energy)

K.Blaton-Albicka, B.Kotlinska-Filipek, M.Matul, K.Stryczniewicz, M.Nowicki, E.Ruchowska-Lukasiak,
Nukleonika 21 (1976) 935

(Gamma-ray energies, Gamma-ray emission probabilities)

F.P.Larkins, At. Data Nucl. Data Tables 20 (1977) 311

(Auger electron energies)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha emission energies, Alpha emission probabilities)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(X(K), X(L), Auger electrons)

Y.A.Akovali, Nucl. Data Sheets 84 (1998) 1

(Alpha decay, r0 parameter)

E.Schönfeld, G.Rodloff, Report PTB-6.11-98-1, Braunschweig (1998)

(Auger electrons)

C.F.Liang, P.Paris, R.K.Sheline, Phys. Rev. C59 (1999) 648

(Alpha emission energies, Alpha emission probabilities, Gamma ray energies, Gamma-ray emission probabilities)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(X(K))

E.Browne, Nucl. Data Sheets 93 (2001) 763

(Nuclear structure, level energies)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

S.Raman, C.W.Nestor Jr., A.Ichihara, M.B.Trzhaskovskaya, Phys. Rev. C66 (2002) 044312

(Theoretical ICC)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICC)
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ANNEX I: RECOMMENDED DECAY DATA Rn− 220

1 Half-life, Q-value and Decay mode

T1/2 : 55.8 (3) s
Qα : 6404.67 (10) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,1 5748.46 (11) 0.118 (15)
α0,0 6288.22 (10) 99.882 (15)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Po) 5.434 - 10.934 0.00140 (11)

eAK (Po) 0.000074 (13)
KLL 58.978 - 65.205 }
KLX 71.902 - 79.289 }
KXY 84.8 - 93.1 }

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Po) 9.658 — 16.213 0.00094 (8)

XKα2 (Po) 76.864 0.00059 (8) } Kα
XKα1 (Po) 79.293 0.00099 (13) }

XKβ3 (Po) 89.256 }
XKβ1 (Po) 89.807 } 0.00034 (5) Kβ

′
1

XKβ
′′
5 (Po) 90.363 }

XKβ2 (Po) 92.263 }
XKβ4 (Po) 92.618 } 0.000106 (15) Kβ

′
2

XKO2,3 (Po) 92.983 }

Surrey Univ. /A.L. Nichols
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Po) 549.76 (4) 0.118 (15) E2 0.0257 (4) 0.115 (15)

5 References

H.Schmied, R.W.Fink, B.L.Robinson, J. Inorg. Nucl. Chem. 1 (1955) 342

(Half-life)

L.Madansky, F.Rasetti, Phys. Rev. 102 (1956) 464

(Gamma-ray emission probabilities)

H.Rodenbusch, G.Herrmann, Z. Naturforsch. 16a (1961) 577

(Half-life)

R.J.Walen, Compt. Rend. Acad. Sci. (Paris) 255 (1962) 1604

(Alpha emission energies, Alpha emission probabilities)

J.E.Gindler, D.W.Engelkemeir, Radiochim. Acta 2 (1963) 58

(Half-life)

J.B.Hursh, J. Inorg. Nucl. Chem. 28 (1966) 2771

(Half-life)

J.Dalmasso, Thesis, Report FRNC-TH-441, Univ. Nice (1972)

(Gamma-ray emission probabilities)

J.Dalmasso, H.Maria, C.Ythier, Compt. Rend. Acad. Sci. (Paris) Ser. B 277 (1973) 467

(Gamma-ray emission probabilities)

F.P.Larkins, At. Data Nucl. Data Tables 20 (1977) 311

(Auger electron energies)

W.Kurcewicz, N.Kaffrell, N.Trautmann, A.Plochocki, J.Zylicz, A.Matul, K.Stryczniewicz, Nucl.
Phys. A289 (1977) 1

(Gamma-ray emission probabilities)

R.J.Gehrke, V.J.Novick, J.D.Baker, Int. J. Appl. Radiat. Isotop. 35 (1984) 581

(Gamma-ray emission probabilities)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(K-x ray, L-x ray, Auger electrons)

A.Artna-Cohen, Nucl. Data Sheets 80 (1997) 157

(Nuclear structure, energies)

E.Schönfeld, G.Rodloff, Report PTB-6.11-98-1, Braunschweig (1998)

(Auger electrons)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(KX-ray)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

S.Raman, C.W.Nestor Jr., A.Ichihara, M.B.Trzhaskovskaya, Phys. Rev. C66 (2002) 044312

(Theoretical ICC)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

N.J.Stone, J.R.Stone, M.Lindroos, P.Richards, M.Veskovic, D.A.Williams, Nucl. Phys. A793 (2007) 1

(Half-life)

S.-C.Wu, Nucl. Data Sheets 108 (2007) 1057

(Nuclear structure, energies)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICC)
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1 Half-life, Q-value and Decay mode

T1/2 : 3.8232 (8) d
Qα : 5590.3 (3) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,2 4827 (4) ≈0.0005
α0,1 4987 (1) 0.078
α0,0 5489.48 (30) 99.92 (1)

3 Photon Emissions

3.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Po) 9.66 — 16.21 0.000766 (15)

XKα2 (Po) 76.864 0.000469 (10) } Kα
XKα1 (Po) 79.293 0.000781 (16) }

XKβ3 (Po) 89.256 }
XKβ1 (Po) 89.807 } 0.000269 (7) Kβ

′
1

XKβ
′′
5 (Po) 90.363 }

XKβ2 (Po) 92.263 }
XKβ4 (Po) 92.618 } 0.0000837 (25) Kβ

′
2

XKO2,3 (Po) 92.983 }

3.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Po) 510 (2) 0.078 [E2] 0.0306 (6) 0.076

4 References

W.Bothe, Z. Phys. 16 (1923) 266

(Half-life)

I.Curie, C.Chamié, J. Phys. Radium 5 (1924) 238

(Half-life)

J.Tobailem, Compt. Rend. Acad. Sci. (Paris) 233 (1951) 1360

(Half-life)

L.Madansky, F.Rasetti, Phys. Rev. 102 (1956) 464

(Gamma-ray energy)

CEA/LNE-LNHB /V. Chisté, M.M. Bé
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P.C.Marin, Brit. J. Appl. Phys. 7 (1956) 188

(Half-life)

J.Robert, J. Phys. Radium 17 (1956) 605

(Half-life)

N.S.Shimanskaya, Instr. Exptl. Techniques 2 (1958) 283

(Half-life)

R.J.Walen, G.Bastin, Compt. Rend. Cong. Phys. Nucl., Paris (1959) 910

(Alpha energy and probability)

B.Grennberg, A.Rytz, Metrologia 7 (1971) 65

(Alpha energy)

D.K.Butt, A.R.Wilson, J. Phys. (London) A5 (1972) 1248
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A.Rytz, At. Data Nucl. Data Tables 23 (1979) 507

(Alpha energy and probabilties)

Y.A.Ellis-Akovali, Nucl. Data Sheets 52 (1987) 789

(Spin and parity)

N.E.Holden, Pure Appl. Chem. 62 (1990) 941

(Half-life)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha energy and probabilities)

R.Collé, Radioact. Radiochem. 6 (1995) 16

(Half-life)

Y.A.Akovali, Nucl. Data Sheets 76 (1995) 457

(Spin and parity)

Y.A.Akovali, Nucl. Data Sheets 77 (1996) 271

(Spin and parity)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

G.Audi, A.H.Wapstra, Nucl. Phys. A729 (2003) 129

(Q)

H.Schrader, Appl. Radiat. Isot. 60 (2004) 317

(Half-life)

A.K.Jain, B.Singh, Nucl. Data Sheets 107 (2006) 1027

(Spin, parity and multipolarity)

R.G.Helmer, in Update of X Ray and Gamma Ray Decay Data Standards for Detector Calibration and Other
Applications Vol. 1, STI/PUB/1287, IAEA, Vienna (2007) 19

(Gamma-ray instensity)
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1 Half-life, Q-value and Decay mode

T1/2 : 4.79 (2) min
Qα : 6457.8 (14) keV
Qβ− : 314 (6) keV
α : 99.9952 (15) %
β− : 0.0048 (15) %

2 α Emissions

Energy Probability
keV × 100

α0,14 5500 (40) 0.000038 (10)
α0,13 5530 (25) 0.00010 (2)
α0,12 5689 (3) 0.0025 (5)
α0,11 5697 (4) 0.0003
α0,10 5776 (3) 0.064 (4)
α0,9 5783 (4) 0.0031 (6)
α0,8 5813 (3) 0.006 (1)
α0,7 5925 (3) 0.0285 (24)
α0,6 5938.9 (20) 0.128 (3)
α0,5 5965.9 (25) 0.064 (16)
α0,4 5979.9 (20) 0.39 (7)
α0,3 6075.9 (20) 0.15 (3)
α0,2 6126.3 (15) 15.1 (2)
α0,1 6243 (2) 1.34 (7)
α0,0 6341.0 (13) 82.8 (2)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (At) 5.6 - 17.4 3.05 (10)

eAK (At) 0.114 (6)
KLL 60.489 - 67.031 }
KLX 73.811 - 81.516 }
KXY 87.10 - 95.72 }

ec1,0 K (At) 4.53 (2) 1.51 (13)
ec2,1 K (At) 22.10 (3) 0.13 (10)
ec3,2 L (At) 36.33 - 39.60 0.156 (27)
ec3,2 M (At) 49.50 - 51.03 0.037 (6)
ec4,2 K (At) 54.49 (3) 0.138 (8)
ec3,1 K (At) 76.11 (3) 0.0156 (21)
ec4,3 L (At) 78.8 - 82.1 0.029 (18)
ec1,0 L (At) 82.77 - 86.04 0.274 (23)
ec1,0 M (At) 95.94 - 97.47 0.065 (5)
ec2,1 L (At) 100.34 - 103.61 0.024 (18)
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Energy Electrons
keV per 100 disint.

ec2,0 K (At) 122.40 (2) 1.570 (31)
ec4,2 L (At) 132.73 - 136.00 0.0247 (14)
ec3,1 L (At) 154.35 - 157.62 0.0325 (43)
ec2,0 L (At) 200.64 - 203.91 1.943 (37)
ec2,0 M (At) 213.81 - 215.34 0.515 (10)
ec10,2 K (At) 264.14 (4) 0.01047 (44)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (At) 9.8964 — 16.7291 2.18 (7)

XKα2 (At) 78.94 0.96 (5) } Kα
XKα1 (At) 81.51 1.59 (9) }

XKβ3 (At) 91.73 }
XKβ1 (At) 92.315 } 0.55 (6) Kβ

′
1

XKβ
′′
5 (At) 92.883 }

XKβ2 (At) 94.846 }
XKβ4 (At) 95.211 } 0.18 (2) Kβ

′
2

XKO2,3 (At) 95.595 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ3,2(At) 53.81 (3) 0.220 (38) M1 14.17 (20) 0.0145 (25)
γ4,3(At) 96.3 (3) 0.046 (26) M1+E2 5.6 (24) 0.007 (3)
γ1,0(At) 100.25 (2) 2.02 (17) M1 11.97 (17) 0.156 (13)
γ2,1(At) 117.82 (3) 0.19 (14) M1 7.58 (11) 0.022 (16)
γ4,2(At) 150.21 (3) 0.216 (12) M1 3.80 (5) 0.0449 (25)
γ3,1(At) 171.83 (3) 0.129 (17) E2 0.863 (12) 0.069 (9)
γ10,4(At) 208.3 (6) 0.0073 (14) [E2] 0.430 (8) 0.0051 (10)
γ2,0(At) 218.12 (2) 15.61 (21) E2 0.367 (5) 11.42 (15)
γ5,1(At) 282.12 (9) 0.0097 (20) [M1,E2] 0.41 (25) 0.0069 (7)
γ7,1(At) 324.10 (6) 0.0252 (17) M1 0.446 (6) 0.0174 (12)
γ10,2(At) 359.86 (4) 0.0514 (20) M1 0.335 (5) 0.0385 (15)
γ5,0(At) 382.34 (4) 0.0437 (18) M1 0.284 (4) 0.0340 (14)
γ6,0(At) 410.64 (5) 0.1270 (26) E2 0.0548 (8) 0.1204 (25)
γ8,1(At) 437.00 (5) 0.0010 (1) 0.0010 (1)
γ12,2(At) 446.30 (8) 0.0017 (4) E1+M2 0.0017 (4)
γ9,1(At) 468.3 (7) 0.0018 (3) 0.0018 (3)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ8,0(At) 537.8 (8) 0.0045 (8) 0.0045 (8)
γ12,1(At) 562.3 (12) 0.005 (5) 0.005 (5)
γ9,0(At) 568.5 (3) 0.0012 (4) 0.0012 (4)
γ10,0(At) 576.9 (4) 0.0033 (7) [M1] 0.0948 (13) 0.0030 (6)
γ11,0(At) 652 (2) 0.0004 (4) 0.0004 (4)
γ12,0(At) 665 (2) 0.0009 (9) 0.0009 (9)
γ13,0(At) 809.3 (2) 0.00010 (2) 0.00010 (2)
γ14,0(At) 891.9 (3) 0.000038 (10) 0.000038 (10)

5 References

A.C.English, T.E.Cranshaw, P.Demers, J.A.Harvey, E.P.Hincks, J.V.Jelley, A.N.May, Phys. Rev. 72
(1947) 253

(Half-life)

F.Hagemann, L.I.Katzin, M.H.Studier, G.T.Seaborg, A.Ghiorso, Phys. Rev. 79 (1950) 435

(Half-life)

B.S.Dzhelepov, R.B.Ivanov, M.A.Mikhailova, L.N.Moskvin, O.M.Nazarenko, V.F.Rodionov, Izv. Akad.
Nauk SSSR, Ser. Fiz. 31 (1967) 568

(Alpha energies and intensities)

W.Lourens, Thesis, Technische Hogeschool, Delft (1967)

(Half-life)

C.F.Leang, G.Bastin-Scoffier, Compt. Rend. Acad. Sci. (Paris) Ser. B 266 (1968) 629

(Alpha energies and intensities, Gamma-ray energies and intensities)

J.K.Dickens, J.W.McConnell, Radiochem. Radioanal. Lett. 47 (1981) 331

(Gamma-ray energies and emission probabilities)

R.G.Helmer, C.W.Reich, M.A.Lee, Int. J. Appl. Radiat. Isotop. 37 (1986) 139

(Gamma-ray energies and emission probabilities)

Y.A.Akovali, Nucl. Data Sheets 61 (1990) 623

(Decay scheme and levels)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Evaluation alpha energies)

G.Ardisson, V.Barci, O.El Samad, Nucl. Instrum. Methods Phys. Res. A339 (1994) 168

(Gamma-ray energies and intensities)

V.G.Chumin, S.S.Eliseev, K.Ya.Gromov, Yu.V.Norseev, V.I.Fominykh, V.V.Tsupko-Sitnikov, Bull. Rus.
Acad. Sci. Phys. 59 (1995) 1854

(Beta minus decay branching ratio)

Yu.S.Butabaev, I.Adam, K.Ya.Gromov, S.S.Eliseev, R.A.Niyazov, Yu.V.Norseev, V.I.Fominykh, A.Kh.
Kholmatov, V.V.Tsupko-Sitnikov, V.G.Chumin, M.B.Yuldashev, Bull. Rus. Acad. Sci. Phys. 59 (1995) 5

(Gamma-ray energies and intensities)

R.K.Sheline, C.F.Liang, P.Paris, Phys. Rev. C51 (1995) 1192

(Gamma-ray energies, intensities and emission probabilities)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

V.G.Chumin, J.K.Jabber, K.V.Kalyapkin, S.A.Kudrya, V.V.Tsupko-Sitnikov, K.Ya.Gromov, V.I.Fo-
minykh, T.A.Furyaev, Bull. Rus. Acad. Sci. Phys. 61 (1997) 1606

(Beta minus decay branching ratio)

K.Ya.Gromov, J.K.Jabber, Sh.R.Malikov, V.I.Fominykh, Yu.V.Kholnov, V.V.Tsupko-Sitnikov, V.G.
Chumin, Bull. Rus. Acad. Sci. Phys. 63 (1999) 685

(Gamma-ray energies, intensities and emission probabilities)

J.Gasparro, G.Ardisson, V.Barci, R.K.Sheline, Phys. Rev. C62 (2000) 064305

(Gamma-ray emission probabilities)

K.Ya.Gromov, S.A.Kudrya, Sh.R.Malikov, V.A.Sergienko, V.I.Fominykh, V.V.Tsupko-Sitnikov, V.G.
Chumin, Bull. Rus. Acad. Sci. Phys. 66 (2002) 1519

(Alpha energies and intensities, Gamma-ray energies and intensities)

CNDC /Huang Xiaolong, Wang Baosong



ANNEX I: RECOMMENDED DECAY DATA Fr − 221

Y.A.Akovali, Nucl. Data Sheets 100 (2003) 141

(Decay scheme and levels)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)

H.B.Jeppesen, J.Byskov-Nielsen, P.Wright, J.G.Correia, L.M.Fraile, H.O.U.Fynbo, K.Johnston, K.
Riisager, Eur. Phys. J. A32 (2007) 31

(Half-life)

M.S.Basunia, Nucl. Data Sheets 108 (2007) 633

(Decay scheme and levels)

CNDC /Huang Xiaolong, Wang Baosong



ANNEX I: RECOMMENDED DECAY DATA Fr − 223

1 Half-life, Q-value and Decay mode

T1/2 : 22.00 (7) min
Qβ− : 1149.2 (9) keV
Qα : 5562 (3) keV
β− : 99.980 (4) %
α : 0.020 (4) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,32 120.3 (10) 0.0012 (3) Super-allowed or allowed 7.3
β−0,31 124.6 (10) 0.0004 (1) 1st forbidden 7.82
β−0,30 129.9 (10) 0.00046 (12) 1st forbidden 7.82
β−0,29 191.5 (9) 0.020 (4) nth forbidden unique 6.7
β−0,28 205.9 (9) 0.0082 (18) nth forbidden unique 7.19
β−0,27 208.4 (9) 0.0051 (12) 7.41
β−0,26 222.6 (9) 0.106 (22) nth forbidden unique 6.18
β−0,25 243.3 (10) 0.0011 (4) 1st forbidden 8.29
β−0,24 281.9 (9) 0.025 (5) nth forbidden unique 7.14
β−0,23 302.8 (9) 0.088 (18) 1st forbidden 6.69
β−0,22 306.9 (9) 0.035 (7) nth forbidden unique 7.11
β−0,21 323.3 (9) 0.54 (10) 5.99
β−0,20 326.0 (9) 0.014 (3) nth forbidden unique 7.59
β−0,19 343.8 (9) 0.0040 (8) nth forbidden unique 8.21
β−0,18 345.4 (9) 0.14 (3) nth forbidden unique 6.67
β−0,17 362.1 (9) 0.019 (4) 1st forbidden 7.6
β−0,16 366.7 (10) 0.00111 (22) nth forbidden unique 8.85
β−0,15 555.3 (9) 0.013 (3) 1st forbidden 8.38
β−0,14 773.1 (10) 0.0046 (12) 9.31
β−0,13 779.9 (9) 1.8 (4) 6.73
β−0,11 806.7 (9) 0.037 (8) 1st forbidden 8.47
β−0,10 814.9 (9) 0.042 (9) 1st forbidden 8.43
β−0,9 819.4 (9) 0.049 (10) Super-allowed or allowed 8.37
β−0,8 863.1 (9) 0.032 (9) 1st forbidden 8.64
β−0,7 869.0 (9) 0.004 (4) 9.5
β−0,6 914.5 (9) 9.1 (17) 6.27
β−0,5 1025.5 (9) 0.24 (6) 8.02
β−0,4 1069.6 (9) 15 (3) 6.29
β−0,3 1087.8 (9) 0.27 (19) 8.1
β−0,2 1099.1 (9) 67 (13) Super-allowed or allowed 5.68
β−0,1 1119.3 (9) 6 (6) 6.8
β−0,0 1149.2 (9) 1 1st forbidden 7.6
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3 α Emissions

Energy Probability
keV × 100

α0,4 5172 (5) 0.0009 (5)
α0,3 5291 (4) 0.0060 (26)
α0,2 5314 (4) 0.0053 (23)
α0,1 5403 (3) 0.0044 (20)
α0,0 5462 (3) 0.0033 (15)

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Ra) 5.71 - 12.04 29 (4)

eAK (Ra) 0.159 (21)
KLL 65.149 - 72.729 }
KLX 79.721 - 88.466 }
KXY 94.27 - 103.91 }

eAL (At) 5.6 - 17.4 0.0076 (18)

eAK (At) 0.000065 (20)
KLL 60.489 - 67.031 }
KLX 73.811 - 81.516 }
KXY 87.10 - 95.72 }

ec2,1 L (Ra) 1.04 - 4.83 8.1 (17)
ec1,0 L (Ra) 10.55 - 14.34 20 (6)
ec3,1 L (Ra) 12.46 - 16.25 0.26 (8)
ec2,1 M (Ra) 15.45 - 17.16 2.10 (45)
ec5,4 L (Ra) 24.768 - 28.556 0.131 (12)
ec1,0 M (Ra) 24.96 - 26.68 5.0 (14)
ec3,1 M (Ra) 26.87 - 28.58 0.068 (20)
ec4,1 L (Ra) 30.6 - 34.4 1.34 (32)
ec13,6 K (Ra) 30.68 (2) 0.092 (18)
ec2,0 L (Ra) 30.9 - 34.7 17.4 (37)
ec5,4 M (Ra) 39.178 - 40.895 0.0344 (32)
ec3,0 L (Ra) 42.20 - 45.99 0.25 (5)
ec4,1 M (Ra) 45.0 - 46.7 0.33 (8)
ec2,0 M (Ra) 45.3 - 47.0 4.3 (9)
ec5,2 L (Ra) 54.3 - 58.1 0.039 (27)
ec3,0 M (Ra) 56.61 - 58.32 0.068 (14)
ec4,0 L (Ra) 60.42 - 64.21 1.38 (28)
ec5,2 M (Ra) 68.7 - 70.4 0.011 (7)
ec6,3 K (Ra) 69.43 (5) 0.16 (14)
ec4,0 M (Ra) 74.83 - 76.54 0.33 (7)
ec6,2 K (Ra) 80.74 (5) 0.0191 (43)
ec6,1 K (Ra) 100.93 (5) 1.47 (28)
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Energy Electrons Energy
keV per 100 disint. keV

ec7,3 K (Ra) 114.88 (5) 0.0118 (23)
ec13,6 L (Ra) 115.4 - 119.2 0.0192 (38)
ec6,0 K (Ra) 130.78 (5) 3.0 (6)
ec7,1 K (Ra) 146.33 (5) 0.01506 (22)
ec6,3 L (Ra) 154.12 - 157.91 0.061 (13)
ec6,3 M (Ra) 168.53 - 170.24 0.0156 (38)
ec6,1 L (Ra) 185.62 - 189.41 0.28 (5)
ec6,1 M (Ra) 200.03 - 201.74 0.066 (12)
ec13,2 K (Ra) 215.33 (5) 0.215 (42)
ec6,0 L (Ra) 215.5 - 219.3 0.56 (10)
ec6,0 M (Ra) 229.9 - 231.6 0.134 (25)
ec13,2 L (Ra) 300.02 - 303.81 0.040 (8)

β−0,32 max: 120.3 (10) 0.0012 (3) avg: 31.5 (3)
β−0,31 max: 124.6 (10) 0.0004 (1) avg: 32.7 (3)
β−0,30 max: 129.9 (10) 0.00046 (12) avg: 34.1 (3)
β−0,29 max: 191.5 (9) 0.020 (4) avg: 51.5 (3)
β−0,28 max: 205.9 (9) 0.0082 (18) avg: 55.6 (3)
β−0,27 max: 208.4 (9) 0.0051 (12) avg: 56.3 (3)
β−0,26 max: 222.6 (9) 0.106 (22) avg: 60.5 (3)
β−0,25 max: 243.3 (10) 0.0011 (4) avg: 66.6 (3)
β−0,24 max: 281.9 (9) 0.025 (5) avg: 78.1 (3)
β−0,23 max: 302.8 (9) 0.088 (18) avg: 84.4 (3)
β−0,22 max: 306.9 (9) 0.035 (7) avg: 85.7 (3)
β−0,21 max: 323.3 (9) 0.54 (10) avg: 90.7 (3)
β−0,20 max: 326.0 (9) 0.014 (3) avg: 91.5 (3)
β−0,19 max: 343.8 (9) 0.0040 (8) avg: 97.0 (3)
β−0,18 max: 345.4 (9) 0.14 (3) avg: 97.5 (3)
β−0,17 max: 362.1 (9) 0.019 (4) avg: 102.7 (3)
β−0,16 max: 366.7 (10) 0.00111 (22) avg: 104.1 (3)
β−0,15 max: 555.3 (9) 0.013 (3) avg: 165.6 (4)
β−0,14 max: 773.1 (10) 0.0046 (12) avg: 241.3 (4)
β−0,13 max: 779.9 (9) 1.8 (4) avg: 243.7 (4)
β−0,11 max: 806.7 (9) 0.037 (8) avg: 253.3 (4)
β−0,10 max: 814.9 (9) 0.042 (9) avg: 256.3 (4)
β−0,9 max: 819.4 (9) 0.049 (10) avg: 257.9 (4)
β−0,8 max: 863.1 (9) 0.032 (9) avg: 273.8 (4)
β−0,7 max: 869.0 (9) 0.004 (4) avg: 275.9 (4)
β−0,6 max: 914.5 (9) 9.1 (17) avg: 292.6 (4)
β−0,5 max: 1025.5 (9) 0.24 (6) avg: 333.9 (4)
β−0,4 max: 1069.6 (9) 15 (3) avg: 350.5 (4)
β−0,3 max: 1087.8 (9) 0.27 (19) avg: 357.4 (4)
β−0,2 max: 1099.1 (9) 67 (13) avg: 361.7 (4)
β−0,1 max: 1119.3 (9) 6 (6) avg: 369.4 (4)
β−0,0 max: 1149.2 (9) 1 avg: 380.8 (4)
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Ra) 10.6241 — 18.3539 24 (3)

XKα2 (Ra) 85.43 1.44 (19) } Kα
XKα1 (Ra) 88.47 2.3 (3) }

XKβ3 (Ra) 99.432 }
XKβ1 (Ra) 100.13 } 0.83 (11) Kβ

′
1

XKβ
′′
5 (Ra) 100.738 }

XKβ2 (Ra) 102.89 }
XKβ4 (Ra) 103.295 } 0.27 (4) Kβ

′
2

XKO2,3 (Ra) 103.74 }

XL (At) 9.8964 — 16.7291 0.0054 (13)

XKα2 (At) 78.94 0.00056 (15) } Kα
XKα1 (At) 81.51 0.00092 (25) }

XKβ3 (At) 91.73 }
XKβ1 (At) 92.315 } 0.00031 (11) Kβ

′
1

XKβ
′′
5 (At) 92.883 }

XKβ2 (At) 94.846 }
XKβ4 (At) 95.211 } 0.00011 (6) Kβ

′
2

XKO2,3 (At) 95.595 }

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ2,1(Ra) 20.27 (5) 12.3 (26) [E1] 7.76 (22) 1.4 (3)
γ1,0(Ra) 29.78 (4) 26 (7) M1+8.26%E2 370 (50) 0.070 (17)
γ3,1(Ra) 31.69 (5) 0.35 M1+7.27%E2 260 (80) 0.00135
γ9,8(Ra) 43.5 (2) 0.0044 E1 1.015 (19) 0.0022
γ5,4(Ra) 44.0 (1) 0.178 M1+21.3%E2 131 (12) 0.00135
γ4,1(Ra) 49.80 (5) 4.3 (10) E1 0.708 (10) 2.5 (6)
γ2,0(Ra) 50.10 (2) 56 (12) E1 0.696 (10) 33 (7)
γ1,0(At) 58.9 (2) 0.0095 (36) M1 10.87 (19) 0.0008 (3)
γ3,0(Ra) 61.43 (5) 0.34 (7) E2 96.5 (14) 0.0035 (7)
γ5,3(Ra) 62.31 (6) 0.022 (10) E1 0.389 (6) 0.016 (7)
γ5,2(Ra) 73.5 (1) 0.054 (38) E2 40.8 (6) 0.0013 (9)
γ4,0(Ra) 79.65 (2) 10.8 (22) E1 0.202 (3) 9.0 (18)
γ13,7(Ra) 89.08 (10) 0.054 (11) 0.054 (11)
γ5,1(Ra) 93.88 (5) 0.067 (16) E1 0.1305 (18) 0.059 (14)
γ6,5(Ra) 111.05 (3) 0.0049 (14) 0.0049 (14)
γ13,6(Ra) 134.60 (2) 0.62 (12) [E1] 0.234 (3) 0.5 (1)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ4,2(At) 145.3 (3) 0.00078 (47) M1+(E2) 2.9 (13) 0.0002 (1)
γ2,0(At) 150.9 (2) 0.0135 (12) E2 1.417 (21) 0.0056 (5)
γ6,4(Ra) 155.5 (5) 0.0027 0.0027
γ6,3(Ra) 173.35 (5) 0.36 (15) M1,E2 2.1 (12) 0.115 (22)
γ6,2(Ra) 184.65 (5) 0.24 (6) E1 0.1092 (15) 0.22 (5)
γ7,4(Ra) 200.7 (2) 0.0027 (10) 0.0027 (10)
γ6,1(Ra) 204.85 (5) 2.8 (5) M1+1.42%E2 2.02 (5) 0.92 (18)
γ9,5(Ra) 205.6 (2) 0.0090 (17) E2 0.530 (8) 0.0059 (11)
γ10,5(Ra) 210.60 (5) 0.0105 (21) E1 0.0798 (11) 0.0097 (19)
γ7,3(Ra) 218.80 (5) 0.0232 (46) M1 1.701 (24) 0.0086 (17)
γ6,0(Ra) 234.70 (5) 6.5 (12) M1(+0.5%E2) 1.393 (16) 2.7 (5)
γ8,2(Ra) 236.05 (5) 0.029 (8) E1 0.0610 (9) 0.027 (8)
γ13,5(Ra) 245.60 (5) 0.019 (4) 0.019 (4)
γ9,4(Ra) 250.25 (5) 0.0043 M1+81.5%E2 0.44 (7) 0.003
γ7,1(Ra) 250.25 (5) 0.035 M1 1.170 (16) 0.016
γ10,4(Ra) 254.6 (2) 0.0060 (13) E1 0.0512 (7) 0.0057 (12)
γ8,1(Ra) 256.18 (5) 0.025 (5) E2 0.250 (4) 0.020 (4)
γ11,4(Ra) 262.9 (2) 0.0037 (12) E1 0.0475 (7) 0.0035 (11)
γ10,3(Ra) 272.8 (2) 0.0064 (23) M1+E2 0.6 (4) 0.004 (1)
γ7,0(Ra) 280.7 (5) 0.0003 0.0003
γ11,3(Ra) 280.7 (5) 0.0003 0.0003
γ8,0(Ra) 286.0 (2) 0.0069 (24) M1+E2 0.5 (4) 0.0046 (10)
γ13,4(Ra) 289.67 (5) 0.21 0.21
γ14,4(Ra) 296.5 (2) 0.0022 (7) M1+1.66%E2 0.723 (9) 0.0013 (4)
γ9,1(Ra) 299.95 (5) 0.0207 (41) E1 0.0352 (5) 0.020 (4)
γ10,1(Ra) 304.40 (5) 0.0142 (28) M1+6.3%E2(+E0) 0.647 (14) 0.0086 (17)
γ15,8(Ra) 307.93 (5) 0.012 (3) 0.012 (3)
γ13,3(Ra) 307.93 (5) 0.0013 (13) 0.0013 (13)
γ11,1(Ra) 312.65 (5) 0.026 (6) M1+2.5%E2 0.621 (10) 0.016 (4)
γ14,3(Ra) 314.6 (2) 0.0023 (7) E1 0.0316 (5) 0.0022 (7)
γ13,2(Ra) 319.25 (5) 0.73 (14) M1+3.14%E2 0.583 (10) 0.46 (9)
γ9,0(Ra) 329.80 (5) 0.025 (5) (E1) 0.0285 (4) 0.024 (5)
γ10,0(Ra) 334.30 (6) 0.0119 (24) M1+27.12%E2 0.414 (13) 0.0084 (17)
γ13,1(Ra) 339.50 (5) 0.062 (13) 0.062 (13)
γ11,0(Ra) 342.50 (7) 0.0145 (30) M1+62.5%E2 0.250 (5) 0.0116 (24)
γ12,0(Ra) 350.5 (2) 0.0028 (15) E1 0.0249 (4) 0.0027 (15)
γ13,0(Ra) 369.32 (5) 0.089 (18) 0.089 (18)
γ18,13(Ra) 434.4 (1) 0.0022 (7) 0.0022 (7)
γ16,11(Ra) 439.6 (3) 0.00030 (8) 0.00030 (8)
γ17,11(Ra) 444.5 (3) 0.0011 (4) 0.0011 (4)
γ16,9(Ra) 452.9 (2) 0.0008 0.0008
γ17,10(Ra) 452.9 (2) 0.0008 0.0008
γ17,9(Ra) 457.5 (2) 0.0008 0.0008
γ18,10(Ra) 469.3 (2) 0.001 0.001
γ15,5(Ra) 469.3 (2) 0.001 0.001
γ19,9(Ra) 475.4 (1) 0.0027 0.0027
γ21,12(Ra) 475.4 (1) 0.003 0.003
γ20,11(Ra) 480.9 (3) 0.0013 (4) 0.0013 (4)
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ANNEX I: RECOMMENDED DECAY DATA Fr − 223

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ20,9(Ra) 493.4 (2) 0.0024 (7) 0.0024 (7)
γ17,7(Ra) 506.9 (2) 0.0022 (7) 0.0022 (7)
γ23,9(Ra) 516.7 (2) 0.0032 (8) 0.0032 (8)
γ24,11(Ra) 524.8 (2) 0.0043 (12) 0.0043 (12)
γ24,10(Ra) 533.1 (3) 0.0019 (7) 0.0019 (7)
γ20,8(Ra) 537.2 (2) 0.0032 0.0032
γ24,9(Ra) 537.2 (2) 0.0019 0.0019
γ21,8(Ra) 539.8 (2) 0.0059 (18) 0.0059 (18)
γ21,7(Ra) 545.4 (4) 0.00030 (8) 0.00030 (8)
γ17,6(Ra) 552.3 (2) 0.0027 (8) 0.0027 (8)
γ22,8(Ra) 556.3 (3) 0.0011 (4) 0.0011 (4)
γ18,6(Ra) 569.03 (8) 0.049 (11) 0.049 (11)
γ25,9(Ra) 576.1 (4) 0.0011 (4) 0.0011 (4)
γ24,8(Ra) 581.3 (4) 0.0013 (4) 0.0013 (4)
γ26,10(Ra) 592.3 (2) 0.0032 (10) 0.0032 (10)
γ26,9(Ra) 596.9 (4) 0.0008 (3) 0.0008 (3)
γ28,11(Ra) 600.7 (4) 0.00054 (14) 0.00054 (14)
γ22,6(Ra) 607.6 (3) 0.0022 (7) 0.0022 (7)
γ28,9(Ra) 613.6 (4) 0.0011 (4) 0.0011 (4)
γ24,6(Ra) 632.7 (3) 0.0022 (7) 0.0022 (7)
γ17,5(Ra) 663.7 (3) 0.0011 (4) 0.0011 (4)
γ29,8(Ra) 671.9 (4) 0.00054 (14) 0.00054 (14)
γ17,4(Ra) 708.3 (3) 0.0013 (4) 0.0013 (4)
γ23,5(Ra) 722.65 (5) 0.038 (9) 0.038 (9)
γ18,4(Ra) 724.15 (5) 0.014 (4) 0.014 (4)
γ17,2(Ra) 737.4 (3) 0.0009 (3) 0.0009 (3)
γ18,3(Ra) 742.4 (3) 0.0011 (4) 0.0011 (4)
γ21,4(Ra) 746.30 (5) 0.020 (5) 0.020 (5)
γ18,2(Ra) 753.65 (5) 0.0094 (22) 0.0094 (22)
γ17,1(Ra) 757.20 (5) 0.0076 (20) 0.0076 (20)
γ22,4(Ra) 762.6 (2) 0.0024 (7) 0.0024 (7)
γ23,4(Ra) 766.64 (5) 0.022 (5) 0.022 (5)
γ21,2(Ra) 775.83 (5) 0.45 (9) 0.45 (9)
γ22,3(Ra) 780.8 (1) 0.003 (1) 0.003 (1)
γ23,3(Ra) 784.93 (5) 0.0086 (21) 0.0086 (21)
γ24,4(Ra) 787.6 (2) 0.0024 (7) 0.0024 (7)
γ17,0(Ra) 787.6 (2) 0.0003 (3) 0.0003 (3)
γ22,2(Ra) 792.2 (3) 0.00054 (14) 0.00054 (14)
γ23,2(Ra) 796.22 (5) 0.0108 (25) 0.0108 (25)
γ18,0(Ra) 803.77 (5) 0.059 (14) 0.059 (14)
γ19,0(Ra) 806.0 (2) 0.0013 (4) 0.0013 (4)
γ22,1(Ra) 812.40 (6) 0.021 (5) 0.021 (5)
γ27,5(Ra) 816.5 (2) 0.0013 (4) 0.0013 (4)
γ20,0(Ra) 823.20 (7) 0.0070 (16) 0.0070 (16)
γ21,0(Ra) 825.95 (7) 0.054 (13) 0.054 (13)
γ29,5(Ra) 833.9 (2) 0.0013 (4) 0.0013 (4)
γ24,1(Ra) 837.5 (1) 0.0097 (21) 0.0097 (21)
γ22,0(Ra) 842.2 (1) 0.0049 (11) 0.0049 (11)
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ANNEX I: RECOMMENDED DECAY DATA Fr − 223

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ26,4(Ra) 846.85 (10) 0.049 (13) 0.049 (13)
γ23,0(Ra) 846.85 (10) 0.005 (3) 0.005 (3)
γ28,4(Ra) 863.6 (1) 0.0038 (9) 0.0038 (9)
γ24,0(Ra) 867.4 (1) 0.0016 (4) 0.0016 (4)
γ26,2(Ra) 876.5 (1) 0.038 (9) 0.038 (9)
γ29,4(Ra) 878.1 (2) 0.0032 (8) 0.0032 (8)
γ28,2(Ra) 893.1 (2) 0.0024 (7) 0.0024 (7)
γ26,1(Ra) 896.7 (2) 0.013 (3) 0.013 (3)
γ29,2(Ra) 907.6 (2) 0.014 (3) 0.014 (3)
γ27,1(Ra) 911.3 (3) 0.0008 (3) 0.0008 (3)
γ28,1(Ra) 913.6 (3) 0.00041 (14) 0.00041 (14)
γ26,0(Ra) 926.5 (3) 0.0016 (4) 0.0016 (4)
γ27,0(Ra) 941.2 (3) 0.0030 (8) 0.0030 (8)
γ32,4(Ra) 949.3 (4) 0.00032 (8) 0.00032 (8)
γ29,0(Ra) 958.0 (7) 0.00035 (8) 0.00035 (8)
γ30,2(Ra) 969.2 (4) 0.00032 (8) 0.00032 (8)
γ31,2(Ra) 975.2 (5) 0.00016 (5) 0.00016 (5)
γ32,2(Ra) 978.7 (4) 0.00067 (12) 0.00067 (12)
γ30,1(Ra) 989.4 (5) 0.00014 (3) 0.00014 (3)
γ31,1(Ra) 994.3 (3) 0.00011 (3) 0.00011 (3)
γ32,1(Ra) 999.3 (5) 0.00019 (4) 0.00019 (4)
γ31,0(Ra) 1025.1 (5) 0.00014 (3) 0.00014 (3)
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ANNEX I: RECOMMENDED DECAY DATA Ra− 223

1 Half-life, Q-value and Decay mode

T1/2 : 11.43 (3) d
Qα : 5978.99 (21) keV
α : 100 %
14C : 6.4 (1) ×10−8 %

2 α Emissions

Energy Probability
keV × 100

α0,30 5014.3 ∼0.00044
α0,29 5026.1 ∼0.00063
α0,28 5035.9 ∼0.0004
α0,27 5056.5 ∼0.0002
α0,26 5086 ∼0.0003
α0,25 5112.5 ∼0.0006
α0,24 5137.1 ∼0.0017
α0,23 5151.98 (23) 0.021
α0,22 5173.10 (23) 0.026
α0,21 5211.1 (5) 0.0053
α0,20 5237.12 (23) 0.041
α0,19 5259.14 (21) 0.042
α0,18 5283.65 (21) 0.093
α0,17 5288.19 (23) 0.16 (4)
α0,16 5339.37 (21) 0.13
α0,14 5366.37 (23) 0.13
α0,12 5432.83 (21) 0.50 (8)
α0,11 5434.60 (21) 1.60 (24)
α0,10 5481.7 (5) 0.008
α0,8 5502.12 (21) 0.74 (25)
α0,6 5539.43 (21) 10.6 (10)
α0,5 5606.99 (21) 25.8 (11)
α0,4 5715.84 (21) 49.6 (12)
α0,3 5747.14 (21) 10.0 (3)
α0,2 5857.52 (21) 0.32 (4)
α0,0 5871.63 (21) 1.0 (2)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Rn) 5.66 - 17.95 30.1 (4)
eAK (Rn) 1.73 (21)

KLL 62.017 - 68.885 }
KLX 75.744 - 83.785 }
KXY 89.45 - 98.39 }

ec17,13 K (Rn) 4.8 (2) 0.03 (3)
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ANNEX I: RECOMMENDED DECAY DATA Ra− 223

Energy Electrons
keV per 100 disint.

ec2,1 M (Rn) 5.4 - 7.0 11.8 (16)
ec12,7 K (Rn) 5.64 (4) 0.1 (1)
ec11,6 K (Rn) 8.38 (3) 0.204 (13)
ec2,1 N (Rn) 8.8 - 9.7 3.05 (41)
ec2,0 M (Rn) 9.90 - 11.49 7.6 (6)
ec5,4 K (Rn) 12.46 (1) 0.0211 (15)
ec2,0 N (Rn) 13.28 - 14.15 1.96 (15)
ec4,3 L (Rn) 13.82 - 17.26 0.156 (31)
ec3,1 K (Rn) 23.92 (1) 7.28 (16)
ec4,3 M (Rn) 27.40 - 28.99 0.042 (8)
ec4,3 N (Rn) 30.78 - 31.65 0.0108 (22)
ec4,2 K (Rn) 45.87 (2) 12.40 (36)
ec12,9 L (Rn) 51.5 - 54.9 0.039 (17)
ec4,1 K (Rn) 55.81 (1) 18.0 (5)
ec4,0 K (Rn) 60.24 (1) 1.98 (10)
ec6,4 K (Rn) 81.14 (6) 0.249 (25)
ec17,13 L (Rn) 85.2 - 88.6 0.021 (15)
ec12,7 L (Rn) 85.99 - 89.43 0.064 (32)
ec11,6 L (Rn) 88.73 - 92.17 0.0375 (23)
ec5,4 L (Rn) 92.808 - 96.250 0.214 (15)
ec12,7 M (Rn) 99.57 - 101.16 0.017 (10)
ec3,1 L (Rn) 104.271 - 107.710 1.373 (30)
ec5,4 M (Rn) 106.383 - 107.972 0.0577 (41)
ec5,4 N (Rn) 109.770 - 110.634 0.0150 (11)
ec3,1 M (Rn) 117.846 - 119.435 0.328 (7)
ec3,1 N (Rn) 121.230 - 122.097 0.0854 (19)
ec4,2 L (Rn) 126.22 - 129.66 2.30 (6)
ec4,1 L (Rn) 136.16 - 139.60 3.27 (9)
ec4,2 M (Rn) 139.80 - 141.39 0.547 (15)
ec4,0 L (Rn) 140.587 - 144.020 0.373 (12)
ec4,2 N (Rn) 143.18 - 144.05 0.143 (4)
ec4,1 M (Rn) 149.735 - 151.324 0.777 (21)
ec8,3 K (Rn) 151.09 (3) 0.019 (16)
ec4,1 N (Rn) 153.120 - 153.986 0.203 (5)
ec17,7 K (Rn) 153.2 (3) 0.022 (22)
ec4,0 M (Rn) 154.162 - 155.751 0.0891 (35)
ec4,0 N (Rn) 157.540 - 158.413 0.0232 (9)
ec6,4 L (Rn) 161.49 - 164.93 0.058 (5)
ec5,0 K (Rn) 171.07 (1) 9.06 (27)
ec6,4 M (Rn) 175.07 - 176.66 0.0142 (13)
ec6,2 K (Rn) 225.47 (1) 1.55 (7)
ec6,0 K (Rn) 239.88 (1) 0.992 (25)
ec5,0 L (Rn) 251.415 - 254.850 1.65 (4)
ec5,0 M (Rn) 264.990 - 266.579 0.391 (10)
ec5,0 N (Rn) 268.370 - 269.241 0.1019 (28)
ec8,1 K (Rn) 273.279 (15) 0.135 (4)
ec6,2 L (Rn) 305.823 - 309.260 0.281 (9)
ec6,2 M (Rn) 319.398 - 320.987 0.0666 (21)
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ANNEX I: RECOMMENDED DECAY DATA Ra− 223

Energy Electrons
keV per 100 disint.

ec6,0 L (Rn) 320.234 - 323.670 0.177 (5)
ec6,2 N (Rn) 322.780 - 323.649 0.0174 (5)
ec6,0 M (Rn) 333.809 - 335.398 0.0420 (11)
ec6,0 N (Rn) 337.19 - 338.06 0.0109 (3)
ec11,0 K (Rn) 346.636 (12) 0.213 (7)
ec8,1 L (Rn) 353.628 - 357.070 0.0240 (6)
ec11,0 L (Rn) 426.985 - 430.420 0.0378 (13)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Rn) 10.1372 — 17.2578 22.1 (4)

XKα2 (Rn) 81.07 14.86 (23) } Kα
XKα1 (Rn) 83.78 24.5 (4) }

XKβ3 (Rn) 94.247 }
XKβ1 (Rn) 94.868 } 8.50 (18) Kβ

′
1

XKβ
′′
5 (Rn) 95.449 }

XKβ2 (Rn) 97.48 }
XKβ4 (Rn) 97.853 } 2.72 (7) Kβ

′
2

XKO2,3 (Rn) 98.357 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Rn) 4.47 (1) 54.9 (23) E2 860000 0.0000064
γ2,1(Rn) 9.90 (2) 15.7 (21) M1+E2 990 (40) 0.0158 (20)
γ2,0(Rn) 14.37 (1) 10.0 (8) M1+E2 539 (15) 0.0185 (13)
γ4,3(Rn) 31.87 (2) 0.21 (4) (E2) 2010 (30) 0.000105 (21)
γ12,9(Rn) 69.5 (1) 0.059 (25) M1 7.36 (11) 0.007 (3)
γ15,12(Rn) 70.9 (2) 0.0036 (11) 0.0036 (11)
γ11,7(Rn) 102.2 (2) 0.0008 (4) 0.0008 (4)
γ17,13(Rn) 103.2 (2) 0.064 (35) M1+E2 9.6 (24) 0.006 (3)
γ12,7(Rn) 104.04 (4) 0.20 (5) M1+E2 9.4 (24) 0.0194 (21)
γ11,6(Rn) 106.78 (3) 0.277 (17) (M1) 10.89 (16) 0.0233 (14)
γ12,6(Rn) 108.5 (2) 0.006 (3) 0.006 (3)
γ5,4(Rn) 110.856 (10) 0.369 (26) E2 5.36 (8) 0.058 (4)
γ13,8(Rn) 114.7 (2) 0.010 (4) 0.010 (4)
γ3,1(Rn) 122.319 (10) 10.32 (21) M1+E2 7.34 (11) 1.238 (19)
γ20,14(Rn) 131.6 (2) 0.006 (3) 0.006 (3)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ14,8(Rn) 138.3 (3) 0.0017 (7) 0.0017 (7)
γ4,2(Rn) 144.27 (2) 18.8 (5) M1+E2 4.59 (7) 3.36 (8)
γ17,12(Rn) 147.2 (3) 0.006 (3) 0.006 (3)
γ4,1(Rn) 154.208 (10) 28.2 (7) M1 3.83 (6) 5.84 (13)
γ4,0(Rn) 158.635 (10) 3.18 (11) M1+E2 3.46 (12) 0.713 (16)
γ16,8(Rn) 165.8 (2) 0.0054 (28) 0.0054 (28)
γ11,5(Rn) 175.65 (15) 0.017 (4) 0.017 (4)
γ12,5(Rn) 177.3 (1) 0.047 (4) 0.047 (4)
γ6,4(Rn) 179.54 (6) 0.480 (45) M1+E2 2.12 (7) 0.154 (14)
γ20,12(Rn) 199.3 (3) 0.0030 (14) 0.0030 (14)
γ18,9(Rn) 221.32 (24) 0.038 (6) E1 0.0675 (10) 0.036 (6)
γ19,8(Rn) 247.2 (5) 0.0097 (28) 0.0097 (28)
γ8,3(Rn) 249.49 (3) 0.061 (22) M1+E2 0.6 (4) 0.038 (10)
γ17,7(Rn) 251.6 (3) 0.088 (27) M1+E2 0.6 (4) 0.055 (10)
γ5,2(Rn) 255.2 (2) 0.048 (7) 0.048 (7)
γ17,6(Rn) 255.7 (3) 0.0055 (28) 0.0055 (28)
γ18,6(Rn) 260.4 (3) 0.0067 (28) 0.0067 (28)
γ5,0(Rn) 269.463 (10) 25.5 (6) M1+E2 0.789 (14) 14.23 (32)
γ10,3(Rn) 270.3 (4) 0.0007 (4) 0.0007 (4)
γ23,12(Rn) 286.0 (4) 0.0011 (6) 0.0011 (6)
γ12,4(Rn) 288.18 (3) 0.167 (5) E1 0.0364 (6) 0.161 (5)
γ6,2(Rn) 323.871 (10) 5.98 (14) M1+E2 0.473 (17) 4.06 (8)
γ7,2(Rn) 328.38 (3) 0.209 (10) (E1) 0.0271 (4) 0.203 (10)
γ6,1(Rn) 334.01 (6) 0.110 (7) (E2) 0.1007 (15) 0.100 (6)
γ6,0(Rn) 338.282 (10) 4.08 (9) M1 0.430 (6) 2.85 (6)
γ7,0(Rn) 342.78 (2) 0.232 (13) E1 0.0246 (4) 0.226 (13)
γ23,9(Rn) 355.5 (2) 0.0043 (14) 0.0043 (14)
γ14,4(Rn) 355.7 (2) 0.0028 (14) 0.0028 (14)
γ8,2(Rn) 361.89 (2) 0.028 (7) 0.028 (7)
γ9,2(Rn) 362.9 (2) 0.016 (7) 0.016 (7)
γ22,7(Rn) 368.56 (12) 0.009 (4) 0.009 (4)
γ8,1(Rn) 371.676 (15) 0.665 (15) M1 0.333 (5) 0.499 (11)
γ9,1(Rn) 372.86 (6) 0.052 E1 0.0205 (3) 0.051
γ8,0(Rn) 376.26 (2) 0.013 (4) 0.013 (4)
γ16,4(Rn) 383.35 (2) 0.007 (4) 0.007 (4)
γ14,3(Rn) 387.7 (2) 0.016 (6) 0.016 (6)
γ23,7(Rn) 390.1 (2) 0.0046 (21) 0.0046 (21)
γ11,2(Rn) 430.6 (3) 0.020 (6) 0.020 (6)
γ12,2(Rn) 432.45 (3) 0.0356 (29) 0.0356 (29)
γ11,0(Rn) 445.033 (12) 1.542 (48) M1 0.205 (3) 1.28 (4)
γ20,4(Rn) 487.5 (2) 0.011 (2) 0.011 (2)
γ−1,1(Rn) 490.8 (3) 0.0017 (7) 0.0017 (7)
γ14,2(Rn) 500.0 (4) 0.0014 (6) 0.0014 (6)
γ14,1(Rn) 510.0 (4) 0.0004 (3) 0.0004 (3)
γ−1,2(Rn) 523.2 (4) 0.0014 (6) 0.0014 (6)
γ16,2(Rn) 527.611 (13) 0.073 (4) 0.073 (4)
γ−1,3(Rn) 532.9 (4) 0.0014 (6) 0.0014 (6)
γ16,1(Rn) 537.6 (1) 0.0021 (7) 0.0021 (7)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ16,0(Rn) 541.99 (2) 0.0014 (6) 0.0014 (6)
γ21,3(Rn) 545.8 (5) 0.0011 (6) 0.0011 (6)
γ23,4(Rn) 574.1 (7) 0.0011 (6) 0.0011 (6)
γ17,2(Rn) 579.6 (3) 0.0014 (6) 0.0014 (6)
γ18,2(Rn) 584.3 (3) 0.0014 (6) 0.0014 (6)
γ17,0(Rn) 594.0 (3) 0.0014 (6) 0.0014 (6)
γ18,0(Rn) 598.721 (24) 0.092 (4) 0.092 (4)
γ19,2(Rn) 609.31 (4) 0.057 (3) 0.057 (3)
γ19,1(Rn) 619.1 (4) 0.0036 (11) 0.0036 (11)
γ19,0(Rn) 623.68 (4) 0.009 (4) 0.009 (4)
γ20,2(Rn) 631.7 (7) 0.0004 (3) 0.0004 (3)
γ20,1(Rn) 641.7 (4) 0.0017 (7) 0.0017 (7)
γ20,0(Rn) 646.1 (5) 0.0004 (4) 0.0004 (4)
γ22,2(Rn) 696.9 (7) 0.0007 (3) 0.0007 (3)
γ22,0(Rn) 711.3 (2) 0.0037 (10) 0.0037 (10)
γ23,2(Rn) 718.4 (4) 0.0014 (6) 0.0014 (6)
γ23,1(Rn) 728.4 (8) 0.00028 (14) 0.00028 (14)
γ23,0(Rn) 732.8 (6) 0.0006 (3) 0.0006 (3)
γ−1,25(Rn) 737.2 (8) 0.00028 (14) 0.00028 (14)
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1 Half-life, Q-value and Decay mode

T1/2 : 3.631 (2) d
Qα : 5788.85 (15) keV
α : 100 %
14C : 5 (1) ×10−9 %

2 α Emissions

Energy Probability
keV × 100

α0,4 5034.29 (18) 0.0030 (5)
α0,3 5051.56 (17) 0.0076 (10)
α0,2 5161.32 (18) 0.0072 (8)
α0,1 5448.80 (15) 5.25 (5)
α0,0 5685.48 (15) 94.73 (5)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Rn) 5.58 - 11.48 0.498 (16)

eAK (Rn) 0.0151 (19)
KLL 62.017 - 68.885 }
KLX 75.744 - 83.785 }
KXY 89.45 - 98.39 }

ec1,0 K (Rn) 142.590 (6) 0.46 (2)
ec1,0 L (Rn) 222.938 - 226.376 0.50 (3)
ec1,0 M (Rn) 236.513 - 238.102 0.134 (3)
ec1,0 N (Rn) 239.900 - 240.764 0.0347 (6)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Rn) 10.137 — 17.28 0.373 (16)

XKα2 (Rn) 81.07 0.130 (3) } Kα
XKα1 (Rn) 83.78 0.214 (4) }
XKβ3 (Rn) 94.247 }
XKβ1 (Rn) 94.868 } 0.0743 (18) Kβ

′
1

XKβ
′′
5 (Rn) 95.449 }

XKβ2 (Rn) 97.48 }
XKβ4 (Rn) 97.853 } 0.0238 (7) Kβ

′
2

XKO2,3 (Rn) 98.357 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Rn) 240.986 (6) 5.26 (5) E2 0.276 (4) 4.12 (4)
γ2,1(Rn) 292.7 (1) 0.0072 (8) E2 0.1487 (21) 0.0063 (7)
γ3,1(Rn) 404.45 (9) 0.0022 (5) E1 0.01717 (24) 0.0022 (5)
γ4,1(Rn) 422.04 (10) 0.0030 (5) [E1] 0.01567 (22) 0.0030 (5)
γ3,0(Rn) 645.44 (9) 0.0054 (9) E1 0.00663 (10) 0.0054 (9)
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1 Half-life, Q-value and Decay mode

T1/2 : 14.82 (19) d
Qβ− : 356 (5) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,3 200 (5) <0.01 2nd forbidden >10.1
β−0,2 235 (5) <0.01 1st forbidden unique >9.9
β−0,1 316 (5) 68.8 (20) Allowed 6.87
β−0,0 356 (5) 31.2 (20) 1st forbidden 7.38

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Ac) 5.87 - 19.69 15.7 (7)

ec1,0 L (Ac) 20.24 - 24.22 29.2 (8)
ec1,0 M (Ac) 35.09 - 36.87 7.2 (12)
ec1,0 N (Ac) 38.82 - 39.78 1.86 (27)

β−0,3 max: 200 (5) <0.01 avg: 54.0 (15)
β−0,2 max: 235 (5) <0.01 avg: 70.5 (16)
β−0,1 max: 316 (5) 68.8 (20) avg: 88.3 (16)
β−0,0 max: 356 (5) 31.2 (20) avg: 100.7 (16)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Ac) 10.8701 — 18.9228 13.6 (6)

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Ac) 40.09 (5) 68.8 (17) E1 1.293 (19) 30.0 (7)
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T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICC)

CNDC /Huang Xiaolong, Wang Baosong



ANNEX I: RECOMMENDED DECAY DATA Ra− 226

1 Half-life, Q-value and Decay mode

T1/2 : 1600 (7) y
Qα : 4870.62 (25) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,4 4160 (2) 0.0002
α0,3 4191 (2) 0.0008
α0,2 4340 (1) 0.0066 (22)
α0,1 4601 (1) 5.95 (4)
α0,0 4784.34 (25) 94.038 (40)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

ec1,0 K (Rn) 87.814 (13) 0.675 (11)
ec1,0 L (Rn) 168.163 - 171.600 1.280 (18)
ec1,0 M (Rn) 181.738 - 183.327 0.342 (5)
ec1,0 N (Rn) 185.120 - 185.989 0.0892 (14)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Rn) 10.14 — 17.26 0.807 (14)

XKα2 (Rn) 81.07 0.192 (4) } Kα
XKα1 (Rn) 83.78 0.317 (6) }

XKβ3 (Rn) 94.247 }
XKβ1 (Rn) 94.868 } 0.1098 (25) Kβ

′
1

XKβ
′′
5 (Rn) 95.449 }

XKβ2 (Rn) 97.48 }
XKβ4 (Rn) 97.853 } 0.0351 (10) Kβ

′
2

XKO2,3 (Rn) 98.357 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Rn) 186.211 (13) 5.962 (48) E2 0.677 (10) 3.555 (19)
γ2,1(Rn) 262.27 (5) 0.0066 (22) [E2] 0.209 (4) 0.0055 (18)
γ3,1(Rn) 414.60 (5) 0.0003 [E1] 0.01628 (23) 0.0003
γ4,1(Rn) 449.37 (10) 0.0002 [E1] 0.01373 (20) 0.0002
γ3,0(Rn) 600.66 (5) 0.0005 [E1] 0.00762 (11) 0.0005
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I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1
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G.L.Molnar, Z.S.Révay, T.Belgya, Proc. 11th Int. Symp. on Capture Gamma-ray Spectroscopy, 2-6 September
2002, Pruhonice (2003) 522

(Gamma-ray instensity)
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(Gamma-ray instensity)
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ANNEX I: RECOMMENDED DECAY DATA Ra− 228

1 Half-life, Q-value and Decay mode

T1/2 : 5.75 (4) y
Qβ− : 45.8 (7) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,4 12.7 (7) 30 (10) Allowed 5.11
β−0,3 25.6 (7) 8.7 (9) 1st forbidden 6.2
β−0,2 39.1 (7) 49 (10) Allowed 6.45
β−0,1 39.5 (7) 12 (10) 1st forbidden 7.07

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Ac) 5.87 - 19.67 12 (5)

ec1,0 M (Ac) 1.28 - 3.06 9 (7)
ec1,0 N (Ac) 5.01 - 5.97 2.5 (21)
ec2,0 M (Ac) 1.67 - 3.45 67 (11)
ec2,0 N (Ac) 5.40 - 6.36 17.8 (28)
ec3,2 M (Ac) 8.52 - 10.30 7.17 (46)
ec3,2 N (Ac) 12.25 - 13.21 1.82 (12)
ec4,2 L (Ac) 6.6 - 10.5 21 (8)
ec4,2 M (Ac) 21.4 - 23.2 5.2 (19)
ec4,2 N (Ac) 25.1 - 26.1 1.38 (49)
ec4,3 M (Ac) 7.88 - 9.66 1.53 (31)
ec4,3 N (Ac) 11.61 - 12.57 0.39 (8)

β−0,4 max: 12.7 (7) 30 (10) avg: 3.2 (2)
β−0,3 max: 25.6 (7) 8.7 (9) avg: 6.5 (2)
β−0,2 max: 39.1 (7) 49 (10) avg: 9.9 (2)
β−0,1 max: 39.5 (7) 12 (10) avg: 10.0 (2)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Ac) 10.8701 — 18.9228 9.6 (19)

IFIN-HH /A. Luca



ANNEX I: RECOMMENDED DECAY DATA Ra− 228

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Ac) 6.28 (3) 12 (10) M2 6680000 (190000) 0.0000018 (15)
γ2,0(Ac) 6.67 (2) 89 (14) E2 1560000 (40000) 0.000057 (9)
γ4,3(Ac) 12.88 (11) 2.30 (46) E1 6.67 (18) 0.30 (6)
γ3,2(Ac) 13.520 (36) 11.0 (7) E1 5.86 (10) 1.6 (1)
γ4,2(Ac) 26.40 (11) 28 (10) M1+E2 201 (4) 0.14 (5)

5 References

M.Curie, A.Debierne, A.S.Eve, H.Geiger, O.Hahn, S.C.Lind, St.Meyer, E.Rutherford, E.Schweidler,
Rev. Mod. Phys. 3 (1931) 427

(Half-life)

R.A.Dudley, Report NYO-9504, Massachusetts Institute of Technology (1960) 85

(Half-life)

J.Tousset, A.Moussa, J. Phys. Radium 22 (1961) 683

(Beta emission energies, Beta emission probabilities, Gamma ray energies)

C.W.Mays, D.R.Atherton, R.D.Lloyd, H.F.Lucas, B.J.Stover, F.W.Bruenger, Report COO-225, Utah
Univ. (1962) 92

(Half-life)

M.Herment, A.Gizon, Annual Report ISN Grenoble (1972) 115

(Beta emission energies)

P.C.Sood, A.Gizon, D.G.Burke, B.Singh, C.F.Liang, R.K.Sheline, M.J.Martin, R.W.Hoff, Phys. Rev.
C52 (1995) 88

(Beta emission energies, Beta emission probabilities, Gamma ray energies, Gamma-ray emission probabilities,
Multipolarities, Spin and Parity)

A.Artna-Cohen, Nucl. Data Sheets 80 (1997) 723

(Spin and Parity, Multipolarities, Mixing ratio, Beta emission energies, Beta emission probabilities, Gamma ray
energies, Half-life)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)
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ANNEX I: RECOMMENDED DECAY DATA Ac− 225

1 Half-life, Q-value and Decay mode

T1/2 : 10.0 (1) d
Qα : 5935.1 (14) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,48 4903.6 (14) 0.0011 (4)
α0,47 4992.7 (14) 0.0013 (3)
α0,46 5019.3 (14) 0.00015 (5)
α0,45 5025.5 (14) 0.00083 (21)
α0,44 5035.5 (14) 0.0021 (3)
α0,43 5064.1 (14) 0.00114 (18)
α0,42 5076.8 (14) 0.0038 (19)
α0,41 5094.1 (14) 0.015 (7)
α0,40 5129.0 (14) 0.0058 (8)
α0,39 5162.1 (14) 0.00066 (12)
α0,38 5195.1 (14) 0.00015 (5)
α0,37 5203.3 (14) 0.0101 (10)
α0,36 5210.2 (14) 0.022 (1)
α0,35 5239.3 (14) 0.0026 (5)
α0,34 5269.1 (14) 0.048 (19)
α0,33 5287.6 (14) 0.214 (10)
α0,32 5321.2 (14) 0.007 (7)
α0,31 5341.9 (14) 0.0027 (8)
α0,30 5356.2 (14) 0.000097 (2)
α0,29 5379.0 (14) 0.0020 (5)
α0,28 5391.2 (14) 0.0006 (4)
α0,27 5414.5 (14) 0.0030 (4)
α0,26 5428.3 (14) 0.0023 (3)
α0,25 5430.1 (14) 0.0028 (8)
α0,24 5435.8 (14) 0.0083 (6)
α0,23 5443.3 (14) 0.098 (19)
α0,22 5468.4 (14) 0.00052 (18)
α0,21 5487.4 (14) 0.0020 (3)
α0,20 5497.4 (14) 0.0022 (7)
α0,19 5515.2 (14) 0.0052 (19)
α0,18 5523.7 (14) 0.013 (6)
α0,17 5540.1 (14) 0.0072 (8)
α0,16 5546.5 (14) 0.055 (12)
α0,15 5555.3 (14) 0.084 (10)
α0,14 5563.3 (14) 0.017 (7)
α0,13 5580.5 (14) 0.95 (4)
α0,12 5599.3 (14) 0.114 (7)
α0,11 5609.0 (14) 1.09 (5)
α0,10 5637.3 (14) 4.16 (23)
α0,9 5682.2 (14) 1.31 (4)
α0,8 5686.4 (14) 0.021 (14)
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ANNEX I: RECOMMENDED DECAY DATA Ac− 225

Energy Probability
keV × 100

α0,7 5723.1 (14) 2.03 (23)
α0,6 5730.5 (14) 1.6 (3)
α0,5 5731.6 (14) 1.24 (10)
α0,4 5731.9 (17) 9.0 (5)
α0,3 5791.7 (14) 6.2 (9)
α0,2 5793.1 (21) 18.9 (20)
α0,1 5804.2 (14) 0.3
α0,0 5829.6 (14) 52.4 (24)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Fr) 5.73 - 18.52 23.8 (12)

eAK (Fr) 0.115 (9)
KLL 63.576 - 70.787 }
KLX 77.720 - 86.101 }
KXY 91.84 - 101.12 }

ec13,9 K (Fr) 2.4 (1) 0.015 (7)
ec7,0 K (Fr) 7.27 (3) 1.84 (15)
ec1,0 L (Fr) 7.39 - 11.00 7.0 (9)
ec9,3 K (Fr) 10.40 (3) 0.088 (6)
ec2,0 L (Fr) 18.06 - 21.66 14.6 (12)
ec8,1 K (Fr) 18.72 (3) 0.0191 (12)
ec3,0 L (Fr) 19.95 - 23.56 6.7 (6)
ec1,0 M (Fr) 21.38 - 23.03 1.88 (25)
ec11,6 K (Fr) 22.62 (4) 0.0192 (14)
ec11,5 K (Fr) 23.68 (3) 0.113 (7)
ec1,0 N (Fr) 24.87 - 25.77 0.49 (7)
ec9,5 L (Fr) 31.6 - 35.2 0.1080 (16)
ec2,0 M (Fr) 32.05 - 33.70 3.93 (33)
ec3,0 M (Fr) 33.94 - 35.59 1.81 (17)
ec2,0 N (Fr) 35.54 - 36.44 1.02 (9)
ec3,0 N (Fr) 37.43 - 38.33 0.474 (45)
ec6,3 L (Fr) 44.0 - 47.6 0.32 (7)
ec13,7 K (Fr) 44.04 (3) 0.0221 (14)
ec4,2 L (Fr) 44.32 - 47.92 4.04 (25)
ec9,5 M (Fr) 45.6 - 47.2 0.02914 (43)
ec6,2 L (Fr) 45.637 - 49.246 0.80 (16)
ec9,0 K (Fr) 48.93 (2) 0.0968 (22)
ec7,3 L (Fr) 51.22 - 54.82 0.166 (42)
ec13,4 K (Fr) 52.80 (3) 0.0270 (18)
ec7,2 L (Fr) 53.10 - 56.71 0.411 (41)
ec4,1 L (Fr) 54.91 - 58.52 0.52 (14)
ec5,1 L (Fr) 55.23 - 58.84 0.0562 (43)
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ANNEX I: RECOMMENDED DECAY DATA Ac− 225

Energy Electrons
keV per 100 disint.

ec10,3 K (Fr) 56.12 (3) 1.12 (17)
ec6,1 L (Fr) 56.2 - 59.8 0.136 (27)
ec6,3 M (Fr) 58.0 - 59.6 0.086 (20)
ec4,2 M (Fr) 58.31 - 59.96 0.96 (6)
ec6,2 M (Fr) 59.627 - 61.277 0.207 (42)
ec11,8 L (Fr) 60.2 - 63.8 0.053 (8)
ec7,3 M (Fr) 65.21 - 66.86 0.045 (11)
ec7,2 M (Fr) 67.09 - 68.74 0.111 (11)
ec23,11 K (Fr) 68.05 (4) 0.017 (16)
ec7,3 N (Fr) 68.7 - 69.6 0.0118 (30)
ec10,7 L (Fr) 68.78 - 72.38 0.86 (6)
ec4,1 M (Fr) 68.90 - 70.55 0.142 (37)
ec5,1 M (Fr) 69.22 - 70.87 0.0136 (10)
ec6,1 M (Fr) 70.19 - 71.84 0.035 (7)
ec7,2 N (Fr) 70.58 - 71.48 0.0292 (29)
ec11,8 M (Fr) 74.2 - 75.8 0.0125 (19)
ec10,6 L (Fr) 76.3 - 79.9 0.261 (25)
ec10,5 L (Fr) 77.53 - 81.13 0.149 (46)
ec16,7 K (Fr) 78.65 (4) 0.013 (11)
ec4,0 L (Fr) 81.02 - 84.62 1.76 (13)
ec5,0 L (Fr) 81.28 - 84.88 0.088 (7)
ec6,0 L (Fr) 82.3 - 85.9 0.33 (14)
ec10,7 M (Fr) 82.77 - 84.42 0.204 (15)
ec13,9 L (Fr) 84.85 - 88.46 0.011 (6)
ec11,2 K (Fr) 86.84 (3) 0.0432 (25)
ec7,0 L (Fr) 89.8 - 93.4 0.586 (48)
ec10,6 M (Fr) 90.3 - 91.9 0.062 (6)
ec10,5 M (Fr) 91.52 - 93.17 0.040 (13)
ec9,3 L (Fr) 92.9 - 96.5 0.0191 (13)
ec10,0 K (Fr) 94.62 (3) 0.16 (9)
ec4,0 M (Fr) 95.01 - 96.66 0.426 (32)
ec5,0 M (Fr) 95.27 - 96.92 0.0212 (16)
ec6,0 M (Fr) 96.3 - 97.9 0.086 (39)
ec7,0 M (Fr) 103.8 - 105.4 0.148 (14)
ec11,5 L (Fr) 106.18 - 109.78 0.0465 (29)
ec7,0 N (Fr) 107.3 - 108.2 0.0388 (33)
ec13,2 K (Fr) 115.77 (3) 0.0186 (12)
ec11,5 M (Fr) 120.17 - 121.82 0.0119 (7)
ec9,0 L (Fr) 131.43 - 135.04 0.01940 (44)
ec10,3 L (Fr) 138.619 - 142.228 0.212 (21)
ec10,3 M (Fr) 152.609 - 154.259 0.051 (5)
ec10,0 L (Fr) 177.12 - 180.72 0.0465 (29)
ec10,0 M (Fr) 191.11 - 192.76 0.0117 (9)
ec33,4 K (Fr) 351.11 (3) 0.0185 (14)
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ANNEX I: RECOMMENDED DECAY DATA Ac− 225

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Fr) 10.38 — 17.799 18.7 (9)

XKα2 (Fr) 83.23 1.00 (8) } Kα
XKα1 (Fr) 86.1 1.64 (12) }

XKβ3 (Fr) 96.815 }
XKβ1 (Fr) 97.474 } 0.57 (5) Kβ

′
1

XKβ
′′
5 (Fr) 98.069 }

XKβ2 (Fr) 100.16 }
XKβ4 (Fr) 100.548 } 0.19 (2) Kβ

′
2

XKO2,3 (Fr) 100.972 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ2,1(Fr) 10.6 7.7 (10) M1 510 (7) 0.015 (2)
γ1,0(Fr) 26.0 (1) 9.4 (13) E2 5940 (150) 0.00159 (21)
γ2,0(Fr) 36.69 (3) 19.8 (17) E2 1092 (16) 0.0181 (15)
γ3,0(Fr) 38.58 (4) 9.1 (9) E2 854 (13) 0.0107 (10)
γ8,4(Fr) 46.24 (5) 0.0090 (13) [E1] 0.841 (12) 0.0049 (7)
γ9,6(Fr) 49.12 (4) 0.0137 (14) [E1] 0.715 (11) 0.0080 (8)
γ9,5(Fr) 50.2 0.15 [E2] 236.0 (34) 0.00062
γ34,32(Fr) 53.4 (4) 0.074 [M1] 17.6 (5) 0.004
γ13,10(Fr) 57.71 (4) 0.0075 (12) (E1) 0.465 (7) 0.0051 (8)
γ6,3(Fr) 62.6 (3) 0.44 (10) [E2] 81.2 (23) 0.0053 (12)
γ4,2(Fr) 62.94 (3) 5.81 (36) M1 10.85 (15) 0.49 (3)
γ5,2(Fr) 63.5 (3) 0.0286 (41) [E1] 0.360 (7) 0.021 (3)
γ6,2(Fr) 64.27 (3) 1.13 (21) M1+E2 23 (4) 0.047 (4)
γ7,3(Fr) 69.86 (5) 0.23 (6) E2 47.9 (7) 0.0047 (12)
γ7,2(Fr) 71.71 (4) 0.57 (6) E2 42.3 (6) 0.0132 (13)
γ4,1(Fr) 73.55 (9) 0.73 (19) E2 37.5 (6) 0.019 (5)
γ5,1(Fr) 73.85 (3) 0.383 (29) E1 0.240 (3) 0.309 (23)
γ6,1(Fr) 74.82 (5) 0.197 (39) (M1+E2) 12.15 (18) 0.015 (3)
γ11,8(Fr) 78.8 0.082 (13) M1 5.63 (8) 0.0123 (19)
γ10,7(Fr) 87.41 (3) 1.4 (1) M1 4.16 (6) 0.271 (19)
γ10,6(Fr) 94.90 (2) 0.449 (43) M1 3.28 (5) 0.105 (10)
γ10,5(Fr) 96.16 (5) 0.23 (7) M1+E2 6.0 (14) 0.033 (7)
γ4,0(Fr) 99.67 (5) 3.09 (22) M1+E2 3.06 (11) 0.76 (5)
γ5,0(Fr) 99.89 (6) 1.20 (9) E1 0.1073 (15) 1.08 (8)
γ6,0(Fr) 100.86 (4) 0.54 (19) M1+E2 4.6 (19) 0.096 (8)
γ13,9(Fr) 103.48 (10) 0.033 (12) [M1,E2] 10 (3) 0.0030 (7)
γ7,0(Fr) 108.38 (3) 2.87 (19) M1+E2 10.27 (25) 0.255 (16)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ9,3(Fr) 111.52 (3) 0.427 (29) (E1) 0.363 (5) 0.313 (21)
γ24,16(Fr) 112.80 (2) 0.00284 (41) [E1] 0.353 (5) 0.0021 (3)
γ23,15(Fr) 114 0.0094 (14) M1 9.86 (14) 0.00087 (13)
γ8,1(Fr) 119.85 (3) 0.104 (7) [E1] 0.305 (4) 0.080 (5)
γ14,9(Fr) 121.06 (7) 0.022 (6) (E1) 0.298 (4) 0.017 (5)
γ11,6(Fr) 123.75 (4) 0.112 (8) [E1] 0.282 (4) 0.087 (6)
γ11,5(Fr) 124.81 (3) 0.205 (13) M1+E2 6.01 0.0292 (18)
γ12,7(Fr) 126.10 (5) 0.0100 (9) (E1) 0.270 (4) 0.0079 (7)
γ15,9(Fr) 129.22 (7) 0.016 (9) [M1,E2] 5 (2) 0.0027 (5)
γ12,6(Fr) 133.60 (3) 0.0242 (20) (E1) 0.234 (3) 0.0196 (16)
γ12,4(Fr) 134.85 (3) 0.0393 (37) (E1) 0.229 (3) 0.032 (3)
γ26,14(Fr) 137.4 (1) 0.0023 (3) 0.0023 (3)
γ23,13(Fr) 139.6 0.0068 (26) M1+E2 3.9 (17) 0.00139 (21)
γ17,9(Fr) 144.7 (2) 0.0022 (6) (M1+E2) 3.79 0.00046 (12)
γ13,7(Fr) 145.15 (3) 0.174 (11) (E1) 0.191 (3) 0.146 (9)
γ9,0(Fr) 150.05 (3) 0.815 (14) E1 0.1766 (25) 0.693 (12)
γ13,6(Fr) 152.64 (3) 0.0230 (15) [E1] 0.1694 (24) 0.0197 (13)
γ13,4(Fr) 153.92 (3) 0.239 (15) E1 0.1660 (23) 0.205 (13)
γ10,3(Fr) 157.25 (3) 1.73 (18) M1+E2 3.8 (3) 0.36 (3)
γ18,9(Fr) 161.35 (7) 0.013 (6) [M1,E2] 2.5 (13) 0.0036 (9)
γ23,11(Fr) 169.18 (4) 0.037 (20) [M1,E2] 2.1 (11) 0.012 (5)
γ10,1(Fr) 169.9 0.0139 (14) 0.0139 (14)
γ15,7(Fr) 170.77 (5) 0.015 (8) (E1) 0.1290 (18) 0.013 (7)
γ15,6(Fr) 178.29 (3) 0.0180 (13) E1 0.1162 (16) 0.0161 (12)
γ16,7(Fr) 179.78 (4) 0.030 (11) (M1,E2) 1.8 (10) 0.0108 (8)
γ11,3(Fr) 186.1 0.0127 (14) 0.0127 (14)
γ17,7(Fr) 186.29 (3) 0.0046 (6) E1 0.1045 (15) 0.0042 (5)
γ16,6(Fr) 187.2 0.0103 (7) 0.0103 (7)
γ11,2(Fr) 187.96 (3) 0.584 (33) E1 0.1023 (14) 0.53 (3)
γ10,0(Fr) 195.74 (3) 0.37 (9) M1+E2 1.5 (6) 0.148 (9)
γ23,10(Fr) 197.50 (3) 0.0284 (33) E1 0.0908 (13) 0.026 (3)
γ12,2(Fr) 197.7 (1) 0.041 (5) [E1] 0.0906 (13) 0.038 (5)
γ11,1(Fr) 198.47 (23) 0.0205 (14) [E1] 0.0898 (13) 0.0188 (13)
γ29,13(Fr) 205.07 (11) 0.0015 (5) 0.0015 (5)
γ13,2(Fr) 216.89 (3) 0.343 (21) (E1) 0.0726 (10) 0.32 (2)
γ19,4(Fr) 220.43 (8) 0.0060 (18) 0.0060 (18)
γ11,0(Fr) 224.59 (3) 0.119 (9) [E1] 0.0669 (9) 0.112 (8)
γ13,1(Fr) 228.2 (4) 0.0046 (12) 0.0046 (12)
γ41,32(Fr) 231.16 (7) 0.012 (7) (M1) 1.338 (19) 0.005 (3)
γ14,2(Fr) 236.0 (6) 0.0017 (3) 0.0017 (3)
γ20,4(Fr) 238.64 (8) 0.0022 (7) (M1) 1.225 (17) 0.0010 (3)
γ15,3(Fr) 240.68 (3) 0.0124 (11) [E1] 0.0568 (8) 0.0117 (10)
γ23,9(Fr) 243.12 (5) 0.0067 (9) [M1] 1.163 (16) 0.0031 (4)
γ16,3(Fr) 249.60 (3) 0.0170 (13) (E2) 0.258 (4) 0.0135 (10)
γ13,0(Fr) 253.46 (3) 0.139 (8) [E1] 0.0504 (7) 0.132 (8)
γ17,3(Fr) 256.0 (2) 0.00039 (7) [E1] 0.0492 (7) 0.00037 (7)
γ15,0(Fr) 279.18 (3) 0.0317 (23) E1 0.0403 (6) 0.0305 (22)
γ36,21(Fr) 282.1 (2) 0.00097 (9) [M1] 0.771 (11) 0.00055 (5)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ23,7(Fr) 284.75 (3) 0.0077 (6) [E1] 0.0385 (5) 0.0074 (6)
γ25,7(Fr) 298.33 (5) 0.0028 (7) (M1,E2) 0.4 (3) 0.0020 (3)
γ34,13(Fr) 317.23 (18) 0.00065 (33) M1 0.558 (8) 0.00042 (21)
γ27,6(Fr) 321.77 (4) 0.00340 (41) [E1] 0.0292 (4) 0.0033 (4)
γ21,0(Fr) 348.33 (5) 0.0030 (3) 0.0030 (3)
γ23,3(Fr) 354.56 (6) 0.0020 (7) [E1] 0.0236 (3) 0.0020 (7)
γ33,10(Fr) 356.6 0.00026 (11) 0.00026 (11)
γ24,3(Fr) 362.38 (3) 0.0055 (5) (E1) 0.0225 (3) 0.0054 (5)
γ22,0(Fr) 367.74 (12) 0.00052 (18) 0.00052 (18)
γ34,10(Fr) 374.98 (5) 0.0019 (5) [E1] 0.0209 (3) 0.0019 (5)
γ31,7(Fr) 388.07 (7) 0.00125 (21) 0.00125 (21)
γ37,12(Fr) 403.13 (10) 0.00019 (16) 0.00019 (16)
γ33,8(Fr) 405.95 (3) 0.0079 (5) [E1] 0.01759 (25) 0.0078 (5)
γ32,5(Fr) 417.90 (2) 0.0056 (5) 0.0056 (5)
γ47,27(Fr) 429.80 (18) 0.00038 (19) 0.00038 (19)
γ36,10(Fr) 434.82 (5) 0.0029 (3) 0.0029 (3)
γ40,14(Fr) 442.16 (8) 0.0045 (7) 0.0045 (7)
γ30,3(Fr) 443.43 (10) 0.0001 0.0001
γ33,7(Fr) 443.43 (10) 0.0015 (5) [E2] 0.0494 (7) 0.0014 (5)
γ28,0(Fr) 446.31 (10) 0.0006 (4) 0.0006 (4)
γ33,6(Fr) 451.04 (5) 0.0036 (6) [M1] 0.215 (3) 0.0030 (5)
γ33,4(Fr) 452.23 (3) 0.13 (1) [M1] 0.213 (3) 0.107 (8)
γ29,0(Fr) 458.79 (8) 0.00053 (13) 0.00053 (13)
γ34,7(Fr) 462.43 (13) 0.00045 (11) [E1] 0.01338 (19) 0.00044 (11)
γ34,6(Fr) 469.48 (5) 0.0028 (4) 0.0028 (4)
γ32,2(Fr) 480.85 (11) 0.0340 (22) 0.0340 (22)
γ32,1(Fr) 491.45 (10) 0.00035 (14) 0.00035 (14)
γ31,0(Fr) 496.9 (3) 0.0015 (7) 0.0015 (7)
γ45,19(Fr) 498.6 (6) 0.00083 (21) 0.00083 (21)
γ33,3(Fr) 512.5 (7) 0.00055 (21) 0.00055 (21)
γ33,2(Fr) 515.13 (3) 0.0246 (15) [M1] 0.1506 (21) 0.0214 (13)
γ32,0(Fr) 517.51 (3) 0.0159 (10) 0.0159 (10)
γ36,7(Fr) 522.14 (4) 0.00208 (15) 0.00208 (15)
γ33,1(Fr) 525.94 (17) 0.0403 (25) [M1] 0.1425 (20) 0.0353 (22)
γ36,6(Fr) 529.59 (3) 0.0076 (7) 0.0076 (7)
γ36,4(Fr) 530.87 (4) 0.0047 (5) 0.0047 (5)
γ34,3(Fr) 532.11 (9) 0.00077 (21) [E1] 0.01005 (14) 0.00076 (21)
γ37,4(Fr) 538.1 (1) 0.0038 (10) 0.0038 (10)
γ43,12(Fr) 545.8 (6) 0.00053 (14) 0.00053 (14)
γ33,0(Fr) 551.79 (3) 0.0059 (16) [M1] 0.1254 (17) 0.0052 (14)
γ35,2(Fr) 564.34 (11) 0.00022 (9) 0.00022 (9)
γ40,8(Fr) 567.48 (5) 0.0012 (4) 0.0012 (4)
γ34,0(Fr) 570.69 (3) 0.0040 (5) [E1] 0.00874 (12) 0.0040 (5)
γ36,3(Fr) 590.42 (5) 0.00083 (14) 0.00083 (14)
γ36,2(Fr) 593.87 (4) 0.0029 (3) 0.0029 (3)
γ35,0(Fr) 600.92 (3) 0.0024 (5) 0.0024 (5)
γ37,2(Fr) 600.92 (3) 0.006 0.006
γ41,8(Fr) 603.09 (4) 0.00173 (21) 0.00173 (21)

CNDC /Huang Xiaolong, Wang Baosong



ANNEX I: RECOMMENDED DECAY DATA Ac− 225

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ43,9(Fr) 628.95 (10) 0.00032 (7) 0.00032 (7)
γ37,0(Fr) 637.1 (7) 0.00012 0.00012
γ38,0(Fr) 645.94 (12) 0.00015 (5) 0.00015 (5)
γ41,5(Fr) 649.03 (4) 0.0017 (5) 0.0017 (5)
γ47,10(Fr) 656.18 (11) 0.00049 (21) 0.00049 (21)
γ42,7(Fr) 657.88 (5) 0.0014 (3) 0.0014 (3)
γ42,4(Fr) 667.14 (8) 0.0021 (18) 0.0021 (18)
γ46,9(Fr) 674.9 (3) 0.00010 (5) 0.00010 (5)
γ39,0(Fr) 679.36 (6) 0.00066 (12) 0.00066 (12)
γ47,9(Fr) 702.00 (14) 0.00016 (7) 0.00016 (7)
γ48,10(Fr) 747.0 (1) 0.0011 (4) 0.0011 (4)
γ47,4(Fr) 752.46 (12) 0.00026 (7) 0.00026 (7)
γ43,1(Fr) 754.04 (13) 0.00023 (7) 0.00023 (7)
γ42,0(Fr) 767.9 (3) 0.00030 (6) 0.00030 (6)
γ43,0(Fr) 780.6 (6) 0.000055 (14) 0.000055 (14)
γ44,0(Fr) 808.48 (10) 0.0021 (3) 0.0021 (3)
γ46,0(Fr) 824.2 (7) 0.000049 0.000049
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G.Ardisson, M.C.Kouassi, J.Dalmasso, Priv. Comm. (1990)
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(Gamma-ray energies and intensities)
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R.K.Sheline, C.F.Liang, P.Paris, Phys. Rev. C51 (1995) 1192

(Gamma-ray emission probabilities)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527
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G.Ardisson, J.Gasparro, V.Barci, R.K.Sheline, Phys. Rev. C62 (2000) 064306

(Gamma-ray energies and intensities)

J.Gasparro, G.Ardisson, V.Barci, R.K.Sheline, Phys. Rev. C62 (2000) 064305

(Gamma-ray energies, intensities and emission probabilities)
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1 Half-life, Q-value and Decay mode

T1/2 : 21.772 (3) y
Qβ− : 44.8 (8) keV
Qα : 5042.19 (14) keV
β− : 98.620 (4) %
α : 1.380 (4) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,3 6.9 (8) 0.3 Allowed 6.9
β−0,2 20.5 (8) 10 1st forbidden 6.8
β−0,1 35.5 (8) 35 1st forbidden 7
β−0,0 44.8 (8) 53 1st forbidden 7.1

3 α Emissions

Energy Probability
keV × 100

α0,24 4362.83 (15) 0.00004
α0,23 4422.03 (28) 0.00008
α0,22 4447.12 (26) 0.0007
α0,21 4459 (7) 0.00007
α0,20 4512 (5) 0.00004
α0,19 4581 (7) 0.00004
α0,18 4594.21 (17) 0.0003
α0,16 4712.89 (20)
α0,15 4713.68 (19)
α0,14 4714.88 (15) 0.006 (3)
α0,13 4734.41 (17)
α0,12 4737.50 (16) 0.0012
α0,11 4767.47 (15)
α0,10 4769.35 (17) 0.025 (7)
α0,9 4784.19 (15) 0.0011
α0,8 4795.58 (15) 0.014 (7)
α0,6 4821.09 (15) 0.001
α0,5 4854.01 (15)
α0,4 4855.36 (15) 0.08 (1)
α0,3 4872.55 (15) 0.087 (7)
α0,2 4899.23 (15) 0.0015
α0,1 4940.57 (15) 0.546 (17)
α0,0 4953.23 (14) 0.658 (14)
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4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Th) 5.8 - 20.3 3.9

eAL (Fr) 5.73 - 18.52 0.097 (10)

eAK (Fr) 0.00050 (15)
KLL 63.576 - 70.787 }
KLX 77.720 - 86.101 }
KXY 91.84 - 101.12 }

ec2,0 L (Th) 3.9 - 8.0 7.1
ec1,0 M (Th) 4.1 - 6.0 27
ec3,1 L (Th) 8.1 - 12.3 0.1016 (21)
ec2,1 M (Th) 10.0 - 11.9 0.11
ec3,0 L (Th) 17.4 - 21.6 0.0568 (15)
ec2,0 M (Th) 19.2 - 21.0 1.8
ec3,1 M (Th) 23.39 - 25.24 0.0259 (5)
ec3,0 M (Th) 32.7 - 34.6 0.01411 (29)

ec1,0 M (Fr) 8.3 - 9.9 0.528 (11)
ec4,2 L (Fr) 26.1 - 29.7 0.018 (17)
ec3,1 L (Fr) 50.65 - 54.26 0.053 (10)
ec3,0 L (Fr) 63.6 - 67.2 0.0135 (16)
ec3,1 M (Fr) 64.64 - 66.29 0.0140 (27)
ec4,1 L (Fr) 68.1 - 71.7 0.022 (14)
ec4,0 L (Fr) 81.0 - 84.6 0.022 (12)

β−0,3 max: 6.9 (8) 0.3 avg: 1.7 (3)
β−0,2 max: 20.5 (8) 10 avg: 5.1 (3)
β−0,1 max: 35.5 (8) 35 avg: 9.0 (3)
β−0,0 max: 44.8 (8) 53 avg: 11.4 (3)

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Th) 11.118 — 19.599 2.64

XL (Fr) 10.381 — 17.839 0.074 (8)

XKα2 (Fr) 83.23 0.0043 (12) } Kα
XKα1 (Fr) 86.1 0.0070 (19) }

XKβ3 (Fr) 96.815 }
XKβ1 (Fr) 97.474 } 0.0024 (7) Kβ

′
1

XKβ
′′
5 (Fr) 98.069 }
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Energy Photons
keV per 100 disint.

XKβ2 (Fr) 100.16 }
XKβ4 (Fr) 100.548 } 0.00079 (22) Kβ

′
2

XKO2,3 (Fr) 100.972 }

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Th) 9.3 36 E2 326000 0.00011
γ1,0(Fr) 12.9 (1) 0.698 (E2) 49860 (1000) 0.000014
γ2,1(Th) 15.2 (1) 0.15 M1 238 (5) 0.00063
γ2,0(Th) 24.33 (5) 9.5 M1+E2 340 (11) 0.028
γ8,6(Fr) 25.95 0.00000055 0.00000055
γ3,1(Th) 28.57 (5) 0.18 E1 3.24 (7) 0.042
γ6,5(Fr) 33.5 (1) 0.00033 (9) [E1] 1.99 (4) 0.00011 (3)
γ6,4(Fr) 35.0 (2) 0.000078 (28) [E1] 1.77 (4) 0.000028 (10)
γ3,0(Th) 37.90 (3) 0.12 E1 1.54 (3) 0.049
γ4,2(Fr) 44.7 (1) 0.025 (23) [M1+E2] 223 (200) 0.00011 (3)
γ13,9(Fr) 51.06 0.00000028 0.00000028
γ10,6(Fr) 52.32 0.0000014 0.0000014
γ14,11(Fr) 53.7 (2) 0.000064 (16) [E1] 0.563 (11) 0.000041 (10)
γ2,0(Fr) 55.0 (1) 0.0077 (14) M1+E2 16.4 (8) 0.00044 (8)
γ16,11(Fr) 55.80 (5) 0.0000039 0.0000039
γ16,10(Fr) 57.56 (5) 0.0000032 0.0000032
γ8,5(Fr) 59.4 (2) 0.000059 (14) [E1] 0.430 (9) 0.000041 (10)
γ8,4(Fr) 60.6 (3) 0.000058 (14) [E1] 0.408 (9) 0.000041 (10)
γ3,1(Fr) 69.28 (8) 0.076 (14) M1+E2 18.4 (19) 0.0039 (6)
γ14,10(Fr) 70.6 (2) 0.0023 (18) [M1+E2] 27 (19) 0.000083 (30)
γ16,9(Fr) 72.5 (2) 0.000086 (38) [E1] 0.252 (5) 0.000069 (30)
γ9,4(Fr) 72.5 (2) 0.000086 (38) [E1] 0.252 (5) 0.000069 (30)
γ6,2(Fr) 79.54 (8) 0.00132 (12) E1 0.197 (4) 0.0011 (1)
γ3,0(Fr) 82.2 (1) 0.0192 (23) E2 22.1 (5) 0.00083 (10)
γ15,8(Fr) 83.0 (1) 0.0000014 0.0000014
γ12,6(Fr) 85.0 (5) 0.000011 0.000011
γ10,5(Fr) 86.1 (1) 0.00047 0.00047
γ4,1(Fr) 86.7 (2) 0.034 (20) [M1+E2] 11 (7) 0.0028 (4)
γ5,1(Fr) 88.1 (1) 0.0076 (43) [M1+E2] 10 (6) 0.00069 (10)
γ11,5(Fr) 88.1 (1) 0.0076 (43) [M1+E2] 10 (6) 0.00069 (10)
γ13,6(Fr) 88.5 (6) 0.00000097 0.00000097
γ9,3(Fr) 90.0 (1) 0.00021 (8) [E1] 0.142 (3) 0.00018 (7)
γ4,0(Fr) 99.6 (1) 0.036 (16) M1+E2 6 (3) 0.0051 (7)
γ5,0(Fr) 101.0 (1) 0.0048 (29) [M1+E2] 6 (3) 0.00069 (30)
γ10,3(Fr) 105.0 (2) 0.0046 (16) M1 12.4 (25) 0.00034 (10)
γ11,3(Fr) 106.85 (10) 0.0110 (34) M(+E2) 9 (3) 0.0011 (1)
γ14,6(Fr) 108.0 (3) 0.00041 (16) [M1+E2] 9 (3) 0.000041 (10)
γ12,5(Fr) 118.7 (4) 0.000054 (13) [E1] 0.312 (6) 0.000041 (10)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ18,15(Fr) 121.6 (1) 0.00155 (39) [E1] 0.295 (6) 0.0012 (3)
γ6,1(Fr) 121.6 (1) 0.00155 (39) [E1] 0.295 (6) 0.0012 (3)
γ6,0(Fr) 134.5 (1) 0.00068 (12) E1 0.230 (5) 0.00055 (10)
γ12,3(Fr) 137.4 (1) 0.00050 (12) [E1] 0.220 (5) 0.00041 (10)
γ13,3(Fr) 140.9 (1) 0.00025 (7) [E1] 0.206 (4) 0.00021 (6)
γ14,4(Fr) 143.0 (1) 0.00034 (7) [E1] 0.198 (4) 0.00028 (6)
γ18,13(Fr) 143.0 (1) 0.0013 (6) [M1+E2] 3.6 (18) 0.00028 (6)
γ16,5(Fr) 143.65 (5) 0.00015886 M1 5.11 (11) 0.000026
γ18,12(Fr) 146.0 (2) 0.0000088 0.0000088
γ8,1(Fr) 147.61 (8) 0.00296 (36) E1 0.184 (4) 0.0025 (3)
γ7,0(Fr) 149.3 (3) 0.000014 0.000014
γ9,1(Fr) 159.2 (1) 0.00063 (12) [E1] 0.153 (3) 0.00055 (10)
γ8,0(Fr) 160.49 (10) 0.00506 (46) E1 0.150 (3) 0.0044 (4)
γ15,3(Fr) 161.4 (4) 0.00049 (23) [M1+E2] 2.5 (13) 0.00014 (4)
γ16,3(Fr) 162.6 (2) 0.00019 (12) M1,E2 2.4 (13) 0.000055 (30)
γ9,0(Fr) 172.0 (1) 0.00109 (11) E1 0.127 (3) 0.00097 (10)
γ10,1(Fr) 174.3 (1) 0.00081 (35) [M1+E2] 1.9 (11) 0.00028 (6)
γ18,11(Fr) 176.1 (1) 0.000370 (45) [E1] 0.120 (3) 0.00033 (4)
γ11,1(Fr) 176.1 (1) 0.00096 (40) M1,E2 1.9 (11) 0.00033 (6)
γ12,1(Fr) 206.8 (1) 0.00105 (11) E1 0.0814 (17) 0.00097 (10)
γ17,1(Fr) 216.6 (3) 0.00011 (7) [M1+E2] 1.0 (7) 0.000055 (30)
γ−1,1(Fr) 219.2 (4) 0.0000140 (4) 0.0000140 (4)
γ14,1(Fr) 229.7 (1) 0.00044 (7) [E1] 0.0634 (13) 0.00041 (7)
γ15,1(Fr) 230.9 (5) 0.0000252 [M1+E2] 0.8 (5) 0.000014
γ16,1(Fr) 231.79 (5) 0.0000072 0.0000072
γ14,0(Fr) 242.6 (2) 0.00030 (7) [E1] 0.0558 (12) 0.00028 (7)
γ15,0(Fr) 243.9 (4) 0.0000358 (10) [E2] 0.279 (6) 0.0000280 (8)
γ18,3(Fr) 283.4 (3) 0.000057 (31) [E1] 0.0389 (8) 0.000055 (30)
γ23,11(Fr) 351.7 (3) 0.000056 (31) [E1] 0.0240 (5) 0.000055 (30)
γ22,4(Fr) 415.6 (3) 0.00024 (7) 0.16 (11) 0.00021 (6)
γ23,5(Fr) 439.60 (5) 0.000034 (1) 0.000034 (1)
γ23,4(Fr) 441.0 (4) 0.000056 (30) [E1] 0.0148 (3) 0.000055 (30)
γ22,2(Fr) 460.2 (3) 0.00024 (7) M1+E2 0.12 (9) 0.00021 (6)
γ23,1(Fr) 527.6 (1) 0.000029 0.000029
γ23,0(Fr) 540.40 (5) 0.00007 0.00007
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ANNEX I: RECOMMENDED DECAY DATA Ac− 228

1 Half-life, Q-value and Decay mode

T1/2 : 6.15 (3) h
Qβ− : 2123.8 (27) keV
Qα : 4814 (50) keV
β− : 100 %
α : 5.5 (22) ×10−8 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,60 0.7 (27) 0.0047 (11) Allowed 3.3
β−0,59 86.8 (27) 0.0069 (11) Allowed 7.38
β−0,58 94.0 (27) 0.026 (4) Allowed 6.91
β−0,57 101.0 (27) 0.061 (6) Allowed or 1st forbidden 6.64
β−0,56 110.2 (27) 0.0032 (10) Allowed 8.03
β−0,55 113.7 (27) 0.238 (15) Allowed 6.2
β−0,54 136.3 (27) 0.07 (4) Allowed 7
β−0,53 158.8 (27) 0.0132 (14) Allowed 7.91
β−0,52 165.1 (27) 0.0038 (8) Allowed 8.5
β−0,51 178.9 (27) 0.307 (22) Allowed 6.7
β−0,50 186.6 (27) 0.053 (6) Allowed 7.52
β−0,49 195.2 (27) 0.061 (8) Allowed 7.52
β−0,48 217.2 (27) 0.025 (5) Allowed 8.05
β−0,47 223.9 (27) 0.069 (8) Allowed 7.65
β−0,46 230.8 (27) 0.109 (8) Allowed 7.5
β−0,45 326.2 (27) 0.051 (8) Allowed 8.3
β−0,44 327.9 (27) 0.035 (6) Allowed 8.48
β−0,43 363.6 (27) 0.139 (12) Allowed 8.02
β−0,42 365.6 (27) 0.060 (8) Allowed 8.39
β−0,41 379.9 (27) 0.378 (16) Allowed 7.65
β−0,40 388.4 (27) 0.149 (11) Allowed 8.08
β−0,39 399.5 (27) 1.93 (8) Allowed 7.01
β−0,38 435.4 (27) 2.50 (16) Allowed 7.02
β−0,37 440.0 (27) 0.20 (3) 1st forbidden 8.13
β−0,36 441.0 (27) 1.21 (4) Allowed 7.35
β−0,35 477.8 (27) 4.12 (20) Allowed 6.94
β−0,34 480.7 (27) 0.82 (3) 1st forbidden 7.64
β−0,33 485.5 (27) 1.23 (6) Allowed 7.48
β−0,32 506.0 (27) 0.071 (10) Allowed 8.78
β−0,31 535.5 (27) 8.8 (23) 1st forbidden 6.77
β−0,30 584.6 (27) 0.030 (6) Allowed 9.36
β−0,27 691.8 (27) 1.6 (5) Allowed 7.88
β−0,26 707.7 (27) 0.060 (8) Allowed or 1st forbidden 9.34
β−0,25 779.7 (27) 0.208 (18) 1st forbidden 8.94
β−0,24 826.4 (27) 1.46 (11) 1st forbidden unique 8.18
β−0,23 897.2 (27) 0.67 (8) 1st forbidden 8.65
β−0,22 948.4 (27) 0.166 (19) Allowed 9.34
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Energy Probability Nature log ft
keV × 100

β−0,20 955.4 (27) 3.39 (13) 1st forbidden 8.04
β−0,19 970.3 (27) 6 (3) Allowed 7.8
β−0,18 1000.8 (27) 6.67 (18) 1st forbidden 7.81
β−0,16 1063.9 (27) 0.099 (11) 1st forbidden 9.74
β−0,15 1101.3 (27) 3.0 (4) Allowed 8.31
β−0,14 1107.4 (27) 0.39 (6) Allowed or 1st forbidden 9.2
β−0,13 1144.3 (27) 0.238 (20) Allowed 9.47
β−0,12 1154.8 (27) 31 (4) Allowed 7.37
β−0,11 1155.4 (27) 0.18 (3) 1st forbidden 9.6
β−0,10 1179.6 (27) 0.087 (16) Allowed or 1st forbidden 9.95
β−0,8 1249.3 (27) 0.17 (10) Allowed 9.7
β−0,5 1727.7 (27) 12.4 (5) 1st forbidden 8.4
β−0,4 1745.6 (27) 0.147 (21) 2nd forbidden unique 12.29
β−0,3 1795.8 (27) 0.72 (23) 1st forbidden unique 10.65
β−0,2 1937.0 (27) 0.6 (5) Allowed 10
β−0,1 2066.0 (27) 6 (4) Allowed 9

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Th) 5.8 - 20.3 39.9 (21)

eAK (Th) 0.27 (8)
KLL 68.406 - 76.745 }
KLX 83.857 - 93.345 }
KXY 99.29 - 109.64 }

ec35,29 K (Th) 4.830 (13) 0.05 (5)
ec28,27 M (Th) 13.233 - 15.083 0.038 (8)
ec2,1 K (Th) 19.414 (6) 0.660 (21)
ec38,35 L (Th) 21.97 - 26.10 0.32 (11)
ec31,28 K (Th) 28.291 (17) 0.168 (24)
ec20,15 K (Th) 36.198 (8) 0.0264 (10)
ec31,29 L (Th) 36.389 - 40.600 5.2 (35)
ec38,35 M (Th) 37.26 - 39.11 0.076 (25)
ec1,0 L (Th) 37.287 - 41.500 52.7 (21)
ec38,35 N (Th) 41.11 - 42.10 0.020 (7)
ec18,12 K (Th) 44.333 (8) 0.1037 (35)
ec31,29 M (Th) 51.679 - 53.529 1.4 (11)
ec1,0 M (Th) 52.577 - 54.427 14.4 (6)
ec31,29 N (Th) 55.530 - 56.526 0.40 (26)
ec1,0 N (Th) 56.430 - 57.424 3.87 (15)
ec19,12 K (Th) 74.849 (11) 4.3 (22)
ec29,27 L (Th) 79.023 - 83.200 3.65 (13)
ec18,15 L (Th) 79.952 - 84.100 0.259 (14)
ec4,2 K (Th) 81.706 (11) 0.0227 (14)
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Energy Electrons Energy
keV per 100 disint. keV

ec20,12 K (Th) 89.757 (7) 0.0225 (18)
ec35,29 L (Th) 94.01 - 98.20 0.033 (15)
ec29,27 M (Th) 94.313 - 96.163 0.881 (31)
ec24,15 K (Th) 94.388 (9) 0.83 (6)
ec18,15 M (Th) 95.242 - 97.092 0.0701 (38)
ec29,27 N (Th) 98.16 - 99.16 0.234 (8)
ec18,15 N (Th) 99.090 - 100.089 0.0191 (10)
ec5,2 K (Th) 99.605 (6) 0.267 (10)
ec2,1 L (Th) 108.592 - 112.800 6.35 (20)
ec28,23 K (Th) 114.179 (12) 0.086 (9)
ec31,28 L (Th) 117.469 - 121.600 0.0321 (46)
ec2,1 M (Th) 123.882 - 125.732 1.74 (5)
ec2,1 N (Th) 127.730 - 128.729 0.468 (15)
ec18,12 L (Th) 133.511 - 137.700 0.0218 (7)
ec27,21 K (Th) 147.821 (19) 0.0294 (20)
ec3,1 K (Th) 160.594 (6) 0.1335 (43)
ec19,8 K (Th) 169.344 (21) 0.10 (8)
ec4,2 L (Th) 170.884 - 175.100 0.0589 (37)
ec28,20 K (Th) 172.369 (11) 0.036 (38)
ec24,15 L (Th) 183.566 - 187.700 0.286 (21)
ec4,2 M (Th) 186.174 - 188.024 0.0161 (10)
ec5,2 L (Th) 188.783 - 193.000 0.0529 (19)
ec24,15 M (Th) 198.856 - 200.706 0.074 (5)
ec24,15 N (Th) 202.710 - 203.703 0.0202 (14)
ec28,23 L (Th) 203.357 - 207.500 0.0166 (17)
ec5,2 M (Th) 204.073 - 205.923 0.01274 (46)
ec19,7 K (Th) 211.994 (14) 0.0147 (9)
ec3,0 K (Th) 218.353 (4) 0.0745 (30)
ec5,1 K (Th) 228.669 (6) 0.261 (10)
ec27,17 K (Th) 231.31 (1) 0.029 (8)
ec51,31 K (Th) 246.910 (18) 0.011 (11)
ec3,1 L (Th) 249.772 - 253.900 0.0254 (8)
ec19,8 L (Th) 258.522 - 262.700 0.024 (7)
ec28,20 L (Th) 261.547 - 265.700 0.0108 (45)
ec27,15 K (Th) 299.802 (8) 0.32 (26)
ec19,7 L (Th) 301.172 - 305.300 0.0125 (8)
ec3,0 L (Th) 307.531 - 311.700 0.0138 (5)
ec5,1 L (Th) 317.847 - 322.000 0.0483 (18)
ec27,17 L (Th) 320.49 - 324.70 0.0183 (12)
ec29,17 K (Th) 330.81 (1) 0.0303 (24)
ec5,1 M (Th) 333.137 - 334.987 0.01156 (44)
ec27,12 K (Th) 353.361 (8) 0.139 (8)
ec27,15 L (Th) 388.98 - 393.20 0.077 (32)
ec29,15 K (Th) 399.297 (8) 0.0444 (35)
ec27,15 M (Th) 404.27 - 406.12 0.018 (8)
ec27,12 L (Th) 442.539 - 446.700 0.0665 (37)
ec29,12 K (Th) 452.856 (8) 0.062 (45)
ec27,12 M (Th) 457.829 - 459.679 0.0174 (10)
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Energy Electrons Energy
keV per 100 disint. keV

ec39,19 K (Th) 461.166 (12) 0.022 (6)
ec11,5 K (Th) 462.641 (21) 0.011 (8)
ec29,15 L (Th) 488.475 - 492.600 0.0100 (8)
ec29,12 L (Th) 542.034 - 546.200 0.013 (7)
ec39,15 K (Th) 592.106 (8) 0.0124 (10)
ec39,12 K (Th) 645.665 (8) 0.0580 (24)
ec20,5 K (Th) 662.647 (7) 0.0283 (20)
ec18,3 K (Th) 685.298 (7) 0.057 (5)
ec15,2 K (Th) 726.054 (7) 0.0178 (8)
ec20,3 K (Th) 730.722 (6) 0.01008 (44)
ec39,12 L (Th) 734.843 - 739.000 0.01067 (44)
ec18,3 L (Th) 774.476 - 778.600 0.0147 (9)
ec12,1 K (Th) 801.559 (6) 0.236 (8)
ec15,1 K (Th) 855.118 (7) 0.0426 (17)
ec12,0 K (Th) 859.318 (5) 0.1282 (45)
ec12,1 L (Th) 890.737 - 894.900 0.0579 (19)
ec12,1 M (Th) 906.027 - 907.877 0.01438 (49)
ec12,0 L (Th) 948.496 - 952.700 0.0304 (11)
ec35,1 K (Th) 1478.545 (13) 0.017 (7)

β−0,60 max: 0.7 (27) 0.0047 (11) avg: 0.18 (68)
β−0,59 max: 86.8 (27) 0.0069 (11) avg: 22.4 (8)
β−0,58 max: 94.0 (27) 0.026 (4) avg: 24.3 (7)
β−0,57 max: 101.0 (27) 0.061 (6) avg: 26.2 (7)
β−0,56 max: 110.2 (27) 0.0032 (10) avg: 28.7 (7)
β−0,55 max: 113.7 (27) 0.238 (15) avg: 29.7 (8)
β−0,54 max: 136.3 (27) 0.07 (4) avg: 35.9 (8)
β−0,53 max: 158.8 (27) 0.0132 (14) avg: 42.2 (8)
β−0,52 max: 165.1 (27) 0.0038 (8) avg: 43.9 (8)
β−0,51 max: 178.9 (27) 0.307 (22) avg: 47.8 (8)
β−0,50 max: 186.6 (27) 0.053 (6) avg: 50.0 (8)
β−0,49 max: 195.2 (27) 0.061 (8) avg: 52.5 (8)
β−0,48 max: 217.2 (27) 0.025 (5) avg: 58.8 (8)
β−0,47 max: 223.9 (27) 0.069 (8) avg: 60.8 (8)
β−0,46 max: 230.8 (27) 0.109 (8) avg: 62.8 (8)
β−0,45 max: 326.2 (27) 0.051 (8) avg: 91.4 (8)
β−0,44 max: 327.9 (27) 0.035 (6) avg: 91.9 (8)
β−0,43 max: 363.6 (27) 0.139 (12) avg: 103.0 (9)
β−0,42 max: 365.6 (27) 0.060 (8) avg: 103.6 (9)
β−0,41 max: 379.9 (27) 0.378 (16) avg: 108.1 (9)
β−0,40 max: 388.4 (27) 0.149 (11) avg: 110.7 (9)
β−0,39 max: 399.5 (27) 1.93 (8) avg: 114.3 (9)
β−0,38 max: 435.4 (27) 2.50 (16) avg: 125.7 (9)
β−0,37 max: 440.0 (27) 0.20 (3) avg: 127.2 (9)
β−0,36 max: 441.0 (27) 1.21 (4) avg: 127.5 (9)
β−0,35 max: 477.8 (27) 4.12 (20) avg: 139.5 (9)
β−0,34 max: 480.7 (27) 0.82 (3) avg: 140.4 (9)
β−0,33 max: 485.5 (27) 1.23 (6) avg: 142.0 (9)
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Energy Electrons Energy
keV per 100 disint. keV

β−0,32 max: 506.0 (27) 0.071 (10) avg: 148.7 (9)
β−0,31 max: 535.5 (27) 8.8 (23) avg: 158.5 (9)
β−0,30 max: 584.6 (27) 0.030 (6) avg: 175.0 (9)
β−0,27 max: 691.8 (27) 1.6 (5) avg: 211.8 (10)
β−0,26 max: 707.7 (27) 0.060 (8) avg: 217.3 (10)
β−0,25 max: 779.7 (27) 0.208 (18) avg: 242.7 (10)
β−0,24 max: 826.4 (27) 1.46 (11) avg: 259.4 (10)
β−0,23 max: 897.2 (27) 0.67 (8) avg: 285.1 (10)
β−0,22 max: 948.4 (27) 0.166 (19) avg: 303.9 (10)
β−0,20 max: 955.4 (27) 3.39 (13) avg: 306.4 (10)
β−0,19 max: 970.3 (27) 6 (3) avg: 311.9 (10)
β−0,18 max: 1000.8 (27) 6.67 (18) avg: 323.2 (10)
β−0,16 max: 1063.9 (27) 0.099 (11) avg: 346.7 (11)
β−0,15 max: 1101.3 (27) 3.0 (4) avg: 360.8 (11)
β−0,14 max: 1107.4 (27) 0.39 (6) avg: 363.1 (11)
β−0,13 max: 1144.3 (27) 0.238 (20) avg: 377.1 (11)
β−0,12 max: 1154.8 (27) 31 (4) avg: 381.1 (11)
β−0,11 max: 1155.4 (27) 0.18 (3) avg: 381.4 (11)
β−0,10 max: 1179.6 (27) 0.087 (16) avg: 390.6 (11)
β−0,8 max: 1249.3 (27) 0.17 (10) avg: 417.2 (11)
β−0,5 max: 1727.7 (27) 12.4 (5) avg: 605.7 (11)
β−0,4 max: 1745.6 (27) 0.147 (21) avg: 587.3 (11)
β−0,3 max: 1795.8 (27) 0.72 (23) avg: 605.4 (11)
β−0,2 max: 1937.0 (27) 0.6 (5) avg: 690.2 (11)
β−0,1 max: 2066.0 (27) 6 (4) avg: 742.8 (11)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Th) 11.1177 — 19.5043 37 (4)

XKα2 (Th) 89.954 2.5 (7) } Kα
XKα1 (Th) 93.351 4.1 (11) }

XKβ3 (Th) 104.819 }
XKβ1 (Th) 105.604 } 1.5 (4) Kβ

′
1

XKβ
′′
5 (Th) 106.239 }

XKβ2 (Th) 108.509 }
XKβ4 (Th) 108.955 } 0.49 (13) Kβ

′
2

XKO2,3 (Th) 109.442 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ28,27(Th) 18.415 (12) 0.142 (30) E1 6.46 (10) 0.019 (4)
γ38,35(Th) 42.46 (5) 0.43 (14) M1 46.3 (7) 0.009 (3)
γ31,29(Th) 56.88 (5) 8 (8) E1+[M2] 360 (220) 0.020 (5)
γ1,0(Th) 57.752 (13) 72.5 (28) E2 153.2 (22) 0.470 (17)
γ20,17(Th) 77.34 (3) 0.027 (6) E1 0.232 (4) 0.027 (6)
γ29,27(Th) 99.505 (12) 6.10 (21) M1 3.84 (6) 1.26 (4)
γ18,15(Th) 100.41 (3) 0.114 (6) E1+M2 3.10 (5) 0.114 (6)
γ35,29(Th) 114.56 (7) 0.102 (46) M1+E2 9 (4) 0.0102 (22)
γ2,1(Th) 129.065 (3) 11.85 (36) E2 3.74 (6) 2.50 (7)
γ23,17(Th) 135.507 (22) 0.024 (6) E1 0.238 (4) 0.024 (6)
γ31,28(Th) 137.936 (22) 0.239 (34) M1 7.52 (11) 0.028 (4)
γ6,4(Th) 140.999 (20) 0.055 (11) E1 0.217 (3) 0.045 (9)
γ20,15(Th) 145.842 (20) 0.169 (6) E1 0.200 (3) 0.169 (6)
γ18,12(Th) 153.967 (11) 0.754 (23) E1 0.1757 (25) 0.754 (23)
γ25,22(Th) 168.53 (12) 0.0127 (31) M1+E2 2.7 (15) 0.0111 (27)
γ49,43(Th) 168.53 (12) 0.0093 (46) M1+E2 2.7 (15) 0.0025 (7)
γ19,13(Th) 173.96 (3) 0.036 (5) M1+E2 2.5 (14) 0.036 (5)
γ19,12(Th) 184.547 (19) 5.5 (29) E0+M1 100 (40) 0.054 (19)
γ4,2(Th) 191.351 (17) 0.236 (14) E2 0.776 (11) 0.133 (8)
γ20,12(Th) 199.402 (15) 0.299 (23) E1 0.0950 (14) 0.299 (23)
γ24,15(Th) 204.029 (11) 0.114 (8) M2 10.65 (15) 0.114 (8)
γ5,2(Th) 209.248 (7) 4.31 (14) E1 0.0848 (12) 3.97 (13)
γ19,9(Th) 214.89 (10) 0.047 (8) E2 0.514 (8) 0.031 (5)
γ28,23(Th) 223.793 (21) 0.058 (6) M1+E2 1.85 (4) 0.058 (6)
γ22,10(Th) 231.42 (10) 0.026 (4) E2 0.392 (6) 0.026 (4)
γ27,21(Th) 257.482 (21) 0.0286 (19) M1 1.285 (18) 0.0286 (19)
γ27,20(Th) 263.58 (10) 0.0451 (31) E1 0.0498 (7) 0.043 (3)
γ3,1(Th) 270.245 (7) 3.72 (10) E1 0.0470 (7) 3.55 (10)
γ19,8(Th) 278.80 (15) 0.33 (9) M1+E2 0.6 (4) 0.204 (28)
γ27,19(Th) 278.80 (15) 0.038 (6) E2 0.212 (3) 0.031 (5)
γ28,20(Th) 282.02 (4) 0.14 (6) M1+E2 0.6 (4) 0.09 (3)
γ19,7(Th) 321.646 (8) 0.232 (14) E2 0.1369 (20) 0.232 (14)
γ42,27(Th) 326.04 (20) 0.035 (6) E2 0.1315 (19) 0.035 (6)
γ3,0(Th) 328.004 (7) 3.13 (11) E1 0.0305 (5) 3.04 (11)
γ6,2(Th) 332.371 (6) 0.38 (6) E1 0.0297 (5) 0.37 (6)
γ5,1(Th) 338.320 (5) 11.72 (41) E1 0.0285 (4) 11.4 (4)
γ27,17(Th) 340.969 (21) 0.405 (20) E2+M1 0.133 (21) 0.405 (20)
γ51,31(Th) 356.7 (3) 0.032 (15) E1+M2 0.8 (8) 0.0178 (21)
γ55,33(Th) 372.59 (3) 0.0070 (17) E2 0.0902 (13) 0.0070 (17)
γ29,19(Th) 377.99 (10) 0.033 (6) M1+E2 0.27 (18) 0.026 (3)
γ57,33(Th) 384.47 (9) 0.0070 (17) E2 0.0828 (12) 0.0070 (17)
γ49,30(Th) 389.32 (13) 0.0108 (17) M1+E2 0.25 (17) 0.0108 (17)
γ50,30(Th) 397.95 (10) 0.029 (3) 0.029 (3)
γ41,25(Th) 399.83 (14) 0.0316 (41) E1 0.0200 (3) 0.031 (4)
γ27,15(Th) 409.460 (13) 2.02 (6) E2+M1 0.21 (15) 2.02 (6)
γ30,18(Th) 415.96 (14) 0.0138 (23) E1 0.0184 (3) 0.0138 (23)
γ35,23(Th) 419.38 (7) 0.0224 (31) E1 0.0181 (3) 0.022 (3)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ29,17(Th) 440.450 (24) 0.166 (13) M1 0.295 (5) 0.128 (10)
γ11,6(Th) 449.11 (6) 0.053 (6) E2 0.0554 (8) 0.050 (6)
γ27,13(Th) 452.50 (6) 0.0199 (19) E2 0.0544 (8) 0.0199 (19)
γ37,23(Th) 457.18 (15) 0.0186 (39) M1+E2 0.16 (11) 0.016 (3)
γ27,12(Th) 463.002 (6) 4.45 (24) E2 0.0514 (8) 4.45 (24)
γ33,20(Th) 470.21 (20) 0.0142 (30) E1 0.01428 (20) 0.014 (3)
γ26,10(Th) 471.77 (15) 0.0357 (42) E2 0.0491 (7) 0.034 (4)
γ34,20(Th) 474.79 (10) 0.026 (5) M1+E2 0.14 (10) 0.023 (4)
γ8,5(Th) 478.40 (5) 0.227 (19) E1 0.01379 (20) 0.224 (19)
γ48,26(Th) 490.33 (15) 0.0116 (25) E2 0.0447 (7) 0.0116 (25)
γ35,19(Th) 492.29 (8) 0.0282 (41) M1+E2 0.13 (9) 0.025 (3)
γ39,23(Th) 497.64 (10) 0.0062 (19) M2 0.581 (9) 0.0062 (19)
γ7,3(Th) 503.819 (23) 0.173 (19) E1 0.01243 (18) 0.171 (19)
γ29,15(Th) 508.955 (13) 0.568 (45) E2+M1 0.1130 (16) 0.51 (4)
γ33,18(Th) 515.12 (7) 0.051 (6) E1 0.01189 (17) 0.051 (6)
γ34,18(Th) 520.16 (3) 0.070 (7) M1+E2 0.11 (8) 0.070 (7)
γ35,18(Th) 523.129 (22) 0.129 (10) E1 0.01153 (17) 0.129 (10)
γ16,6(Th) 540.67 (5) 0.0297 (38) M1+E2 0.10 (7) 0.027 (3)
γ8,3(Th) 546.445 (21) 0.201 (16) E1 0.01058 (15) 0.199 (16)
γ39,22(Th) 548.73 (11) 0.0264 (47) M1+E2 0.10 (7) 0.024 (4)
γ35,17(Th) 555.07 (16) 0.048 (6) M1+E2 0.048 (6)
γ29,12(Th) 562.496 (7) 0.97 (7) E2+M1 0.09 (6) 0.89 (4)
γ39,19(Th) 570.88 (4) 0.22 (6) M1 0.1472 (21) 0.19 (5)
γ11,5(Th) 572.10 (5) 0.170 (22) M1+E2 0.09 (6) 0.156 (18)
γ13,5(Th) 583.391 (10) 0.120 (11) E1 0.00932 (13) 0.120 (11)
γ9,3(Th) 610.65 (10) 0.024 (5) E1 0.00853 (12) 0.024 (5)
γ10,3(Th) 616.21 (3) 0.085 (7) E1 0.00838 (12) 0.084 (7)
γ14,5(Th) 620.32 (7) 0.084 (7) 0.084 (7)
γ35,15(Th) 623.48 (22) 0.0128 (33) M1+E2 0.07 (5) 0.012 (3)
γ34,14(Th) 626.80 (22) 0.015 (3) 0.015 (3)
γ35,14(Th) 629.41 (5) 0.047 (5) E2 0.0254 (4) 0.047 (5)
γ11,3(Th) 640.32 (4) 0.058 (6) E2 0.0245 (4) 0.057 (6)
γ20,6(Th) 649.02 (12) 0.043 (11) E2 0.0238 (4) 0.0332 (36)
γ32,12(Th) 649.02 (12) 0.0086 (9) 0.0086 (9)
γ13,3(Th) 651.53 (3) 0.094 (10) E1 0.00754 (11) 0.094 (10)
γ36,15(Th) 660.1 (3) 0.00572 (38) M1+E2 0.06 (4) 0.0054 (3)
γ16,5(Th) 663.88 (8) 0.029 (6) M1+E2 0.06 (4) 0.029 (6)
γ46,23(Th) 666.45 (5) 0.0068 (7) E1 0.00722 (11) 0.0068 (7)
γ35,13(Th) 666.45 (5) 0.061 (7) M1+E2 0.06 (4) 0.058 (6)
γ38,14(Th) 671.95 (8) 0.027 (8) 0.027 (8)
γ34,12(Th) 674.63 (4) 0.105 (10) M1+E2 0.06 (4) 0.105 (10)
γ35,12(Th) 677.08 (10) 0.065 (6) M1+E2 0.06 (4) 0.065 (6)
γ14,3(Th) 688.12 (4) 0.070 (7) 0.070 (7)
γ34,10(Th) 698.99 (10) 0.038 (6) E2 0.0203 (3) 0.038 (6)
γ39,15(Th) 701.742 (15) 0.181 (15) M1 0.0850 (12) 0.181 (15)
γ23,6(Th) 707.42 (5) 0.162 (18) E2 0.0198 (3) 0.162 (18)
γ51,23(Th) 718.30 (3) 0.0191 (40) E1 0.00628 (9) 0.019 (4)
γ18,5(Th) 726.88 (10) 0.68 (8) E2 0.0187 (3) 0.68 (8)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ43,15(Th) 737.74 (5) 0.039 (5) M1+E2 0.05 (3) 0.039 (5)
γ39,12(Th) 755.313 (9) 1.102 (43) M1 0.070 (1) 1.03 (4)
γ20,5(Th) 772.291 (7) 1.52 (6) M1+E2 0.0244 (14) 1.52 (6)
γ7,1(Th) 774.07 (10) 0.0630 (41) E2 0.01649 (23) 0.062 (4)
γ51,20(Th) 776.51 (3) 0.020 (6) 0.020 (6)
γ12,2(Th) 782.140 (6) 0.508 (41) E2 0.01615 (23) 0.50 (4)
γ51,19(Th) 791.43 (9) 0.0149 (42) M1 0.0618 (9) 0.014 (4)
γ43,12(Th) 791.43 (9) 0.0104 (31) M1+E2 0.039 (23) 0.010 (3)
γ13,2(Th) 792.69 (10) 0.082 (5) E2 0.01572 (22) 0.081 (5)
γ18,3(Th) 794.942 (14) 4.31 (14) E2+M1 0.0179 (14) 4.31 (14)
γ38,8(Th) 813.88 (10) 0.0073 (17) M1+E2 0.036 (22) 0.0073 (17)
γ8,1(Th) 816.82 (10) 0.0321 (42) M1+E2 0.036 (21) 0.031 (4)
γ25,6(Th) 824.931 (25) 0.054 (6) E2 0.01452 (21) 0.053 (6)
γ23,5(Th) 830.481 (8) 0.61 (6) E2+M1 0.0150 (3) 0.61 (6)
γ15,2(Th) 835.704 (8) 1.70 (7) E2 0.01415 (20) 1.70 (7)
γ20,3(Th) 840.372 (9) 0.984 (41) E2 0.0140 (2) 0.97 (4)
γ51,17(Th) 853.96 (8) 0.0128 (21) M1+E2 0.032 (19) 0.0124 (20)
γ46,15(Th) 870.47 (7) 0.046 (5) M1 0.0481 (7) 0.046 (5)
γ16,2(Th) 873.10 (15) 0.032 (7) E1 0.00440 (7) 0.032 (7)
γ8,0(Th) 874.45 (8) 0.051 (11) E2 0.01294 (19) 0.050 (11)
γ47,15(Th) 877.38 (7) 0.0144 (31) M1+E2 0.030 (18) 0.014 (3)
γ9,1(Th) 880.76 (10) 0.0066 (19) E2 0.01276 (18) 0.0065 (19)
γ55,18(Th) 887.26 (10) 0.029 (3) M1+E2 0.029 (17) 0.029 (3)
γ24,5(Th) 901.38 (3) 0.0172 (40) E2 0.01220 (17) 0.017 (4)
γ17,2(Th) 904.20 (5) 0.78 (4) E2 0.01212 (17) 0.78 (4)
γ12,1(Th) 911.196 (6) 26.5 (8) E2 0.01194 (17) 26.2 (8)
γ55,17(Th) 919.03 (12) 0.028 (3) 0.028 (3)
γ13,1(Th) 921.87 (12) 0.0158 (24) M1+E2 0.027 (15) 0.0154 (23)
γ28,6(Th) 930.99 (7) 0.0026 (24) M1+E2 0.026 (15) 0.0025 (23)
γ47,12(Th) 930.99 (7) 0.004 (1) 0.004 (1)
γ58,17(Th) 939.89 (15) 0.009 (3) 0.009 (3)
γ10,0(Th) 944.19 (3) 0.102 (10) E1+M2 0.025 (14) 0.10 (1)
γ25,5(Th) 947.976 (24) 0.111 (10) M1+E2 0.025 (14) 0.111 (10)
γ14,1(Th) 958.59 (4) 0.29 (5) 0.29 (5)
γ15,1(Th) 964.786 (8) 4.99 (17) E2+M1 0.01119 (23) 4.99 (17)
γ12,0(Th) 968.960 (9) 16.1 (5) E2 0.01061 (15) 15.9 (5)
γ51,12(Th) 975.98 (5) 0.052 (6) M1 0.0356 (5) 0.052 (6)
γ13,0(Th) 979.49 (10) 0.0283 (30) E2 0.01039 (15) 0.028 (3)
γ21,2(Th) 987.87 (10) 0.14 (6) M1+E2 0.022 (13) 0.14 (6)
γ22,2(Th) 988.65 (20) 0.081 (14) E2 0.01021 (15) 0.081 (14)
γ51,10(Th) 1000.68 (10) 0.0054 (3) 0.0054 (3)
γ58,14(Th) 1013.55 (13) 0.0097 (16) 0.0097 (16)
γ14,0(Th) 1016.44 (10) 0.0194 (31) M1+E2 0.021 (12) 0.019 (3)
γ54,12(Th) 1017.94 (20) 0.032 (32) E2+M3 0.07 (7) 0.03 (3)
γ26,5(Th) 1019.88 (10) 0.022 (5) 0.022 (5)
γ17,1(Th) 1033.244 (23) 0.204 (12) E2 0.00938 (14) 0.204 (12)
γ23,2(Th) 1039.83 (7) 0.056 (18) 0.056 (18)
γ55,12(Th) 1040.94 (15) 0.047 (10) E2+M3 0.07 (6) 0.047 (10)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ57,12(Th) 1053.11 (20) 0.0143 (41) M1+E2 0.019 (10) 0.014 (4)
γ28,5(Th) 1054.13 (20) 0.019 (6) M1+E2 0.019 (10) 0.019 (6)
γ50,8(Th) 1062.57 (15) 0.011 (4) 0.011 (4)
γ18,1(Th) 1065.168 (15) 0.135 (8) 0.135 (8)
γ48,7(Th) 1074.73 (15) 0.011 (4) 0.011 (4)
γ26,3(Th) 1088.20 (15) 0.0062 (14) 0.0062 (14)
γ19,1(Th) 1095.671 (23) 0.126 (10) M1+E2 0.017 (9) 0.126 (10)
γ27,3(Th) 1103.43 (10) 0.0102 (11) E3 0.0195 (3) 0.0102 (11)
γ20,1(Th) 1110.604 (9) 0.285 (22) E1 0.00288 (4) 0.284 (22)
γ24,2(Th) 1110.604 (9) 0.0273 (21) E1 0.00288 (4) 0.0272 (21)
γ22,1(Th) 1117.65 (10) 0.061 (7) 0.061 (7)
γ29,5(Th) 1135.26 (15) 0.0102 (17) 0.0102 (17)
γ30,5(Th) 1142.87 (15) 0.0108 (22) 0.0108 (22)
γ57,8(Th) 1148.17 (14) 0.0062 (14) M1+E2 0.015 (8) 0.0062 (14)
γ19,0(Th) 1153.27 (4) 0.148 (13) E1+M2 0.03 (3) 0.148 (13)
γ25,2(Th) 1157.16 (15) 0.0073 (14) E1+M2 0.03 (3) 0.0073 (14)
γ37,6(Th) 1164.55 (7) 0.067 (7) M1+E2 0.015 (8) 0.067 (7)
γ22,0(Th) 1175.33 (10) 0.0257 (42) E1+M2 0.027 (24) 0.025 (4)
γ57,7(Th) 1190.83 (20) 0.0065 (17) M1+E2 0.014 (7) 0.0065 (17)
γ40,6(Th) 1217.03 (10) 0.022 (4) 0.022 (4)
γ26,2(Th) 1229.42 (15) 0.0078 (25) 0.0078 (25)
γ27,2(Th) 1245.15 (6) 0.110 (8) M1+E2 0.013 (6) 0.110 (8)
γ34,5(Th) 1247.10 (5) 0.524 (24) M1 0.0187 (3) 0.524 (24)
γ35,5(Th) 1250.06 (5) 0.065 (6) 0.065 (6)
γ44,6(Th) 1276.72 (10) 0.015 (3) 0.015 (3)
γ25,1(Th) 1286.29 (20) 0.052 (11) E1+M2 0.052 (11)
γ37,5(Th) 1287.77 (8) 0.109 (25) M1+E2 0.012 (6) 0.109 (25)
γ33,3(Th) 1309.76 (20) 0.020 (7) E1+M2 0.020 (18) 0.020 (7)
γ34,3(Th) 1315.33 (10) 0.0152 (30) M1+E2 0.011 (6) 0.015 (3)
γ29,2(Th) 1344.62 (15) 0.0094 (20) M1+E2 0.011 (5) 0.0094 (20)
γ41,5(Th) 1347.50 (15) 0.0163 (41) E1+M2 0.019 (17) 0.016 (4)
γ40,4(Th) 1357.81 (15) 0.021 (5) 0.021 (5)
γ41,4(Th) 1365.71 (12) 0.0144 (31) E2+M3 0.03 (3) 0.014 (3)
γ27,1(Th) 1374.24 (7) 0.0196 (14) E2+M3 0.03 (3) 0.0196 (14)
γ45,5(Th) 1401.52 (10) 0.0132 (31) E1+M2 0.017 (15) 0.013 (3)
γ41,3(Th) 1415.55 (14) 0.022 (5) E3 0.01141 (16) 0.022 (5)
γ32,2(Th) 1430.99 (10) 0.037 (8) 0.037 (8)
γ28,0(Th) 1451.43 (15) 0.0111 (22) M1+E2 0.009 (4) 0.0111 (22)
γ35,2(Th) 1459.131 (22) 0.89 (6) E2 0.00498 (7) 0.87 (5)
γ45,3(Th) 1469.74 (15) 0.021 (5) E1+M2 0.015 (14) 0.021 (5)
γ36,2(Th) 1495.904 (16) 0.924 (30) E2 0.00477 (7) 0.92 (3)
γ38,2(Th) 1501.59 (5) 0.513 (17) 0.513 (17)
γ39,2(Th) 1537.89 (10) 0.049 (6) E2+M3 0.023 (19) 0.049 (6)
γ40,2(Th) 1548.65 (6) 0.040 (5) 0.040 (5)
γ41,2(Th) 1557.13 (7) 0.173 (9) E2+M1 0.0070 (6) 0.173 (9)
γ32,1(Th) 1560.02 (7) 0.021 (5) 0.021 (5)
γ42,2(Th) 1571.55 (20) 0.0059 (17) 0.0059 (17)
γ43,2(Th) 1573.389 (24) 0.0341 (40) E2 0.00438 (7) 0.034 (4)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ33,1(Th) 1580.531 (25) 0.624 (40) M1+E2 0.007 (3) 0.62 (4)
γ35,1(Th) 1588.200 (25) 3.06 (12) E2 0.007 (3) 3.06 (12)
γ54,4(Th) 1609.44 (15) 0.0081 (17) E2 0.00422 (6) 0.0081 (17)
γ36,1(Th) 1625.09 (4) 0.270 (23) E2+M3 0.020 (17) 0.270 (23)
γ38,1(Th) 1630.618 (20) 1.52 (6) M1+E2 0.007 (3) 1.52 (6)
γ33,0(Th) 1638.272 (23) 0.462 (30) E2 0.00410 (6) 0.46 (3)
γ39,1(Th) 1666.514 (13) 0.173 (9) M1 0.00895 (13) 0.173 (9)
γ40,1(Th) 1677.66 (6) 0.057 (6) 0.057 (6)
γ41,1(Th) 1686.22 (11) 0.094 (7) E2 0.00391 (6) 0.094 (7)
γ42,1(Th) 1700.62 (20) 0.0105 (25) 0.0105 (25)
γ43,1(Th) 1702.40 (8) 0.055 (7) E2+M3 0.018 (15) 0.055 (7)
γ46,2(Th) 1706.17 (7) 0.0089 (12) M1+E2 0.0078 (12) 0.0089 (12)
γ47,2(Th) 1713.49 (20) 0.0057 (11) E2+M3 0.018 (14) 0.0057 (11)
γ39,0(Th) 1724.19 (5) 0.030 (4) E1+M2 0.030 (4)
γ44,1(Th) 1738.46 (5) 0.018 (4) 0.018 (4)
γ45,1(Th) 1740.5 (3) 0.011 (4) 0.011 (4)
γ49,2(Th) 1742.1 (3) 0.0084 (25) M1+E2 0.0084 (25)
γ50,2(Th) 1750.58 (20) 0.0084 (9) 0.0084 (9)
γ51,2(Th) 1758.11 (5) 0.0361 (40) E2+M1 0.00371 (6) 0.036 (4)
γ52,2(Th) 1772.2 (3) 0.0019 (5) E2+M3 0.016 (13) 0.0019 (5)
γ60,3(Th) 1795.13 (6) 0.0022 (8) 0.0022 (8)
γ45,0(Th) 1797.5 (5) 0.0022 (8) E1+M2 0.009 (8) 0.0022 (8)
γ54,2(Th) 1800.9 (2) 0.0046 (8) 0.0046 (8)
γ55,2(Th) 1823.22 (10) 0.046 (5) 0.046 (5)
γ56,2(Th) 1826.8 (3) 0.0022 (8) 0.0022 (8)
γ46,1(Th) 1835.29 (10) 0.0381 (40) E2+M1 0.00382 (10) 0.038 (4)
γ47,1(Th) 1842.15 (8) 0.037 (6) M1+E2 0.0055 (4) 0.037 (6)
γ59,2(Th) 1850.17 (20) 0.0046 (8) 0.0046 (8)
γ49,1(Th) 1870.82 (9) 0.0257 (24) M1+E2 0.0051 (18) 0.0257 (24)
γ50,1(Th) 1879.6 (3) 0.0013 (5) 0.0013 (5)
γ51,1(Th) 1887.13 (5) 0.094 (7) E2+M1 0.0050 (17) 0.094 (7)
γ47,0(Th) 1900.16 (20) 0.0030 (6) E1+M2 0.008 (7) 0.0030 (6)
γ53,1(Th) 1907.14 (11) 0.0124 (13) 0.0124 (13)
γ54,1(Th) 1929.78 (20) 0.0208 (14) E2+M3 0.013 (10) 0.0208 (14)
γ60,2(Th) 1936.3 (3) 0.0022 (6) 0.0022 (6)
γ55,1(Th) 1952.37 (10) 0.062 (5) E2+M3 0.013 (10) 0.062 (5)
γ56,1(Th) 1955.9 (5) 0.0008 (3) 0.0008 (3)
γ52,0(Th) 1958.4 (3) 0.0016 (5) E1+M2 0.0016 (5)
γ57,1(Th) 1965.22 (12) 0.0223 (22) M1+E2 0.0046 (15) 0.0223 (22)
γ58,1(Th) 1972.0 (3) 0.0038 (8) 0.0038 (8)
γ59,1(Th) 1979.3 (3) 0.0019 (5) 0.0019 (5)
γ58,0(Th) 2029.4 (5) 0.0019 (5) E1+M2 0.007 (6) 0.0019 (5)
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ANNEX I: RECOMMENDED DECAY DATA Th− 228

1 Half-life, Q-value and Decay mode

T1/2 : 698.55 (32) d
Qα : 5520.08 (22) keV
α : 100 %
20O : 1.13 (22) ×10−11 %

2 α Emissions

Energy Probability
keV × 100

α0,8 4448.00 (23) 0.0000045 (7)
α0,7 4522.97 (23) 0.000017 (3)
α0,6 4952.5 (3) 0.000024 (5)
α0,5 4997.76 (24) 0.000010 (2)
α0,4 5137.97 (22) 0.036 (6)
α0,3 5176.86 (22) 0.218 (4)
α0,2 5211.05 (22) 0.408 (7)
α0,1 5340.35 (22) 26.0 (5)
α0,0 5423.24 (22) 73.4 (5)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Ra) 5.71 - 12.04 10.4 (4)

eAK (Ra) 0.0020 (3)
KLL 65.149 - 72.729 }
KLX 79.721 - 88.466 }
KXY 94.27 - 103.91 }

ec1,0 L (Ra) 65.14 - 68.93 18.5 (5)
ec1,0 M (Ra) 79.55 - 81.27 5.0 (2)
ec1,0 N+ (Ra) 83.17 - 84.36 1.65 (5)
ec2,0 K (Ra) 112.072 (4) 0.015 (6)
ec3,1 K (Ra) 62.497 (4) 0.023 (1)
ec3,1 L (Ra) 147.17 - 150.97 0.069 (2)
ec3,1 M+ (Ra) 161.59 - 166.40 0.025 (1)

Surrey Univ. /A.L. Nichols



ANNEX I: RECOMMENDED DECAY DATA Th− 228

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Ra) 10.622 — 18.412 8.6 (4)

XKα2 (Ra) 85.43 0.0180 (3) } Kα
XKα1 (Ra) 88.47 0.0295 (5) }

XKβ3 (Ra) 99.432 }
XKβ1 (Ra) 100.13 } 0.01034 (21) Kβ

′
1

XKβ
′′
5 (Ra) 100.738 }

XKβ2 (Ra) 102.89 }
XKβ4 (Ra) 103.295 } 0.00339 (9) Kβ

′
2

XKO2,3 (Ra) 103.74 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ4,2(Ra) 74.38 (4) 0.015 (5) [E2] 38.6 (6) 0.00039 (14)
γ1,0(Ra) 84.373 (3) 26.4 (7) E2 21.2 (3) 1.19 (3)
γ2,1(Ra) 131.612 (5) 0.158 (3) E1 0.247 (4) 0.127 (2)
γ5,4(Ra) 142.71 (11) 0.0000041 (13) [E2] 2.14 (3) 0.0000013 (4)
γ3,1(Ra) 166.410 (4) 0.217 (4) E2 1.164 (17) 0.1004 (14)
γ5,3(Ra) 182.29 (10) 0.0000057 (20) [E1] 0.1126 (16) 0.0000051 (18)
γ4,1(Ra) 205.99 (4) 0.0204 (5) [E1] 0.0841 (12) 0.0188 (5)
γ2,0(Ra) 215.985 (4) 0.265 (4) E1 0.0752 (11) 0.246 (4)
γ6,3(Ra) 228.42 (18) 0.000025 (6) [E2] 0.366 (6) 0.000018 (4)
γ7,2(Ra) 700.36 (7) 0.000003 (1) E1 0.00611 (9) 0.000003 (1)
γ8,3(Ra) 741.87 (6) 0.0000014 (4) [E2] 0.01625 (23) 0.0000014 (4)
γ7,1(Ra) 831.97 (7) 0.000014 (2) E2 0.01289 (18) 0.000014 (2)
γ8,1(Ra) 908.28 (6) 0.0000017 (5) [M1+50%E2] 0.024 (3) 0.0000017 (5)
γ8,0(Ra) 992.65 (6) 0.0000014 (4) [E2] 0.00913 (13) 0.0000014 (4)
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M.-M.Bé, V.P.Chechev, R.Dersch, O.A.M.Helene, R.G.Helmer, M.Herman, S.Hlavác, A.Marcinkowski,
G.L.Molnár, A.L.Nichols, E.Schönfeld, V.R.Vanin, M.J.Woods, in Update of X Ray and Gamma Ray De-
cay Data Standards for Detector Calibration and Other Applications Vol. 1, STI/PUB/1287, IAEA, Vienna (2007)

(Half-life)
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1 Half-life, Q-value and Decay mode

T1/2 : 7.88 (12) ×103 y
Qα : 5167.6 (10) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,44 4478 (3) 0.005
α0,43 4484 (2) 0.03 (2)
α0,40 4599 (3) 0.02 (1)
α0,38 4608 (2) 0.050 (8)
α0,36 4667 0.001
α0,33 4690 (2) 0.23 (8)
α0,30 4694 (2) 0.12 (2)
α0,29 4737 0.01
α0,28 4748 0.005
α0,27 4754 0.05
α0,26 4761 (2) 1.0 (4)
α0,24 4797.8 (12) 1.5 (2)
α0,23 4809 0.22
α0,22 4814.6 (12) 9.30 (8)
α0,20 4833 0.29
α0,19 4838 (2) 5.0 (2)
α0,18 4845.3 (12) 56.2 (2)
α0,17 4852 0.03
α0,15 4861 (2) 0.28 (10)
α0,14 4865 0.03
α0,13 4878 0.03
α0,12 4901.0 (12) 10.20 (8)
α0,10 4930 (2) 0.16 (5)
α0,8 4967.5 (12) 5.97 (6)
α0,6 4978.5 (12) 3.17 (4)
α0,5 5009 (2) 0.09 (1)
α0,4 5023 (2) 0.009 (3)
α0,3 5036 (2) 0.24 (2)
α0,2 5047 (2) 0.2
α0,1 5053 (2) 6.6 (1)
α0,0 5078 (2) 0.05 (1)
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3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Ra) 5.71 - 12.04 132 (7)

eAK (Ra) 1.60 (21)
KLL 65.149 - 72.729 }
KLX 79.721 - 88.466 }
KXY 94.27 - 103.91 }

ec3,1 L (Ra) 1.92 - 1.92 0.52 (26)
ec10,3 K (Ra) 3.193 (8) 7.6 (16)
ec4,2 L (Ra) 4.4 - 8.2 0.218 (21)
ec15,8 K (Ra) 5.285 (8) 0.45 (11)
ec1,0 L (Ra) 6.16 - 9.95 43 (21)
ec12,5 K (Ra) 6.417 (10) 0.037 (4)
ec12,10 L (Ra) 10.7 - 14.5 18.4 (33)
ec6,5 L (Ra) 11.9 - 15.7 1.56 (15)
ec2,0 L (Ra) 12.3 - 16.1 2.14 (8)
ec22,18 L (Ra) 12.34 - 16.13 4.7 (7)
ec3,1 M (Ra) 12.54 - 14.26 18 (9)
ec15,6 K (Ra) 16.065 (8) 0.402 (3)
ec3,1 N (Ra) 16.15 - 17.08 4.6 (23)
ec5,2 L (Ra) 18.6 - 22.4 2.4 (12)
ec4,2 M (Ra) 18.8 - 20.5 0.053 (5)
ec19,9 K (Ra) 19.278 (11) 0.035 (5)
ec1,0 M (Ra) 20.57 - 22.28 11 (6)
ec10,1 K (Ra) 20.63 (5) 4.63 (41)
ec18,8 K (Ra) 20.74 (5) 4.95 (41)
ec17,6 K (Ra) 22.5650 (17) 0.05 (1)
ec33,22 K (Ra) 22.565 (17) 0.032 (3)
ec8,5 L (Ra) 23.1 - 26.9 0.068 (7)
ec3,0 L (Ra) 23.59 - 27.38 9.0 (23)
ec1,0 N (Ra) 24.18 - 25.11 3.0 (15)
ec5,1 L (Ra) 24.76 - 28.55 0.491 (23)
ec12,10 M (Ra) 25.1 - 26.8 4.6 (8)
ec6,5 M (Ra) 26.3 - 28.0 0.391 (38)
ec2,0 M (Ra) 26.7 - 28.4 0.536 (20)
ec22,18 M (Ra) 26.75 - 28.46 1.12 (17)
ec19,8 K (Ra) 28.011 (5) 1.91 (7)
ec6,5 N (Ra) 29.9 - 30.8 0.10 (1)
ec24,10 K (Ra) 30.275 (20) 0.0165 (7)
ec2,0 N (Ra) 30.3 - 31.2 0.137 (5)
ec13,5 K (Ra) 30.3 (1) 0.051 (8)
ec22,18 N (Ra) 30.36 - 31.29 0.297 (44)
ec26,23 L (Ra) 30.518 - 34.306 0.42 (6)
ec9,5 L (Ra) 31.76 - 35.55 0.29 (7)
ec5,2 M (Ra) 33.0 - 34.7 0.65 (33)
ec12,3 K (Ra) 33.075 (4) 6.04 (18)
ec26,22 L (Ra) 34.52 - 38.31 0.158 (43)
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Energy Electrons
keV per 100 disint.

ec5,2 N (Ra) 36.6 - 37.5 0.17 (9)
ec18,12 L (Ra) 37.286 - 41.074 4.1 (12)
ec8,5 M (Ra) 37.5 - 39.2 0.0166 (17)
ec3,0 M (Ra) 38.00 - 39.72 2.2 (7)
ec19,6 K (Ra) 39.047 (5) 1.83 (6)
ec5,1 M (Ra) 39.17 - 40.89 0.121 (6)
ec3,0 N (Ra) 41.61 - 42.54 0.61 (16)
ec5,1 N (Ra) 42.78 - 43.71 0.0311 (15)
ec22,9 K (Ra) 43.725 (30) 0.031 (2)
ec12,2 K (Ra) 44.24 (4) 0.129 (9)
ec26,23 M (Ra) 44.928 - 46.645 0.10 (2)
ec10,0 K (Ra) 46.12 (3) 0.20 (6)
ec9,5 M (Ra) 46.17 - 47.89 0.068 (16)
ec33,19 K (Ra) 47.7 (3) 0.0960 (15)
ec26,23 N (Ra) 48.542 - 49.471 0.034 (5)
ec12,8 L (Ra) 48.86 - 52.65 0.76 (30)
ec26,22 M (Ra) 48.93 - 50.64 0.038 (10)
ec8,3 L (Ra) 49.60 - 53.39 5.6 (5)
ec9,5 N (Ra) 49.78 - 50.71 0.0180 (43)
ec12,1 K (Ra) 50.42 (1) 2.5 (7)
ec18,12 M (Ra) 51.696 - 53.413 0.96 (27)
ec22,8 K (Ra) 52.494 (9) 4.19 (12)
ec26,22 N (Ra) 52.54 - 53.47 0.0100 (27)
ec33,18 K (Ra) 54.50 (12) 0.17 (7)
ec18,12 N (Ra) 55.310 - 56.239 0.25 (7)
ec6,1 L (Ra) 55.9 - 59.7 16.5 (35)
ec26,19 L (Ra) 59.068 - 62.856 0.041 (7)
ec30,17 K (Ra) 59.425 (40) 0.069 (7)
ec18,5 K (Ra) 63.061 (50) 0.023 (2)
ec12,8 M (Ra) 63.27 - 64.98 0.19 (7)
ec22,6 K (Ra) 63.53 (8) 0.145 (29)
ec8,3 M (Ra) 64.01 - 65.72 1.52 (15)
ec12,8 N (Ra) 66.88 - 67.81 0.048 (22)
ec8,1 L (Ra) 67.02 - 70.81 5.6 (8)
ec18,10 L (Ra) 67.2 - 71.0 93.6 (13)
ec8,3 N (Ra) 67.62 - 68.55 0.401 (39)
ec24,8 K (Ra) 69.011 (18) 0.292 (27)
ec6,1 M (Ra) 70.3 - 72.0 4.5 (10)
ec6,1 N (Ra) 73.9 - 74.8 1.18 (25)
ec10,4 L (Ra) 75.498 - 79.286 0.026 (3)
ec12,0 K (Ra) 75.842 (60) 0.039 (5)
ec24,6 K (Ra) 80.013 (8) 0.324 (16)
ec8,1 M (Ra) 81.43 - 83.14 1.39 (21)
ec18,10 M (Ra) 81.6 - 83.3 22.39 (35)
ec8,1 N (Ra) 85.04 - 85.97 0.36 (6)
ec18,10 N (Ra) 85.2 - 86.1 5.90 (11)
ec10,3 L (Ra) 87.876 - 91.664 1.78 (49)
ec18,3 K (Ra) 89.60 (5) 8.9
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Energy Electrons
keV per 100 disint.

ec15,8 L (Ra) 89.968 - 93.756 0.085 (22)
ec15,1 K (Ra) 90.385 (70) 0.034 (5)
ec19,3 K (Ra) 96.892 (80) 0.011 (2)
ec22,10 L (Ra) 98.868 - 102.656 0.043 (5)
ec15,6 L (Ra) 100.748 - 104.536 0.075 (5)
ec18,2 K (Ra) 100.775 (80) 0.041 (6)
ec10,3 M (Ra) 102.286 - 104.003 0.44 (14)
ec15,8 M (Ra) 104.378 - 106.095 0.023 (5)
ec10,1 L (Ra) 105.32 - 109.11 0.86 (8)
ec18,8 L (Ra) 105.42 - 109.21 0.92 (8)
ec10,3 N (Ra) 105.900 - 106.829 0.113 (41)
ec26,8 K (Ra) 106.24 (8) 0.29 (6)
ec18,1 K (Ra) 106.938 (3) 4.25 (46)
ec33,22 L (Ra) 107.248 - 111.036 0.016 (2)
ec17,6 L (Ra) 107.248 - 111.036 0.025 (3)
ec19,8 L (Ra) 112.694 - 116.482 0.355 (14)
ec22,10 M (Ra) 113.278 - 114.995 0.0116 (23)
ec19,1 K (Ra) 114.239 (17) 0.248 (28)
ec24,10 L (Ra) 114.958 - 118.746 0.0109 (6)
ec15,6 M (Ra) 115.158 - 116.875 0.018 (2)
ec26,6 K (Ra) 117.305 (100) 0.032 (5)
ec12,3 L (Ra) 117.76 - 121.55 1.125 (33)
ec10,1 M (Ra) 119.73 - 121.44 0.206 (18)
ec18,8 M (Ra) 119.83 - 121.54 0.221 (18)
ec26,12 L (Ra) 122.768 - 126.556 0.016 (3)
ec10,1 N (Ra) 123.34 - 124.27 0.0544 (48)
ec18,8 N (Ra) 123.44 - 124.37 0.0583 (48)
ec19,6 L (Ra) 123.730 - 127.518 0.341 (11)
ec19,8 M (Ra) 127.104 - 128.821 0.0851 (33)
ec12,2 L (Ra) 128.92 - 132.71 0.0263 (18)
ec19,8 N (Ra) 130.718 - 131.647 0.0224 (9)
ec10,0 L (Ra) 130.81 - 134.60 0.047 (6)
ec12,3 M (Ra) 132.17 - 133.89 0.269 (8)
ec18,0 K (Ra) 132.334 (100) 0.021 (3)
ec33,19 L (Ra) 132.4 - 136.2 0.01782 (28)
ec12,1 L (Ra) 135.104 - 138.892 0.55 (6)
ec12,3 N (Ra) 135.78 - 136.71 0.0709 (21)
ec22,8 L (Ra) 137.177 - 140.965 0.777 (23)
ec19,6 M (Ra) 138.140 - 139.857 0.0816 (27)
ec22,1 K (Ra) 138.685 (110) 0.09 (1)
ec33,18 L (Ra) 139.19 - 142.98 0.032 (6)
ec19,6 N (Ra) 141.754 - 142.683 0.0215 (7)
ec30,17 L (Ra) 144.108 - 147.896 0.013 (2)
ec10,0 M (Ra) 145.22 - 146.94 0.0114 (18)
ec18,5 L (Ra) 147.744 - 151.532 0.046 (5)
ec22,6 L (Ra) 148.22 - 152.01 0.027 (5)
ec12,1 M (Ra) 149.514 - 151.231 0.139 (23)
ec22,8 M (Ra) 151.587 - 153.304 0.186 (5)
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Energy Electrons
keV per 100 disint.

ec12,1 N (Ra) 153.128 - 154.057 0.035 (5)
ec24,8 L (Ra) 153.694 - 157.482 0.054 (5)
ec24,1 K (Ra) 155.165 (130) 0.031 (4)
ec22,8 N (Ra) 155.201 - 156.130 0.0489 (14)
ec12,0 L (Ra) 160.525 - 164.313 0.099 (16)
ec24,6 L (Ra) 164.696 - 168.484 0.060 (3)
ec24,8 M (Ra) 168.104 - 169.821 0.0129 (12)
ec18,3 L (Ra) 174.29 - 178.08 1.6
ec12,0 M (Ra) 174.935 - 176.652 0.027 (6)
ec15,1 L (Ra) 175.068 - 178.856 0.011 (2)
ec24,6 M (Ra) 179.106 - 180.823 0.0144 (7)
ec19,3 L (Ra) 181.575 - 185.363 0.022 (3)
ec18,3 M (Ra) 188.70 - 190.42 0.4
ec26,8 L (Ra) 190.92 - 194.71 0.054 (11)
ec18,1 L (Ra) 191.621 - 195.409 0.78 (8)
ec18,3 N (Ra) 192.31 - 193.24 0.14
ec19,1 L (Ra) 198.922 - 202.710 0.046 (5)
ec26,8 M (Ra) 205.33 - 207.04 0.0128 (27)
ec22,3 L (Ra) 206.028 - 209.816 0.012 (2)
ec18,1 M (Ra) 206.031 - 207.748 0.187 (20)
ec18,1 N (Ra) 209.645 - 210.574 0.049 (5)
ec19,1 M (Ra) 213.332 - 215.049 0.0109 (12)
ec18,0 L (Ra) 217.017 - 220.805 0.028 (3)
ec22,1 L (Ra) 223.368 - 227.156 0.017 (2)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Ra) 10.62 — 18.41 106 (7)

XKα2 (Ra) 85.43 14.3 (6) } Kα
XKα1 (Ra) 88.47 23.4 (9) }

XKβ3 (Ra) 99.432 }
XKβ1 (Ra) 100.13 } 8.2 (4) Kβ

′
1

XKβ
′′
5 (Ra) 100.738 }

XKβ2 (Ra) 102.89 }
XKβ4 (Ra) 103.295 } 2.69 (12) Kβ

′
2

XKO2,3 (Ra) 103.74 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ8,6(Ra) 11.10 (8) 12.0 (18) (M1+E2) 60000 (6) 0.00020 (3)
γ43,42(Ra) 11.79 (20) 0.0005 0.0005
γ3,1(Ra) 17.360 (36) 24 (12) (M1) 133.2 (21) 0.18 (9)
γ4,2(Ra) 23.6 0.291 (24) (M1+E2) 241.33 0.0012 (1)
γ1,0(Ra) 25.39 (2) 58 (29) (E2) 7240 (110) 0.008 (4)
γ23,19(Ra) 28.68 (10) 0.10 (3) 0.10 (3)
γ12,10(Ra) 29.9 (1) 24.6 (45) (M1+E2) 223 0.11 (2)
γ10,9(Ra) 29.9 (1) 0.002 0.002
γ6,5(Ra) 31.10 (5) 2.92 (28) (E1) 2.48 (4) 0.84 (8)
γ2,0(Ra) 31.50 (5) 4.03 (14) E1 2.39 (4) 1.19 (4)
γ22,18(Ra) 31.57 (9) 6.3 (9) (M1) 91.1 (15) 0.068 (10)
γ25,21(Ra) 33.04 (20) 0.01 0.01
γ5,2(Ra) 37.8 (1) 3.3 (16) (E2) 1023 (20) 0.0032 (16)
γ8,5(Ra) 42.3 (1) 0.172 (17) (E1) 1.094 (17) 0.082 (8)
γ3,0(Ra) 42.82 (5) 12.2 (31) (M1+E2) 75 (19) 0.16 (1)
γ5,1(Ra) 43.99 (1) 1.31 (6) E1 0.985 (14) 0.66 (3)
γ22,15(Ra) 46.52 (4) 0.021 (2) 0.021 (2)
γ26,23(Ra) 49.75 (8) 0.58 (5) (M1) 25.2 0.022 (2)
γ9,5(Ra) 50.99 (4) 0.39 (9) (M1) 22.2 (4) 0.017 (4)
γ26,22(Ra) 53.75 (20) 0.22 (6) (M1) 19.0 (4) 0.011 (3)
γ4,0(Ra) 55.11 (3) 0.0042 (6) (E1) 0.540 (8) 0.0027 (4)
γ18,12(Ra) 56.518 (5) 5.5 (15) M1(+E2) 18 (5) 0.29 (2)
γ12,9(Ra) 59.33 (10) 0.012 (2) 0.012 (2)
γ24,15(Ra) 63.7 (2) 0.005 (2) 0.005 (2)
γ9,4(Ra) 64.96 (10) 0.087 (11) 0.087 (11)
γ25,17(Ra) 65.91 (10) 0.161 (17) 0.161 (17)
γ12,8(Ra) 68.09 (4) 1.04 (38) M1+E2 14 (5) 0.069 (10)
γ15,11(Ra) 68.8 (1) 0.04 0.04
γ20,12(Ra) 68.8 (10) 0.09 0.09
γ8,3(Ra) 68.83 (3) 7.7 (7) E2 55.9 (8) 0.136 (13)
γ33,26(Ra) 72.739 (10) 0.14 (2) 0.14 (2)
γ6,1(Ra) 75.1 (1) 23.1 (49) E2 36.9 (6) 0.61 (13)
γ16,10(Ra) 75.19 (10) 0.002 (1) 0.002 (1)
γ9,3(Ra) 77.63 (5) 0.055 (7) (E1) 0.216 (3) 0.045 (6)
γ26,19(Ra) 78.3 (2) 0.059 (15) (M1) 6.33 (10) 0.008 (2)
γ8,1(Ra) 86.25 (4) 8.7 (11) M1+E2 5.7 (7) 1.3 (1)
γ18,10(Ra) 86.40 (5) 100.0 (19) M1 4.75 (7) 26.0 (1)
γ29,21(Ra) 89.09 (20) 0.01 0.01
γ36,27(Ra) 89.09 (20) 0.005 0.005
γ9,2(Ra) 89.09 (20) 0.14 0.14
γ26,17(Ra) 94.7 (1) 0.028 (10) 0.028 (10)
γ10,4(Ra) 94.73 (8) 0.304 (23) (E1) 0.1274 (18) 0.27 (2)
γ9,1(Ra) 94.92 (8) 0.0146 (34) (E1) 0.1268 (18) 0.013 (3)
γ40,30(Ra) 97.01 (12) 0.011 (3) 0.011 (3)
γ20,10(Ra) 98.86 (10) 0.120 (15) 0.120 (15)
γ26,15(Ra) 101.1 (2) 0.018 (3) 0.018 (3)
γ7,0(Ra) 101.58 (10) 0.049 (7) 0.049 (7)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ33,25(Ra) 101.58 (10) 0.049 (7) 0.049 (7)
γ27,16(Ra) 102.54 (2) 0.160 (19) 0.160 (19)
γ24,12(Ra) 104.6 (2) 0.058 (30) (M1+E2) 5.4 (25) 0.009 (3)
γ10,3(Ra) 107.108 (8) 10.8 (10) M1(+E2) 12.3 (11) 0.81 (4)
γ15,8(Ra) 109.1 (1) 0.58 (11) (M1) 12.15 (18) 0.044 (8)
γ21,10(Ra) 110.3 (5) 0.009 (2) 0.009 (2)
γ12,5(Ra) 110.332 (8) 0.171 (17) (E1) 0.377 (6) 0.124 (12)
γ42,38(Ra) 114.75 (10) 0.0151 (22) 0.0151 (22)
γ14,6(Ra) 115.85 (10) 0.01 0.01
γ18,9(Ra) 115.85 (10) 0.014 (E1) 0.336 (5) 0.01
γ10,2(Ra) 118.1 (1) 0.007 (3) 0.007 (3)
γ22,10(Ra) 118.1 (1) 0.074 (23) (E2) 4.72 (7) 0.013 (4)
γ15,6(Ra) 119.98 (2) 0.52 (21) (M1) 9.30 (13) 0.05 (2)
γ19,9(Ra) 123.193 (13) 0.195 (9) (E1) 0.290 (4) 0.151 (7)
γ10,1(Ra) 124.55 (5) 6.5 (6) (M1) 8.36 (12) 0.69 (6)
γ18,8(Ra) 124.65 (5) 6.9 (6) (M1) 8.34 (12) 0.74 (6)
γ33,22(Ra) 126.48 (10) 0.061 (34) (M1,E2) 5.8 (23) 0.009 (4)
γ17,6(Ra) 126.48 (10) 0.095 (42) (M1,E2) 5.8 (23) 0.014 (4)
γ19,8(Ra) 131.926 (5) 2.71 (10) M1 7.1 (1) 0.335 (12)
γ13,5(Ra) 134.19 (10) 0.073 (12) (M1) 6.76 (10) 0.0094 (15)
γ24,10(Ra) 134.19 (10) 0.022 (11) (E2) 2.75 (4) 0.006 (3)
γ33,21(Ra) 134.19 (10) 0.0014 (7) 0.0014 (7)
γ12,3(Ra) 136.990 (4) 8.71 (25) M1 6.38 (9) 1.18 (3)
γ20,8(Ra) 137.0 (1) 0.04 (1) 0.04 (1)
γ21,9(Ra) 139.8 (1) 0.0045 (10) 0.0045 (10)
γ26,12(Ra) 142.0 (1) 0.035 (10) (E2) 2.18 (4) 0.011 (3)
γ19,6(Ra) 142.962 (5) 2.69 (9) M1 5.65 (8) 0.404 (12)
γ22,9(Ra) 147.64 (5) 0.237 (24) E1 0.187 (3) 0.20 (2)
γ12,2(Ra) 148.15 (4) 1.04 (7) E1 0.186 (3) 0.88 (6)
γ10,0(Ra) 150.04 (3) 0.33 (M1+E2) 4.5 (8) 0.06
γ11,0(Ra) 151.6 (3) 0.025 0.025
γ33,19(Ra) 151.6 (3) 0.15 (M1) 4.78 (8) 0.025
γ12,1(Ra) 154.336 (10) 3.9 (6) M1+E2 4.1 (8) 0.77 (2)
γ22,8(Ra) 156.409 (9) 6.40 (18) M1 4.38 (7) 1.19 (3)
γ33,18(Ra) 158.42 (12) 0.26 (7) M1(+E2) 4.5 (14) 0.048 (5)
γ30,17(Ra) 163.34 (17) 0.097 (34) (M1) 3.87 (6) 0.020 (7)
γ18,5(Ra) 166.976 (7) 0.234 (11) (E1) 0.1391 (20) 0.205 (10)
γ22,6(Ra) 167.45 (5) 0.230 (46) (M1) 3.61 (5) 0.05 (1)
γ31,16(Ra) 169.2 (3) 0.0029 (14) 0.0029 (14)
γ16,4(Ra) 169.2 (3) 0.0010 (5) 0.0010 (5)
γ30,15(Ra) 169.2 (3) 0.0039 (14) 0.0039 (14)
γ23,6(Ra) 171.76 (5) 0.040 (4) 0.040 (4)
γ24,8(Ra) 172.926 (18) 0.472 (43) M1 3.29 (5) 0.11 (1)
γ19,5(Ra) 174.05 (7) 0.0023 0.1258 (18) 0.002
γ30,14(Ra) 174.05 (11) 0.0071 (18) 0.0071 (18)
γ33,15(Ra) 174.05 (11) 0.0067 (18) 0.0067 (18)
γ37,23(Ra) 174.7 (2) 0.030 (3) 0.030 (3)
γ12,0(Ra) 179.757 (7) 0.368 (28) E2 0.867 (13) 0.197 (15)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ16,3(Ra) 182.12 (10) 0.0054 (11) 0.0054 (11)
γ35,15(Ra) 183.0 (1) 0.0071 (12) 0.0071 (12)
γ24,6(Ra) 183.928 (8) 0.541 (27) M1(+E2) 2.92 0.138 (7)
γ38,25(Ra) 185.6 (1) 0.002 0.002
γ28,10(Ra) 185.6 (1) 0.002 0.002
γ37,21(Ra) 186.1 (1) 0.013 (5) 0.013 (5)
γ42,35(Ra) 189.25 (6) 0.0104 (21) 0.0104 (21)
γ21,5(Ra) 190.63 (20) 0.0101 (20) 0.0101 (20)
γ16,2(Ra) 193.52 (5) 0.0007 (3) 0.0007 (3)
γ18,3(Ra) 193.52 (5) 15.53 M1 2.53 4.4
γ15,1(Ra) 194.3 (3) 0.08 (6) (M1,E2) 1.5 (9) 0.03 (2)
γ19,3(Ra) 200.807 (16) 0.1088 (48) (E2) 0.577 (8) 0.069 (3)
γ18,2(Ra) 204.690 (5) 0.640 (33) (E1) 0.0854 (12) 0.59 (3)
γ26,8(Ra) 210.15 (8) 0.55 (12) (M1) 1.90 (3) 0.19 (4)
γ18,1(Ra) 210.853 (3) 8.1 (9) M1 1.89 (3) 2.8 (3)
γ41,26(Ra) 213.48 (5) 0.0087 (16) 0.0087 (16)
γ24,5(Ra) 215.10 (1) 0.147 (11) (E1) 0.0759 (11) 0.137 (10)
γ27,8(Ra) 216.0 (1) 0.053 (6) 0.053 (6)
γ21,3(Ra) 217.41 (10) 0.0065 (11) 0.0065 (11)
γ19,1(Ra) 218.154 (17) 0.49 (5) M1 1.715 (24) 0.18 (2)
γ34,12(Ra) 219.8 (1) 0.0033 (8) 0.0033 (8)
γ37,17(Ra) 219.8 (1) 0.0008 0.0008
γ26,6(Ra) 221.22 (5) 0.058 (16) (M1) 1.650 (24) 0.022 (6)
γ16,0(Ra) 225.26 (10) 0.003 (1) 0.003 (1)
γ22,3(Ra) 225.26 (10) 0.086 (8) (E2) 0.384 (6) 0.062 (6)
γ21,2(Ra) 228.6 (1) 0.0006 (2) 0.0006 (2)
γ21,1(Ra) 234.8 (1) 0.0008 (2) 0.0008 (2)
γ38,19(Ra) 234.8 (1) 0.0008 0.00084
γ18,0(Ra) 236.249 (20) 0.231 (12) E2 0.327 (5) 0.174 (9)
γ22,1(Ra) 242.6 (2) 0.189 (18) M1 1.275 (18) 0.083 (8)
γ31,10(Ra) 244.4 (1) 0.0013 (3) 0.0013 (3)
γ25,3(Ra) 250.1 (1) 0.00034 (16) 0.00034 (16)
γ26,5(Ra) 252.43 (3) 0.100 (13) (E1) 0.0522 (8) 0.095 (12)
γ24,1(Ra) 259.08 (4) 0.07 (1) (M1) 1.063 (15) 0.034 (5)
γ25,1(Ra) 267.4 (1) 0.0008 (3) 0.0008 (3)
γ33,9(Ra) 274.1 (1) 0.0007 (2) 0.0007 (2)
γ43,27(Ra) 276.85 (10) 0.0042 (10) 0.0042 (10)
γ30,8(Ra) 278.65 (5) 0.0068 (8) 0.0068 (8)
γ44,27(Ra) 281.27 (10) 0.007 (1) 0.007 (1)
γ33,8(Ra) 282.6 (1) 0.0038 (7) 0.0038 (7)
γ30,6(Ra) 289.62 (5) 0.0150 (17) 0.0150 (17)
γ33,6(Ra) 293.78 (10) 0.0065 (8) 0.0065 (8)
γ26,1(Ra) 296.21 (10) 0.0191 (20) (E2) 0.1581 (23) 0.0165 (17)
γ38,12(Ra) 298.72 (12) 0.0070 (8) 0.0070 (8)
γ28,2(Ra) 303.75 (10) 0.0017 (30) 0.0017 (30)
γ39,12(Ra) 307.3 (1) 0.006 (3) 0.006 (3)
γ28,1(Ra) 310.1 (1) 0.0020 (3) 0.0020 (3)
γ45,29(Ra) 313.3 (1) 0.0037 (11) 0.0037 (11)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ29,2(Ra) 317.8 (1) 0.00055 (14) 0.00055 (14)
γ42,23(Ra) 320.8 (1) 0.00016 (7) 0.00016 (7)
γ31,5(Ra) 324.6 (1) 0.00043 (13) 0.00043 (13)
γ45,28(Ra) 327.9 (1) 0.003 0.003
γ27,0(Ra) 327.9 (1) 0.016 (3) 0.016 (3)
γ38,10(Ra) 328.2 (1) 0.0020 (8) 0.0020 (8)
γ34,5(Ra) 329.9 (2) 0.0006 (2) 0.0006 (2)
γ37,8(Ra) 334.74 (10) 0.00043 (11) 0.00043 (11)
γ43,22(Ra) 336.7 (1) 0.0082 (1) 0.0082 (1)
γ39,10(Ra) 336.7 (1) 0.0001 0.0001
γ45,26(Ra) 341.1 (1) 0.0008 (2) 0.0008 (2)
γ34,4(Ra) 344.3 (1) 0.0001 0.0001
γ36,5(Ra) 347.4 (1) 0.0006 (1) 0.0006 (1)
γ42,19(Ra) 349.4 (1) 0.0001 0.0001
γ29,0(Ra) 349.4 (1) 0.0004 (1) 0.0004 (1)
γ32,3(Ra) 351.7 (1) 0.0005 (1) 0.0005 (1)
γ38,9(Ra) 358.0 (1) 0.006 (1) 0.006 (1)
γ43,19(Ra) 361.0 (1) 0.0006 (1) 0.0006 (1)
γ38,8(Ra) 366.5 (1) 0.0004 (1) 0.0004 (1)
γ39,9(Ra) 366.5 (1) 0.0001 0.0001
γ43,18(Ra) 368.1 (1) 0.0019 (3) 0.0019 (3)
γ31,1(Ra) 368.9 (1) 0.0019 (3) 0.0019 (3)
γ39,8(Ra) 375.1 (1) 0.0003 (1) 0.0003 (1)
γ38,6(Ra) 377.4 (1) 0.0029 (3) 0.0029 (3)
γ43,16(Ra) 379.4 (1) 0.0013 (2) 0.0013 (2)
γ39,6(Ra) 386.4 (1) 0.0008 (2) 0.0008 (2)
γ32,0(Ra) 395.3 (2) 0.0008 (1) 0.0008 (1)
γ34,0(Ra) 399.9 (2) 0.00014 (6) 0.00014 (6)
γ35,0(Ra) 403.3 (1) 0.0018 (2) 0.0018 (2)
γ38,5(Ra) 408.5 (1) 0.0010 (1) 0.0010 (1)
γ41,9(Ra) 414.61 (10) 0.0003 (1) 0.0003 (1)
γ39,5(Ra) 417.4 (1) 0.0014 (2) 0.0014 (2)
γ45,19(Ra) 419.9 (2) 0.0006 (1) 0.0006 (1)
γ43,12(Ra) 424.8 (1) 0.0032 (3) 0.0032 (3)
γ38,3(Ra) 435.3 (1) 0.0031 (4) 0.0031 (4)
γ39,3(Ra) 444.1 (1) 0.0005 (1) 0.0005 (1)
γ38,1(Ra) 452.6 (1) 0.0017 (2) 0.0017 (2)
γ43,10(Ra) 454.76 (10) 0.0105 (11) 0.0105 (11)
γ44,10(Ra) 459.1 (3) 0.001 0.001
γ41,5(Ra) 465 (1) 0.0001 0.0001
γ38,0(Ra) 478.0 (1) 0.0037 (4) 0.0037 (4)
γ45,12(Ra) 483.7 (1) 0.0018 (2) 0.0018 (2)
γ39,0(Ra) 487.3 (2) 0.0004 (1) 0.0004 (1)
γ43,8(Ra) 492.9 (1) 0.00152 (16) 0.00152 (16)
γ43,6(Ra) 503.6 (1) 0.00005 0.00005
γ41,2(Ra) 503.6 (1) 0.00012 (5) 0.00012 (5)
γ45,10(Ra) 513.5 (2) 0.0007 (2) 0.0007 (2)
γ42,5(Ra) 523.5 (1) 0.0005 (1) 0.0005 (1)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ41,0(Ra) 535.1 (1) 0.0013 (2) 0.0013 (2)
γ43,5(Ra) 535.1 (1) 0.0002 0.0002
γ45,9(Ra) 543.0 (3) 0.0001 0.0001
γ42,3(Ra) 549.8 (5) 0.0001 0.0001
γ45,8(Ra) 551.7 (2) 0.00011 (4) 0.00011 (4)
γ43,3(Ra) 561.8 (1) 0.0019 (2) 0.0019 (2)
γ44,3(Ra) 565.7 (3) 0.0009 (1) 0.0009 (1)
γ43,2(Ra) 573.0 (1) 0.0028 (3) 0.0028 (3)
γ43,1(Ra) 579.2 (2) 0.0006 (1) 0.0006 (1)
γ42,0(Ra) 592.5 (1) 0.0003 (1) 0.0003 (1)
γ45,5(Ra) 594.4 (3) 0.0001 0.0001
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1 Half-life, Q-value and Decay mode

T1/2 : 25.52 (1) h
Qβ− : 391.6 (15) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,14 39.8 (15) 0.0032 (2) 7.33
β−0,13 71.4 (15) 0.066 (2) 1st forbidden 6.79
β−0,12 73.6 (15) 0.00078 (5) 8.76
β−0,11 144.3 (15) 2.7 (4) Allowed 6.11
β−0,10 173.4 (15) 0.31 (23) 7.3
β−0,9 208.1 (15) 12.2 (15) Allowed 5.95
β−0,8 217.4 (15) 1.36 (24) 6.96
β−0,6 289.3 (15) 13 (8) Allowed 6.4
β−0,5 290.2 (15) 41 (16) Allowed 5.88
β−0,4 307.4 (15) 29 (18) Allowed 6.1
β−0,3 313.9 (15) 0.43 (2) 1st forbidden 7.97
β−0,2 333.0 (15) 0.17 (17) 1st forbidden 8.2
β−0,0 391.6 (15) 0.022 (7) 1st forbidden 9.57

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pa) 5.9 - 21.0 68 (3)

eAK (Pa) 0.038 (5)
KLL 70.081 - 78.822 }
KLX 85.989 - 95.858 }
KXY 101.87 - 112.59 }

ec4,2 L (Pa) 4.540 - 8.912 45.3 (24)
ec5,4 M (Pa) 11.8 - 13.8 31 (11)
ec9,2 K (Pa) 12.320 (19) 0.01333 (41)
ec6,4 M (Pa) 12.71 - 14.63 8.2 (36)
ec4,2 M (Pa) 20.284 - 22.203 11.7 (6)
ec5,2 L (Pa) 21.78 - 26.16 0.0507 (14)
ec10,8 L (Pa) 22.98 - 27.35 0.16 (16)
ec11,7 K (Pa) 23.071 (11) 0.49 (11)
ec11,5 K (Pa) 33.34 (2) 0.110 (33)
ec2,0 L (Pa) 37.467 - 41.839 54.5 (20)
ec5,2 M (Pa) 37.53 - 39.45 0.0125 (7)
ec10,8 M (Pa) 38.72 - 40.64 0.041 (40)
ec11,9 L (Pa) 42.76 - 47.13 0.59 (26)
ec3,1 L (Pa) 47.4 - 51.8 0.316 (9)

CNDC /Huang Xiaolong, Wang Baosong



ANNEX I: RECOMMENDED DECAY DATA Th− 231

Energy Electrons Energy
keV per 100 disint. keV

ec11,4 K (Pa) 50.509 (4) 0.61 (7)
ec8,5 L (Pa) 51.647 - 56.019 0.0549 (37)
ec2,0 M (Pa) 53.211 - 55.130 15.0 (5)
ec11,9 M (Pa) 58.50 - 60.42 0.16 (7)
ec9,6 L (Pa) 60.123 - 64.495 5.5 (9)
ec9,5 L (Pa) 60.982 - 65.354 2.47 (38)
ec8,0 K (Pa) 61.56 (2) 0.032 (29)
ec3,1 M (Pa) 63.1 - 65.1 0.0873 (28)
ec4,0 L (Pa) 63.110 - 67.482 11.86 (18)
ec8,5 M (Pa) 67.391 - 69.310 0.0134 (9)
ec8,4 L (Pa) 68.84 - 73.22 0.1222 (42)
ec9,6 M (Pa) 75.867 - 77.786 1.36 (27)
ec9,5 M (Pa) 76.726 - 78.645 0.63 (13)
ec9,4 L (Pa) 78.176 - 82.548 0.607 (42)
ec4,0 M (Pa) 78.854 - 80.773 3.8 (7)
ec6,0 L (Pa) 81.16 - 85.54 0.0379 (10)
ec8,4 M (Pa) 84.59 - 86.51 0.0297 (10)
ec9,4 M (Pa) 93.920 - 95.839 0.155 (12)
ec11,7 L (Pa) 114.562 - 118.934 0.112 (15)
ec11,5 L (Pa) 124.836 - 129.208 0.0411 (36)
ec11,7 M (Pa) 130.306 - 132.225 0.0279 (48)
ec11,5 M (Pa) 140.580 - 142.499 0.0107 (14)
ec11,4 L (Pa) 142.000 - 146.372 0.122 (5)
ec8,0 L (Pa) 153.06 - 157.43 0.0122 (10)
ec11,4 M (Pa) 157.744 - 159.663 0.0296 (17)

β−0,14 max: 39.8 (15) 0.0032 (2) avg: 10.1 (5)
β−0,13 max: 71.4 (15) 0.066 (2) avg: 18.3 (4)
β−0,12 max: 73.6 (15) 0.00078 (5) avg: 18.9 (4)
β−0,11 max: 144.3 (15) 2.7 (4) avg: 38.1 (5)
β−0,10 max: 173.4 (15) 0.31 (23) avg: 46.2 (5)
β−0,9 max: 208.1 (15) 12.2 (15) avg: 56.2 (5)
β−0,8 max: 217.4 (15) 1.36 (24) avg: 58.9 (5)
β−0,6 max: 289.3 (15) 13 (8) avg: 80.1 (5)
β−0,5 max: 290.2 (15) 41 (16) avg: 80.4 (5)
β−0,4 max: 307.4 (15) 29 (18) avg: 85.6 (5)
β−0,3 max: 313.9 (15) 0.43 (2) avg: 87.6 (5)
β−0,2 max: 333.0 (15) 0.17 (17) avg: 93.4 (5)
β−0,0 max: 391.6 (15) 0.022 (7) avg: 111.6 (5)
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4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pa) 11.3676 — 20.1126 65 (3)

XKα2 (Pa) 92.288 0.37 (4) } Kα
XKα1 (Pa) 95.869 0.59 (7) }

XKβ3 (Pa) 107.595 }
XKβ1 (Pa) 108.422 } 0.21 (2) Kβ

′
1

XKβ
′′
5 (Pa) 109.072 }

XKβ2 (Pa) 111.405 }
XKβ4 (Pa) 111.87 } 0.071 (8) Kβ

′
2

XKO2,3 (Pa) 112.38 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ4,2(Pa) 25.64 (2) 74.6 (39) E1 4.37 (7) 13.9 (7)
γ5,2(Pa) 42.86 (7) 0.1275 (34) [E1] 1.14 (2) 0.0596 (15)
γ10,8(Pa) 44.08 (17) 0.22 (23) [M1+E2] 300 (300) 0.00074 (21)
γ2,0(Pa) 58.5700 (24) 75.1 (27) E2 155.5 (22) 0.480 (16)
γ11,9(Pa) 63.86 (3) 0.82 (36) M1+E2 34 (15) 0.0235 (21)
γ3,1(Pa) 68.5 (1) 0.438 (13) E2 73.3 (12) 0.00590 (15)
γ8,5(Pa) 72.7510 (25) 0.333 (22) [E1] 0.280 (4) 0.260 (17)
γ3,0(Pa) 77.69 0.0042 (7) 0.0042 (7)
γ9,6(Pa) 81.2280 (14) 8.2 (13) M1(+E2) 8.1 (14) 0.905 (23)
γ9,5(Pa) 82.0870 (13) 3.7 (6) M1(+E2) 7.9 (13) 0.418 (13)
γ4,0(Pa) 84.2140 (13) 23.4 (17) E1 2.50 (25) 6.70 (7)
γ8,4(Pa) 89.95 (2) 1.171 (35) E1 0.1598 (22) 1.01 (3)
γ6,1(Pa) 93.02 (4) 0.0459 (34) [E1] 0.1463 (21) 0.040 (3)
γ9,4(Pa) 99.278 (3) 0.96 (7) M1+E2 6.0 (4) 0.137 (6)
γ6,0(Pa) 102.2700 (13) 0.491 (12) E1 0.1141 (16) 0.441 (11)
γ9,3(Pa) 105.81 (3) 0.0087 (6) [E1] 0.1043 (15) 0.0079 (5)
γ10,7(Pa) 106.61 (3) 0.0197 (8) [E1] 0.1023 (14) 0.0179 (7)
γ8,2(Pa) 115.63 (3) 0.0121 (47) [M1+E2] 10 (4) 0.00110 (16)
γ10,5(Pa) 116.82 (2) 0.0302 (12) E1 0.342 (5) 0.0225 (9)
γ9,2(Pa) 124.914 (17) 0.0763 (20) E1 0.294 (4) 0.0590 (15)
γ10,4(Pa) 134.03 (2) 0.0318 (10) E1 0.249 (4) 0.0255 (8)
γ11,7(Pa) 135.664 (11) 0.72 (9) M1(+E2) 8.0 (11) 0.0797 (22)
γ13,9(Pa) 136.75 (7) 0.00547 (19) [E1] 0.237 (3) 0.00442 (15)
γ10,3(Pa) 140.54 (4) 0.0047 (19) [M1+E2] 5.3 (25) 0.00074 (7)
γ11,6(Pa) 145.06 (4) 0.0201 (11) [E2] 2.46 (3) 0.0058 (3)
γ11,5(Pa) 145.94 (2) 0.198 (27) M1+E2 5.1 (8) 0.0324 (12)
γ11,4(Pa) 163.101 (4) 0.92 (7) M1(+E2) 4.9 (4) 0.156 (5)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ8,1(Pa) 165.00 (5) 0.00857 (35) [E2] 1.464 (2) 0.00348 (14)
γ11,3(Pa) 169.66 (3) 0.00161 (8) [E1] 0.1421 (20) 0.00141 (7)
γ8,0(Pa) 174.15 (2) 0.067 (27) [M1+E2] 2.7 (15) 0.0180 (6)
γ9,0(Pa) 183.480 (25) 0.0375 (9) E1 0.1181 (17) 0.0335 (8)
γ11,2(Pa) 188.76 (2) 0.00378 (33) [E1] 0.1105 (15) 0.0034 (3)
γ13,6(Pa) 217.94 (3) 0.0434 (9) E1 0.0789 (11) 0.0402 (8)
γ13,4(Pa) 236.01 (3) 0.01002 (32) [E1] 0.0657 (9) 0.0094 (3)
γ12,3(Pa) 240.27 (5) 0.000308 (43) [E1] 0.0630 (9) 0.00029 (4)
γ13,3(Pa) 242.50 (4) 0.0016 (6) [M1+E2] 1.0 (7) 0.00082 (5)
γ14,6(Pa) 249.60 (7) 0.00085 (7) [E1] 0.0578 (8) 0.00080 (7)
γ14,5(Pa) 250.45 (7) 0.00071 (7) [E1] 0.0573 (8) 0.00067 (7)
γ14,4(Pa) 267.62 (8) 0.00148 (15) [E1] 0.0493 (7) 0.00141 (14)
γ14,3(Pa) 274.1 (1) 0.000058 (27) [M1+E2] 0.7 (5) 0.000034 (12)
γ12,1(Pa) 308.78 (7) 0.0003748 (19) [E1] 0.0358 (5) 0.0003618 (18)
γ13,1(Pa) 311.00 (5) 0.005 (1) M1+E2 0.6 (3) 0.00315 (14)
γ12,0(Pa) 317.87 (8) 0.0001039 (5) [E1] 0.0336 (5) 0.0001005 (5)
γ13,0(Pa) 320.15 (8) 0.00022 (7) [M1+E2] 0.5 (4) 0.00015 (3)
γ14,0(Pa) 351.8 (1) 0.000090 (24) [M1+E2] 0.35 (25) 0.000067 (13)
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1 Half-life, Q-value and Decay mode

T1/2 : 14.02 (6) ×109 y
Qα : 4081.6 (14) keV
α : 100 %
24−26Ne : 1.15 ×10−9 %
SF : <2.78 ×10−10 %

2 α Emissions

Energy Probability
keV × 100

α0,2 3810.0 (14) 0.068 (20)
α0,1 3948.5 (14) 21.0 (13)
α0,0 4011.2 (14) 78.9 (13)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Ra) 5.71 - 19.09 8.18 (29)

eAK (Ra) 0.00019 (6)
KLL 65.149 - 72.729 }
KLX 79.721 - 88.466 }
KXY 94.27 - 103.91 }

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Ra) 10.624 — 18.354 7.2 (3)

XKα2 (Ra) 85.43 0.0017 (5) } Kα
XKα1 (Ra) 88.47 0.0028 (8) }

XKβ3 (Ra) 99.432 }
XKβ1 (Ra) 100.13 } 0.00097 (28) Kβ

′
1

XKβ
′′
5 (Ra) 100.738 }

XKβ2 (Ra) 102.89 }
XKβ4 (Ra) 103.295 } 0.00032 (10) Kβ

′
2

XKO2,3 (Ra) 103.74 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Ra) 63.811 (10) 21.1 (13) E2 80.4 (12) 0.259 (15)
γ2,1(Ra) 140.88 (1) 0.068 (20) E2 2.26 (4) 0.021 (6)

5 References

A.F.Kovarik, N.I.Adams Jr., Phys. Rev. 54 (1938) 413

(Half-life)

D.C.Dunlavey, G.T.Seaborg, Phys. Rev. 87 (1952) 165

(Alpha emission probabilities)

G.Philbert, J.Genin, L.Vigneron, J. Phys. Radium 15 (1954) 16

(Alpha emission)

R.L.Macklin, H.S.Pomerance, J. Nucl. Energy 2 (1956) 243

(Half-life)

G.Albouy, Ann. Phys. (Paris) 1 (1956) 99

(Alpha emission probabilities)

E.Picciotto, S.Wilgain, Nuovo Cim. 4 (1956) 1525

(Half-life)

F.E.Senftle, T.A.Farley, N.Lazar, Phys. Rev. 104 (1956) 1629

(Half-life)

B.G.Harvey, H.G.Jackson, T.A.Eastwood, G.C.Hanna, Can. J. Phys. 35 (1957) 258

(Alpha emission energies)

G.E.Kocharov, A.P.Komar, G.A.Korolev, Sov. Phys. - JETP 9 (1959) 48

(Alpha emission probabilities)

R.E.Bell, S.Bjornholm, J.C.Severiens, Kgl. Dan. Vidensk. Selsk. Mat.-Fys. Medd. 32,12 (1960)

(Half-life)

T.A.Farley, Can. J. Phys. 38 (1960) 1059

(Half-life)

G.E.Kocharov, G.A.Korolev, Izv. Akad. Nauk SSSR, Ser. Fiz. 25 (1961) 237

(Alpha emission energies, Alpha emission probabilities)

G.A.Korolev, G.E.Kocharov, Izv. Akad. Nauk SSSR, Ser. Fiz. 26 (1962) 233

(Alpha emission energies)

L.J.Leroux, L.E.Glendenin, Nat. Conf. Nucl. Energy, Application of Isotopes and Radiation, Pretoria, South
Africa, Ed. F.L.Warren (1963) 83

(Half-life)

H.W.Taylor, Int. J. Appl. Radiat. Isotop. 24 (1973) 593

(Gamma-ray emission probabilities)

S.Sadasivan, V.M.Raghunath, Nucl. Instrum. Methods 196 (1982) 561

(Gamma-ray emission probabilities)

T.Mitsugashira, M.Maki, S.Suzuki, Y.Shiokawa, Radiochem. Radioanal. Lett. 58 (1983) 199

(Gamma-ray emission probabilities, Gamma-ray energies, Alpha emission probabilities)

J.-C.Roy, L.Breton, J.-E.Cote, J.Turcotte, Nucl. Instrum. Methods 215 (1983) 409

(Gamma-ray emission probabilities)

S.K.Saha, S.M.Sahakundu, J. Phys. (London) G15 (1989) 73

(Alpha emission energies, Alpha emission probabilities, Gamma-ray energies, Gamma-ray emission probabilities)

N.E.Holden, Pure Appl. Chem. 62 (1990) 941

(Half-life evaluation)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha emission probabilities, Alpha emission energies)

R.Bonetti, C.Chiesa, A.Guglielmetti, R.Matheoud, G.Poli, V.L.Mikheev, S.P.Tretyakova, Phys. Rev.
C51 (1995) 2530

(Spontaneous fission probability, cluster decay)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 529

(Atomic Data)

NPL /A. Arinc



ANNEX I: RECOMMENDED DECAY DATA Th− 232

A.Artna-Cohen, Nucl. Data Sheets 80 (1997) 723

(Spin and Parity, Multipolarities)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Conversion electron emission probabilities and energies)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)
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1 Half-life, Q-value and Decay mode

T1/2 : 22.15 (8) min
Qβ− : 1243.1 (14) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,20 224.4 (14) 0.0434 (9) 6.7
β−0,19 258.3 (14) 0.205 (2) Allowed 6.2
β−0,18 431.5 (14) 0.385 (4) Allowed 6.6
β−0,17 478.5 (14) 1.19 (3) Allowed 6.3
β−0,16 573.2 (14) 0.0174 (22) 1st forbidden 8.4
β−0,15 657.6 (14) 0.15 (3) Allowed 7.6
β−0,14 689.2 (14) 1.23 (3) Allowed 6.8
β−0,13 788.7 (14) 0.217 (13) Allowed 7.7
β−0,12 795.3 (14) 0.821 (14) 1st forbidden 7.2
β−0,11 985.8 (14) 0.60 (3) 1st forbidden unique 8.1
β−0,8 1041.4 (14) 0.074 (8) Allowed 8.6
β−0,7 1073.9 (14) 0.692 (12) Allowed 7.7
β−0,5 1148.4 (14) 10.4 (4) Allowed 6.6
β−0,1 1236.4 (14) 50 (6) 1st forbidden 6.1
β−0,0 1243.1 (14) 34 (6) 1st forbidden 6.2

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pa) 5.9 - 21.6 8.6 (10)

eAK (Pa) 0.041 (5)
KLL 70.081 - 78.822 }
KLX 88.03 - 95.56 }
KXY 101.78 - 112.40 }

ec1,0 M (Pa) 1.29 - 3.21 34.2 (9)
ec8,4 K (Pa) 2.54 (5) 0.013
ec9,5 K (Pa) 5.10 (2) 0.0270 (31)
ec1,0 N (Pa) 5.27 - 6.30 9.27 (26)
ec4,2 L (Pa) 8.268 - 12.640 4.97 (19)
ec8,3 K (Pa) 18.5 (1) 0.013
ec10,6 K (Pa) 21.689 (20) 0.015
ec4,2 M (Pa) 24.012 - 25.931 1.272 (49)
ec4,2 N (Pa) 27.990 - 29.018 0.332 (12)
ec10,5 K (Pa) 30.63 (2) 0.057 (16)
ec2,0 L (Pa) 36.0 - 40.4 6.39 (23)
ec10,4 K (Pa) 38.9 (2) 0.034
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Energy Electrons Energy
keV per 100 disint. keV

ec3,1 L (Pa) 42.82 - 47.19 0.052 (22)
ec3,0 L (Pa) 49.38 - 53.76 0.020 (17)
ec7,1 K (Pa) 49.908 (12) 0.0206 (6)
ec11,5 K (Pa) 50 0.01968 (29)
ec2,0 M (Pa) 51.7 - 53.7 1.76 (6)
ec7,5 L (Pa) 53.40 - 57.78 0.299 (14)
ec2,0 N (Pa) 55.7 - 56.7 0.475 (16)
ec7,0 K (Pa) 56.57 (1) 0.0281 (7)
ec11,4 K (Pa) 58.00 (6) 0.0557 (14)
ec3,1 M (Pa) 58.56 - 60.48 0.014 (6)
ec4,0 L (Pa) 65.372 - 69.744 2.08 (8)
ec17,15 K (Pa) 66.45 (8) 0.075 (22)
ec5,1 L (Pa) 66.88 - 71.26 0.0217 (6)
ec7,5 M (Pa) 69.15 - 71.07 0.0720 (34)
ec7,5 N (Pa) 73.13 - 74.16 0.0193 (9)
ec5,0 L (Pa) 73.54 - 77.91 0.0814 (18)
ec11,3 K (Pa) 74.20 (18) 0.031 (27)
ec12,11 K (Pa) 77.956 (14) 0.224 (6)
ec4,0 M (Pa) 81.116 - 83.035 0.41 (7)
ec5,0 M (Pa) 89.29 - 91.21 0.01992 (45)
ec17,14 K (Pa) 98.07 (8) 0.020 (16)
ec13,10 K (Pa) 104 (2) 0.029
ec18,15 K (Pa) 113.5 (2) 0.0275 (12)
ec10,5 L (Pa) 122.12 - 126.50 0.0138 (20)
ec10,4 L (Pa) 130.4 - 134.8 0.011
ec13,8 K (Pa) 140.18 (9) 0.014
ec11,0 K (Pa) 144.70 (15) 0.031 (31)
ec11,4 L (Pa) 149.5 - 153.9 0.01166 (33)
ec17,15 L (Pa) 157.95 - 162.32 0.0167 (6)
ec11,3 L (Pa) 165.7 - 170.1 0.0111 (5)
ec12,11 L (Pa) 169.447 - 173.819 0.0430 (11)
ec13,7 K (Pa) 172.64 (7) 0.017
ec12,11 M (Pa) 185.191 - 187.110 0.01037 (27)
ec12,3 K (Pa) 264.67 (11) 0.015
ec12,1 K (Pa) 328.34 (4) 0.046 (8)
ec12,0 K (Pa) 335.17 (2) 0.0240 (42)
ec14,5 K (Pa) 346.626 (7) 0.227 (6)
ec12,3 L (Pa) 356.2 - 360.6 0.029
ec15,5 K (Pa) 378.2 (6) 0.035
ec15,4 K (Pa) 386.42 (4) 0.042
ec14,5 L (Pa) 438.117 - 442.489 0.043 (1)
ec17,8 K (Pa) 450.33 (8) 0.01
ec14,5 M (Pa) 453.861 - 455.780 0.01035 (24)
ec17,7 K (Pa) 482.79 (6) 0.02
ec17,5 K (Pa) 557.305 (16) 0.0423 (10)

β−0,20 max: 224.4 (14) 0.0434 (9) avg: 60.9 (4)
β−0,19 max: 258.3 (14) 0.205 (2) avg: 70.8 (4)
β−0,18 max: 431.5 (14) 0.385 (4) avg: 124.3 (5)
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Energy Electrons Energy
keV per 100 disint. keV

β−0,17 max: 478.5 (14) 1.19 (3) avg: 139.5 (5)
β−0,16 max: 573.2 (14) 0.0174 (22) avg: 170.8 (5)
β−0,15 max: 657.6 (14) 0.15 (3) avg: 199.6 (5)
β−0,14 max: 689.2 (14) 1.23 (3) avg: 210.5 (5)
β−0,13 max: 788.7 (14) 0.217 (13) avg: 245.5 (5)
β−0,12 max: 795.3 (14) 0.821 (14) avg: 247.8 (5)
β−0,11 max: 985.8 (14) 0.60 (3) avg: 317.0 (6)
β−0,8 max: 1041.4 (14) 0.074 (8) avg: 337.6 (6)
β−0,7 max: 1073.9 (14) 0.692 (12) avg: 349.7 (6)
β−0,5 max: 1148.4 (14) 10.4 (4) avg: 377.8 (6)
β−0,1 max: 1236.4 (14) 50 (6) avg: 411.2 (6)
β−0,0 max: 1243.1 (14) 34 (6) avg: 413.8 (6)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pa) 11.366 — 21.6 8.2 (9)

XKα2 (Pa) 92.288 0.39 (1) } Kα
XKα1 (Pa) 95.869 0.615 (13) }

XKβ3 (Pa) 107.595 }
XKβ1 (Pa) 108.422 } 0.235 (6) Kβ

′
1

XKβ
′′
5 (Pa) 109.072 }

XKβ2 (Pa) 111.405 }
XKβ4 (Pa) 111.87 } 0.079 (3) Kβ

′
2

XKO2,3 (Pa) 112.38 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pa) 6.65 (5) 51 (6) (M1) 3080 (60) 0.0165 (18)
γ4,2(Pa) 29.373 (10) 8.83 (31) E1 3.07 (6) 2.17 (7)
γ2,0(Pa) 57.10 (2) 8.81 (33) E2 176 (4) 0.0498 (15)
γ3,1(Pa) 63.92 (6) 0.072 (31) (E2) 102.1 (21) 0.0007 (3)
γ3,0(Pa) 70.49 (10) 0.029 (27) [M1+E2] 40 (30) 0.0007 (4)
γ7,5(Pa) 74.51 (5) 0.436 (20) [M1] 9.85 (20) 0.0402 (17)
γ4,0(Pa) 86.477 (10) 4.48 (16) E1 1.43 (8) 1.843 (22)
γ5,1(Pa) 87.99 (3) 0.1985 (24) [E1] 0.169 (3) 0.1698 (20)
γ5,0(Pa) 94.65 (5) 0.884 (11) E1 0.140 (3) 0.775 (9)

KRI /V.P. Chechev, N.K. Kuzmenko



ANNEX I: RECOMMENDED DECAY DATA Th− 233

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ−1,2(Pa) 105.2 (1) 0.041 0.041
γ9,6(Pa) 108.5 (1) 0.0027 M1+E2 3.5 (6) 0.0006
γ8,4(Pa) 115.14 (5) 0.03 (8) [M1+E2] 10 (4) 0.003 (7)
γ9,5(Pa) 117.692 (20) 0.038 (4) M1+E2 12.2 (4) 0.0029 (3)
γ8,3(Pa) 131.101 (25) 0.0641 (17) E1 0.262 (5) 0.0508 (13)
γ10,6(Pa) 134.285 (20) 0.016 (5) [M1+E2] 8.0 (14) 0.0018 (5)
γ10,5(Pa) 143.23 (2) 0.088 (15) M1+E2 6.7 (12) 0.0114 (7)
γ−1,3(Pa) 147.5 0.0018 (6) 0.0018 (6)
γ10,4(Pa) 151.409 (20) 0.040 (4) [M1+E2] 4.9 (6) 0.0067 (3)
γ11,6(Pa) 153.49 (18) 0.0480 (8) [E1] 0.180 (4) 0.0407 (7)
γ9,2(Pa) 155.239 (20) 0.000270 (35) E1 0.176 (4) 0.00023 (3)
γ11,5(Pa) 162.504 0.185 [E1] 0.157 (3) 0.16
γ7,1(Pa) 162.504 (12) 0.194 (3) [E1] 0.157 (3) 0.1674 (26)
γ7,0(Pa) 169.162 (10) 0.287 (5) [E1] 0.1431 (29) 0.251 (4)
γ11,4(Pa) 170.60 (6) 0.578 (10) [E1] 0.1403 (28) 0.507 (9)
γ17,15(Pa) 179.05 (8) 0.125 (25) (M1+E2) 3.5 (8) 0.0278 (7)
γ10,2(Pa) 180.76 (3) 0.000123 (3) [E1] 0.1223 (24) 0.00011 (3)
γ11,3(Pa) 186.80 (18) 0.067 (27) [M1+E2] 2.2 (13) 0.0209 (9)
γ12,11(Pa) 190.552 (14) 0.367 (8) M1 3.26 (6) 0.0861 (15)
γ8,1(Pa) 194.97 (7) 0.1183 (19) E1 0.1024 (20) 0.1073 (17)
γ8,0(Pa) 201.62 (5) 0.0242 (9) E1 0.0946 (19) 0.0221 (8)
γ17,14(Pa) 210.67 (8) 0.044 (18) [M1+E2] 1.5 (10) 0.0178 (11)
γ−1,4(Pa) 211.3 (2) 0.0202 (9) 0.0202 (9)
γ9,0(Pa) 212.34 (5) 0.0070 (7) E1 0.0839 (17) 0.0065 (6)
γ13,10(Pa) 216.54 (8) 0.031 (12) (M1+E2) 1.4 (9) 0.0130 (7)
γ18,15(Pa) 226.1 (2) 0.0516 (22) M1+(E2) 2.02 (4) 0.0171 (7)
γ10,0(Pa) 237.86 (6) 0.00202 (43) [E1] 0.0645 (13) 0.0019 (4)
γ−1,5(Pa) 242.3 0.0029 (6) 0.0029 (6)
γ12,8(Pa) 246.14 (6) 0.0043 (6) [E1] 0.0596 (12) 0.0041 (6)
γ11,1(Pa) 250.65 (16) 0.0062 (4) [E2] 0.317 (6) 0.0047 (3)
γ13,8(Pa) 252.78 (9) 0.0152 (21) [M1+E2] 1.3 (3) 0.0066 (3)
γ11,0(Pa) 257.30 (15) 0.09 (3) [M1+E2] 0.8 (6) 0.0524 (12)
γ12,7(Pa) 278.7 (4) 0.0047 (6) 0.0047 (6)
γ13,7(Pa) 285.24 (7) 0.030 (4) [M1+E2] 0.94 (22) 0.0154 (9)
γ−1,6(Pa) 309.9 0.0032 (3) 0.0032 (3)
γ14,10(Pa) 316.1 0.00383 (41) E1 0.0340 (7) 0.0037 (4)
γ15,10(Pa) 347.64 (6) 0.0234 (13) [M1] 0.613 (12) 0.0145 (8)
γ13,5(Pa) 359.74 (4) 0.1355 (21) M1 0.559 (11) 0.0869 (12)
γ12,4(Pa) 361.285 (22) 0.0224 (6) [E1] 0.0255 (5) 0.0218 (6)
γ13,4(Pa) 367.92 (7) 0.0056 (11) [M1] 0.525 (10) 0.0037 (7)
γ12,3(Pa) 377.27 (11) 0.040 (3) [M1+E2] 0.46 (8) 0.0275 (9)
γ−1,7(Pa) 383.5 0.0019 (6) 0.0019 (6)
γ19,15(Pa) 398.8 (5) 0.0158 (10) [M1] 0.422 (8) 0.0111 (7)
γ−1,8(Pa) 408.8 (5) 0.0005 (4) 0.0005 (4)
γ16,11(Pa) 412.5 (5) 0.0115 (10) [M1] 0.385 (8) 0.0083 (7)
γ−1,9(Pa) 418.4 (5) 0.0091 (7) 0.0091 (7)
γ19,14(Pa) 430.9 (4) 0.0239 (5) (M1) 0.342 (6) 0.0178 (4)
γ20,15(Pa) 433.2 (4) 0.0117 (4) 0.0117 (4)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ12,1(Pa) 440.94 (4) 0.249 (10) (M1+E2) 0.30 (5) 0.1912 (23)
γ12,0(Pa) 447.762 (20) 0.134 (5) [M1+E2] 0.29 (4) 0.1043 (14)
γ−1,10(Pa) 454.2 (5) 0.04 0.04
γ14,5(Pa) 459.222 (7) 1.274 (17) M1 0.288 (6) 0.989 (12)
γ−1,11(Pa) 464.8 0.0026 (3) 0.0026 (3)
γ14,4(Pa) 467.40 (6) 0.0167 (17) [M1,E2] 0.16 (11) 0.0144 (4)
γ−1,12(Pa) 473.9 (5) 0.0033 (7) 0.0033 (7)
γ15,5(Pa) 490.80 (6) 0.1338 (21) M1 0.241 (5) 0.1078 (16)
γ−1,13(Pa) 497.1 (4) 0.0128 (4) 0.0128 (4)
γ15,4(Pa) 499.02 (4) 0.1938 (27) M1 0.230 (5) 0.1576 (21)
γ−1,14(Pa) 505.5 (6) 0.0055 (3) 0.0055 (3)
γ−1,15(Pa) 513.4 (4) 0.0133 (4) 0.0133 (4)
γ−1,16(Pa) 517.0 (4) 0.0046 (3) 0.0046 (3)
γ17,10(Pa) 526.69 (6) 0.052 (4) [M1,E2] 0.12 (8) 0.0463 (11)
γ−1,17(Pa) 531.8 (4) 0.0070 (7) 0.0070 (7)
γ17,9(Pa) 552.21 (8) 0.0194 (6) (M1) 0.1754 (35) 0.0165 (5)
γ−1,18(Pa) 553.7 0.0030 (3) 0.0030 (3)
γ−1,19(Pa) 554.9 0.0031 (3) 0.0031 (3)
γ17,8(Pa) 562.93 (8) 0.0636 (8) [M1] 0.167 (3) 0.0545 (7)
γ18,10(Pa) 573.7 (4) 0.0384 (12) [M1] 0.158 (3) 0.0332 (10)
γ−1,20(Pa) 578.7 0.0017 (5) 0.0017 (5)
γ−1,21(Pa) 583.2 0.0016 (5) 0.0016 (5)
γ17,7(Pa) 595.39 (6) 0.1346 (19) (M1) 0.143 (3) 0.1178 (16)
γ18,9(Pa) 599.3 (2) 0.0335 (6) [M1] 0.141 (3) 0.0294 (5)
γ18,8(Pa) 610.0 (3) 0.0643 (14) [M1] 0.134 (3) 0.0567 (12)
γ18,7(Pa) 642.4 (2) 0.0226 (6) [M1] 0.1171 (23) 0.0202 (5)
γ16,1(Pa) 663.3 (5) 0.0041 (6) [M1] 0.1075 (22) 0.0037 (5)
γ16,0(Pa) 669.9 (5) 0.0018 0.0018
γ17,5(Pa) 669.901 (16) 0.557 (7) [M1] 0.1047 (21) 0.504 (6)
γ17,4(Pa) 678.04 (10) 0.0686 (28) [M1,E2] 0.06 (4) 0.0647 (9)
γ−1,22(Pa) 681.2 (6) 0.0143 (4) 0.0143 (4)
γ−1,23(Pa) 690 0.0021 (5) 0.0021 (5)
γ−1,24(Pa) 698.5 (6) 0.0106 (5) 0.0106 (5)
γ−1,25(Pa) 703.7 (6) 0.0091 (5) 0.0091 (5)
γ18,6(Pa) 707.8 (3) 0.0093 (5) [E2] 0.0209 (4) 0.0091 (5)
γ18,5(Pa) 717.0 (2) 0.0458 (10) (M1) 0.0874 (17) 0.0421 (9)
γ18,4(Pa) 725.1 (2) 0.0687 (11) (M1) 0.0848 (17) 0.0633 (10)
γ−1,26(Pa) 727.8 0.0029 (2) 0.0029 (2)
γ18,3(Pa) 741.1 (2) 0.0237 (5) [E1] 0.00615 (12) 0.0236 (5)
γ−1,27(Pa) 744.9 (5) 0.0053 (2) 0.0053 (2)
γ−1,28(Pa) 751.6 (6) 0.0023 (4) 0.0023 (4)
γ17,1(Pa) 757.90 (7) 0.0324 (7) 0.0324 (7)
γ17,0(Pa) 764.55 (6) 0.0891 (13) 0.0891 (13)
γ−1,29(Pa) 767.5 0.0032 (2) 0.0032 (2)
γ−1,30(Pa) 774.0 (4) 0.0108 (5) 0.0108 (5)
γ19,8(Pa) 783.2 (5) 0.00600 (32) [M1] 0.0692 (14) 0.0056 (3)
γ−1,31(Pa) 784.2 (5) 0.0022 (2) 0.0022 (2)
γ18,1(Pa) 805.0 (2) 0.0215 (6) [E1] 0.00529 (11) 0.0214 (6)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ20,9(Pa) 806.4 (5) 0.0123 (5) 0.0123 (5)
γ18,0(Pa) 811.6 (2) 0.0060 (2) [E1] 0.00521 (10) 0.0060 (2)
γ19,7(Pa) 815.9 (4) 0.0207 (6) [M1] 0.0621 (12) 0.0195 (6)
γ20,8(Pa) 817.0 (6) 0.0095 (5) 0.0095 (5)
γ−1,32(Pa) 832.0 (3) 0.0075 0.0075
γ−1,33(Pa) 846.8 (7) 0.0013 0.0013
γ20,7(Pa) 849.5 (5) 0.0039 (3) 0.0039 (3)
γ−1,34(Pa) 870.7 (7) 0.0031 (2) 0.0031 (2)
γ−1,35(Pa) 874.0 (5) 0.00120 (4) 0.00120 (4)
γ19,6(Pa) 880.9 (5) 0.0098 (4) E2 0.0135 (3) 0.0097 (4)
γ19,5(Pa) 890.1 (5) 0.1104 (15) [M1] 0.0493 (10) 0.1052 (14)
γ19,4(Pa) 898.3 (5) 0.0023 (4) [M1] 0.0481 (10) 0.0022 (4)
γ−1,36(Pa) 918.9 (5) 0.006 0.006
γ−1,37(Pa) 935.2 (7) 0.0369 (7) 0.0369 (7)
γ−1,38(Pa) 941.9 (8) 0.0048 (3) 0.0048 (3)
γ−1,39(Pa) 942.8 0.0019 (3) 0.0019 (3)
γ20,3(Pa) 948.3 (5) 0.0060 (3) 0.0060 (3)
γ−1,40(Pa) 955 (1) 0.0002 (3) 0.0002 (3)
γ−1,41(Pa) 960.8 (8) 0.0041 (2) 0.0041 (2)
γ−1,42(Pa) 962.8 (9) 0.0015 (2) 0.0015 (2)
γ−1,43(Pa) 968.2 (9) 0.0083 (3) 0.0083 (3)
γ19,1(Pa) 978.2 (5) 0.00582 (30) [E1] 0.00374 (7) 0.0058 (3)
γ19,0(Pa) 984.8 (5) 0.01024 (30) [E1] 0.00369 (7) 0.0102 (3)
γ−1,44(Pa) 994 (1) 0.0006 (1) 0.0006 (1)
γ−1,45(Pa) 1001 (1) 0.0008 (2) 0.0008 (2)
γ−1,46(Pa) 1007 (1) 0.0014 (2) 0.0014 (2)
γ−1,47(Pa) 1011 (1) 0.0019 (2) 0.0019 (2)
γ−1,48(Pa) 1026.5 (10) 0.0075 0.0075
γ−1,49(Pa) 1092.5 (10) 0.006 0.006
γ−1,50(Pa) 1132.1 0.0006 (2) 0.0006 (2)
γ−1,51(Pa) 1139.1 0.0004 (1) 0.0004 (1)
γ−1,52(Pa) 1144 (1) 0.0027 0.0027
γ−1,53(Pa) 1201 (1) 0.006 0.006

5 References

W.C.Rutledge, J.M.Cork, S.B.Burson, Phys. Rev. 86 (1952) 775

(Half-life)

E.N.Jenkins, Analyst 80 (1955) 301

(Half-life)

M.S.Freedman, D.W.Engelkemeir, F.T.Porter, F.Wagner Jr., P.Day, Priv. Comm. (1957)

(Gamma-ray emission probabilities, beta-transition energies)

B.J.Dropesky, L.M.Langer, Phys. Rev. 108 (1957) 90

(Half-life, energy of beta(0,0)-transition)

R.Dams, F.Adams, Radiochim. Acta 10 (1968) 1

(Gamma-ray energies)

E.Browne, F.Asaro, Report UCRL-17989, Univ. California (1968) 1

(Gamma-ray energies)

J.M.Vara, R.Gaeta, Nucl. Phys. A130 (1969) 586

(Gamma-ray energies)
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W.Hoekstra, Thesis, Technische Hogeschool, Delft. (1969)

(Half-life, KX-ray emission probabilities , gamma - ray relative probabilities)

C.Sebille, G.Bastin, C.F.Leang, R.Piepenbring, M.F.Perrin, Compt. Rend. Acad. Sci. (Paris) Ser. A 270
(1970) 354

(Gamma-ray energies)

C.Sebille-Schuck, Thesis, Report FRNC-TH-255, Univ. Paris (1972)

(Gamma-ray relative probabilities, gamma-ray multipolarities, conversion electron characteristics)

M.de Bruin, P.J.M.Korthoven, J. Radioanal. Chem. 10 (1972) 125

(Gamma-ray energies)

T.von Egidy, O.W.B.Schult, D.Rabenstein, J.R.Erskine, O.A.Wasson, R.E.Chrien, D.Breitig, R.P.Sharma,
H.A.Baader, H.R.Koch, Phys. Rev. C6 (1972) 266

(Gamma-ray energies)

M.Skalsey, R.D.Connor, Can. J. Phys. 54 (1976) 1409

(Gamma-ray energies)

P.Jeuch, Thesis, Tech. Univ. Munchen (1976)

(Gamma-ray multipolarities, conversion electron characteristics)

L.Gonzalez, R.Gaeta, E.Vano, J.M.Los Arcos, Nucl. Phys. A324 (1979) 126

(Gamma-ray energies)

H.G.Borner, G.Barreau, W.F.Davidson, P.Jeuch, T.von Egidy, J.Almeida, D.H.White, Nucl. Instrum.
Methods 166 (1979) 251

(Gamma-ray energies)

S.A.Woods, P.Christmas, P.Cross, S.M.Judge, W.Gelletly, Nucl. Instrum. Methods Phys. Res. A264 (1988)
333

(Gamma-ray energies, ICC for gamma (4,0))

A.Abzouzi, M.S.Antony, V.B.Ndocko Ndongue, J. Radioanal. Nucl. Chem. 135 (1989) 1

(Half-life)

K.Usman, T.D.McMahon, S.I.Kafala, Appl. Radiat. Isot. 49 (1998) 1329

(Half-life)

M.-M.Bé, R.Helmer, V.Chisté, J. Nucl. Sci. Technol. (Tokyo) suppl.2 (2002) 481

(SAISINUC software)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

B.Singh, J.K.Tuli, Nucl. Data Sheets 105 (2005) 109

(Decay data evaluations, multipolarities, decay scheme, Pa233 level energies, multipolarities)

D.J.Devries, H.C.Griffin, Appl. Radiat. Isot. 66 (2008) 1999

(Uncertainties of LX-ray absolute emission probabilities)

V.M.Gorozhankin, M.-M.Be, Appl. Radiat. Isot. 66 (2008) 722

(ICC for anomalous E1 gamma-ray transitions)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICC)

D.J.Devries, H.C.Griffin, Appl. Radiat. Isot. 66 (2008) 1999

(Absolute and relative gamma-ray and X-ray emission probabilities)
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1 Half-life, Q-value and Decay mode

T1/2 : 24.10 (3) d
Qβ− : 272 (10) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,7 85 (10) 1.6 (6) Allowed 7
β−0,6 95 (10) 0.016 (5) 1st forbidden 9.1
β−0,5 105 (10) 6.5 (7) Allowed 6.7
β−0,4 106 (10) 14.1 (12) 1st forbidden 6.3
β−0,2 198 (10) 77.8 (15) 1st forbidden 6.4

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pa) 5.9 - 21.6 7.7 (6)

eAK (Pa) 0.0014 (9)
KLL 70.081 - 78.822 }
KLX 85.989 - 95.858 }
KXY 101.87 - 112.59 }

ec3,2 L (Pa) 8.4 - 12.8 3.95 (45)
ec7,5 M (Pa) 14.65 - 16.57 0.63 (28)
ec7,5 N (Pa) 18.63 - 19.65 0.17 (8)
ec3,2 M (Pa) 24.1 - 26.1 1.08 (12)
ec3,2 N (Pa) 28.1 - 29.1 0.292 (34)
ec4,3 L (Pa) 41.78 - 46.15 0.31 (8)
ec5,3 L (Pa) 42.2 - 46.6 1.144 (31)
ec1,0 L (Pa) 52.82 - 57.19 0.106 (12)
ec4,3 M (Pa) 57.52 - 59.44 0.079 (20)
ec5,3 M (Pa) 57.9 - 59.9 0.281 (7)
ec4,3 N (Pa) 61.50 - 62.53 0.021 (5)
ec5,3 N (Pa) 61.9 - 62.9 0.0739 (19)
ec1,0 M (Pa) 68.56 - 70.48 0.0258 (29)
ec4,2 L (Pa) 71.27 - 75.65 8.7 (8)
ec5,2 L (Pa) 71.7 - 76.1 0.239 (21)
ec4,2 M (Pa) 87.02 - 88.94 2.09 (18)
ec5,2 M (Pa) 87.4 - 89.4 0.058 (5)
ec4,2 N (Pa) 91.00 - 92.02 0.56 (5)
ec5,2 N (Pa) 91.4 - 92.4 0.0154 (14)
ec7,2 L (Pa) 91.70 - 96.08 0.0143 (15)

β−0,7 max: 85 (10) 1.6 (6) avg: 22 (3)
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Energy Electrons Energy
keV per 100 disint. keV

β−0,6 max: 95 (10) 0.016 (5) avg: 25 (3)
β−0,5 max: 105 (10) 6.5 (7) avg: 27 (3)
β−0,4 max: 106 (10) 14.1 (12) avg: 28 (3)
β−0,2 max: 198 (10) 77.8 (15) avg: 53 (3)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pa) 11.3676 — 20.1126 7.1 (3)

XKα2 (Pa) 92.288 0.013 (9) } Kα
XKα1 (Pa) 95.869 0.021 (13) }

XKβ3 (Pa) 107.595 }
XKβ1 (Pa) 108.422 } 0.007 (5) Kβ

′
1

XKβ
′′
5 (Pa) 109.072 }

XKβ2 (Pa) 111.405 }
XKβ4 (Pa) 111.87 } 0.0025 (16) Kβ

′
2

XKO2,3 (Pa) 112.38 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ7,5(Pa) 20.01 (2) 1.2 (6) M1+E2 240 (70) 0.0051 (21)
γ3,2(Pa) 29.50 (2) 5.4 (6) E2 4390 (70) 0.00123 (14)
γ4,3(Pa) 62.88 (2) 0.43 (11) M1+E2 25 (5) 0.0164 (28)
γ5,3(Pa) 63.30 (2) 5.27 (11) E1 0.405 (6) 3.75 (8)
γ1,0(Pa) 73.92 (2) 0.154 (17) M1+E2 10.6 (4) 0.0133 (14)
γ7,3(Pa) 83.31 (5) 0.073 (6) E1 0.196 (3) 0.061 (5)
γ4,2(Pa) 92.38 (1) 13.7 (12) M1 5.27 (8) 2.18 (19)
γ5,2(Pa) 92.80 (2) 2.47 (22) E1 0.1472 (21) 2.15 (19)
γ6,2(Pa) 103.35 (10) 0.0154 (48) M1 3.81 (6) 0.0032 (10)
γ7,2(Pa) 112.81 (5) 0.264 (40) E1 0.23 (14) 0.215 (22)

5 References

G.Kirsch, Report Radium Institute Mitteilungen 127, Vienna; Wien Ber. Iia. 129 (1920) 309

(Half-life)

M.Curie, A.Debierne, A.S.Eve, H.Geiger, O.Hahn, S.C.Lind, St.Meyer, E.Rutherford, E.Schweidler,
Rev. Mod. Phys. 3 (1931) 427

(Half-life)
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B.W.Sargent, Can. J. Res. A17 (1939) 103

(Half-life)

G.B.Knight, R.L.Macklin, Phys. Rev. 74 (1948) 1540

(Half-life)

J.S.Geiger, R.L.Graham, T.A.Eastwood, Report AECL-1472 PR-P-52, Atomic Energy of Canada Ltd (1961)
26

(L ICC (for 29 keV and 63 keV), Gamma-ray energies)

J.-P.Briand, Compt. Rend. Acad. Sci. (Paris) 254 (1962) 84

(L ICC (for 29 keV))

S.Bjornholm, O.B.Nielsen, Nucl. Phys. 42 (1963) 642

(Conversion electron emission energies, Conversion electron emission probabilities, Beta emission energies)

H.Abou-Leila, Compt. Rend. Acad. Sci. (Paris) 258 (1964) 5632

(Half-life)

R.Foucher, Bull. Rus. Acad. Sci. Phys. 29 (1966) 99

(Multipolarities)

H.W.Taylor, Int. J. Appl. Radiat. Isotop. 24 (1973) 593

(Gamma-ray energies, Gamma-ray relative intensities)

J.Godart, A..Gizon, Nucl. Phys. A217 (1973) 159

(Beta and Conversion electron emission energies and probabilities, Gamma-ray energies and transitions probabi-
lities, Multipolarities)

T.E.Sampson, Nucl. Instrum. Methods 111 (1973) 209

(Gamma-ray energies, Gamma-ray relative intensities)

Y.Y.Chu, G.Scharff-Goldhaber, Phys. Rev. C17 (1978) 1507

(Gamma-ray relative intensities)

M.H.Momeni, Nucl. Instrum. Methods 193 (1982) 185

(Gamma-ray energies, Gamma-ray emission probabilities)

H.L.Scott, K.W.Marlow, Nucl. Instrum. Methods A286 (1990) 549

(Gamma-ray emission probabilities)

N.Coursol, F.Lagoutine, B.Duchemin, Nucl. Instrum. Methods A286 (1990) 589

(Half-life, Beta emission probabilities, Gamma-ray emission probabilities, X-ray emission probabilities)

G.A.Sutton, S.T.Napier, M.John, A.Taylor, The Science of the Total Environment 130/131 (1993) 393

(Gamma-ray emission probabilities)

I.Adsley, J.S.Backhouse, A.L.Nichols, J.Toole, Appl. Radiat. Isot. 49 (1998) 1337

(Gamma-ray emission probabilities)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

S.Abousahl, P.van Belle, B.Lynch, H.Ottmar, Nucl. Instrum. Methods A517 (2004) 211

(Gamma-ray emission probabilities)

F.S.Al-Saleh, Al-J.H.Al-Mukren, M.A.Farouk, Nucl. Instrum. Methods A568 (2006) 734

(Gamma-ray emission probabilities)

E.Browne, J.K.Tuli, Nucl. Data Sheets 108 (2007) 681

(Multipolarities, Mixing ratio, Spin and Parity, Gamma-ray emission probabilities, Gamma-ray energies, Beta
emission energies)
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ANNEX I: RECOMMENDED DECAY DATA Pa− 231

1 Half-life, Q-value and Decay mode

T1/2 : 32670 (260) y
Qα : 5149.9 (8) keV
α : 100 %

2 α Emissions

Energy Probability
keV × 100

α0,25 4415.6 (9) 0.0021 (5)
α0,24 4507.6 (8) 0.0036 (3)
α0,23 4533.0 (8) 0.00076 (20)
α0,22 4568.1 (9) 0.008 (4)
α0,21 4599.6 (8) 0.015 (7)
α0,20 4630.3 (8) 0.078 (21)
α0,19 4633.0 (8) 0.0504 (11)
α0,18 4642.5 (8) 0.080 (6)
α0,17 4680.1 (8) 1.8 (3)
α0,16 4712.3 (8) 1.20 (22)
α0,15 4736.3 (8) 8.4 (4)
α0,14 4761.2 (8) 0.0032 (9)
α0,12 4794.1 (8) 0.040 (15)
α0,11 4853.5 (8) 1.40 (15)
α0,8 4903.4 (22) 0.002 (1)
α0,7 4936.0 (8) 2.9 (3)
α0,6 4952.6 (8) 22.5 (5)
α0,5 4977.6 (8) 0.4 (1)
α0,4 4987.8 (8) 1.6 (2)
α0,3 5015.1 (8) 25.3 (5)
α0,2 5031.2 (8) 20 (2)
α0,1 5033.8 (8) 2.8 (3)
α0,0 5060.7 (8) 11.7 (5)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Ac) 5.87 - 19.69 52.6 (15)

eAK (Ac) 0.078 (11)
KLL 66.769 - 74.715 }
KLX 81.775 - 90.882 }
KXY 96.76 - 106.75 }
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4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Ac) 10.8701 — 18.9228 44.3 (13)

XKα2 (Ac) 87.768 0.715 (23) } Kα
XKα1 (Ac) 90.885 1.16 (4) }

XKβ3 (Ac) 102.101 }
XKβ1 (Ac) 102.841 } 0.410 (15) Kβ

′
1

XKβ
′′
5 (Ac) 103.462 }

XKβ2 (Ac) 105.679 }
XKβ4 (Ac) 106.098 } 0.136 (6) Kβ

′
2

XKO2,3 (Ac) 106.563 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ3,2(Ac) 16.370 (14) 2.12 (9) E1 8.58 (12) 0.221 (9)
γ3,1(Ac) 18.980 (14) 42 (4) M1 113.2 (16) 0.37 (3)
γ11,9(Ac) 23.46 (6) 1.16 (15) M1 241 (4) 0.0048 (6)
γ16,15(Ac) 24.46 (4) 1.05 (21) M1 214 (4) 0.0049 (10)
γ6,5(Ac) 25.390 (22) 18.3 (14) M1 191 (3) 0.095 (7)
γ1,0(Ac) 27.37 (1) 59 (7) E1 4.5 (6) 10.8 (4)
γ2,0(Ac) 29.98 (1) 26 (3) M1+E2 270 (30) 0.097 (4)
γ6,4(Ac) 35.800 (22) 0.045 (3) E1 1.746 (25) 0.0163 (10)
γ5,3(Ac) 38.200 (14) 13 (3) M1+E2 89 (19) 0.144 (6)
γ4,2(Ac) 44.160 (14) 2.11 (16) M1 37.4 (6) 0.055 (4)
γ3,0(Ac) 46.35 (1) 0.357 (19) E1 0.879 (13) 0.19 (1)
γ20,17(Ac) 50.73 (5) 0.057 (21) M1 24.9 (4) 0.0022 (8)
γ7,4(Ac) 52.720 (22) 1.77 (10) M1 22.2 (4) 0.076 (4)
γ5,2(Ac) 54.570 (14) 0.110 (6) E1 0.569 (8) 0.070 (4)
γ15,13(Ac) 56.90 (3) 0.18 (4) M1+E2 37 (6) 0.0047 (7)
γ5,1(Ac) 57.180 (14) 4.6 (5) E2 148.1 (21) 0.031 (3)
γ17,15(Ac) 57.190 (22) 0.7 (3) E2 148.0 (21) 0.0046 (21)
γ9,7(Ac) 60.46 (4) 0.0076 (10) E1 0.433 (7) 0.0053 (7)
γ6,3(Ac) 63.590 (22) 3.99 (16) E2 88.8 (13) 0.0446 (17)
γ−1,1(Ac) 70.49 (5) 0.0051 (8) 0.0051 (8)
γ10,7(Ac) 71.85 (5) 0.019 (7) M1 8.98 (13) 0.0019 (7)
γ12,10(Ac) 72.58 (7) 0.029 (7) M1 8.71 (13) 0.0030 (7)
γ4,0(Ac) 74.14 (1) 0.97 (4) E2 42.6 (6) 0.0223 (9)
γ9,6(Ac) 77.38 (4) 0.50 (4) M1 7.23 (11) 0.061 (4)
γ7,2(Ac) 96.880 (22) 1.10 (4) E2 12.02 (17) 0.084 (3)
γ11,6(Ac) 100.84 (5) 0.248 (10) E2 9.97 (15) 0.0226 (9)
γ9,5(Ac) 102.77 (3) 0.20 (4) E2 9.12 (13) 0.019 (4)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ10,4(Ac) 124.57 (4) 0.0217 (20) E2 4.04 (6) 0.0043 (4)
γ12,7(Ac) 144.43 (6) 0.037 (3) E2 2.18 (3) 0.0115 (9)
γ13,4(Ac) 199.00 (3) 0.0030 (12) 0.0030 (12)
γ14,4(Ac) 230.59 (5) 0.0017 (8) 0.0017 (8)
γ−1,2(Ac) 242.18 (8) 0.0099 (10) 0.0099 (10)
γ13,2(Ac) 243.16 (3) 0.065 (11) M1+E2 0.80 (17) 0.036 (5)
γ15,5(Ac) 245.490 (14) 0.042 (3) M2 5.24 (8) 0.0067 (5)
γ13,1(Ac) 245.77 (3) 0.013 (4) E1 0.0570 (8) 0.012 (4)
γ15,4(Ac) 255.900 (14) 0.134 (3) E2 0.264 (4) 0.1059 (22)
γ14,3(Ac) 258.38 (5) 0.0015 (4) 0.0015 (4)
γ17,7(Ac) 260.37 (3) 0.282 (21) M1+E2 0.55 (11) 0.182 (4)
γ13,0(Ac) 273.14 (3) 0.101 (7) M1+E2 0.74 (11) 0.0579 (12)
γ17,6(Ac) 277.29 (3) 0.10 (6) E1+M2 0.5 (9) 0.0680 (15)
γ15,3(Ac) 283.690 (14) 1.72 (3) E1 0.0410 (6) 1.65 (3)
γ−1,3(Ac) 286.58 (10) 0.0104 (5) 0.0104 (5)
γ15,2(Ac) 300.060 (14) 4.25 (10) M1+E2 0.764 (17) 2.41 (5)
γ15,1(Ac) 302.670 (14) 2.4 (3) E1 0.0355 (5) 2.3 (3)
γ17,5(Ac) 302.680 (22) 0.22 (10) E1 0.0355 (5) 0.21 (10)
γ−1,4(Ac) 310.0 (1) 0.00092 (20) 0.00092 (20)
γ17,4(Ac) 313.090 (22) 0.129 (9) M1+E2 0.31 (9) 0.0987 (20)
γ16,1(Ac) 327.13 (4) 0.0372 (11) E1 0.0298 (5) 0.0361 (11)
γ15,0(Ac) 330.04 (1) 2.09 (5) M1+E2 0.541 (19) 1.36 (3)
γ17,3(Ac) 340.880 (22) 0.196 (7) E1+M2 0.11 (3) 0.177 (4)
γ18,4(Ac) 351.45 (3) 0.0029 (12) E1 0.0255 (4) 0.0028 (12)
γ16,0(Ac) 354.50 (4) 0.1094 (23) M1+E2 0.1375 (20) 0.0962 (20)
γ17,2(Ac) 357.250 (22) 0.240 (18) M1+E2 0.43 (10) 0.168 (4)
γ17,1(Ac) 359.860 (22) 0.0085 (3) 0.0085 (3)
γ20,4(Ac) 363.82 (4) 0.0080 (3) 0.0080 (3)
γ−1,5(Ac) 374.95 (10) 0.0045 (3) 0.0045 (3)
γ18,3(Ac) 379.24 (3) 0.066 (6) M1+E2 0.32 (11) 0.0498 (11)
γ21,5(Ac) 384.69 (6) 0.00365 (22) 0.00365 (22)
γ17,0(Ac) 387.23 (2) 0.00032 (11) E2 0.0773 (11) 0.0003 (1)
γ20,3(Ac) 391.61 (4) 0.00687 (22) E1 0.0202 (3) 0.00673 (22)
γ18,2(Ac) 395.61 (3) 0.00230 (22) E1 0.0198 (3) 0.00226 (22)
γ18,1(Ac) 398.22 (3) 0.0095 (3) 0.0095 (3)
γ19,1(Ac) 407.820 (22) 0.0475 (11) M1 0.334 (5) 0.0356 (8)
γ20,1(Ac) 410.59 (4) 0.00183 (22) E1 0.0183 (3) 0.00180 (22)
γ22,4(Ac) 427.14 (7) 0.0007 (4) 0.0007 (4)
γ19,0(Ac) 435.19 (2) 0.00294 (17) 0.00294 (17)
γ20,0(Ac) 437.96 (4) 0.0045 (3) 0.0045 (3)
γ−1,6(Ac) 438.72 (10) 0.0013 (4) 0.0013 (4)
γ24,4(Ac) 488.66 (10) 0.00165 (17) 0.00165 (17)
γ23,3(Ac) 490.65 (10) 0.0004 (1) 0.0004 (1)
γ22,0(Ac) 501.28 (7) 0.00076 (18) 0.00076 (18)
γ23,1(Ac) 509.63 (10) 0.00036 (17) 0.00036 (17)
γ24,3(Ac) 516.45 (10) 0.00137 (15) 0.00137 (15)
γ24,1(Ac) 535.43 (10) 0.00061 (12) 0.00061 (12)
γ25,6(Ac) 546.5 (3) 0.00083 (13) 0.00083 (13)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ25,5(Ac) 571.9 (3) 0.00048 (20) 0.00048 (20)
γ25,4(Ac) 582.3 (3) 0.00031 (17) 0.00031 (17)
γ25,3(Ac) 610.1 (3) 0.0005 (4) 0.0005 (4)
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1 Half-life, Q-value and Decay mode

T1/2 : 26.98 (2) d
Qβ− : 570.1 (20) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,11 114.1 (20) 0.0011 (2) 1st forbidden 10.6
β−0,10 154.3 (20) 25.4 (16) 1st forbidden 6.7
β−0,9 171.5 (20) 15.4 (8) 1st forbidden 7
β−0,8 189.8 (20) 0.020 (3) 1st forbidden unique 9.4
β−0,7 229.6 (20) 25.9 (32) 1st forbidden 7.2
β−0,6 249.4 (20) 0.020 (5) 2nd forbidden 10.4
β−0,5 258.2 (20) 26.6 (32) 1st forbidden 7.3
β−0,4 268.1 (20) 0.010 (2) Allowed 11.8
β−0,3 271.3 (20) 0.12 (5) Allowed 9.8
β−0,1 529.8 (20) 0.3 (19) 1st forbidden unique 10.2
β−0,0 570.1 (20) 6.3 (23) 1st forbidden 9.1

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (U) 5.9 - 21.6 42.2 (13)

eAK (U) 0.95 (13)
KLL 71.78 - 80.95 }
KLX 88.15 - 98.34 }
KXY 104.42 - 115.40 }

ec7,5 L (U) 6.80 - 11.39 16.5 (21)
ec10,9 M (U) 11.714 - 13.710 1.53
ec1,0 L (U) 18.59 - 23.18 10.3 (15)
ec7,3 L (U) 19.9 - 24.5 0.013 (3)
ec7,5 M (U) 23.01 - 25.01 4.3 (6)
ec7,5 N (U) 27.118 - 28.180 1.14 (15)
ec2,1 L (U) 30.05 - 34.64 0.04
ec1,0 M (U) 34.8 - 36.8 2.8 (4)
ec1,0 N (U) 38.908 - 39.970 0.77 (12)
ec2,1 M (U) 46.26 - 48.26 0.011
ec10,7 L (U) 53.51 - 58.10 11.2 (12)
ec9,5 L (U) 64.84 - 69.43 10.6 (6)
ec10,7 M (U) 69.72 - 71.72 2.7 (3)
ec2,0 L (U) 70.40 - 74.99 0.034
ec10,7 N (U) 73.828 - 74.890 0.74 (9)
ec9,5 M (U) 81.05 - 83.04 2.57 (14)
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Energy Electrons Energy
keV per 100 disint. keV

ec10,5 L (U) 82.10 - 86.69 2.70 (13)
ec9,5 N (U) 85.154 - 86.216 0.695 (38)
ec10,5 M (U) 98.31 - 100.31 0.66 (4)
ec10,5 N (U) 102.42 - 103.48 0.18 (1)
ec5,1 K (U) 155.95 (1) 0.0292 (6)
ec7,1 K (U) 184.527 (5) 4.62 (20)
ec5,0 K (U) 196.302 (5) 24.5 (8)
ec7,0 K (U) 224.874 (5) 2.24 (9)
ec7,2 L (U) 226.62 - 231.21 0.0107 (3)
ec5,1 L (U) 249.80 - 254.39 0.0396 (9)
ec10,1 K (U) 259.802 (5) 0.0336 (8)
ec5,1 M (U) 266.01 - 268.00 0.0108 (3)
ec7,1 L (U) 278.37 - 282.96 0.88 (4)
ec9,0 K (U) 282.890 (5) 0.0618 (12)
ec5,0 L (U) 290.15 - 294.74 4.83 (17)
ec7,1 M (U) 294.58 - 296.58 0.22 (1)
ec7,1 N (U) 298.688 - 299.750 0.0659 (25)
ec10,0 K (U) 300.162 (7) 0.16 (10)
ec5,0 M (U) 306.36 - 308.35 1.19 (4)
ec5,0 N (U) 310.463 - 311.525 0.343 (6)
ec7,0 L (U) 318.72 - 323.31 0.460 (14)
ec7,0 M (U) 334.93 - 336.93 0.098 (5)
ec7,0 N (U) 339.035 - 340.097 0.024 (8)
ec10,1 L (U) 353.65 - 358.24 0.0246 (5)
ec9,0 L (U) 376.73 - 381.32 0.0410 (9)
ec9,0 M (U) 392.94 - 394.94 0.01094 (25)
ec10,0 L (U) 394.01 - 398.60 0.056 (16)
ec10,0 M (U) 410.22 - 412.21 0.014 (3)

β−0,11 max: 114.1 (20) 0.0011 (2) avg: 29.8 (5)
β−0,10 max: 154.3 (20) 25.4 (16) avg: 40.9 (5)
β−0,9 max: 171.5 (20) 15.4 (8) avg: 45.7 (5)
β−0,8 max: 189.8 (20) 0.020 (3) avg: 50.9 (6)
β−0,7 max: 229.6 (20) 25.9 (32) avg: 62.4 (6)
β−0,6 max: 249.4 (20) 0.020 (5) avg: 68.2 (6)
β−0,5 max: 258.2 (20) 26.6 (32) avg: 70.8 (6)
β−0,4 max: 268.1 (20) 0.010 (2) avg: 73.7 (6)
β−0,3 max: 271.3 (20) 0.12 (5) avg: 74.6 (6)
β−0,1 max: 529.8 (20) 0.3 (19) avg: 156.1 (6)
β−0,0 max: 570.1 (20) 6.3 (23) avg: 169.6 (6)
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4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.619 — 20.714 40.6 (11)

XKα2 (U) 94.666 9.10 (26) } Kα
XKα1 (U) 98.44 14.6 (4) }

XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 5.25 (18) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 1.80 (7) Kβ

′
2

XKO2,3 (U) 115.377 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ10,9(U) 17.262 (6) 2.07 M1+1.66%E2 503 0.0041
γ7,5(U) 28.559 (10) 22.3 (28) M1+2.44%E2 313 (18) 0.071 (8)
γ1,0(U) 40.349 (5) 13.9 (19) M1+54%E2 580 (60) 0.024 (2)
γ7,3(U) 41.663 (10) 0.032 (7) [E1] 1.253 (25) 0.014 (3)
γ2,1(U) 51.81 (4) 0.055 [M1+28%E2] 108 0.0005
γ10,7(U) 75.269 (10) 16.1 (16) M1+2.2%E2 11.4 (12) 1.30 (3)
γ9,5(U) 86.595 (5) 16.1 (9) M1+0.31%E2 7.08 (14) 1.99 (10)
γ2,0(U) 92.16 (4) 0.0492 [E2] 19.5 0.0024
γ10,5(U) 103.86 (1) 4.44 (18) M1+(1%E2) 4.21 (21) 0.853 (6)
γ6,2(U) 228.57 (5) 0.0042 (7) 0.0042 (7)
γ7,2(U) 248.38 (4) 0.082 (2) [E2] 0.346 (7) 0.0609 (11)
γ3,1(U) 258.45 (2) 0.0289 (6) [E1] 0.0547 (11) 0.0274 (6)
γ5,1(U) 271.555 (10) 0.406 (4) E2 0.258 (5) 0.323 (3)
γ6,1(U) 280.61 (5) 0.011 (2) 0.011 (2)
γ8,2(U) 288.42 (10) 0.016 (3) 0.016 (3)
γ3,0(U) 298.81 (2) 0.12 (5) [E1] 0.0396 (8) 0.12 (5)
γ7,1(U) 300.129 (5) 12.3 (4) M1+0.6%E2 0.87 (2) 6.60 (21)
γ4,0(U) 301.99 (10) 0.010 (2) 0.010 (2)
γ5,0(U) 311.904 (5) 68.9 (12) M1+1%E2 0.80 (2) 38.3 (5)
γ6,0(U) 320.73 (10) 0.0051 (4) 0.0051 (4)
γ7,0(U) 340.476 (5) 7.24 (10) M1+5%E2 0.62 (2) 4.47 (3)
γ10,1(U) 375.404 (5) 0.751 (7) E2 0.0981 (20) 0.684 (7)
γ8,0(U) 380.28 (10) 0.0037 (9) 0.0037 (9)
γ9,0(U) 398.492 (5) 1.526 (15) E2 0.0835 (17) 1.408 (14)
γ10,0(U) 415.764 (5) 1.97 (12) M1+83%E2 0.13 (8) 1.747 (7)
γ11,0(U) 455.96 (10) 0.0011 (2) 0.0011 (2)
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1 Half-life, Q-value and Decay mode

T1/2 : 6.70 (5) h
Qβ− : 2195 (4) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,77 51 (4) 0.42 (5) 4.98
β−0,76 79 (4) 0.21 (3) 5.87
β−0,75 94 (4) 0.064 (11) 6.6
β−0,74 126 (4) 0.40 (7) 6.21
β−0,73 129 (4) 0.140 (24) 6.69
β−0,72 158 (4) 0.055 (8) 7.37
β−0,71 161 (4) 0.90 (15) 6.19
β−0,70 175 (4) 0.112 (16) 7.2
β−0,69 195 (4) 0.122 (16) 7.31
β−0,68 214 (4) 0.59 (8) 6.75
β−0,67 226 (4) 0.044 (12) 7.95
β−0,66 236 (4) 0.44 (19) 7.01
β−0,65 254 (4) 0.35 (5) 7.22
β−0,64 267 (4) 0.22 (4) 7.49
β−0,63 279 (4) 0.21 (3) 7.56
β−0,62 313 (4) 0.25 (3) 7.65
β−0,61 332 (4) 0.029 (7) 8.66
β−0,60 351 (4) 0.17 (3) 7.97
β−0,59 383 (4) 1.43 (15) 7.17
β−0,58 402 (4) 0.41 (8) 7.78
β−0,57 411 (4) 0.061 (11) 8.64
β−0,56 412 (4) 8 (3) 6.53
β−0,55 424 (4) 0.129 (17) 8.36
β−0,54 433 (4) 2.8 (4) 7.05
β−0,53 457 (4) 0.78 (19) 7.68
β−0,52 458 (4) 1.16 (14) 7.51
β−0,50 472 (4) 8.4 (9) 1st forbidden 6.7
β−0,51 472 (4) 36 (5) Allowed 6.06
β−0,49 502 (4) 6.9 (8) 1st forbidden 6.87
β−0,48 542 (4) 0.95 (13) 7.84
β−0,47 545 (4) 0.18 (4) 8.64
β−0,46 576 (4) 0.035 (20) 9.36
β−0,45 606 (4) <0.7 >8.1
β−0,44 613 (4) 0.05 (3) 9.3
β−0,43 642 (4) 19.6 (18) Allowed 6.77
β−0,42 647 (4) 0.078 (20) 9.18
β−0,41 651 (4) 0.10 (9) 9.1
β−0,40 658 (4) <0.9 >8.1
β−0,39 662 (4) 0.21 (4) 8.79
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Energy Probability Nature log ft
keV × 100

β−0,38 693 (4) 0.25 (4) 8.78
β−0,37 699 (4) <2.7 >7.8
β−0,36 709 (4) 0.12 (3) 9.14
β−0,34 747 (4) 0.11 (3) 9.25
β−0,31 883 (4) 0.109 (18) 9.5
β−0,26 980 (4) 0.30 (12) 9.22
β−0,25 1000 (4) <1.5 >8.5
β−0,22 1067 (4) 1.9 (10) 8.54
β−0,18 1104 (4) 0.69 (20) 9.04
β−0,16 1126 (4) <8 1st forbidden >8
β−0,15 1171 (4) 1.5 (13) 8.8
β−0,14 1171 (4) <5 1st forbidden >8.3
β−0,13 1206 (4) <3.1 1st forbidden unique >8.5
β−0,12 1227 (4) <2.5 Allowed >8.6
β−0,11 1232 (4) <0.4 >9.4
β−0,10 1247 (4) <0.8 Allowed >9.2
β−0,7 1346 (4) <0.8 1st forbidden >9.3
β−0,2 2052 (4) <5 Allowed >9.2

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (U) 5.9 - 21.6 77 (10)

eAK (U) 1.08 (6)
KLL 71.776 - 80.954 }
KLX 88.153 - 98.429 }
KXY 104.51 - 115.59 }

ec25,16 K (U) 9.86 (1) 0.171 (26)
ec14,13 L (U) 12.5 - 17.1 6.1 (7)
ec43,33 K (U) 15.70 (1) 3.71 (33)
ec51,45 K (U) 19.01 (2) 0.86 (17)
ec1,0 L (U) 21.73 - 26.32 62 (16)
ec16,14 L (U) 23.69 - 28.28 5.1 (32)
ec13,7 K (U) 24.55 (2) 1.5 (11)
ec49,43 K (U) 25.31 (3) 0.054 (9)
ec33,30 K (U) 28.18 (2) 1.04 (16)
ec14,13 M (U) 28.8 - 30.7 1.69 (18)
ec14,13 N (U) 32.9 - 33.9 0.46 (5)
ec15,12 L (U) 33.20 - 37.79 0.8 (8)
ec45,39 L (U) 33.69 - 38.28 0.012 (4)
ec30,22 K (U) 34.28 (3) 0.0161 (48)
ec22,16 L (U) 36.4 - 41.0 0.34 (11)
ec3,2 K (U) 37.11 (2) 1.30 (15)
ec56,51 L (U) 37.43 - 42.02 2.2 (18)
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Energy Electrons Energy
keV per 100 disint. keV

ec1,0 M (U) 37.94 - 39.94 17.2 (43)
ec16,14 M (U) 39.9 - 41.9 1.4 (9)
ec13,9 L (U) 40.9 - 45.5 0.51 (16)
ec1,0 N (U) 42.05 - 43.11 4.7 (12)
ec33,28 K (U) 43.88 (2) 0.086 (13)
ec16,14 N (U) 44.01 - 45.07 0.38 (25)
ec25,22 L (U) 45.49 - 50.08 1.5 (5)
ec25,20 L (U) 47.70 - 52.29 0.58 (49)
ec22,11 K (U) 49.34 (5) 0.11 (12)
ec15,12 M (U) 49.41 - 51.41 0.24 (20)
ec22,16 M (U) 52.7 - 54.6 0.095 (32)
ec15,12 N (U) 53.52 - 54.58 0.07 (6)
ec56,51 M (U) 53.64 - 55.64 0.6 (5)
ec51,43 K (U) 55.25 (2) 1.96 (27)
ec22,16 N (U) 56.8 - 57.8 0.026 (9)
ec13,9 M (U) 57.2 - 59.2 0.127 (40)
ec56,51 N (U) 57.75 - 58.81 0.16 (14)
ec16,13 L (U) 58.08 - 62.67 1.7 (6)
ec14,7 K (U) 58.95 (3) 0.32 (31)
ec13,9 N (U) 61.3 - 62.3 0.033 (10)
ec25,22 M (U) 61.7 - 63.7 0.41 (15)
ec25,20 M (U) 63.91 - 65.91 0.16 (15)
ec51,41 K (U) 64.20 (8) 0.15 (5)
ec25,22 N (U) 65.81 - 66.87 0.112 (40)
ec25,20 N (U) 68.02 - 69.08 0.043 (38)
ec51,40 K (U) 70.55 (2) 5.4 (6)
ec16,13 M (U) 74.29 - 76.29 0.48 (17)
ec14,9 L (U) 75.41 - 80.00 0.024 (9)
ec2,1 L (U) 78.10 - 82.69 31 (6)
ec56,45 K (U) 78.13 (3) 0.7 (7)
ec16,13 N (U) 78.40 - 79.46 0.131 (46)
ec16,12 L (U) 79.13 - 83.72 0.0115 (22)
ec23,12 K (U) 81.20 (5) 0.1 (1)
ec22,14 L (U) 82.01 - 86.60 1.96 (33)
ec21,9 K (U) 84.35 (5) 0.1 (1)
ec16,11 L (U) 84.92 - 89.51 0.104 (32)
ec4,3 K (U) 85.37 (3) 0.138 (20)
ec13,5 K (U) 87.52 (3) 1.0 (5)
ec2,1 M (U) 94.31 - 96.31 8.7 (16)
ec22,14 M (U) 98.22 - 100.22 0.54 (9)
ec2,1 N (U) 98.42 - 99.48 2.36 (44)
ec16,11 M (U) 101.13 - 103.13 0.025 (8)
ec22,14 N (U) 102.33 - 103.39 0.148 (25)
ec25,16 L (U) 103.70 - 108.29 2.69 (41)
ec16,7 K (U) 104.40 (8) 0.276 (47)
ec43,33 L (U) 109.5 - 114.1 0.84 (8)
ec33,25 K (U) 110.90 (3) 4.4 (16)
ec51,37 K (U) 111.65 (3) 10 (1)
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Energy Electrons Energy
keV per 100 disint. keV

ec51,45 L (U) 112.85 - 117.44 0.169 (34)
ec25,11 K (U) 116.61 (3) 0.16 (15)
ec13,7 L (U) 118.39 - 122.98 0.90 (18)
ec49,43 L (U) 119.15 - 123.74 0.0120 (19)
ec25,16 M (U) 119.91 - 121.91 0.75 (11)
ec33,30 L (U) 122.02 - 126.61 0.49 (8)
ec25,16 N (U) 124.02 - 125.08 0.203 (31)
ec58,43 K (U) 124.6 (1) 0.042 (40)
ec43,33 M (U) 125.8 - 127.8 0.205 (18)
ec30,22 L (U) 128.12 - 132.71 0.111 (34)
ec51,45 M (U) 129.06 - 131.06 0.041 (8)
ec56,40 K (U) 129.77 (2) 1.06 (15)
ec43,33 N (U) 129.9 - 130.9 0.0546 (49)
ec3,2 L (U) 130.95 - 135.54 8.4 (10)
ec51,45 N (U) 133.17 - 134.23 0.0110 (22)
ec33,24 K (U) 133.62 (1) 0.118 (19)
ec13,7 M (U) 134.6 - 136.6 0.24 (6)
ec33,28 L (U) 137.72 - 142.31 0.0186 (28)
ec33,30 M (U) 138.23 - 140.23 0.129 (20)
ec13,7 N (U) 138.71 - 139.77 0.065 (15)
ec68,51 K (U) 141.6 (1) 0.036 (35)
ec33,30 N (U) 142.34 - 143.40 0.035 (5)
ec22,11 L (U) 143.18 - 147.77 0.047 (21)
ec30,22 M (U) 144.33 - 146.33 0.031 (9)
ec3,2 M (U) 147.16 - 149.16 2.33 (27)
ec51,43 L (U) 149.09 - 153.68 0.38 (5)
ec3,2 N (U) 151.27 - 152.33 0.63 (7)
ec26,10 K (U) 151.52 (5) 0.11 (9)
ec14,7 L (U) 152.79 - 157.38 0.126 (23)
ec49,33 K (U) 156.68 (5) 0.83 (11)
ec51,41 L (U) 158.0 - 162.6 0.029 (10)
ec22,11 M (U) 159.39 - 161.39 0.012 (6)
ec21,8 K (U) 159.4 (1) 0.056 (49)
ec51,40 L (U) 164.39 - 168.98 1.04 (11)
ec51,43 M (U) 165.3 - 167.3 0.092 (13)
ec14,7 M (U) 169 - 171 0.033 (7)
ec51,43 N (U) 169.41 - 170.47 0.0249 (34)
ec56,45 L (U) 171.97 - 176.56 0.255 (42)
ec23,12 L (U) 175.0 - 179.6 0.035 (11)
ec33,22 K (U) 178.19 (5) 0.84 (29)
ec21,9 L (U) 178.19 - 182.78 0.035 (11)
ec4,3 L (U) 179.21 - 183.80 0.38 (6)
ec33,20 K (U) 180.31 (8) 0.07 (6)
ec51,40 M (U) 180.6 - 182.6 0.253 (27)
ec13,5 L (U) 181.36 - 185.95 0.52 (6)
ec51,40 N (U) 184.71 - 185.77 0.068 (7)
ec56,45 M (U) 188.18 - 190.18 0.066 (11)
ec56,45 N (U) 192.29 - 193.35 0.0178 (30)
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Energy Electrons Energy
keV per 100 disint. keV

ec71,51 K (U) 194.6 (1) 0.029 (30)
ec4,3 M (U) 195.42 - 197.42 0.105 (15)
ec13,5 M (U) 197.57 - 199.57 0.138 (17)
ec23,8 K (U) 197.9 (1) 0.042 (42)
ec16,7 L (U) 198.242 - 202.832 0.053 (9)
ec4,3 N (U) 199.53 - 200.59 0.0285 (41)
ec37,29 L (U) 200.07 - 204.66 0.020 (6)
ec13,5 N (U) 201.68 - 202.74 0.0373 (46)
ec33,25 L (U) 204.7 - 209.3 1.46 (19)
ec34,22 K (U) 204.8 (1) 0.021 (16)
ec51,37 L (U) 205.49 - 210.08 1.94 (20)
ec25,11 L (U) 210.45 - 215.04 0.049 (12)
ec16,7 M (U) 214.452 - 216.450 0.0129 (22)
ec33,18 K (U) 214.80 (5) 0.0198 (23)
ec58,43 L (U) 218.4 - 223.0 0.012 (6)
ec33,25 M (U) 221 - 223 0.372 (47)
ec51,37 M (U) 221.7 - 223.7 0.469 (49)
ec56,40 L (U) 223.61 - 228.20 0.205 (30)
ec33,25 N (U) 225.1 - 226.1 0.100 (13)
ec51,37 N (U) 225.81 - 226.87 0.126 (13)
ec25,11 M (U) 226.66 - 228.66 0.0126 (24)
ec33,24 L (U) 227.46 - 232.05 0.0234 (38)
ec33,16 K (U) 236.3 (1) 0.0233 (28)
ec56,40 M (U) 239.82 - 241.82 0.050 (7)
ec46,28 K (U) 242.3 (1) 0.010 (8)
ec56,40 N (U) 243.93 - 244.99 0.0134 (19)
ec26,10 L (U) 245.36 - 249.95 0.031 (10)
ec49,33 L (U) 250.52 - 255.11 0.194 (25)
ec21,8 L (U) 253.28 - 257.87 0.015 (5)
ec37,21 K (U) 253.90 (5) 1.12 (14)
ec40,23 K (U) 256.4 (1) 0.50 (6)
ec49,33 M (U) 266.73 - 268.73 0.048 (6)
ec49,33 N (U) 270.84 - 271.90 0.0130 (17)
ec33,22 L (U) 272.03 - 276.62 0.33 (5)
ec33,20 L (U) 274.15 - 278.74 0.018 (7)
ec33,15 K (U) 282.1 (3) 0.027 (7)
ec33,22 M (U) 288.24 - 290.24 0.085 (13)
ec23,8 L (U) 291.7 - 296.3 0.0104 (44)
ec33,22 N (U) 292.35 - 293.41 0.0228 (34)
ec33,16 L (U) 330.1 - 334.7 0.0191 (23)
ec40,18 K (U) 331.0 (1) 0.0307 (41)
ec33,11 K (U) 343.08 (5) 0.125 (47)
ec37,21 L (U) 347.7 - 352.3 0.216 (26)
ec40,23 L (U) 350.242 - 354.832 0.100 (11)
ec37,15 K (U) 356.7 (1) 0.083 (9)
ec37,21 M (U) 364 - 366 0.052 (6)
ec71,43 K (U) 365.4 (1) 0.040 (31)
ec40,23 M (U) 366.452 - 368.450 0.0242 (28)
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Energy Electrons Energy
keV per 100 disint. keV

ec37,21 N (U) 368.1 - 369.1 0.0141 (17)
ec45,18 K (U) 382.4 (1) 0.0125 (24)
ec37,13 K (U) 391.16 (5) 0.0138 (15)
ec40,15 K (U) 397.8 (1) 0.0703 (11)
ec37,12 K (U) 412.4 (1) 0.069 (9)
ec33,11 L (U) 436.92 - 441.51 0.032 (7)
ec45,15 K (U) 449.8 (1) 0.149 (16)
ec37,15 L (U) 450.5 - 455.1 0.0159 (18)
ec40,12 K (U) 453.5 (2) 0.51 (8)
ec37,9 K (U) 454.1 (1) 1.30 (17)
ec59,26 K (U) 481.5 (1) 0.0247 (37)
ec40,15 L (U) 491.6 - 496.2 0.01341 (19)
ec53,21 K (U) 496.6 (1) 0.044 (6)
ec37,12 L (U) 506.23 - 510.82 0.0131 (17)
ec49,16 K (U) 508.8 (1) 0.028 (4)
ec48,15 K (U) 514.0 (1) 0.038 (6)
ec54,22 K (U) 518.9 (2) 0.0142 (25)
ec50,16 K (U) 538.3 (1) 0.046 (8)
ec45,15 L (U) 543.6 - 548.2 0.0283 (30)
ec40,12 L (U) 547.3 - 551.9 0.096 (16)
ec37,9 L (U) 547.9 - 552.5 0.248 (32)
ec40,12 M (U) 563.6 - 565.6 0.0232 (39)
ec37,9 M (U) 564.2 - 566.2 0.060 (8)
ec37,9 N (U) 568.3 - 569.3 0.0161 (21)
ec54,16 K (U) 577.2 (1) 0.104 (11)
ec7,2 K (U) 590.6 (1) 0.0130 (13)
ec49,11 K (U) 615.6 (2) 0.025 (19)
ec50,13 K (U) 617.96 (5) 0.50 (6)
ec54,14 K (U) 622.7 (1) 0.081 (9)
ec5,1 K (U) 627.482 (5) 0.0108 (11)
ec51,12 K (U) 639.7 (1) 0.049 (37)
ec56,15 K (U) 643.6 (1) 0.010 (8)
ec54,16 L (U) 671.0 - 675.6 0.0197 (21)
ec51,9 K (U) 680.8 (1) 0.0325 (38)
ec10,2 K (U) 688.9 (1) 0.097 (34)
ec7,1 K (U) 690.60 (5) 0.0112 (14)
ec12,2 K (U) 709.9 (2) 0.0223 (24)
ec50,13 L (U) 711.80 - 716.39 0.095 (11)
ec22,3 K (U) 716.3 (1) 0.0178 (21)
ec54,14 L (U) 716.5 - 721.1 0.0154 (17)
ec50,13 M (U) 728.01 - 730.01 0.0228 (26)
ec51,12 L (U) 733.5 - 738.1 0.010 (6)
ec24,3 K (U) 760.8 (1) 0.0269 (25)
ec15,2 K (U) 765.32 (4) 0.065 (8)
ec14,2 K (U) 765.32 (4) 0.0164 (23)
ec9,1 K (U) 768.06 (4) 0.101 (12)
ec10,2 L (U) 782.7 - 787.3 0.069 (24)
ec25,3 K (U) 783.46 (5) 0.0122 (15)
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Energy Electrons Energy
keV per 100 disint. keV

ec10,2 M (U) 799 - 801 0.064 (23)
ec12,1 K (U) 809.8 (1) 0.076 (9)
ec9,0 K (U) 811.5 (1) 0.070 (12)
ec13,1 K (U) 830.79 (3) 0.045 (5)
ec18,2 K (U) 832.5 (2) 0.0150 (19)
ec28,3 K (U) 850.6 (1) 0.011 (6)
ec15,2 L (U) 859.16 - 863.75 0.0172 (22)
ec9,1 L (U) 861.90 - 866.49 0.0268 (31)
ec15,1 K (U) 865.1 (1) 0.01533 (23)
ec12,1 L (U) 903.6 - 908.2 0.0194 (22)
ec9,0 L (U) 905.3 - 909.9 0.0179 (30)
ec21,1 K (U) 968.2 (1) 0.0130 (15)
ec37,2 K (U) 1238.3 (1) 0.0164 (17)
ec40,2 K (U) 1279.3 (1) 0.0271 (28)

β−0,77 max: 51 (4) 0.42 (5) avg: 13.0 (11)
β−0,76 max: 79 (4) 0.21 (3) avg: 20.4 (11)
β−0,75 max: 94 (4) 0.064 (11) avg: 24.2 (11)
β−0,74 max: 126 (4) 0.40 (7) avg: 33.1 (11)
β−0,73 max: 129 (4) 0.140 (24) avg: 33.8 (11)
β−0,72 max: 158 (4) 0.055 (8) avg: 41.9 (12)
β−0,71 max: 161 (4) 0.90 (15) avg: 42.9 (12)
β−0,70 max: 175 (4) 0.112 (16) avg: 46.7 (12)
β−0,69 max: 195 (4) 0.122 (16) avg: 52.2 (12)
β−0,68 max: 214 (4) 0.59 (8) avg: 57.8 (12)
β−0,67 max: 226 (4) 0.044 (12) avg: 61.3 (12)
β−0,66 max: 236 (4) 0.44 (19) avg: 64.3 (12)
β−0,65 max: 254 (4) 0.35 (5) avg: 69.7 (12)
β−0,64 max: 267 (4) 0.22 (4) avg: 73.5 (12)
β−0,63 max: 279 (4) 0.21 (3) avg: 76.9 (12)
β−0,62 max: 313 (4) 0.25 (3) avg: 87.3 (13)
β−0,61 max: 332 (4) 0.029 (7) avg: 93.0 (13)
β−0,60 max: 351 (4) 0.17 (3) avg: 98.9 (13)
β−0,59 max: 383 (4) 1.43 (15) avg: 108.9 (13)
β−0,58 max: 402 (4) 0.41 (8) avg: 114.8 (13)
β−0,57 max: 411 (4) 0.061 (11) avg: 117.6 (13)
β−0,56 max: 412 (4) 8 (3) avg: 118.1 (13)
β−0,55 max: 424 (4) 0.129 (17) avg: 121.8 (13)
β−0,54 max: 433 (4) 2.8 (4) avg: 124.7 (13)
β−0,53 max: 457 (4) 0.78 (19) avg: 132.3 (14)
β−0,52 max: 458 (4) 1.16 (14) avg: 132.5 (14)
β−0,50 max: 472 (4) 8.4 (9) avg: 137.2 (13)
β−0,51 max: 472 (4) 36 (5) avg: 137.1 (13)
β−0,49 max: 502 (4) 6.9 (8) avg: 146.8 (14)
β−0,48 max: 542 (4) 0.95 (13) avg: 160.1 (14)
β−0,47 max: 545 (4) 0.18 (4) avg: 164.6 (13)
β−0,46 max: 576 (4) 0.035 (20) avg: 171.4 (14)
β−0,45 max: 606 (4) <0.7 avg: 181.7 (14)

CNDC /Huang Xiaolong, Wang Baosong



ANNEX I: RECOMMENDED DECAY DATA Pa− 234

Energy Electrons Energy
keV per 100 disint. keV

β−0,44 max: 613 (4) 0.05 (3) avg: 184.1 (14)
β−0,43 max: 642 (4) 19.6 (18) avg: 194.0 (14)
β−0,42 max: 647 (4) 0.078 (20) avg: 195.6 (14)
β−0,41 max: 651 (4) 0.10 (9) avg: 197.1 (14)
β−0,40 max: 658 (4) <0.9 avg: 199.3 (14)
β−0,39 max: 662 (4) 0.21 (4) avg: 200.6 (14)
β−0,38 max: 693 (4) 0.25 (4) avg: 211.3 (14)
β−0,37 max: 699 (4) <2.7 avg: 213.5 (14)
β−0,36 max: 709 (4) 0.12 (3) avg: 216.9 (14)
β−0,34 max: 747 (4) 0.11 (3) avg: 230.3 (14)
β−0,31 max: 883 (4) 0.109 (18) avg: 278.7 (15)
β−0,26 max: 980 (4) 0.30 (12) avg: 314.2 (15)
β−0,25 max: 1000 (4) <1.5 avg: 312.6 (14)
β−0,22 max: 1067 (4) 1.9 (10) avg: 346.5 (15)
β−0,18 max: 1104 (4) 0.69 (20) avg: 360.2 (15)
β−0,16 max: 1126 (4) <8 avg: 368.3 (15)
β−0,15 max: 1171 (4) 1.5 (13) avg: 385.4 (16)
β−0,14 max: 1171.2 (40) <5 avg: 385.4 (16)
β−0,13 max: 1206 (4) <3.1 avg: 398.5 (16)
β−0,12 max: 1227 (4) <2.5 avg: 406.4 (16)
β−0,11 max: 1232 (4) <0.4 avg: 408.7 (16)
β−0,10 max: 1247 (4) <0.8 avg: 414.4 (16)
β−0,7 max: 1346 (4) <0.8 avg: 452.1 (16)
β−0,2 max: 2052 (4) <5 avg: 732.2 (17)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.6185 — 20.7141 77 (10)

XKα2 (U) 94.666 10.5 (6) } Kα
XKα1 (U) 98.44 16.8 (9) }

XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 6.1 (4) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 2.0 (1) Kβ

′
2

XKO2,3 (U) 115.377 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ14,13(U) 34.30 (4) 8.4 (9) (E2) 2270 (40) 0.0037 (4)
γ1,0(U) 43.49 (2) 86 (23) E2 713 (11) 0.12 (3)
γ16,14(U) 45.45 (5) 6.8 (44) M1+E2 250 (140) 0.027 (9)
γ15,12(U) 54.96 (10) ∼1.23 [M1+E2] 130 (110) ∼0.0094
γ14,12(U) 54.96 (10) ∼0.0094 [E1] 0.603 (9) ∼0.0094
γ45,39(U) 55.45 (5) 0.043 (14) (E1) 0.589 (9) 0.027 (9)
γ22,16(U) 58.20 (6) 0.47 (16) (E2) 174 (3) 0.0027 (9)
γ56,51(U) 59.19 (5) 2.9 (25) [M1+E2] 90 (70) 0.032 (11)
γ13,9(U) 62.70 (1) 2.3 (7) E1 0.426 (6) 1.6 (5)
γ25,22(U) 67.25 (10) 2.1 (8) M1+E2 57 (11) 0.036 (11)
γ25,20(U) 69.46 (5) 0.7 (6) [E2,M1] 40 (30) 0.018 (8)
γ16,13(U) 79.84 (2) 2.4 (9) E2 38.4 (6) 0.062 (22)
γ14,9(U) 97.17 (10) 0.27 (10) [E1] 0.1343 (20) 0.24 (9)
γ2,1(U) 99.86 (2) 46 (9) E2 13.42 (19) 3.2 (6)
γ16,12(U) 100.89 (2) 0.140 (27) [E1] 0.1218 (17) 0.125 (24)
γ22,14(U) 103.77 (2) 2.93 (49) (E2) 11.22 (16) 0.24 (4)
γ16,11(U) 106.68 (5) 0.17 (5) [M1] 3.83 (6) 0.036 (11)
γ25,16(U) 125.46 (1) 4.7 (7) E2 4.89 (7) 0.79 (12)
γ43,33(U) 131.30 (1) 23 (2) E1 0.265 (4) 18.2 (16)
γ51,45(U) 134.61 (2) 1.20 (24) M1 9.50 (14) 0.114 (23)
γ21,13(U) 137.23 (5) 0.033 (11) [E1] 0.239 (4) 0.027 (9)
γ13,7(U) 140.15 (2) 3.2 (10) M1+E2 5.3 (18) 0.51 (7)
γ49,43(U) 140.91 (3) 0.38 (6) [E1] 0.224 (4) 0.31 (5)
γ33,30(U) 143.78 (2) 2.02 (32) (M1+E2) 5.31 0.32 (5)
γ30,22(U) 149.88 (3) 0.24 (7) [E2] 2.31 (4) 0.073 (22)
γ3,2(U) 152.71 (2) 18.8 (22) E2 2.14 (3) 6.0 (7)
γ33,28(U) 159.48 (2) 0.77 (12) [E1] 0.1676 (24) 0.66 (10)
γ22,11(U) 164.94 (5) 0.23 (14) [E2,M1] 3.5 (19) 0.052 (22)
γ64,54(U) 165.61 (5) 0.084 (25) [E1] 0.1533 (22) 0.073 (22)
γ51,43(U) 170.85 (2) 2.97 (41) M1 4.83 (7) 0.51 (7)
γ14,7(U) 174.55 (3) 0.66 (31) [M1+E2] 2.9 (17) 0.17 (3)
γ51,41(U) 179.80 (8) 0.23 (8) [M1] 4.19 (6) 0.045 (16)
γ51,40(U) 186.15 (2) 8.5 (9) M1 3.79 (6) 1.78 (19)
γ56,45(U) 193.73 (3) 1.6 (7) [M1+E2] 2.1 (13) 0.50 (8)
γ23,12(U) 196.80 (5) 0.22 (12) E0+E2+M1 2.0 (13) 0.073 (22)
γ21,9(U) 199.95 (5) 0.22 (12) (E0+E2+M1) 2.0 (13) 0.073 (22)
γ4,3(U) 200.97 (3) 1.56 (23) E2 0.734 (11) 0.90 (13)
γ13,5(U) 203.12 (3) 3.0 (6) M1+E2 1.4 (4) 1.24 (15)
γ16,7(U) 220.00 (8) 0.49 (8) (M1) 2.37 (4) 0.146 (25)
γ66,53(U) 221.15 (10) 0.056 (24) [E1] 0.0780 (11) 0.052 (22)
γ37,29(U) 221.83 (10) 0.110 (33) [E2] 0.513 (8) 0.073 (22)
γ33,25(U) 226.50 (3) 11.3 (20) M1+E2 1.3 (3) 4.9 (6)
γ51,37(U) 227.25 (3) 18.4 (19) M1 2.17 (3) 5.8 (6)
γ25,11(U) 232.21 (3) 0.40 (16) [E2,M1] 1.2 (8) 0.18 (3)
γ66,51(U) 235.11 (3) 0.122 (25) [E1] 0.0678 (10) 0.114 (23)
γ17,7(U) 235.9 (30) 0.005 (3) 0.005 (3)
γ58,43(U) 240.2 (1) 0.11 (6) [M1,E2] 1.1 (8) 0.052 (22)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ56,40(U) 245.37 (2) 2.09 (30) M1 1.749 (25) 0.76 (11)
γ27,13(U) 247.79 (7) 0.00037 (4) 0.00037 (4)
γ33,24(U) 249.22 (1) 2.65 (42) E1 0.0594 (9) 2.5 (4)
γ68,51(U) 257.2 (1) 0.10 (6) [M1,E2] 0.9 (7) 0.052 (22)
γ26,10(U) 267.12 (5) 0.32 (12) [E2,M1] 0.8 (6) 0.18 (3)
γ49,33(U) 272.28 (5) 2.18 (28) M1+E2 1.004 (14) 1.09 (14)
γ21,8(U) 275.04 (10) 0.17 (7) [M1,E2] 0.8 (6) 0.094 (23)
γ22,7(U) 278.3 (1) 0.052 (14) [E2] 0.238 (4) 0.042 (11)
γ33,22(U) 293.79 (5) 4.3 (6) M1+E2 0.42 (10) 3.0 (4)
γ33,20(U) 295.91 (8) 0.23 (8) [M1+E2] 0.6 (5) 0.146 (25)
γ17,5(U) 298.7 (2) 0.015 (6) [E1] 0.0396 (6) 0.014 (6)
γ64,46(U) 308.6 (2) 0.025 (7) [E2] 0.1726 (25) 0.021 (6)
γ71,51(U) 310.2 (1) 0.109 (35) [M1,E2] 0.5 (4) 0.073 (13)
γ27,9(U) 310.52 (10) 0.000135 (15) 0.000135 (15)
γ23,8(U) 313.5 (1) 0.156 (47) [E2,M1] 0.5 (4) 0.104 (14)
γ21,6(U) 316.7 (1) 0.121 (16) [E2] 0.1597 (23) 0.104 (14)
γ34,22(U) 320.4 (1) 0.078 (24) [E2,M1] 0.5 (4) 0.052 (8)
γ33,18(U) 330.40 (5) 0.80 (9) [E1] 0.0318 (5) 0.78 (9)
γ74,52(U) 331.4 (1) 0.073 (13) 0.073 (13)
γ21,5(U) 340.2 (1) 0.042 (9) [E1] 0.0298 (5) 0.041 (9)
γ31,12(U) 343.8 (2) 0.035 (8) [E1] 0.0292 (5) 0.034 (8)
γ33,16(U) 351.9 (1) 0.47 (6) E2 0.1175 (17) 0.42 (5)
γ46,28(U) 357.9 (1) 0.050 (19) [M1,E2] 0.4 (3) 0.036 (11)
γ56,33(U) 360.6 (3) 0.018 (7) [E1] 0.0264 (4) 0.018 (7)
γ26,7(U) 365.0 (3) 0.018 (7) [E1] 0.0257 (4) 0.018 (7)
γ37,21(U) 369.50 (5) 3.91 (47) M1 0.565 (8) 2.5 (3)
γ40,23(U) 372.0 (1) 1.87 (21) M1(+E2) 0.517 (8) 1.23 (14)
γ32,11(U) 379.1 (1) 0.043 (11) [E1] 0.0237 (4) 0.042 (11)
γ31,9(U) 385.4 (1) 0.043 (11) [E1] 0.0229 (4) 0.042 (11)
γ27,7(U) 387.94 (6) 0.00072 (6) 0.00072 (6)
γ45,25(U) 394.1 (1) 0.096 (14) [E1] 0.0219 (3) 0.094 (14)
γ33,15(U) 397.7 (3) 0.063 (16) [M2] 1.349 (20) 0.027 (7)
γ−1,2(U) 401.8 (2) 0.036 (11)
γ40,22(U) 409.8 (1) 0.35 (5) [E1] 0.0202 (3) 0.34 (5)
γ49,30(U) 416.1 (1) 0.039 (12) [E2] 0.0746 (11) 0.036 (11)
γ−1,3(U) 425.3 (2) 0.036 (11)
γ37,16(U) 426.95 (5) 0.47 (5) [E1] 0.0185 (3) 0.46 (5)
γ27,6(U) 427.4 (4) 0.000031 (10) 0.000031 (10)
γ68,42(U) 433.1 (1) 0.094 (14) 0.094 (14)
γ40,18(U) 446.6 (1) 0.153 (20) [M1] 0.338 (5) 0.114 (15)
γ27,5(U) 450.93 (4) 0.0050 (24) M1+E2 0.241 (4) 0.0040 (19)
γ42,19(U) 452.4 (3) 0.027 (9) 0.027 (9)
γ33,11(U) 458.68 (5) 1.30 (15) M1+E2 0.14 (5) 1.14 (12)
γ45,22(U) 461.5 (1) 0.045 (14) [M1] 0.309 (5) 0.034 (11)
γ39,16(U) 464.2 (1) 0.040 (14) [M1] 0.304 (5) 0.031 (11)
γ40,16(U) 468.0 (1) 0.223 (30) [E1] 0.01539 (22) 0.22 (3)
γ37,15(U) 472.3 (1) 0.46 (5) [M1] 0.290 (4) 0.36 (4)
γ41,16(U) 474.2 (2) 0.037 (11) [E1] 0.01499 (21) 0.036 (11)
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keV × 100 × 100

γ42,16(U) 478.6 (1) 0.127 (15) [E1] 0.01472 (21) 0.125 (15)
γ71,43(U) 481.0 (1) 0.36 (6) [M1,E2] 0.16 (12) 0.31 (4)
γ45,18(U) 498.0 (1) 0.078 (15) [M1] 0.252 (4) 0.062 (12)
γ66,35(U) 502.0 (1) 0.03 (10) [E2,M1] 0.15 (10) 0.027 (90)
γ37,13(U) 506.75 (5) 1.32 (14) [E1] 0.01314 (19) 1.30 (14)
γ40,15(U) 513.4 (1) ∼0.468 [M1] 0.232 (4) ∼0.38
γ40,14(U) 513.5 (1) ∼0.77 [E1] 0.01280 (18) ∼0.76
γ45,16(U) 519.6 (1) 0.41 (5) [E1] 0.01251 (18) 0.40 (5)
γ49,24(U) 521.4 (1) 0.76 (9) [E1] 0.01242 (18) 0.75 (9)
γ37,12(U) 527.9 (1) 0.49 (6) (M1) 0.215 (3) 0.40 (5)
γ43,15(U) 529.1 (3) 0.102 (46) [E2,M1] 0.13 (9) 0.09 (4)
γ76,44(U) 534.1 (1) 0.084 (13) [E1] 0.01185 (17) 0.083 (13)
γ71,37(U) 537.2 (1) 0.093 (16) [M1,E2] 0.12 (9) 0.083 (13)
γ39,13(U) 543.8 (1) 0.140 (25) [E2] 0.0389 (6) 0.135 (24)
γ47,19(U) 553.7 (1) 0.045 (16) [E1] 0.01105 (16) 0.045 (16)
γ44,14(U) 558.0 (2) 0.097 (24) [E2] 0.0367 (6) 0.094 (23)
γ36,9(U) 559.2 (2) 0.074 (22) [E1] 0.01084 (16) 0.073 (22)
γ76,43(U) 562.8 (3) 0.040 (13) [M1,E2] 0.11 (8) 0.036 (11)
γ45,15(U) 565.2 (1) 1.23 (13) (M1) 0.179 (3) 1.04 (11)
γ40,12(U) 568.9 (2) 4.2 (7) M1 0.1759 (25) 3.6 (6)
γ37,9(U) 569.5 (1) 10.9 (14) M1 0.1754 (25) 9.3 (12)
γ41,12(U) 575.5 (1) 0.03 (1) [E2,M1] 0.10 (7) 0.027 (9)
γ43,12(U) 584.1 (1) 0.19 (31) [E2] 0.0331 (5) 0.18 (30)
γ64,32(U) 586.3 (1) 0.075 (13) [E2] 0.0328 (5) 0.073 (13)
γ40,10(U) 590.3 (10) 0.040 (12) [E2,M1] 0.10 (7) 0.036 (11)
γ50,22(U) 595.4 (2) 0.097 (24) [E2] 0.0317 (5) 0.094 (23)
γ59,26(U) 596.9 (1) 0.231 (35) [M1] 0.1547 (22) 0.20 (3)
γ49,18(U) 602.6 (1) 0.55 (6) [E1] 0.00939 (14) 0.54 (6)
γ43,10(U) 604.6 (3) 0.057 (24) [E2,M1] 0.09 (6) 0.052 (22)
γ53,21(U) 612.0 (1) 0.43 (6) (M1) 0.1447 (21) 0.38 (5)
γ41,9(U) 617.0 (2) 0.054 (23) [E2] 0.0294 (5) 0.052 (22)
γ44,11(U) 619.0 (2) 0.039 (12) [M1+E2] 0.08 (6) 0.036 (11)
γ49,16(U) 624.2 (1) 0.39 (6) (M1+E2) 0.1015 (15) 0.35 (5)
γ20,4(U) 628.1 (1) 0.24 (5) [E1] 0.00868 (13) 0.24 (5)
γ48,15(U) 629.4 (1) 0.40 (7) (M1) 0.1342 (19) 0.35 (6)
γ51,18(U) 632.6 (2) 0.039 (12) [E2,M1] 0.08 (6) 0.036 (11)
γ54,22(U) 634.3 (2) 0.153 (27) [M1] 0.1315 (19) 0.135 (24)
γ−1,4(U) 643.2 (2) 0.027 (9)
γ37,7(U) 646.5 (1) 0.115 (15) [E1] 0.00822 (12) 0.114 (15)
γ50,16(U) 653.7 (1) 0.53 (9) M1 0.1213 (17) 0.47 (8)
γ56,22(U) 655.2 (2) 0.136 (24) [E1] 0.00802 (12) 0.135 (24)
γ46,11(U) 657.4 (1) 0.40 (5) 0.40 (5)
γ−1,5(U) 659.8 (1) 0.27 (4)
γ48,13(U) 663.9 (1) 0.54 (9) [E1] 0.00782 (11) 0.54 (9)
γ11,3(U) 666.5 (1) 1.19 (13) [E1] 0.00777 (11) 1.18 (13)
γ35,5(U) 669.7 (1) <0.0006 <0.0006
γ49,15(U) 669.7 (1) 1.01 (10) [E1] 0.00770 (11) 1.0 (1)
γ24,4(U) 675.1 (1) 0.103 (14) [E2] 0.0242 (4) 0.101 (14)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ59,22(U) 683.9 (2) 0.161 (40) [E1] 0.00740 (11) 0.16 (4)
γ40,8(U) 685.1 (2) 0.15 (4) 0.15 (4)
γ54,16(U) 692.6 (1) 1.38 (14) (M1) 0.1040 (15) 1.25 (13)
γ51,15(U) 699.03 (5) 3.6 (4) 3.6 (4)
γ7,2(U) 705.9 (1) 2.31 (23) [E1] 0.00698 (10) 2.29 (23)
γ8,2(U) 708.3 (2) 0.024 (9) [E2] 0.0219 (3) 0.023 (9)
γ−1,6(U) 711.5 (1) 0.156 (25)
γ52,14(U) 713.7 (1) 0.147 (25) [E1] 0.00684 (10) 0.146 (25)
γ62,23(U) 716.5 (2) 0.033 (10) [M1,E2] 0.06 (4) 0.031 (9)
γ15,3(U) 727.8 (2) 0.116 (15) [E2] 0.0207 (3) 0.114 (15)
γ49,11(U) 730.9 (2) 0.67 (11) [M1,E2] 0.06 (4) 0.63 (10)
γ50,13(U) 733.39 (5) 7.6 (9) M1 0.0893 (13) 7.0 (8)
γ54,14(U) 738.0 (1) 1.26 (14) (M1) 0.0878 (13) 1.16 (13)
γ5,1(U) 742.813 (5) 2.09 (21) E1 0.00636 (9) 2.08 (21)
γ49,10(U) 745.9 (1) 0.32 (5) [E1] 0.00631 (9) 0.32 (5)
γ52,13(U) 748.1 (3) 0.105 (23) [E1] 0.00628 (9) 0.104 (23)
γ51,12(U) 755.0 (1) 1.29 (15) (E2,M1) 0.05 (4) 1.23 (13)
γ56,15(U) 758.9 (1) 0.262 (33) [M1,E2] 0.05 (4) 0.25 (3)
γ50,11(U) 761.0 (2) 0.074 (22) [E2] 0.0189 (3) 0.073 (22)
γ28,4(U) 764.8 (2) 0.21 (5) [M1,E2] 0.05 (3) 0.20 (5)
γ6,1(U) 766.4 (2) 0.26 (5) (E2) 0.0187 (3) 0.26 (5)
γ58,15(U) 769.1 (1) 0.196 (22) [M1,E2] 0.05 (3) 0.187 (20)
γ54,13(U) 772.4 (2) 0.074 (22) [E2] 0.0184 (3) 0.073 (22)
γ−1,7(U) 778.6 (2) 0.046 (10)
γ30,4(U) 780.4 (2) 0.91 (9) [E1] 0.00581 (9) 0.90 (9)
γ9,2(U) 783.4 (1) 0.305 (41) [E2] 0.0179 (3) 0.30 (4)
γ5,0(U) 786.272 (22) 1.22 (13) (E1) 0.00573 (8) 1.21 (13)
γ54,12(U) 792.8 (3) 0.045 (11) [E1] 0.00565 (8) 0.045 (11)
γ18,3(U) 794.9 (2) 0.69 (11) [E2] 0.01735 (25) 0.68 (11)
γ51,9(U) 796.1 (1) 2.64 (31) [E2] 0.01730 (25) 2.6 (3)
γ55,12(U) 802.3 (2) 0.033 (10) [M1] 0.0703 (10) 0.031 (9)
γ10,2(U) 804.1 (1) 0.85 (30) E0+E2 0.37 0.62 (22)
γ7,1(U) 805.80 (5) 2.51 (30) [E1] 0.00549 (8) 2.5 (3)
γ8,1(U) 808.4 (3) 0.19 (6) E0+E2 4.2 0.036 (11)
γ53,9(U) 811.5 (1) 0.130 (16) [M1,E2] 0.04 (3) 0.125 (15)
γ56,12(U) 814.2 (1) 0.315 (41) [E2] 0.01654 (24) 0.31 (4)
γ11,2(U) 819.2 (1) 1.91 (20) [E1] 0.00533 (8) 1.9 (2)
γ−1,8(U) 824.2 (2) 1.25 (15)
γ12,2(U) 825.1 (2) 1.93 (20) [E2] 0.01611 (23) 1.9 (2)
γ20,3(U) 829.3 (2) 0.36 (11) [E1] 0.00521 (8) 0.36 (11)
γ22,3(U) 831.5 (1) 4.2 (5) [E1] 0.00518 (8) 4.2 (5)
γ75,28(U) 839.5 (1) 0.031 (8) 0.031 (8)
γ49,7(U) 844.1 (1) 0.44 (5) [E2] 0.01540 (22) 0.43 (5)
γ−1,9(U) 846.1 (2) 0.052 (12)
γ59,11(U) 848.9 (2) 0.027 (8) [E1] 0.00500 (7) 0.027 (8)
γ8,0(U) 851.8 (1) 0.074 (22) [E2] 0.01513 (22) 0.073 (22)
γ57,9(U) 857.7 (2) 0.037 (8) [E2] 0.01493 (21) 0.036 (8)
γ59,10(U) 863.2 (2) 0.076 (23) [E2,M1] 0.036 (22) 0.073 (22)

CNDC /Huang Xiaolong, Wang Baosong



ANNEX I: RECOMMENDED DECAY DATA Pa− 234

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ77,29(U) 869.7 (1) 0.20 (3) 0.20 (3)
γ50,7(U) 874.0 (3) 0.037 (8) [E2,M1] 0.035 (21) 0.036 (8)
γ24,3(U) 876.0 (1) 2.59 (23) (E2) 0.01432 (20) 2.55 (23)
γ15,2(U) 880.52 (4) 6.3 (8) [E2] 0.01418 (20) 6.2 (8)
γ14,2(U) 880.52 (4) 4.3 (6) [E1] 0.00468 (7) 4.3 (6)
γ9,1(U) 883.24 (4) 9.8 (11) E2 0.01409 (20) 9.7 (11)
γ66,16(U) 890.1 (4) 0.027 (8) 0.027 (8)
γ25,3(U) 898.67 (5) 3.31 (40) [E1] 0.00451 (7) 3.3 (4)
γ10,1(U) 904.2 (1) 0.345 (41) [E2] 0.01346 (19) 0.34 (4)
γ65,15(U) 916.5 (2) 0.024 (7) 0.024 (7)
γ26,3(U) 918.4 (1) 0.101 (14) [E2] 0.01306 (19) 0.100 (14)
γ−1,10(U) 920.5 (2) 0.029 (8)
γ12,1(U) 925.0 (1) 8.0 (9) (E2) 0.01288 (18) 7.9 (9)
γ16,2(U) 926.0 (2) 1.8 (13) [E1] 0.00428 (6) 1.8 (13)
γ9,0(U) 926.7 (1) 7.4 (12) (E2) 0.01284 (18) 7.3 (12)
γ66,15(U) 935.8 (2) 0.067 (10) 0.067 (10)
γ17,2(U) 942.0 (3) 0.047 (9) [E2] 0.01244 (18) 0.046 (9)
γ13,1(U) 946.00 (3) 13.6 (15) (E1) 0.00412 (6) 13.5 (15)
γ18,2(U) 947.7 (2) 1.65 (21) [E2] 0.01230 (18) 1.63 (21)
γ19,2(U) 952.7 (1) 0.083 (13) 0.083 (13)
γ59,8(U) 960.0 (1) 0.074 (13) [E2] 0.01199 (17) 0.073 (13)
γ28,3(U) 965.8 (1) 0.49 (6) [M1,E2] 0.027 (16) 0.48 (6)
γ73,18(U) 975.1 (1) 0.027 (8) 0.027 (8)
γ29,3(U) 978.2 (3) 0.090 (23) 0.090 (23)
γ14,1(U) 980.3 (1) ∼2.71 [E1] 0.00387 (6) ∼2.7
γ15,1(U) 980.3 (1) ∼1.79 [E2] 0.01152 (17) ∼1.77
γ30,3(U) 981.6 (3) 0.73 (22) [E1] 0.00387 (6) 0.73 (22)
γ22,2(U) 984.2 (1) 1.64 (21) [E1] 0.00385 (6) 1.63 (21)
γ63,9(U) 989.5 (1) 0.104 (14) 0.104 (14)
γ−1,11(U) 992.0 (2) 0.083 (22)
γ60,7(U) 994.6 (3) 0.062 (22) 0.062 (22)
γ73,16(U) 997.7 (3) 0.046 (12) 0.046 (12)
γ71,15(U) 1009.9 (3) 0.067 (12) 0.067 (12)
γ76,19(U) 1019.5 (4) 0.027 (8) 0.027 (8)
γ23,2(U) 1021.8 (2) 0.156 (41) [M1] 0.0370 (6) 0.15 (4)
γ−1,12(U) 1023.6 (2) 0.062 (22)
γ−1,13(U) 1025.3 (2) 0.052 (22)
γ24,2(U) 1028.7 (1) 0.58 (6) [E2] 0.01051 (15) 0.57 (6)
γ75,16(U) 1032.8 (2) 0.018 (5) 0.018 (5)
γ−1,14(U) 1035.9 (2) 0.026 (10)
γ69,11(U) 1037.9 (2) 0.018 (7) 0.018 (7)
γ17,1(U) 1041.1 (2) 0.033 (11) [E2,M1] 0.023 (13) 0.032 (11)
γ32,3(U) 1044.4 (2) 0.031 (3) 0.031 (3)
γ70,12(U) 1051.4 (2) 0.062 (12) 0.062 (12)
γ70,11(U) 1057.8 (3) 0.0177 (16) 0.0177 (16)
γ71,12(U) 1065.1 (1) 0.027 (8) 0.027 (8)
γ69,9(U) 1073.6 (2) 0.104 (14) 0.104 (14)
γ21,1(U) 1083.2 (1) 0.53 (6) (M1) 0.0317 (5) 0.51 (6)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ17,0(U) 1085.3 (3) 0.027 (8) [E2] 0.00950 (14) 0.027 (8)
γ71,9(U) 1106.9 (2) 0.083 (13) 0.083 (13)
γ66,7(U) 1110.6 (1) 0.062 (12) 0.062 (12)
γ23,1(U) 1121.7 (1) 0.257 (41) M1 0.0289 (4) 0.25 (4)
γ33,3(U) 1125.2 (1) 0.36 (8) [E1] 0.00305 (5) 0.36 (8)
γ21,0(U) 1126.8 (1) 0.303 (40) [E2] 0.00885 (13) 0.30 (4)
γ34,3(U) 1151.4 (3) 0.032 (10) [E1] 0.00294 (5) 0.032 (10)
γ76,11(U) 1153.5 (3) 0.046 (9) 0.046 (9)
γ26,1(U) 1171.3 (1) 0.091 (13) [E2] 0.00824 (12) 0.090 (13)
γ66,5(U) 1173.1 (1) 0.046 (9) 0.046 (9)
γ71,8(U) 1182.1 (2) ∼0.0094 ∼0.0094
γ27,1(U) 1193.77 (2) 0.021 (6) E1 0.00277 (4) 0.021 (6)
γ77,9(U) 1217.3 (1) 0.22 (3) 0.22 (3)
γ−1,15(U) 1220.4 (2) 0.062 (12)
γ27,0(U) 1237.3 (3) <0.0094 E1 0.00262 (4) <0.0094
γ40,3(U) 1241.2 (1) 0.232 (30) (E2) 0.00740 (11) 0.23 (3)
γ41,3(U) 1247.8 (2) 0.022 (6) [E2] 0.00733 (11) 0.022 (6)
γ42,3(U) 1252.6 (2) 0.018 (8) 0.018 (8)
γ43,3(U) 1256.5 (1) 0.060 (8) [M1,E2] 0.014 (8) 0.059 (8)
γ33,2(U) 1277.7 (2) 0.047 (9) [M2] 0.0473 (7) 0.045 (9)
γ45,3(U) 1292.8 (1) 0.48 (6) M1 0.0199 (3) 0.47 (6)
γ−1,16(U) 1296.4 (2) 0.029 (7)
γ−1,17(U) 1301.2 (2) 0.018 (5)
γ−1,18(U) 1327.0 (2) 0.018 (5)
γ36,2(U) 1342.9 (2) 0.012 (5) [E1] 0.00232 (4) 0.012 (5)
γ37,2(U) 1352.9 (1) 1.18 (12) M1 0.01766 (25) 1.16 (12)
γ47,3(U) 1354.6 (2) 0.14 (4) [E1] 0.00229 (4) 0.14 (4)
γ38,2(U) 1359.0 (1) 0.156 (25) 0.156 (25)
γ39,2(U) 1389.6 (2) 0.073 (22) [E1] 0.00222 (4) 0.073 (22)
γ40,2(U) 1393.9 (1) 2.11 (21) M1 0.01634 (23) 2.08 (21)
γ49,3(U) 1397.5 (2) 0.083 (22) [E1] 0.00220 (3) 0.083 (22)
γ41,2(U) 1400.3 (1) 0.182 (30) [E2,M1] 0.011 (6) 0.18 (3)
γ43,2(U) 1409.1 (2) 0.045 (10) 0.045 (10)
γ35,1(U) 1414.4 (2) <0.0028 <0.0028
γ51,3(U) 1426.9 (1) 0.17 (3) 0.17 (3)
γ36,1(U) 1442.8 (2) 0.031 (7) [E1] 0.00212 (3) 0.031 (7)
γ45,2(U) 1445.4 (1) 0.32 (5) [M1] 0.01488 (21) 0.32 (5)
γ37,1(U) 1452.7 (1) 0.82 (9) [M1] 0.01468 (21) 0.81 (9)
γ38,1(U) 1458.9 (1) 0.094 (23) 0.094 (23)
γ46,2(U) 1475.8 (2) 0.008 (4) 0.008 (4)
γ56,3(U) 1485.4 (2) 0.030 (7) [M1] 0.01387 (20) 0.030 (7)
γ57,3(U) 1488.0 (2) 0.014 (6) 0.014 (6)
γ40,1(U) 1493.6 (1) 0.105 (14) [E2] 0.00531 (8) 0.104 (14)
γ58,3(U) 1496.0 (2) 0.036 (9) 0.036 (9)
γ41,1(U) 1500.0 (2) 0.0111 (40) [E2] 0.00528 (8) 0.011 (4)
γ−1,19(U) 1507.3 (2) 0.020 (5)
γ48,2(U) 1510.1 (2) <0.0094 <0.0094
γ59,3(U) 1515.6 (2) 0.073 (13) 0.073 (13)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ−1,20(U) 1520.7 (2) 0.0094 (9)
γ−1,21(U) 1538.8 (2) 0.014 (4)
γ49,2(U) 1550.1 (1) 0.073 (13) [E1] 0.00196 (3) 0.073 (13)
γ61,3(U) 1567.0 (2) 0.0114 (23) 0.0114 (23)
γ51,2(U) 1579.9 (1) 0.073 (22) 0.073 (22)
γ62,3(U) 1585.9 (1) 0.146 (17) 0.146 (17)
γ52,2(U) 1594.0 (1) 0.312 (40) M1,E2 0.008 (4) 0.31 (4)
γ54,2(U) 1618.3 (2) 0.009 (4) 0.009 (4)
γ55,2(U) 1627.3 (1) 0.076 (11) 0.076 (11)
γ56,2(U) 1638.1 (1) 0.210 (21) (M1) 0.01083 (16) 0.208 (21)
γ57,2(U) 1640.5 (3) 0.010 (4) 0.010 (4)
γ65,3(U) 1644.9 (2) 0.010 (4) 0.010 (4)
γ58,2(U) 1650.2 (2) <0.006 <0.006
γ−1,22(U) 1655.7 (1) 0.026 (4)
γ−1,23(U) 1664.8 (3) 0.018 (7)
γ59,2(U) 1668.4 (1) 0.78 (9) (M1) 0.01035 (15) 0.77 (9)
γ67,3(U) 1672.8 (1) 0.034 (11) 0.034 (11)
γ50,1(U) 1679.5 (1) 0.077 (18) 0.077 (18)
γ68,3(U) 1685.7 (1) 0.31 (4) 0.31 (4)
γ52,1(U) 1693.8 (2) 0.7 (1) 0.7 (1)
γ53,1(U) 1695.0 (3) 0.27 (7) 0.27 (7)
γ60,2(U) 1700.5 (2) 0.104 (14) 0.104 (14)
γ61,2(U) 1719.7 (2) 0.018 (6) 0.018 (6)
γ70,3(U) 1723.2 (2) 0.016 (4) 0.016 (4)
γ55,1(U) 1727.8 (2) 0.020 (5) 0.020 (5)
γ62,2(U) 1737.7 (2) 0.075 (11) 0.075 (11)
γ72,3(U) 1741.1 (2) 0.049 (8) 0.049 (8)
γ−1,24(U) 1743.2 (2) 0.033 (8)
γ58,1(U) 1750.0 (1) 0.064 (10) 0.064 (10)
γ−1,25(U) 1757.5 (1) 0.024 (6)
γ59,1(U) 1768.0 (3) 0.020 (5) 0.020 (5)
γ73,3(U) 1770.8 (2) 0.068 (17) 0.068 (17)
γ63,2(U) 1773.0 (2) 0.068 (17) 0.068 (17)
γ64,2(U) 1783.7 (2) 0.025 (7) 0.025 (7)
γ65,2(U) 1797.1 (1) 0.24 (3) 0.24 (3)
γ75,3(U) 1805.8 (3) 0.0052 (22) 0.0052 (22)
γ66,2(U) 1815.3 (3) 0.009 (4) 0.009 (4)
γ76,3(U) 1819.8 (3) 0.0042 (11) 0.0042 (11)
γ67,2(U) 1825.1 (3) 0.009 (4) 0.009 (4)
γ−1,26(U) 1830.8 (3) 0.0042 (11)
γ68,2(U) 1838.0 (2) 0.0042 (11) 0.0042 (11)
γ−1,27(U) 1849.8 (2) 0.028 (7)
γ63,1(U) 1872.8 (2) 0.035 (9) 0.035 (9)
γ64,1(U) 1884.1 (3) 0.016 (5) 0.016 (5)
γ71,2(U) 1890.1 (2) 0.146 (17) 0.146 (17)
γ72,2(U) 1893.4 (3) ∼0.0062 ∼0.0062
γ65,1(U) 1896.7 (2) 0.104 (23) 0.104 (23)
γ66,1(U) 1915.5 (3) 0.020 (5) 0.020 (5)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ74,2(U) 1925.4 (2) 0.30 (5) 0.30 (5)
γ−1,28(U) 1927.9 (4) 0.054 (12)
γ−1,29(U) 1935.2 (4) ∼0.0094
γ68,1(U) 1937.7 (3) 0.042 (11) 0.042 (11)
γ75,2(U) 1958.0 (4) 0.010 (3) 0.010 (3)
γ76,2(U) 1971.2 (4) ∼0.0027 ∼0.0027
γ70,1(U) 1977.4 (4) 0.017 (5) 0.017 (5)
γ71,1(U) 1989.6 (4) 0.007 (4) 0.007 (4)
γ76,1(U) 2072.2 (4) 0.0042 (22) 0.0042 (22)
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1 Half-life, Q-value and Decay mode

T1/2 : 1.159 (11) min
Qβ− : 2269 (4) keV
QIT : 73.92 (2) keV
β− : 99.85 (1) %
IT : 0.15 (1) %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,30 299 (4) 0.00389 (22) 6.8
β−0,29 332 (4) 0.0108 (3) 6.6
β−0,28 358 (4) 0.0452 (8) 6
β−0,27 394 (4) 0.0258 (3) 6.4
β−0,26 406 (4) 0.00311 (19) 7.4
β−0,25 460 (4) 0.0146 (7) 6.9
β−0,24 473 (4) 0.0021 (3) 7.7
β−0,23 488 (4) 0.0357 (18) 6.6
β−0,22 575 (4) 0.0024 (3) 8
β−0,21 602 (4) 0.0061 (3) 7.6
β−0,20 667 (4) 0.00127 (23) 8.5
β−0,19 677 (4) 0.0249 (5) 7.2
β−0,18 698 (4) 0.00231 (19) 8.4
β−0,17 715 (4) 0.0320 (6) 7.2
β−0,16 768 (4) 0.0131 (6) 7.7
β−0,14 834 (4) 0.0092 (11) 7.9
β−0,13 1032 (4) 0.0121 (11) 8.2
β−0,12 1095 (4) 0.0046 (3) 8.7
β−0,9 1224 (4) 1.006 (13) 6.5
β−0,4 1459 (4) 0.945 (12) 6.8
β−0,3 1483 (4) 0.049 (3) 8
β−0,0 2269 (4) 97.599 (24) Allowed 5.5

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (U) 5.9 - 21.6 0.856 (19)

eAK (U) 0.0203 (3)
KLL 71.776 - 80.954 }
KLX 88.153 - 98.429 }
KXY 104.51 - 115.59 }

eAL (Pa) 5.9 - 20.9 0.048 (4)

ec1,0 L (U) 21.73 - 26.32 1.030 (19)
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Energy Electrons Energy
keV per 100 disint. keV

ec1,0 M (U) 37.94 - 39.94 0.285 (5)
ec1,0 N (U) 42.05 - 43.11 0.0770 (14)
ec1,0 L (Pa) 52.82 - 57.19 0.103 (8)
ec1,0 M (Pa) 68.56 - 70.48 0.025 (2)

β−0,30 max: 299 (4) 0.00389 (22) avg: 83.0 (13)
β−0,29 max: 332 (4) 0.0108 (3) avg: 93.0 (13)
β−0,28 max: 358 (4) 0.0452 (8) avg: 101.0 (13)
β−0,27 max: 394 (4) 0.0258 (3) avg: 112.3 (13)
β−0,26 max: 406 (4) 0.00311 (19) avg: 116.0 (13)
β−0,25 max: 460 (4) 0.0146 (7) avg: 133.3 (13)
β−0,24 max: 473 (4) 0.0021 (3) avg: 137.4 (14)
β−0,23 max: 488 (4) 0.0357 (18) avg: 142.3 (14)
β−0,22 max: 575 (4) 0.0024 (3) avg: 171.2 (14)
β−0,21 max: 602 (4) 0.0061 (3) avg: 180.1 (14)
β−0,20 max: 667 (4) 0.00127 (23) avg: 202.5 (14)
β−0,19 max: 677 (4) 0.0249 (5) avg: 205.8 (14)
β−0,18 max: 698 (4) 0.00231 (19) avg: 213.3 (14)
β−0,17 max: 715 (4) 0.0320 (6) avg: 219.2 (14)
β−0,16 max: 768 (4) 0.0131 (6) avg: 237.6 (15)
β−0,14 max: 834 (4) 0.0092 (11) avg: 261.1 (15)
β−0,13 max: 1032 (4) 0.0121 (11) avg: 333.1 (15)
β−0,12 max: 1095 (4) 0.0046 (3) avg: 356.7 (15)
β−0,9 max: 1224 (4) 1.006 (13) avg: 405.6 (16)
β−0,4 max: 1459 (4) 0.945 (12) avg: 496.0 (16)
β−0,3 max: 1483 (4) 0.049 (3) avg: 505.3 (16)
β−0,0 max: 2269 (4) 97.599 (24) avg: 820.5 (17)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.6185 — 20.7141 0.856 (19)

XKα2 (U) 94.666 0.1973 (25) } Kα
XKα1 (U) 98.44 0.316 (4) }

XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 0.115 (2) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 0.0382 (5) Kβ

′
2

XKO2,3 (U) 115.377 }

XL (Pa) 11.3676 — 20.1126 0.046 (4)
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(U) 43.49 (2) 1.414 (26) E2 713 (11) 0.00198 (2)
γ8,7(U) 62.70 (1) 0.0019 (6) E1 0.426 (6) 0.0013 (4)
γ1,0(Pa) 73.92 (2) 0.15 (1) (M1+E2) 10.6 (4) 0.0129 (9)
γ2,1(U) 99.86 (2) 0.0082 (7) E2 13.42 (19) 0.00057 (5)
γ18,14(U) 135.32 (8) 0.0000052 (6) [E1] 0.247 (4) 0.0000042 (5)
γ11,8(U) 137.23 (5) 0.000059 (21) [E1] 0.239 (4) 0.000048 (17)
γ8,5(U) 140.1 (10) <0.008 M1+E2 5.3 (18) <0.00127
γ20,14(U) 166.5 (1) 0.000000273 (6) [E1] 0.1514 (22) 0.000000237 (5)
γ12,8(U) 185.0 (4) 0.00172 (15) 0.00172 (15)
γ9,6(U) 193.4 (8) 0.00133 (28) [E2] 0.847 (18) 0.00072 (15)
γ14,13(U) 197.91 (15) 0.000081 (39) [M1,E2] 2.0 (12) 0.000027 (7)
γ11,7(U) 199.9 (10) 0.0017 (8) (E0+E2+M1) 1.9 (12) 0.00058 (12)
γ8,3(U) 203.3 (8) 0.0029 (5) M1+E2 1.4 (4) 0.00119 (9)
γ23,18(U) 209.9 (4) 0.00132 (15) 0.00132 (15)
γ10,5(U) 235.9 (3) 0.000096 (43) [E1] 0.0673 (10) 0.00009 (4)
γ−1,1(U) 243.5 (8) 0.00050 (9)
γ13,8(U) 247.7 (8) 0.0019 (8) [M1,E2] 1.0 (7) 0.00097 (22)
γ9,3(U) 258.227 (3) 0.0778 (8) (E1) 0.0548 (8) 0.0738 (8)
γ11,6(U) 275.5 (8) 0.00056 (22) [M1,E2] 0.8 (6) 0.00031 (6)
γ10,3(U) 299 (1) 0.00067 (14) [E1] 0.0395 (7) 0.00064 (13)
γ13,7(U) 311 (1) 0.00054 (11) [E1] 0.0363 (6) 0.00052 (11)
γ11,4(U) 316.7 (1) 0.00022 (6) [E2] 0.1597 (23) 0.00019 (5)
γ24,15(U) 338.1 (8) 0.00113 (23) 0.00113 (23)
γ11,3(U) 340.2 (1) 0.000074 (22) [E1] 0.0298 (5) 0.000072 (21)
γ28,17(U) 357.5 (10) 0.00080 (17) 0.00080 (17)
γ24,14(U) 362.8 (10) 0.00069 (15) 0.00069 (15)
γ13,5(U) 387.6 (8) 0.000512 (44) [E2] 0.0899 (14) 0.00047 (4)
γ12,3(U) 387.6 (8) 0.00097 (15) 0.00097 (15)
γ13,4(U) 427.4 (2) 0.000020 (5) [E1] 0.0185 (3) 0.000020 (5)
γ14,8(U) 445.91 (10) 0.000037 (9) [M1,E2] 0.20 (14) 0.000031 (7)
γ13,3(U) 450.98 (10) 0.00385 (16) M1+E2 0.241 (4) 0.00310 (13)
γ28,15(U) 453.58 (10) 0.00282 (16) [M1] 0.324 (5) 0.00213 (12)
γ22,13(U) 456.7 (10) 0.00095 (20) [M1] 0.318 (5) 0.00072 (15)
γ17,10(U) 468.43 (10) 0.00206 (12) 0.00206 (12)
γ28,14(U) 475.74 (10) 0.00305 (17) [M1] 0.285 (4) 0.00237 (13)
γ18,10(U) 485.44 (7) 0.0000217 (28) [M1,E2] 0.16 (11) 0.0000187 (17)
γ19,10(U) 507.5 (10) 0.00158 (15) 0.00158 (15)
γ17,9(U) 509.2 (8) 0.0022 (3) 0.0022 (3)
γ20,10(U) 516.60 (6) 0.000015 (2) (M1) 0.228 (4) 0.0000122 (16)
γ18,9(U) 526.02 (10) 0.0000110 (12) [M1] 0.217 (3) 0.000009 (1)
γ23,13(U) 543.98 (10) 0.00349 (15) 0.00349 (15)
γ20,9(U) 557.24 (6) 0.0000098 (13) (M1) 0.186 (3) 0.0000083 (11)
γ−1,2(U) 557.3 (10) 0.00072 (17)
γ25,13(U) 572 (1) 0.00102 (20) [M1] 0.173 (3) 0.00087 (17)
γ18,8(U) 581.19 (10) 0.000081 (9) [E1] 0.01006 (14) 0.000080 (9)
γ14,4(U) 624.6 (10) 0.000117 (12) [E1] 0.00877 (13) 0.000116 (12)
γ−1,3(U) 647.7 (8) 0.00158 (15)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ14,3(U) 649 (1) 0.000064 (9) [M1,E2] 0.08 (5) 0.000059 (8)
γ16,6(U) 649 (1) 0.0010 (3) 0.0010 (3)
γ23,11(U) 655.3 (10) 0.00139 (15) 0.00139 (15)
γ15,3(U) 670.8 (10) 0.0004 (1) [M1,E2] 0.07 (5) 0.00037 (9)
γ28,13(U) 673.9 (10) 0.00071 (14) [M1] 0.1118 (17) 0.00064 (13)
γ25,11(U) 683.4 (10) 0.00058 (12) [E1] 0.00741 (11) 0.00058 (12)
γ16,4(U) 691.0 (3) 0.00898 (19) 0.00898 (19)
γ23,10(U) 695.5 (10) 0.00164 (14) 0.00164 (14)
γ29,13(U) 699.02 (10) 0.0058 (3) 0.0058 (3)
γ17,6(U) 702.0 (1) 0.00721 (16) 0.00721 (16)
γ5,2(U) 705.94 (12) 0.0052 (6) [E1] 0.00698 (10) 0.0052 (6)
γ6,2(U) 708.2 (10) <0.00072 [E2] 0.0219 (4) <0.0007
γ18,6(U) 719.01 (7) 0.0000271 (24) [M1+E2] 0.06 (4) 0.0000256 (20)
γ30,13(U) 732.5 (10) 0.00130 (15) 0.00130 (15)
γ19,6(U) 740.10 (8) 0.0118 (3) 0.0118 (3)
γ3,1(U) 742.813 (5) 0.0946 (30) E1 0.00636 (9) 0.094 (3)
γ20,6(U) 750.12 (6) 0.0000184 (22) (M1) 0.0841 (12) 0.000017 (2)
γ−1,4(U) 760.3 (10) 0.00158 (15)
γ18,4(U) 760.53 (15) 0.0000046 (10) [M1] 0.0811 (12) 0.0000043 (9)
γ4,1(U) 766.361 (20) 0.3290 (41) (E2) 0.0187 (3) 0.323 (4)
γ19,4(U) 781.75 (10) 0.00782 (18) 0.00782 (18)
γ7,2(U) 783.4 (1) 0.000040 (7) [E2] 0.0179 (3) 0.000039 (7)
γ3,0(U) 786.272 (22) 0.0539 (7) E1+M2 0.00573 (8) 0.0536 (7)
γ20,4(U) 791.94 (5) 0.0000106 (14) [M1] 0.0728 (11) 0.0000099 (13)
γ5,1(U) 805.75 (10) 0.0062 (8) [E1] 0.00549 (8) 0.0062 (8)
γ6,1(U) 808.2 (1) 0.00281 (17) 0.00281 (17)
γ21,5(U) 818.2 (5) 0.0010 (3) 0.0010 (3)
γ28,10(U) 825.5 (2) 0.0014 (4) 0.0014 (4)
γ22,5(U) 844.1 (8) 0.00109 (23) 0.00109 (23)
γ6,0(U) 851.6 (1) 0.00707 (15) [E2] 0.01514 (22) 0.00696 (15)
γ28,9(U) 866.8 (10) 0.00116 (16) 0.00116 (16)
γ21,3(U) 880.52 (4) 0.00392 (5) 0.00392 (5)
γ7,1(U) 883.24 (3) 0.00386 (5) E2 0.01409 (20) 0.00381 (5)
γ−1,5(U) 887.29 (100) 0.00708 (14)
γ28,8(U) 921.72 (10) 0.01275 (20) 0.01275 (20)
γ7,0(U) 926.61 (10) 0.00127 (13) (E2) 0.01284 (18) 0.00125 (13)
γ26,7(U) 936.3 (10) 0.00102 (17) 0.00102 (17)
γ10,2(U) 941.96 (10) 0.00253 (9) [E2] 0.01244 (18) 0.00250 (9)
γ8,1(U) 945.961 (16) 0.01064 (14) (E1) 0.00412 (6) 0.01060 (14)
γ25,5(U) 960 (1) 0.0009 (3) 0.0009 (3)
γ23,3(U) 996.1 (20) 0.0059 (17) 0.0059 (17)
γ9,1(U) 1001.026 (18) 0.856 (8) E2 0.01107 (16) 0.847 (8)
γ10,1(U) 1041.7 (1) 0.00122 (8) [E2,M1] 0.023 (13) 0.00119 (8)
γ28,6(U) 1059.4 (8) 0.00111 (22) 0.00111 (22)
γ28,5(U) 1061.86 (10) 0.00224 (9) 0.00224 (9)
γ11,1(U) 1081.9 (10) 0.00094 (20) (M1) 0.0318 (5) 0.00091 (19)
γ10,0(U) 1084.25 (10) 0.00081 (40) [E2] 0.00952 (14) 0.0008 (4)
γ30,5(U) 1120.6 (8) 0.00173 (15) 0.00173 (15)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ28,3(U) 1124.93 (10) 0.00347 (9) 0.00347 (9)
γ11,0(U) 1124.93 (10) 0.00039 (9) [E2] 0.00888 (13) 0.00039 (9)
γ12,0(U) 1174.2 (10) 0.00192 (19) 0.00192 (19)
γ13,1(U) 1193.77 (3) 0.01363 (18) E1 0.00277 (4) 0.01359 (18)
γ−1,6(U) 1220.37 (10) 0.00091 (9)
γ13,0(U) 1237.28 (10) 0.00529 (11) E1 0.00262 (4) 0.00528 (11)
γ−1,7(U) 1353.0 (15) 0.0015 (5)
γ14,1(U) 1392.6 (9) 0.0029 (11) E1 0.00221 (4) 0.0029 (11)
γ15,1(U) 1413.89 (10) 0.00229 (8) [E1] 0.00217 (3) 0.00229 (8)
γ14,0(U) 1434.16 (10) 0.00975 (16) E1 0.00213 (3) 0.00973 (16)
γ16,1(U) 1458.5 (15) 0.0019 (5) 0.0019 (5)
γ16,0(U) 1501 (2) 0.0013 0.0013
γ17,1(U) 1510.22 (10) 0.01308 (19) 0.01308 (19)
γ18,1(U) 1527.28 (10) 0.00237 (8) M1+E2 0.009 (4) 0.00235 (8)
γ19,1(U) 1550.1 (10) 0.00137 (15) 0.00137 (15)
γ17,0(U) 1553.77 (10) 0.00826 (14) 0.00826 (14)
γ20,1(U) 1558.4 (10) 0.00074 (9) M1 0.01228 (18) 0.00073 (9)
γ18,0(U) 1570.67 (10) 0.00111 (8) M1 0.01204 (17) 0.00110 (8)
γ19,0(U) 1593.5 (6) 0.00235 (12) 0.00235 (12)
γ20,0(U) 1601.8 (15) 0.00048 (22) (M1) 0.01146 (17) 0.00047 (22)
γ21,0(U) 1667.6 (10) 0.00118 (6) 0.00118 (6)
γ22,0(U) 1694.1 (10) 0.00038 (2) 0.00038 (2)
γ−1,8(U) 1720.5 (15) 0.00033 (15)
γ−1,9(U) 1732.2 (15) 0.0019 (3)
γ23,1(U) 1737.77 (10) 0.0214 (3) 0.0214 (3)
γ−1,10(U) 1759.81 (10) 0.00146 (5)
γ25,1(U) 1765.44 (10) 0.0084 (6) 0.0084 (6)
γ24,0(U) 1796.3 (9) 0.00031 (5) 0.00031 (5)
γ25,0(U) 1809.05 (10) 0.00376 (7) 0.00376 (7)
γ26,1(U) 1819.69 (10) 0.00089 (5) 0.00089 (5)
γ27,1(U) 1831.37 (10) 0.01759 (23) 0.01759 (23)
γ26,0(U) 1863.09 (10) 0.00120 (5) 0.00120 (5)
γ28,1(U) 1867.7 (1) 0.00932 (12) 0.00932 (12)
γ27,0(U) 1874.9 (1) 0.00819 (14) 0.00819 (14)
γ29,1(U) 1893.51 (11) 0.00218 (6) 0.00218 (6)
γ28,0(U) 1911.20 (11) 0.00628 (9) 0.00628 (9)
γ30,1(U) 1926.5 (10) 0.00045 (4) 0.00045 (4)
γ29,0(U) 1937.01 (13) 0.00285 (5) 0.00285 (5)
γ30,0(U) 1970.3 (8) 0.00041 (4) 0.00041 (4)
γ−1,11(U) 2022.24 (12) 0.000186 (3)
γ−1,12(U) 2041.23 (13) 0.00011 (1)
γ−1,13(U) 2065.80 (13) 0.00007
γ−1,14(U) 2093.19 (38) 0.00002
γ−1,15(U) 2102.14 (15) 0.00006
γ−1,16(U) 2136.69 (14) 0.00007
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ANNEX I: RECOMMENDED DECAY DATA U − 232

1 Half-life, Q-value and Decay mode

T1/2 : 70.6 (11) y
Qα : 5413.63 (9) keV
α : 100 %
24Ne : 5 (3) ×10−10 %
SF : 2.8 (6) ×10−12 %

2 α Emissions

Energy Probability
keV × 100

α0,8 4460.86 (9) 0.0000033 (9)
α0,7 4502.77 (9) 0.0000214 (16)
α0,6 4810.01 (9) 0.000054 (4)
α0,5 4931.00 (9) 0.000048 (4)
α0,4 4948.59 (9) 0.000051 (6)
α0,3 4997.90 (9) 0.00622 (9)
α0,2 5136.64 (9) 0.325 (6)
α0,1 5263.48 (9) 30.6 (6)
α0,0 5320.24 (9) 69.1 (6)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Th) 5.8 - 20.3 11.62 (22)

eAK (Th) 0.00057 (8)
KLL 68.406 - 76.745 }
KLX 83.857 - 93.345 }
KXY 99.29 - 109.64 }

ec2,1 K (Th) 19.414 (6) 0.01811 (33)
ec2,1 L (Th) 108.592 - 112.800 0.1742 (33)
ec2,1 M (Th) 123.882 - 125.732 0.0478 (8)
ec2,1 N (Th) 127.730 - 128.729 0.01283 (24)
ec1,0 L (Th) 37.28 - 41.50 22.4 (6)
ec1,0 M (Th) 52.57 - 54.42 6.14 (16)
ec1,0 N (Th) 56.420 - 57.417 1.646 (41)
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4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Th) 11.1177 — 19.5043 11.00 (24)

XKα2 (Th) 89.954 0.00524 (11) } Kα
XKα1 (Th) 93.351 0.00847 (16) }

XKβ3 (Th) 104.819 }
XKβ1 (Th) 105.604 } 0.00301 (7) Kβ

′
1

XKβ
′′
5 (Th) 106.239 }

XKβ2 (Th) 108.509 }
XKβ4 (Th) 108.955 } 0.001016 (29) Kβ

′
2

XKO2,3 (Th) 109.442 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Th) 57.752 (13) 30.8 (8) E2 153.2 (22) 0.200 (4)
γ2,1(Th) 129.065 (3) 0.325 (5) E2 3.74 (6) 0.0686 (7)
γ6,4(Th) 140.999 (20) 0.0000038 (16) E1 0.217 (3) 0.0000031 (13)
γ4,2(Th) 191.351 (11) 0.000055 (5) E2 0.776 (11) 0.000031 (3)
γ5,2(Th) 209.252 (6) 0.0000119 (33) E1 0.0848 (12) 0.000011 (3)
γ3,1(Th) 270.245 (7) 0.00332 (7) E1 0.0470 (7) 0.00317 (7)
γ3,0(Th) 328.004 (7) 0.00292 (7) E1 0.0305 (5) 0.00283 (7)
γ6,2(Th) 332.371 (6) 0.0000505 (31) E1 0.0297 (5) 0.000049 (3)
γ5,1(Th) 338.320 (5) 0.0000381 (19) E1 0.0285 (4) 0.0000370 (18)
γ8,5(Th) 478.41 (5) 0.0000014 (6) E1 0.01379 (20) 0.0000014 (6)
γ7,3(Th) 503.819 (23) 0.0000147 (9) E1 0.01243 (18) 0.0000145 (9)
γ8,3(Th) 546.454 (21) 0.0000010 (6) E1 0.01058 (15) 0.0000010 (6)
γ7,1(Th) 774.05 (9) 0.0000048 (8) E2 0.01649 (23) 0.0000047 (8)
γ8,1(Th) 816.62 (700) 0.00000083 (31) M1+E2 0.0359 (5) 0.0000008 (3)
γ7,0(Th) 831.823 (10) 0.000002 (1) E0
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1 Half-life, Q-value and Decay mode

T1/2 : 159.1 (2) ×103 y
Qα : 4908.5 (12) keV
α : 100 %
24Ne : 7.2 (7) ×10−11 %
SF : <6 ×10−11 %

2 α Emissions

Energy Probability
keV × 100

α0,52 4087.3 (12) 0.0000144 (21)
α0,43 4309 (2) 0.0009
α0,38 4404 (2) 0.0003
α0,37 4411 (2) 0.0004
α0,35 4457 (2) 0.0028
α0,34 4465 (2) 0.003
α0,32 4483 (2) 0.0014
α0,31 4503 (2) 0.001
α0,30 4507 (2) 0.012
α0,29 4513 (2) 0.018
α0,26 4538 (2) 0.004
α0,24 4565 (2) 0.0023
α0,21 4590 (2) 0.007
α0,19 4611 (2) 0.006
α0,18 4615 (2) 0.004
α0,17 4634 (2) 0.01
α0,16 4641 (2) 0.003
α0,15 4656 (2) 0.005
α0,13 4664 (2) 0.042
α0,11 4681 (2) 0.01
α0,10 4687 (2) 0.0028
α0,9 4701 (2) 0.06
α0,8 4729 (2) 1.61
α0,7 4751 (2) 0.01
α0,6 4754 (2) 0.163
α0,5 4758 (2) 0.016
α0,4 4783.5 (12) 13.2 (2)
α0,3 4796 (2) 0.28
α0,0 4824.2 (12) 84.3 (6)
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3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Th) 5.8 - 20.3 0.01066 (20)

eAK (Th) 0.00076 (10)
KLL 68.406 - 76.745 }
KLX 83.857 - 93.345 }
KXY 99.29 - 109.64 }

ec8,6 L (Th) 4.839 - 9.000 0.339 (20)
ec4,3 M (Th) 8.062 - 9.912 0.64 (32)
ec3,1 L (Th) 8.713 - 12.900 1.31 (17)
ec3,0 L (Th) 8.718 - 12.900 0.29 (5)
ec6,4 L (Th) 8.919 - 13.100 0.083 (15)
ec4,3 N (Th) 11.910 - 12.909 0.17 (9)
ec13,9 L (Th) 17.352 - 21.500 0.0123 (20)
ec8,6 M (Th) 20.129 - 21.979 0.0821 (48)
ec4,1 L (Th) 21.955 - 26.100 0.090 (25)
ec4,0 L (Th) 21.963 - 26.100 19 (17)
ec6,3 L (Th) 22.161 - 26.300 0.457 (25)
ec3,1 M (Th) 24.003 - 25.853 0.332 (43)
ec3,0 M (Th) 24.008 - 25.858 0.069 (13)
ec6,4 M (Th) 24.209 - 26.059 0.0200 (35)
ec3,0 N (Th) 27.860 - 28.855 0.0184 (34)
ec9,6 L (Th) 33.14 - 37.30 0.0612 (33)
ec8,4 L (Th) 34.229 - 38.400 1.3 (12)
ec4,1 M (Th) 37.245 - 39.095 0.025 (7)
ec4,0 M (Th) 37.253 - 39.103 5 (5)
ec6,3 M (Th) 37.451 - 39.301 0.110 (6)
ec6,3 N (Th) 41.300 - 42.298 0.0293 (16)
ec13,8 L (Th) 45.646 - 49.800 0.036 (27)
ec8,3 L (Th) 47.474 - 51.600 0.0164 (12)
ec9,6 M (Th) 48.43 - 50.28 0.0147 (8)
ec8,4 M (Th) 49.519 - 51.369 0.37 (30)
ec6,1 L (Th) 51.346 - 55.500 0.071 (6)
ec6,0 L (Th) 51.354 - 55.500 0.0109 (11)
ec8,4 N (Th) 53.370 - 54.366 0.10 (8)
ec13,8 M (Th) 60.936 - 62.786 0.010 (7)
ec6,1 M (Th) 66.636 - 68.486 0.0196 (15)
ec8,0 L (Th) 76.664 - 80.800 0.192 (10)
ec8,0 M (Th) 91.954 - 93.804 0.0526 (27)
ec8,0 N (Th) 95.810 - 96.801 0.0141 (7)
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4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Th) 11.1177 — 19.5043 0.00936 (21)

XKα2 (Th) 89.954 0.00700 (18) } Kα
XKα1 (Th) 93.351 0.01133 (28) }

XKβ3 (Th) 104.819 }
XKβ1 (Th) 105.604 } 0.00403 (12) Kβ

′
1

XKβ
′′
5 (Th) 106.239 }

XKβ2 (Th) 108.509 }
XKβ4 (Th) 108.955 } 0.00136 (5) Kβ

′
2

XKO2,3 (Th) 109.442 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Th) 0.0076 2.1 2.1
γ4,3(Th) 13.244 0.86 (25) (M1) 358 (5) 0.0024 (7)
γ21,18(Th) 25.02 (5) 0.00056 (22) (E1) 4.57 (7) 0.00010 (4)
γ8,6(Th) 25.3106 (8) 0.452 (26) 213 (3) 0.00211 (12)
γ15,12(Th) 25.3106 (8) 0.0009 (M1) 213 (3) 0.000004
γ15,11(Th) 27.119 0.0123 (E2) 6130 (90) 0.000002
γ9,8(Th) 28.288 0.0056 (14) (M1) 153.4 (22) 0.000036 (9)
γ3,1(Th) 29.1851 (4) 1.76 (24) 225 (12) 0.0078 (10)
γ3,0(Th) 29.19 0.38 (7) M1 139.8 (20) 0.0027 (5)
γ6,4(Th) 29.3911 (4) 0.110 (19) (M1) 137 (2) 0.00080 (14)
γ17,13(Th) 32.453 0.00165 (31) (M1) 102.3 (15) 0.000016 (3)
γ27,23(Th) 32.52 (2) 0.0018 (6) (M1) 101.7 (15) 0.000018 (6)
γ30,26(Th) 32.73 (5) 0.00316 (39) (E1) 2.26 (4) 0.00097 (12)
γ13,9(Th) 37.80 (3) 0.0166 (26) (M1) 65.2 (10) 0.00025 (4)
γ4,1(Th) 42.431 0.123 (34) (E2) 684 (10) 0.00018 (5)
γ4,0(Th) 42.4349 (2) 9.4 (29) M1+E2 400 (400) 0.072 (4)
γ6,3(Th) 42.6333 (2) 0.618 (33) (M1) 45.8 (7) 0.0132 (7)
γ23,18(Th) 43.69 (3) 0.0018 (6) (M1) 42.6 (6) 0.000042 (14)
γ32,28(Th) 44.80 (2) 0.00113 (36) (M1) 39.5 (6) 0.000028 (9)
γ22,17(Th) 45.855 0.00034 (6) (M1) 36.9 (6) 0.0000091 (16)
γ26,21(Th) 51.0 (3) 0.0045 (42) (M1+E2) 150 (130) 0.00003 (1)
γ19,14(Th) 52.60 (3) 0.0026 (8) (M1) 24.7 (4) 0.00010 (3)
γ9,6(Th) 53.6106 (11) 0.0843 (44) (M1) 23.3 (4) 0.00347 (18)
γ8,4(Th) 54.7039 (11) 0.91 (8) M1+E2 110 (90) 0.0168 (8)
γ21,15(Th) 63.79 (6) 0.00044 (17) (M1) 14.02 (20) 0.000029 (11)
γ28,21(Th) 65.62 (5) 0.000068 (14) (E1) 0.358 (5) 0.00005 (1)
γ13,8(Th) 66.1183 (6) 0.032 (10) (M1+E2) 50 (40) 0.00106 (6)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ8,3(Th) 67.9460 (5) 0.0228 (16) E2 70.2 (10) 0.000320 (23)
γ19,12(Th) 68.81 (3) 0.00122 (28) (M1) 11.23 (16) 0.000100 (23)
γ17,9(Th) 70.2813 (13) 0.0074 (5) (M1+E2) 11.74 (17) 0.00058 (4)
γ6,1(Th) 71.812 (8) 0.099 (8) E2 53.8 (8) 0.00181 (14)
γ6,0(Th) 71.8159 (20) 0.0156 (16) (M1+E2) 12.49 (18) 0.00116 (12)
γ21,14(Th) 72.825 0.0206 (15) (E2) 50.4 (7) 0.00040 (3)
γ11,6(Th) 74.542 (5) 0.00187 (10) (E1) 0.255 (4) 0.00149 (8)
γ12,6(Th) 76.350 (4) 0.000372 (37) (E1) 0.240 (4) 0.00030 (3)
γ15,8(Th) 76.350 (4) 0.000025 (E1) 0.240 (4) 0.00002
γ39,33(Th) 77.12 (3) 0.000530 (49) (E1) 0.233 (4) 0.00043 (4)
γ22,13(Th) 78.21 (5) 0.00068 (11) (M1+E2) 14.45 (21) 0.000044 (7)
γ9,4(Th) 83.0125 (20) 0.00256 (35) M1+E2 12.20 (17) 0.000197 (22)
γ30,20(Th) 85.4221 (9) 0.000141 (47) (E1) 0.1779 (25) 0.00012 (4)
γ31,22(Th) 86.3 (3) 0.000362 (29) (M1+E2) 8.52 (17) 0.000038 (3)
γ35,27(Th) 86.3 (3) 0.0023 (7) (E2) 22.5 (5) 0.000099 (23)
γ18,9(Th) 87.25 (4) 0.00197 (49) (E2) 21.4 (3) 0.000088 (22)
γ21,12(Th) 89.39 (7) 0.00162 (19) (M1) 5.24 (8) 0.00026 (3)
γ20,11(Th) 89.9568 (24) 0.00146 (15) (M1) 5.36 (9) 0.000229 (23)
γ21,11(Th) 90.99 (1) 0.00185 (24) (M1) 4.98 (7) 0.00031 (4)
γ13,6(Th) 91.433 0.00074 (13) (E2) 17.14 (24) 0.000041 (7)
γ32,23(Th) 92.23 (12) 0.00019 (7) (M1) 4.79 (7) 0.000033 (12)
γ16,8(Th) 92.85 (3) 0.00026 (3) 0.00026 (3)
γ9,3(Th) 96.22 (3) 0.0246 (13) E(2) 13.49 (19) 0.00170 (9)
γ8,0(Th) 97.1346 (3) 0.282 (14) E2 12.91 (18) 0.0203 (10)
γ24,14(Th) 97.37 (4) 0.0023 (7) (E1) 0.1259 (18) 0.0020 (6)
γ17,8(Th) 98.565 0.00053 (9) (M1+E2) 4.50 (7) 0.000097 (16)
γ29,19(Th) 99.95 (15) 0.000021 (7) (E1) 0.1176 (18) 0.000019 (6)
γ15,6(Th) 101.70 (5) 0.000077 (17) (E1) 0.1123 (16) 0.000069 (15)
γ30,19(Th) 103.73 (10) 0.000070 (21) (E1) 0.1066 (16) 0.000063 (19)
γ21,9(Th) 111.93 (1) 0.000549 (41) (E1) 0.372 (6) 0.00040 (3)
γ26,15(Th) 114.2 (2) 0.00250 (31) (M1) 12.68 (19) 0.000183 (23)
γ39,30(Th) 116.3 (2) 0.000162 (31) (E1) 0.342 (5) 0.000121 (23)
γ22,9(Th) 116.3 (2) 0.000032 (6) (E2) 5.84 (10) 0.0000047 (9)
γ11,3(Th) 117.162 (2) 0.00383 (19) E1 0.336 (5) 0.00287 (14)
γ12,3(Th) 118.968 (5) 0.00481 (24) (E1) 0.325 (5) 0.00363 (18)
γ13,4(Th) 120.819 (2) 0.0168 (9) E2 4.95 (7) 0.00282 (15)
γ17,6(Th) 123.886 (7) 0.00392 (27) (E2) 4.45 (7) 0.00072 (5)
γ38,28(Th) 125.04 (23) 0.000108 (32) (M1) 9.83 (15) 0.000010 (3)
γ9,0(Th) 125.43 (4) 0.00027 (5) E2 4.22 (6) 0.000051 (10)
γ28,15(Th) 129.514 0.00007596 (E1) 0.266 (4) 0.00006
γ15,4(Th) 131.22 (8) 0.0000219 (28) (E1) 0.257 (4) 0.0000174 (22)
γ31,17(Th) 132.1 0.0000154 (31) (E2) 3.39 (6) 0.0000035 (7)
γ14,3(Th) 135.3390 (5) 0.00244 (12) E1 0.239 (4) 0.00197 (10)
γ38,27(Th) 139.3 (3) 0.000170 (19) (M1) 7.24 (11) 0.0000206 (23)
γ35,20(Th) 139.3 (3) 0.000014676 (E1) 0.223 (4) 0.000012
γ26,12(Th) 139.722 (3) 0.00074 (15) (M1) 7.17 (10) 0.000090 (18)
γ27,11(Th) 141.95 (10) 0.0000109 (18) (E1) 0.213 (3) 0.0000090 (15)
γ33,19(Th) 142.69 (1) 0.000041 (6) (E1) 0.211 (3) 0.000034 (5)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ22,8(Th) 144.42 (2) 0.0010 (1) E2 2.34 (4) 0.00030 (3)
γ19,6(Th) 145.35 (2) 0.00208 (8) (E1) 0.202 (3) 0.00173 (7)
γ11,1(Th) 146.3462 (6) 0.00779 (36) (E1) 0.198 (3) 0.0065 (3)
γ25,9(Th) 146.9 (5) 0.000116 (10) 0.000116 (10)
γ12,0(Th) 148.20 (2) 0.000474 (24) (E1) 0.193 (3) 0.000397 (20)
γ29,14(Th) 152.62 (10) 0.0000130 (35) (E1) 0.179 (3) 0.000011 (3)
γ17,4(Th) 153.17 (4) 0.000105 (9) (E2) 1.84 (3) 0.000037 (3)
γ28,12(Th) 154.90 (3) 0.000168 (9) (E1) 0.1732 (25) 0.000143 (8)
γ30,14(Th) 156.19 (5) 0.0000421 (35) (E1) 0.1698 (24) 0.000036 (3)
γ26,9(Th) 162.45 (4) 0.000062 (6) (E1) 0.1546 (22) 0.000054 (5)
γ31,13(Th) 164.5 0.000622 (12) (E2) 1.385 (22) 0.000261 (5)
γ14,1(Th) 164.5240 (5) 0.00690 (34) (E1) 0.1500 (21) 0.0060 (3)
γ21,6(Th) 165.61 (3) 0.000467 (26) (E1) 0.1476 (21) 0.000407 (23)
γ43,33(Th) 167.10 (7) 0.0000165 (14) 0.0000165 (14)
γ29,12(Th) 169.002 (5) 0.000047 (7) (E1) 0.1407 (20) 0.000041 (6)
γ29,11(Th) 170.809 (24) 0.000114 (7) (E1) 0.1371 (20) 0.000100 (6)
γ30,12(Th) 172.39 (10) 0.0000259 (25) (E1) 0.1342 (19) 0.0000228 (22)
γ30,11(Th) 174.192 (2) 0.000192 (10) (E1) 0.1309 (19) 0.000170 (9)
γ28,9(Th) 177.91 (16) 0.000030 (6) (M1) 3.62 (6) 0.0000066 (13)
γ37,22(Th) 184.1 (3) 0.000042 (9) (E2) 0.897 (14) 0.000022 (5)
γ33,15(Th) 185.76 (9) 0.0000087 (23) (E1) 0.1124 (16) 0.0000078 (21)
γ19,3(Th) 187.9670 (3) 0.00207 (10) (E1) 0.1093 (16) 0.00187 (9)
γ37,21(Th) 188.65 (6) 0.0000277 (44) (E1) 0.1083 (16) 0.000025 (4)
γ34,15(Th) 192.26 (4) 0.0000397 (44) (E1) 0.1036 (15) 0.000036 (4)
γ28,8(Th) 205.75 (6) 0.000078 (8) (M1) 2.40 (4) 0.0000228 (24)
γ21,3(Th) 208.179 (7) 0.00249 (12) (E1) 0.0859 (12) 0.00229 (11)
γ36,15(Th) 209.08 (8) 0.000019 (3) 0.000019 (3)
γ38,19(Th) 210.90 (8) 0.0000148 (26) (E1) 0.0833 (12) 0.0000137 (24)
γ18,0(Th) 212.36 (3) 0.000416 (22) (M1) 2.20 (3) 0.000130 (7)
γ26,6(Th) 216.07 (1) 0.000669 (32) (E1) 0.0787 (11) 0.00062 (3)
γ19,1(Th) 217.151 (4) 0.00354 (17) (E1) 0.0778 (11) 0.00328 (16)
γ34,12(Th) 217.8 (2) 0.000003 (E1) 0.0773 (11) 0.000003
γ34,11(Th) 219.43 (2) 0.000127 (6) (E1) 0.0759 (11) 0.000118 (6)
γ30,8(Th) 223.37 (3) 0.0000346 (43) (E2) 0.443 (7) 0.000024 (3)
γ39,18(Th) 224.33 (19) 0.00000139 (43) (E1) 0.0721 (11) 0.0000013 (4)
γ23,3(Th) 226.2 (2) 0.00020 (7) (M1) 1.84 (3) 0.000070 (23)
γ37,17(Th) 230.17 (2) 0.00015 (5) (M1+E2) 1.1 (7) 0.000071 (5)
γ34,9(Th) 240.373 (3) 0.00086 (5) M1+E2 1.09 (6) 0.000413 (22)
γ29,6(Th) 245.350 (1) 0.00732 (40) M1+E2 1.05 (4) 0.00357 (18)
γ30,6(Th) 248.724 (1) 0.00338 (17) (M1) 1.415 (20) 0.00140 (7)
γ23,0(Th) 255.91 (2) 0.000091 (6) (M1) 1.307 (19) 0.0000393 (25)
γ27,3(Th) 259.31 (2) 0.000350 (18) (M1) 1.260 (18) 0.000155 (8)
γ28,4(Th) 260.53 (2) 0.000229 (13) (M1) 1.244 (18) 0.000102 (6)
γ24,1(Th) 261.957 (4) 0.000495 (27) M1+E2 0.78 (4) 0.000278 (14)
γ34,8(Th) 268.675 (2) 0.000448 (25) M1+E2 0.82 (5) 0.000246 (12)
γ39,14(Th) 272.39 (2) 0.0000872 (49) (E2) 0.228 (4) 0.000071 (4)
γ28,3(Th) 273.74 (5) 0.0000323 (35) (M1) 1.085 (16) 0.0000155 (17)
γ29,4(Th) 274.735 (1) 0.000680 (41) M1+E2 0.62 (5) 0.000420 (22)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ30,4(Th) 278.108 (2) 0.00177 (10) M1+E2 0.57 (4) 0.00113 (6)
γ33,7(Th) 284.29 (11) 0.0000093 (17) (E1) 0.0419 (6) 0.0000089 (16)
γ29,3(Th) 288.0290 (9) 0.00146 (37) (M1+E2) 0.6 (4) 0.00091 (5)
γ27,1(Th) 288.50 (3) 0.000227 (27) (M1) 0.938 (14) 0.000117 (14)
γ43,20(Th) 291.355 (9) 0.00062 (25) 0.00062 (25)
γ30,3(Th) 291.355 (9) 0.00755 (43) M1+E2 0.63 (3) 0.00463 (25)
γ40,15(Th) 291.93 (4) 0.000102 (15) 0.000102 (15)
γ34,6(Th) 293.996 (9) 0.000231 (13) M1 0.890 (13) 0.000122 (7)
γ28,0(Th) 302.989 (4) 0.000142 (7) (M1) 0.820 (12) 0.000078 (4)
γ45,24(Th) 307.45 (19) 0.0000075 (29) (M1,E2) 0.5 (4) 0.0000050 (14)
γ43,19(Th) 309.49 (3) 0.000083 (5) 0.000083 (5)
γ36,6(Th) 310.71 (5) 0.000038 (3) 0.000038 (3)
γ39,9(Th) 311.76 (3) 0.0000651 (41) (E1) 0.0341 (5) 0.000063 (4)
γ45,23(Th) 313.45 (18) 0.0000056 (11) 0.0000056 (11)
γ41,13(Th) 315.39 (13) 0.0000173 (26) (M1) 0.734 (11) 0.0000100 (15)
γ29,0(Th) 317.169 (2) 0.0097 (6) M1+E2 0.371 (22) 0.0071 (4)
γ33,4(Th) 317.169 (2) 0.00047 (19) (M1) 0.723 (11) 0.00027 (11)
γ30,0(Th) 320.547 (1) 0.00371 (20) M1+E2 0.334 (25) 0.00278 (14)
γ34,4(Th) 323.381 (14) 0.00099 (5) M1+E2 0.280 (17) 0.00077 (4)
γ37,8(Th) 328.758 (19) 0.000112 (25) (M1+E2) 0.4 (3) 0.000080 (4)
γ34,3(Th) 336.63 (1) 0.000731 (44) M1+E2 0.26 (4) 0.00058 (3)
γ39,8(Th) 340.19 (8) 0.0000026 (16) (E1) 0.0284 (4) 0.0000025 (16)
γ37,6(Th) 354.04 (2) 0.000079 (14) (M1+E2) 0.32 (22) 0.000060 (4)
γ33,0(Th) 359.38 (4) 0.0000074 (23) (M1) 0.513 (8) 0.0000049 (15)
γ47,22(Th) 364.01 (12) 0.0000064 (16) 0.0000064 (16)
γ34,0(Th) 365.820 (3) 0.00115 (6) (M1) 0.489 (7) 0.00077 (4)
γ44,14(Th) 371.34 (9) 0.0000021 (10) (M1) 0.469 (7) 0.0000014 (7)
γ35,0(Th) 374.71 (20) 0.0000055 (29) (M1) 0.458 (7) 0.0000038 (20)
γ41,8(Th) 381.35 (8) 0.0000056 (19) (M1) 0.437 (7) 0.0000039 (13)
γ37,4(Th) 383.43 (3) 0.000123 (18) (M1+E2) 0.26 (18) 0.000096 (5)
γ42,9(Th) 387.86 (12) 0.0000012 (3) 0.0000012 (3)
γ40,6(Th) 393.60 (1) 0.0000130 (12) 0.0000130 (12)
γ37,3(Th) 396.62 (3) 0.0000047 (11) (E2) 0.0762 (11) 0.0000044 (10)
γ49,20(Th) 402.22 (2) 0.0000072 (14) 0.0000072 (14)
γ45,14(Th) 404.39 (5) 0.00000133 (41) (E1) 0.0195 (3) 0.0000013 (4)
γ41,6(Th) 406.58 (5) 0.0000021 (5) (M1) 0.367 (6) 0.0000015 (4)
γ42,8(Th) 416.31 (3) 0.000012 (1) 0.000012 (1)
γ40,4(Th) 423.09 (14) 0.00000052 (14) 0.00000052 (14)
γ49,18(Th) 425.46 (10) 0.00000080 (14) 0.00000080 (14)
γ40,3(Th) 436.23 (2) 0.0000035 (9) 0.0000035 (9)
γ42,6(Th) 441.53 (17) 0.00000073 (22) 0.00000073 (22)
γ41,3(Th) 449.520 (2) 0.0000082 (10) (M1) 0.280 (4) 0.0000064 (8)
γ43,6(Th) 455.48 (25) 0.00000117 (21) 0.00000117 (21)
γ47,12(Th) 456.87 (16) 0.00000044 (21) 0.00000044 (21)
γ46,9(Th) 459.81 (1) 0.0000076 (11) 0.0000076 (11)
γ40,0(Th) 465.37 (12) 0.00000047 (23) 0.00000047 (23)
γ42,4(Th) 471.06 (1) 0.0000185 (18) 0.0000185 (18)
γ48,11(Th) 474.41 (8) 0.00000077 (11) 0.00000077 (11)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ41,0(Th) 478.64 (1) 0.00001829 (16) (M1) 0.236 (4) 0.00001480 (12)
γ43,4(Th) 484.34 (3) 0.0000028 (12) [M1] 0.228 (4) 0.0000023 (10)
γ51,14(Th) 500.40 (9) 0.00000070 (23) 0.00000070 (23)
γ42,0(Th) 513.20 (5) 0.0000165 (21) 0.0000165 (21)
γ52,20(Th) 514.81 (11) 0.0000112 (18) 0.0000112 (18)
γ48,8(Th) 523.68 (6) 0.00000094 (24) 0.00000094 (24)
γ50,9(Th) 531.54 (8) 0.00000070 (23) 0.00000070 (23)
γ47,6(Th) 533.53 (5) 0.00000128 (25) M1+E2 0.098 (14) 0.00000117 (23)
γ44,1(Th) 536.44 (12) 0.00000048 (23) (E1) 0.01098 (16) 0.00000047 (23)
γ49,8(Th) 540.52 (6) 0.00000164 (23) 0.00000164 (23)
γ46,4(Th) 542.41 (13) 0.00000047 (23) 0.00000047 (23)
γ50,8(Th) 559.87 (18) 0.00000023 0.00000023
γ47,4(Th) 562.61 (6) 0.0000015 (8) M1+E2 0.075 (8) 0.0000014 (7)
γ45,0(Th) 569.19 (2) 0.0000041 (16) M1+E2 0.063 (4) 0.0000039 (15)
γ47,3(Th) 576.00 (7) 0.00000096 (43) M1+E2 0.064 (8) 0.0000009 (4)
γ48,4(Th) 578.42 (2) 0.0000034 (11) 0.0000034 (11)
γ46,0(Th) 584.94 (16) 0.00000023 0.00000023
γ48,3(Th) 591.64 (7) 0.00000070 (23) 0.00000070 (23)
γ47,0(Th) 605.16 (1) 0.0000051 (10) M1+E2 0.072 (7) 0.0000048 (9)
γ49,3(Th) 608.15 (5) 0.00000047 (23) 0.00000047 (23)
γ50,4(Th) 614.45 (7) 0.00000070 (23) 0.00000070 (23)
γ48,0(Th) 620.81 (3) 0.0000015 (6) 0.0000015 (6)
γ50,3(Th) 627.70 (8) 0.00000047 (23) 0.00000047 (23)
γ49,0(Th) 637.25 (10) 0.00000023 0.00000023
γ52,8(Th) 652.79 (19) 0.00000023 0.00000023
γ50,0(Th) 656.89 (5) 0.000004 (1) 0.000004 (1)
γ51,0(Th) 665.03 (10) 0.00000023 M1+E2 0.06 (4) 0.00000023
γ52,4(Th) 707.41 (2) 0.0000020 (9) 0.0000020 (9)
γ52,3(Th) 720.62 (11) 0.00000047 (23) 0.00000047 (23)
γ52,0(Th) 749.8 (9) 0.00000047 (23) 0.00000047 (23)
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1 Half-life, Q-value and Decay mode

T1/2 : 2.455 (6) ×105 y
Qα : 4857.7 (7) keV
α : 100 %
SF : 1.6 (2) ×10−9 %

2 α Emissions

Energy Probability
keV × 100

α0,5 4108.6 (7) 0.000007
α0,4 4150.6 (7) 0.000026
α0,3 4275.2 (7) 0.00004 (1)
α0,2 4603.5 (7) 0.210 (2)
α0,1 4722.4 (7) 28.42 (2)
α0,0 4774.6 (7) 71.37 (2)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Th) 5.8 - 20.3 10.8 (4)

eAK (Th) 0.00029 (5)
KLL 68.406 - 76.745 }
KLX 83.857 - 93.345 }
KXY 99.29 - 109.64 }

ec1,0 L (Th) 32.7 - 36.9 20.9 (12)
ec1,0 M (Th) 48.0 - 49.9 5.70 (32)
ec1,0 N (Th) 51.9 - 52.9 1.53 (9)
ec2,1 L (Th) 100.4 - 104.6 0.132 (12)
ec2,1 M (Th) 115.7 - 117.6 0.0363 (34)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Th) 11.118 — 19.504 10.2 (4)

XKα2 (Th) 89.954 0.00269 (25) } Kα
XKα1 (Th) 93.351 0.0044 (4) }

XKβ3 (Th) 104.819 }
XKβ1 (Th) 105.604 } 0.00155 (15) Kβ

′
1

XKβ
′′
5 (Th) 106.239 }
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ANNEX I: RECOMMENDED DECAY DATA U − 234

Energy Photons
keV per 100 disint.

XKβ2 (Th) 108.509 }
XKβ4 (Th) 108.955 } 0.00052 (5) Kβ

′
2

XKO2,3 (Th) 109.442 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Th) 53.20 (2) 28.7 (13) E2+M3 228 (7) 0.1253 (40)
γ2,1(Th) 120.90 (4) 0.228 (48) E2 4.92 (15) 0.0386 (32)
γ3,1(Th) 454.96 (5) 0.000025 (6) E1 0.01526 (46) 0.000025 (6)
γ5,2(Th) 503.5 (1) 0.00000095 [E2] 0.0418 (13) 0.00000095
γ3,0(Th) 508.16 (5) 0.0000152 (39) E1 0.01221 (37) 0.0000150 (39)
γ4,1(Th) 581.7 (1) 0.000012 (5) E2 0.0300 (9) 0.000012 (5)
γ5,1(Th) 624.4 (1) 0.00005 E0+E2+M1 5.1 (20) 0.00000082
γ4,0(Th) 634.9 (1) 0.000014 (7) E0
γ5,0(Th) 677.6 (1) 0.000001 [E2] 0.0216 (6) 0.000001
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H.W.Taylor, Int. J. Appl. Radiat. Isotop. 24 (1973) 593

(Gamma-ray energy)

R.L.Heath, Report ANCR-1000-2 (1974) 14

(Gamma-ray instensity and energy)

C.E.Bemis Jr., L.Tubbs, Report ORNL-5297, Oak Ridge National Laboratory (1977) 93

(X-ray emission)

A.M.Geidelman, Yu.S.Egorov, A.V.Lovtsyus, V.I.Orlov, L.D.Preobrazhenskaya, M.V.Ryzhinsky, A.V.
Stepanov, A.A.Lipovsky, Yu.V.Kholnov, B.N.Belyaev, M.K.Adbullakhatov, G.A.Akopov, V.S.Belykh,
E.A.Gromova et al., Bull. Rus. Acad. Sci. Phys. 44,5 (1980) 23

(U-234 half-life)

J.W.Meadows, R.J.Armani, E.L.Callis, A.M.Essling, Phys. Rev. C22 (1980) 750

(Th-230 half-life)

H.R.von Gunten, A.Grütter, H.W.Reist, M.Baggenstos, Phys. Rev. C23 (1981) 1110

(SF half-life)

N.E.Holden, BNL-NCS-51320 (1981)

(U-234 half-life)

Y.A.Akovali, Nucl. Data Sheets 40 (1983) 523

(Spin, parity, Energy level)

W.P.Poenitz, J.W.Meadows, Report ANL-NDM/84, Argonne National Laboratory (1983) 33

(U-234 half-life)

M.Divadeenam, J.R.Stehn, Ann. Nucl. Energy 11 (1984) 375

(U-234 half-life)

R.Vaninbroukx, G.Bortels, B.Denecke, Int. J. Appl. Radiat. Isotop. 35 (1984) 1081

(X-ray, alpha and gamma emission)

W.P.Poenitz, J.W.Meadows, in Nuclear Standard Reference Data, TECDOC-335, IAEA, Vienna (1985) 485

(U-234 half-life)

E.J.Axton, in Nuclear Standard Reference Data, TECDOC-335, IAEA, Vienna (1985) 214

(U-234 half-life)

A.Lorenz, A.L.Nichols, in Decay Data of the Transactinium Nuclides, Technical Reports Series No. 261, IAEA,
Vienna (1986) 63

(U-234 half-life, gamma et alpha intensity)

G.Bortels, P.Collaers, Appl. Radiat. Isot. 38 (1987) 831

(Alpha emission)

S.Wang, P.B.Brice, S.W.Barwick, K.J.Moody, E.K.Hulet, Phys. Rev. C36 (1987) 2717

(SF half-life)

N.E.Holden, Pure Appl. Chem. 61 (1989) 1483

(U-234 half-life)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha energy)

Y.A.Akovali, Nucl. Data Sheets 69 (1993) 155

(Spin, parity, Energy level)

Y.A.Akovali, Nucl. Data Sheets 71 (1994) 181

(Spin, parity, Energy level)
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P.N.Johnston, P.A.Burns, Nucl. Instrum. Methods Phys. Res. A361 (1995) 229

(X-ray emission)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic Data)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Alpha)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)
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1 Half-life, Q-value and Decay mode

T1/2 : 704 (1) ×106 y
Qα : 4678.3 (7) keV
α : 100 %
SF : 7 (2) ×10−9 %
Ne/Mg : ∼1 ×10−13 %

2 α Emissions

Energy Probability
keV × 100

α0,22 3976 (5) ≈0.0011
α0,21 4013.2 (8) 0.0396 (10)
α0,20 4077.5 (7) 0.016 (12)
α0,19 4152 (5) 0.294 (13)
α0,18 4214.7 (19) 5.95 (12)
α0,17 4219.5 (7) 0.01732 (12)
α0,16 4227.6 (7) 0.122 (6)
α0,15 4248 (5) 0.069 (10)
α0,14 4266 (5) 0.22 (3)
α0,13 4279.3 (7) 0.0329 (5)
α0,12 4286.9 (7) 0.065 (13)
α0,11 4302.1 (7) 0.00959 (13)
α0,10 4322 (4) 3.33 (6)
α0,9 4327.9 (7) 0.405 (13)
α0,8 4361.9 (7) 0.206 (21)
α0,7 4366.1 (20) 18.80 (13)
α0,6 4381.1 (7) 0.106 (16)
α0,5 4397.8 (13) 57.19 (20)
α0,4 4414.9 (5) 3.01 (16)
α0,3 4437.9 (40) 0.236 (25)
α0,2 4502.4 (7) 1.28 (5)
α0,1 4556.0 (4) 3.79 (6)
α0,0 4596.4 (13) 4.74 (6)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Th) 5.8 - 20.3 24 (3)

eAK (Th) 0.381 (9)
KLL 68.406 - 76.745 }
KLX 83.857 - 93.345 }
KXY 99.29 - 109.64 }

ec7,5 L (Th) 11.117 - 15.300 8.3 (29)
ec10,7 L (Th) 20.6 - 24.8 1.09 (42)
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Energy Electrons
keV per 100 disint.

ec1,0 L (Th) 21.484 - 25.700 18.2 (32)
ec7,5 M (Th) 26.407 - 28.257 2.2 (8)
ec7,5 N (Th) 30.260 - 31.254 0.60 (23)
ec7,4 L (Th) 30.709 - 34.900 6.8 (14)
ec9,6 L (Th) 33.602 - 37.800 0.1771 (34)
ec10,7 M (Th) 35.9 - 37.8 0.26 (10)
ec1,0 M (Th) 36.774 - 38.624 4.9 (9)
ec10,7 N (Th) 39.8 - 40.8 0.070 (27)
ec1,0 N (Th) 40.630 - 41.621 1.32 (23)
ec19,18 L (Th) 43.87 - 48.00 0.1850 (27)
ec7,4 M (Th) 45.999 - 47.849 1.87 (39)
ec9,6 M (Th) 48.892 - 50.742 0.0484 (8)
ec7,4 N (Th) 49.850 - 50.846 0.5 (1)
ec9,6 N (Th) 52.740 - 53.739 0.01296 (22)
ec19,18 M (Th) 59.16 - 61.01 0.0445 (7)
ec19,18 N (Th) 63.01 - 64.01 0.01188 (18)
ec2,0 L (Th) 75.66 - 79.80 0.90 (11)
ec4,0 K (Th) 76.072 (4) 5.06 (8)
ec2,0 M (Th) 90.95 - 92.80 0.248 (30)
ec2,0 N (Th) 94.8 - 95.8 0.067 (8)
ec4,0 L (Th) 165.25 - 169.40 1.020 (18)
ec4,0 M (Th) 180.54 - 182.39 0.2468 (37)
ec4,0 N (Th) 184.390 - 185.387 0.0651 (10)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Th) 11.1177 — 19.5043 22 (3)

XKα2 (Th) 89.954 3.56 (9) } Kα
XKα1 (Th) 93.351 5.76 (14) }

XKβ3 (Th) 104.819 }
XKβ1 (Th) 105.604 } 2.06 (5) Kβ

′
1

XKβ
′′
5 (Th) 106.239 }

XKβ2 (Th) 108.509 }
XKβ4 (Th) 108.955 } 0.685 (18) Kβ

′
2

XKO2,3 (Th) 109.442 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ7,5(Th) 31.60 (5) 11.4 (40) M1+E2 667 0.017 (6)
γ10,7(Th) 41.4 (3) 1.5 (6) [M1] 49.9 (13) 0.029 (11)
γ1,0(Th) 42.01 (6) 24.7 (43) M1+E2 440 (30) 0.056 (9)
γ7,4(Th) 51.21 (4) 9.4 (19) [E2] 274 (4) 0.034 (7)
γ9,6(Th) 54.1 (1) 0.24 [E2] 210 (4) 0.00115
γ2,1(Th) 54.25 (5) 2.1 [M1+E2] 71 (3) 0.0285
γ19,18(Th) 64.45 (5) 0.26 [M1] 13.6 (2) 0.018
γ10,5(Th) 72.7 (2) 1.86 M1+E2 15 (3) 0.116
γ7,3(Th) 74.94 (3) 0.064 (8) [E1] 0.252 (4) 0.051 (6)
γ2,0(Th) 96.09 (2) 1.33 (16) [E2] 13.58 (19) 0.091 (11)
γ14,7(Th) 97 (4) 0.22 (7) [E2] 13 (3) 0.016 (4)
γ5,2(Th) 109.19 (7) 1.81 (14) [E1] 0.0932 (14) 1.66 (13)
γ10,3(Th) 115.45 (5) 0.040 (13) [E1] 0.348 (5) 0.03 (1)
γ3,1(Th) 120.35 (5) 0.31 [M1] 10.95 (16) 0.026
γ16,8(Th) 136.55 (5) 0.103 [M1] 7.66 (11) 0.012
γ7,2(Th) 140.76 (2) 0.244 (12) [E1] 0.218 (3) 0.20 (1)
γ20,18(Th) 142.40 (5) 0.018 [E2] 2.48 (4) 0.0051
γ4,1(Th) 143.767 (3) 13.20 (8) E1 0.207 (3) 10.94 (6)
γ18,7(Th) 150.936 (15) 0.61 (20) [M1] 5.76 (8) 0.09 (3)
γ5,1(Th) 163.356 (3) 5.855 (36) (E1) 0.1526 (22) 5.08 (3)
γ16,5(Th) 173 (1) 0.007 (6) [E1] 0.133 (3) 0.006 (5)
γ18,5(Th) 182.62 (5) 1.70 (22) [M1] 3.36 (5) 0.39 (5)
γ4,0(Th) 185.720 (4) 63.41 (35) E1 0.1124 (16) 57.0 (3)
γ7,1(Th) 194.940 (6) 0.693 (11) [E1] 0.1002 (14) 0.63 (1)
γ8,1(Th) 198.894 (14) 0.131 (7) M1 2.64 (4) 0.036 (2)
γ18,4(Th) 202.12 (1) 3.81 (8) [M1] 2.53 (4) 1.08 (2)
γ5,0(Th) 205.316 (4) 5.465 (33) (E1) 0.0887 (13) 5.02 (3)
γ19,7(Th) 215.28 (4) 0.090 (9) [M1] 2.12 (3) 0.029 (3)
γ6,0(Th) 221.386 (14) 0.349 (15) M1 1.96 (3) 0.118 (5)
γ13,2(Th) 228.76 (5) 0.021 M1 1.79 (3) 0.0074
γ9,1(Th) 233.50 (2) 0.102 (11) M1 1.687 (24) 0.038 (4)
γ8,0(Th) 240.88 (4) 0.181 (19) M1(+E2) 1.45 (22) 0.074 (4)
γ19,5(Th) 246.83 (2) 0.134 (7) [M1] 1.445 (21) 0.055 (3)
γ15,2(Th) 255.365 (10) 0.017 M1 1.315 (19) 0.0074
γ19,4(Th) 266.47 (4) 0.0097 (7) [E2] 0.245 (4) 0.0078 (6)
γ12,1(Th) 275.35 (15) 0.094 (11) M1+E2 0.84 (6) 0.051 (6)
γ9,0(Th) 275.49 (6) 0.065 M1(+E2) 1.02 (12) 0.032
γ16,2(Th) 281.42 (5) 0.013 M1 1.005 (14) 0.0063
γ13,1(Th) 282.94 (5) 0.013 [M1] 0.990 (14) 0.0063
γ17,2(Th) 289.56 (4) 0.0142 [M1] 0.929 (13) 0.0074
γ18,2(Th) 291.65 (3) 0.042 (6) [E1] 0.0396 (6) 0.040 (6)
γ11,0(Th) 301.7 (1) 0.01 M1 0.829 (12) 0.0053
γ15,1(Th) 310.69 (6) 0.011 (E2) 0.1517 (22) 0.0094
γ12,0(Th) 317.10 (8) 0.0019 M1 0.723 (11) 0.0011
γ17,1(Th) 343.5 (2) 0.0032 0.0032
γ18,1(Th) 345.92 (3) 0.041 (6) [E1] 0.0272 (4) 0.040 (6)
γ15,0(Th) 350 (5) 0.009 M1 0.552 (24) 0.006
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ19,2(Th) 356.03 (5) 0.0054 [E1] 0.0255 (4) 0.0053
γ18,0(Th) 387.84 (3) 0.041 (6) [E1] 0.0213 (3) 0.040 (6)
γ21,5(Th) 390.27 (20) 0.040 (1) 0.040 (1)
γ19,1(Th) 410.29 (4) 0.0033 [E1] 0.0189 (3) 0.0032
γ22,4(Th) 448.40 (6) 0.0011 0.0011

5 References
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G.J.Sayag, Compt. Rend. Acad. Sci. (Paris) 232 (1951) 2091

(Half-life)
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Chemistry of Fission 1973, Proc. Symp. on the Physics and Chemistry of Fission, Vol I, STI/PUB/347, IAEA,
Vienna (1974) 305
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W.Teoh, R.D.Connor, R.H.Betts, Nucl. Phys. A228 (1974) 432

(Gamma-ray energies and intensities)

E.Vano, R.Gaeta, L.Gonzalez, C.F.Liang, Nucl. Phys. A251 (1975) 225

(Gamma-ray energies and intensities)

S.A.Baranov, V.M.Shatinskii, A.G.Zelenkov, V.A.Pchelin, Sov. J. Nucl. Phys. 26 (1977) 486

(Gamma-ray energies and intensities)

H.R.von Gunten, A.Grutter, H.W.Reist, M.Baggenstos, Phys. Rev. C23 (1981) 1110

(Half-life)
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R.Vaninbroukx, B.Denecke, Nucl. Instrum. Methods 193 (1982) 191

(Gamma-ray energies and emission probabilities)

C.Baktash, E.Der Mateosian, O.C.Kistner, A.W.Sunyar, D.Horn, C.J.Lister, Bull. Am. Phys. Soc. 28
(1983) 41

(Gamma-ray emission probabilities)

D.G.Olson, Nucl. Instrum. Methods 206 (1983) 313

(Gamma-ray emission probabilities)

R.G.Helmer, C.W.Reich, Int. J. Appl. Radiat. Isotop. 35 (1984) 783

(Gamma-ray energies and emission probabilities)

A.Lorenz, in Decay Data of the Transactinium Nuclides, Technical Reports Series No. 261, IAEA, Vienna (1986)

(Evaluated gamma-ray energies and emission intensities)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Evaluated alpha intensities)

W.-J.Lin, G.Harbottle, J. Radioanal. Nucl. Chem. 157 (1992) 367

(Gamma-ray emission probabilities)

C.C.Bueno, M.D.S.Santos, Appl. Radiat. Isot. 44 (1993) 567

(Half-life)

H.Ruellan, M.C.Lépy, M.Etcheverry, J.Plagnard, J.Morel, Nucl. Instrum. Methods Phys. Res. A369
(1996) 651

(Gamma-ray and X-ray intensities)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

H.Chatani, Nucl. Instrum. Methods A425 (1999) 277

(Gamma-ray emission intensities)

N.E.Holden, D.C.Hoffman, Pure Appl. Chem. 72 (2000) 1525

(Evaluated Half-life)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Calculated ICC)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)

E.Browne, Nucl. Data Sheets 98 (2003) 665

(Decay scheme and levels)

F.Dayras, N.Chauvin, Nucl. Instrum. Methods Phys. Res. A530 (2004) 391

(Alpha energies and intensities)

R.Schön, G.Winkler, W.Kutschera, Appl. Radiat. Isot. 60 (2004) 263

(Evaluated Half-life)

E.Garcia-Toraño, M.T.Crespo, M.Roteta, G.Sibbens, S.Pommé, A.M.Sanchez, M.P.R.Montero, S.
Woods, A.Pearce, Nucl. Instrum. Methods Phys. Res. A550 (2005) 581

(Alpha energies and intensities)

F.S.Al-Saleh, Al-J.H.Al-Mukren, M.A.Farouk, Nucl. Instrum. Methods Phys. Res. A568 (2006) 734

(Gamma-ray emission probabilities)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICC)
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1 Half-life, Q-value and Decay mode

T1/2 : 23.43 (6) ×106 y
Qα : 4573.1 (9) keV
α : 100 %
SF : ∼9 ×10−8 %

2 α Emissions

Energy Probability
keV × 100

α0,3 4168 0.00014 (5)
α0,2 4332 (8) 0.149 (22)
α0,1 4445 (5) 26.1 (40)
α0,0 4494 (3) 73.8 (40)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Th) 5.8 - 20.3 10.1 (12)

eAK (Th) 0.000139 (30)
KLL 68.406 - 76.745 }
KLX 83.857 - 93.345 }
KXY 99.29 - 109.64 }

ec1,0 L (Th) 28.99 - 33.20 19.2 (29)
ec1,0 M (Th) 44.28 - 46.13 5.3 (8)
ec1,0 N (Th) 48.13 - 49.12 1.41 (21)
ec2,1 L (Th) 92.32 - 96.50 0.092 (15)
ec2,1 M (Th) 107.61 - 109.46 0.0253 (41)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Th) 11.118 — 19.599 9.4 (10)

XKα2 (Th) 89.954 0.00128 (22) } Kα
XKα1 (Th) 93.351 0.0021 (4) }

XKβ3 (Th) 104.819 }
XKβ1 (Th) 105.604 } 0.00074 (13) Kβ

′
1

XKβ
′′
5 (Th) 106.239 }
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Energy Photons
keV per 100 disint.

XKβ2 (Th) 108.509 }
XKβ4 (Th) 108.955 } 0.00025 (5) Kβ

′
2

XKO2,3 (Th) 109.442 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Th) 49.46 (10) 26.3 (40) E2 324 (10) 0.081 (12)
γ2,1(Th) 112.79 (10) 0.150 (24) E2 6.67 (20) 0.0195 (31)
γ3,2(Th) 171.15 (20) 0.000142 (48) E2 1.186 (36) 0.000065 (22)
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K.F.Flynn, A.H.Jaffey, W.C.Bentley, A.M.Essling, J. Inorg. Nucl. Chem. 34 (1972) 1121

(Half-life)

M.Schmorak, C.E.Bemis Jr., M.J.Zender, N.B.Gove, P.F.Dittner, Nucl. Phys. A178 (1972) 410
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H.R.von Gunten, A.Gruetter, H.W.Reist, M.Baggenstos, Phys. Rev. C23 (1981) 1110

(Half-life)

S.N.Belenky, M.D.Skorokhvatov, A.V.Etenko, Sov. At. Energy 55 (1983) 528

(Half-life, Spontaneous fission probability)

S.F.Mughabghab, Neutron Cross Sections, Part B, Z = 61-100, Academic Press (1984)

(Production modes)

E.Browne, R.B.Firestone, Table of Radioactive Isotopes, John Wiley and Sons Inc., N.Y. (1986)

(X-rays energies and emission probabilities)

M.J.Woods, A.S.Munster, NPL Report RS (EXT) 95 (1988)

(LWM method for averaging numbers)

N.E.Holden, Pure Appl. Chem. 61 (1989) 1483

(Total and spontaneous fission half-lives)

J.L.Iturbe, Appl. Radiat. Isot. 43 (1992) 817

(Alpha emission energies, Alpha emission probabilities)

S.P.Tretyakova, V.L.Mikheev, V.A.Ponomarenko, A.N.Golovchenko, A.A.Ogloblin, V.A.Shigin, Pisma
Zh. Eksp. Teor. Fiz. 59 (1994) 368

(Cluster decay)

E.Schönfeld, H.Janssen, Appl. Radiat. Isot. 52 (2000) 595

(X-ray emission probabilities, X-ray energies, Auger electron emission probabilities, Auger electron energies)

D.MacMahon, E.Browne, LWEIGHT v1.3, A Computer Program to Calculate Averages, unpublished (2000)

(Software for evaluation)
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R.J.Gehrke, J.D.Baker, C.L.Riddle, Appl. Radiat. Isot. 56 (2002) 567

(Gamma-ray emission probabilities, Gamma-ray energies)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

M.-M.Bé, C.Dulieu, LWEIGHT v4, A Computer Program to Calculate Averages, unpublished (2005)

(Software for evaluation)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, C.W.Nestor Jr., BrIcc Program Package v 2.0 ANU-
P/1684 (2005)

(K ICC, L ICC, T ICC, Theoretical ICC)

E.Browne, Nucl. Data Sheets 107 (2006) 2579

(Atomic Data, Spin and Parity, T ICC, Multipolarities, Alpha emission energies, Alpha emission probabilities,
Gamma-ray energies)

M.-M.Bé, C.Dulieu, SAISINUC 2000 Manual, CEA/LNE-LNHB (2006)

(Evaluation software)
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1 Half-life, Q-value and Decay mode

T1/2 : 6.749 (16) d
Qβ− : 518.6 (6) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,9 147.7 (6) 1.3 (9) Allowed 7.32
β−0,7 186.2 (6) 2.9 (9) Super-allowed 7.28
β−0,6 237.2 (6) 48.2 (25) 1st forbidden 6.39
β−0,5 251.1 (6) 40.9 (31) 1st forbidden 6.54
β−0,2 459.1 (6) 7 (4) 1st forbidden unique 8.1

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Np) 5.04 - 13.52 58.5 (21)

eAK (Np) 1.49 (21)
KLL 73.50 - 83.13 }
KLX 90.36 - 97.28 }
KXY 107.10 - 114.58 }

ec2,1 L (Np) 3.918 - 8.731 14.6 (50)
ec6,5 M (Np) 8.07 - 10.15 36.0 (19)
ec1,0 L (Np) 10.769 - 15.586 17.0 (23)
ec6,5 N (Np) 12.31 - 13.41 9.79 (43)
ec9,7 L (Np) 16.11 - 20.93 0.7 (7)
ec3,1 L (Np) 20.277 - 25.094 0.47
ec2,1 M (Np) 20.606 - 22.681 3.9 (5)
ec4,2 L (Np) 20.996 - 25.813 3.2 (5)
ec1,0 M (Np) 27.457 - 29.532 4.3 (7)
ec7,6 L (Np) 28.58 - 33.40 0.19 (8)
ec1,0 N (Np) 31.695 - 32.793 1.16 (17)
ec9,7 M (Np) 32.80 - 34.88 0.2 (2)
ec3,1 M (Np) 36.965 - 39.040 0.12
ec9,7 N (Np) 37.04 - 38.14 0.05 (5)
ec2,0 L (Np) 37.114 - 41.931 28.6 (22)
ec4,2 M (Np) 37.684 - 39.759 0.84 (14)
ec3,1 N (Np) 41.203 - 42.301 0.032
ec4,2 N (Np) 41.92 - 43.02 0.233 (37)
ec7,5 L (Np) 42.40 - 47.22 0.387 (9)
ec7,6 M (Np) 45.27 - 47.35 0.0479 (21)
ec5,4 K (Np) 45.94 (2) 0.363 (9)
ec7,6 N (Np) 49.51 - 50.61 0.0127 (6)
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Energy Electrons Energy
keV per 100 disint. keV

ec3,0 L (Np) 53.4 - 58.2 0.0354 (7)
ec2,0 M (Np) 53.802 - 55.877 7.7 (3)
ec2,0 N (Np) 58.040 - 59.138 0.846 (24)
ec7,5 M (Np) 59.09 - 61.17 0.096 (2)
ec7,5 N (Np) 63.33 - 64.43 0.0255 (5)
ec5,2 K (Np) 89.331 (10) 50.1 (13)
ec5,1 K (Np) 115.73 (4) 0.114 (5)
ec5,4 L (Np) 142.18 - 147.00 2.04 (5)
ec5,0 K (Np) 148.87 (4) 0.53 (3)
ec5,4 M (Np) 158.87 - 160.95 0.565 (14)
ec5,4 N (Np) 163.11 - 164.21 0.1546 (33)
ec5,2 L (Np) 185.573 - 190.390 10.1 (3)
ec5,2 M (Np) 202.261 - 204.336 2.45 (7)
ec5,2 N (Np) 206.499 - 207.597 0.662 (14)
ec5,1 L (Np) 211.97 - 216.79 0.040 (2)
ec7,0 K (Np) 213.69 (4) 0.0757 (18)
ec8,1 K (Np) 216.71 (4) 0.052 (7)
ec5,1 M (Np) 228.66 - 230.74 0.0105 (5)
ec5,0 L (Np) 245.11 - 249.93 0.172 (9)
ec8,0 K (Np) 249.92 (4) 0.0206 (9)
ec9,0 K (Np) 252.259 (23) 0.046 (7)
ec5,0 M (Np) 261.80 - 263.88 0.045 (3)
ec5,0 N (Np) 266.055 - 267.153 0.0123 (7)
ec7,0 L (Np) 309.93 - 314.75 0.0733 (17)
ec8,1 L (Np) 312.95 - 317.77 0.0108 (3)
ec7,0 M (Np) 326.62 - 328.70 0.0197 (5)

β−0,9 max: 147.7 (6) 1.3 (9) avg: 39.0 (2)
β−0,7 max: 186.2 (6) 2.9 (9) avg: 49.8 (2)
β−0,6 max: 237.2 (6) 48.2 (25) avg: 64.5 (2)
β−0,5 max: 251.1 (6) 40.9 (31) avg: 68.6 (2)
β−0,2 max: 459.1 (6) 7 (4) avg: 137.6 (2)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Np) 11.89 — 22.2 59.0 (21)

XKα2 (Np) 97.069 14.8 (4) } Kα
XKα1 (Np) 101.059 23.5 (6) }

XKβ3 (Np) 113.303 }
XKβ1 (Np) 114.234 } 8.57 (27) Kβ

′
1

XKβ
′′
5 (Np) 114.912 }
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Energy Photons
keV per 100 disint.

XKβ2 (Np) 117.476 }
XKβ4 (Np) 117.876 } 2.95 (10) Kβ

′
2

XKO2,3 (Np) 118.429 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ6,5(Np) 13.81 (2) 48.8 (25) M1+0.1%E2 492 (16) 0.099 (4)
γ2,1(Np) 26.34463 (24) 22 (5) E1 8 (2) 2.43 (6)
γ1,0(Np) 33.19629 (22) 23 (3) M1+1.66%E2 175 (24) 0.130 (5)
γ9,7(Np) 38.54 (3) 0.9 (9) M1+15%E2 280 (210) 0.0033 (20)
γ3,1(Np) 42.704 (5) 0.65 M1+1.66%E2 75 (9) 0.0085
γ4,2(Np) 43.420 (3) 4.3 (7) M1+16.8%E2 180 (23) 0.024 (2)
γ7,6(Np) 51.01 (3) 0.596 (25) E1 0.753 (15) 0.340 (14)
γ2,0(Np) 59.54091 (10) 73.7 (31) E1 1.16 (7) 34.1 (9)
γ7,5(Np) 64.83 (2) 1.800 (26) E1 0.400 (8) 1.286 (17)
γ4,1(Np) 69.76 (3) 0.0013 (3) (E1) 0.330 (7) 0.00095 (19)
γ3,0(Np) 75.899 (5) 0.05 (E2) 53.4 (11) 0.00091
γ4,0(Np) 102.959 (3) 0.0072 (10) E1 0.119 (3) 0.0064 (9)
γ5,4(Np) 164.61 (2) 5.02 (11) E2 1.70 (4) 1.86 (3)
γ5,2(Np) 208.00 (1) 84.8 (19) M1+2.4%E2 2.98 (7) 21.3 (3)
γ6,2(Np) 221.80 (4) 0.0316 (13) E2 0.547 (11) 0.0204 (8)
γ5,1(Np) 234.40 (4) 0.189 (8) M2 8.24 (16) 0.0205 (8)
γ5,0(Np) 267.556 (12) 1.5 (4) E1+19.4%M2 1.06 (6) 0.721 (10)
γ8,3(Np) 292.77 (6) 0.0030 (9) (E2) 0.215 (4) 0.0025 (7)
γ8,2(Np) 309.1 (3) 0.00028 (E1) 0.0377 (8) 0.00027
γ7,0(Np) 332.376 (16) 1.374 (19) E2 0.146 (3) 1.199 (16)
γ8,1(Np) 335.38 (4) 0.162 (9) M1+17.5%E2 0.69 (8) 0.0958 (22)
γ9,1(Np) 337.7 (2) 0.0101 (6) (E2) 0.139 (3) 0.0089 (5)
γ−1,2(Np) 340.45 0.0016 (3) 0.0016 (3)
γ8,0(Np) 368.602 (20) 0.0675 (28) M1(+E2) 0.622 (13) 0.0416 (17)
γ9,0(Np) 370.928 (23) 0.167 (8) M1+15.6%E2 0.53 (7) 0.109 (2)

5 References

L.Melander, H.Slatis, Arkiv Mat. Astron. Fysik 36A (1948) No 15

(Half-life , energies and probabilities of beta-transitions)

F.Wagner Jr., M.S.Freedman, D.W.Engelkemeir, J.R.Huizenga, Phys. Rev. 89 (1953) 502

(Half-life , energies and probabilities of beta-transitions)

J.O.Rasmussen, F.L.Canavan, J.M.Hollander, Phys. Rev. 107 (1957) 141

(Energies and probabilities of beta-transitions)

M.J.Cabell, T.A.Eastwood, P.J.Campion, J. Nucl. Energy 7 (1958) 81

(Half-life)

P.S.Samoilov, Izv. Akad. Nauk SSSR, Ser. Fiz. 23 (1959) 1416

(Gamma-ray transition multipolarities)

F.Asaro, F.S.Stephens, J.M.Hollander, I.Perlman., Phys. Rev. 117 (1960) 492

(ICC for the anomalously converted gamma-ray transitions)
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E.Akatsu, T.Kuroyanagi, T.Ishimori, Radiochim. Acta 2 (1963) 1

(Gamma-ray energies)

J.L.Wolfson, J.J.H.Park, Can. J. Phys. 42 (1964) 1387

(E2/M1 admixtures)

T.Yamazaki, J.M.Hollander., Nucl. Phys. 84 (1966) 505

(Gamma-ray and X-ray energies and multipolarities, E2 admixtures, relative probability of conversion electrons)

C.M.Lederer, J.K.Poggenburg, F.Asaro, J.O.Rasmussen, I.Perlman, Nucl. Phys. 84 (1966) 481

(Conversion electron data)

H.-C.Pauli, K.Alder, Z. Phys. 202 (1967) 255

(Anomalously converted E1 gamma-ray transitions)

L.N.Kondratev, E.E.Tretyakov, Bull. Rus. Acad. Sci. Phys. 30 (1967) 393

(E2/M1 admixtures)

R.Dams, F.Adams, Radiochim. Acta 10 (1968) 1

(Gamma-ray energies)

J.E.Cline, Report IN-1448 (1971)

(Gamma-ray energies and emission probabilities)

V.N.Grigorev, A.P.Feresin, Sov. J. Nucl. Phys. 12 (1971) 361

(Anomalously converted E1 gamma-ray transitions)

R.Gunnink, J.E.Evans, A.L.Prindle, Report UCRL-52139, Univ. California (1976)

(Gamma-ray energies and emission probabilities)

A.V.Bushuev, O.V.Matveev, V.N.Ozerkov, V.V.Chachin, Report INDC(CCP)-193, IAEA, Vienna (1982)
30

(Gamma-ray emission probabilities)

M.F.Banham, Priv. Comm. (1984), cited in Decay Data of the Transactinium Nuclides, Technical Reports Series
No. 261, IAEA, Vienna (1984)

(Gamma-ray emission probabilities)

R.G.Helmer, C.W.Reich, Int. J. Appl. Radiat. Isotop. 36 (1985) 117

(Gamma-ray emission probabilities)

H.Willmes, T.Ando, R.J.Gehrke, Int. J. Appl. Radiat. Isotop. 36 (1985) 123

(X-ray and gamma-ray emission probabilities)

A.Lorenz, in Decay Data of the Transactinium Nuclides, Technical Reports Series No. 261, IAEA, Vienna (1986)

(Gamma-ray probabilities)

P.N.Johnston, Nucl. Instrum. Methods Phys. Res. A369 (1996) 107

(ICC for the anomalously converted gamma-ray transitions)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

R.Yanez, W.Loveland, D.J.Morrissey, K.Aleklett, J.O.Liljenzin, E.Hagebo, D.Jerrestam, L.Wester-
berg, Phys. Lett. B376 (1996) 29

(Gamma-ray energies)

A.Kovalik, E.A.Yakushev, V.M.Gorozhankin, A.F.Novgorodov, M.Rysavy, J. Phys. (London) G24 (1998)
2247

(Gamma transition multipolarities)

R.G.Helmer, C.van der Leun, Nucl. Instrum. Methods Phys. Res. A450 (2000) 35

(Gamma-ray energies)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

M.S.Basunia, Nucl. Data Sheets 107 (2006) 3323

(Decay data evaluation, gamma-ray energies and multipolarities, decay scheme)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICC)
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1 Half-life, Q-value and Decay mode

T1/2 : 4.468 (5) ×109 y
Qα : 4269.7 (29) keV
α : 100 %
SF : 5.45 (4) ×10−5 %

2 α Emissions

Energy Probability
keV × 100

α0,2 4038 (5) 0.13 (3)
α0,1 4151 (5) 22.33 (50)
α0,0 4198 (3) 77.54 (50)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Th) 5.8 - 20.3 8.43 (25)

eAK (Th) 0.00012 (4)
KLL 68.406 - 76.745 }
KLX 83.857 - 93.345 }
KXY 99.29 - 109.64 }

ec1,0 L (Th) 29.08 - 33.20 16.3 (8)
ec1,0 M (Th) 44.37 - 46.22 4.46 (21)
ec1,0 N (Th) 48.22 - 49.22 1.19 (6)
ec2,1 L (Th) 93.0 - 97.2 0.080 (22)
ec2,1 M (Th) 108.3 - 110.2 0.022 (6)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Th) 11.118 — 19.504 7.94 (28)

XKα2 (Th) 89.954 0.00109 (30) } Kα
XKα1 (Th) 93.351 0.0018 (5) }

XKβ3 (Th) 104.819 }
XKβ1 (Th) 105.604 } 0.00063 (17) Kβ

′
1

XKβ
′′
5 (Th) 106.239 }

XKβ2 (Th) 108.509 }
XKβ4 (Th) 108.955 } 0.00021 (6) Kβ

′
2

XKO2,3 (Th) 109.442 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Th) 49.55 (6) 22.5 (5) E2 321 (10) 0.0697 (26)
γ2,1(Th) 113.5 (1) 0.13 (3) [E2] 6.47 (19) 0.0174 (47)

5 References

C.A.Kienberger, Phys. Rev. 76 (1949) 1561

(Half-life)

W.J.Whitehouse, W.Galbraith, Phil. Mag. 41 (1950) 429

(SF half-life)

E.Segrè, Phys. Rev. 86 (1952) 21

(SF half-life)

A.F.Kovarik, N.A.Adams Jr., Phys. Rev. 98 (1955) 46

(Half-life)

P.Kuroda, R.R.Edwards, F.T.Ashizawa, J. Chem. Phys. 25 (1956) 603

(SF half-life)

R.B.Leachman, H.W.Schmitt, J. Nucl. Energy 1 (1957) 38

(Half-life)

F.L.Clark, H.J.Spencer-Palmer, R.N.Woodward, J. S.African Chem. Inst. 10 (1957) 62

(Half-life)

P.Kuroda, R.R.Edwards, J. Inorg. Nucl. Chem. 3 (1957) 345

(SF half-life)

P.L.Parker, P.K.Kuroda, J. Inorg. Nucl. Chem. 5 (1958) 153

(SF half-life)

G.E.Kocharov, A.P.Komar, G.A.Korolev, Sov. Phys. - JETP 36 (1959) 48

(Alpha probability)

B.D.Kuzminov, L.S.Kutsaeva, V.G.Nesterov, L.I.Prokhorova, G.P.Smirenkin, Sov. Phys. - JETP 37
(1959) 290

(SF half-life)

J.Steyn, F.W.E.Strelow, Proc. Symp. Metrology of Radionuclides, STI/PUB/6, IAEA, Vienna (1960) 155

(Half-life)

G.E.Kocharov, G.A.Korolev, Bull. Rus. Acad. Sci. Phys. 25 (1961) 227

(Alpha probability)

R.L.Fleischer, P.B.Price, Phys. Rev. 133 (1964) B63

(SF half-life)

A.Spadavecchia, B.Hahn, Helv. Phys. Acta 40 (1967) 1063

(SF half-life)

J.H.Roberts, R.Gold, R.J.Armani, Phys. Rev. 174 (1968) 1482

(SF half-life)

D.Galliker, E.Hugentobler, B.Hahn, Helv. Phys. Acta 43 (1970) 593

(SF half-life)

M.P.T.Leme, C.Renner, M.Cattani, Nucl. Instrum. Methods 91 (1971) 577

(SF half-life)

W.M.Thury, Acta Physica Austriaca 33 (1971) 375

(SF half-life)

J.D.Kleeman, J.F.Lovering, Geochimica et Cosmochimica Acta 35 (1971) 637

(SF half-life)

A.H.Jaffey, K.F.Flynn, L.E.Glendenin, W.C.Bentley, A.M.Essling, Phys. Rev. C4 (1971) 1889

(Half-life)

H.A.Khan, S.A.Durrani, Radiat. Eff. 17 (1973) 133

(SF half-life)

K.N.Ivanov, K.A.Petrzhak, Sov. J. At. Energy 36 (1974) 514

(SF half-life)
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ANNEX I: RECOMMENDED DECAY DATA U − 238

G.A.Wagner, G.M.Reimer, B.S.Carpenter, H.Faul, R.van der Linden, R.Gijbels, Geochimica et Cosmo-
chimica Acta 39 (1975) 1279

(SF half-life)

V.Emma, S.Lo Nigro, Nucl. Instrum. Methods 128 (1975) 355

(SF half-life)

K.Thiel, W.Herr, Earth and Planetary Science Lett. 30 (1976) 50

(SF half-life)

D.M.C.Rizzo, Ann. Acad. Brasil. Ciênc. 50 (1978) 303

(SF half-life)

M.Kase, J.Kikuchi, T.Doke, Nucl. Instrum. Methods 154 (1978) 335

(SF half-life)

E.R.V.Spaggiari, Ann. Acad. Brasil. Ciênc. 52 (1980) 213

(SF half-life)

A.G.Popeko, G.M.Ter-Akopian, Nucl. Instrum. Methods 178 (1980) 163

(SF half-life)

Z.N.R.Baptista, M.S.M.Mantovani, F.B.Ribeiro, Ann. Acad. Brasil. Ciênc. 53 (1981) 437

(SF half-life)

H.G.de Carvalho, J.B.Martins, E.L.Medeiros, O.A.P.Tavares, Nucl. Instrum. Methods 197 (1982) 417

(SF half-life)

Y.A.Akovali, Nucl. Data Sheets 40 (1983) 523

(Spin, parity, energy level, multipolarity)

S.N.Belenkii, M.D.Skorokhvatov, A.V.Etenko, Sov. J. At. Energy 55 (1983) 528

(SF half-life)

R.Vartanian, Helv. Phys. Acta 57 (1984) 416

(SF half-life)

R.Vartanian, Helv. Phys. Acta 57 (1984) 292

(SF half-life)

J.-C.Roy, L.Breton, J.-E.Côté, J.Turcotte, Int. J. Appl. Radiat. Isotop. 35 (1984) 899

(Gamma probability)

M.P.Ivanov, G.M.Ter-Akopian, B.V.Fefilov, A.S.Voronin, Nucl. Instrum. Methods Phys. Res. A234 (1985)
152

(SF half-life)

B.Al-Bataina, J.Jänecke, Radiochim. Acta 42 (1987) 159

(Half-life)

K.Komura, M.Yamamoto, K.Ueno, Nucl. Instrum. Methods Phys. Res. A295 (1990) 461

(Gamma probability)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha energy)

Y.A.Akovali, Nucl. Data Sheets 71 (1994) 181

(Spin, parity, energy level, multipolarity)

B.Duchemin, N.Coursol, M.M.Bé, Nucl. Instrum. Methods Phys. Res. A339 (1994) 146

(Alpha and gamma probabilities)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic Data)

H.Ruellan, M.C.Lépy, M.Etcheverry, J.Plagnard, J.Morel, Nucl. Instrum. Methods Phys. Res. A369
(1996) 651

(Gamma probability)

I.Adsley, J.S.Backhouse, A.L.Nichols, J.Toole, Appl. Radiat. Isot. 49 (1998) 1337

(Gamma probability)

E.Garcia-Toraño, Appl. Radiat. Isot. 52 (2000) 591

(Alpha probability)

N.E.Holden, D.C.Hoffman, Pure Appl. Chem. 72 (2000) 1525; Erratum Pure Appl. Chem. 73 (2001) 1225

(SF half-life)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Alpha)

F.E.Chukreev, V.E.Makarenko, M.J.Martin, Nucl. Data Sheets 97 (2002) 123

(Spin, parity, energy level, multipolarity)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 129

(Q)
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ANNEX I: RECOMMENDED DECAY DATA U − 238

J.C.Hadler, G.Bigazzi, S.Guedes, P.J.Iunes, M.Oddone, C.A.Tello, S.R.Paulo, J. Radioanal. Nucl. Chem.
256 (2003) 155

(SF half-life)

R.Schön, G.Winkler, W.Kutschera, Appl. Radiat. Isot. 60 (2004) 263

(Half-life)
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1 Half-life, Q-value and Decay mode

T1/2 : 23.46 (5) min
Qβ− : 1261.5 (16) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,32 164.5 (16) 0.0060 (5)
β−0,31 212.3 (16) 0.0059 (4)
β−0,30 221.1 (16) 0.0077 (4)
β−0,29 247.9 (16) 0.0074 (4)
β−0,28 269.3 (16) 0.0262 (9)
β−0,27 295.0 (16) 0.0008 (2)
β−0,26 297.3 (16) 0.211 (3)
β−0,25 302.3 (16) 0.0284 (7) 1st forbidden
β−0,24 398.1 (16) 0.0005 (2)
β−0,23 412.0 (16) 0.0264 (4) 1st forbidden
β−0,22 417.4 (16) 0.215 (3)
β−0,21 442.2 (16) 0.228 (3)
β−0,18 566.3 (16) 0.0118 (11)
β−0,17 599.2 (16) 0.261 (6) 1st forbidden 7.35
β−0,15 697.6 (16) 0.0247 (7)
β−0,14 731.2 (16) 0.0029 (4)
β−0,13 743.5 (16) 0.063 (2)
β−0,12 787.1 (16) 0.0033 (4)
β−0,4 1143.9 (16) 2.2 (4) 1st forbidden 7.4
β−0,3 1186.5 (16) 72.8 (19) 1st forbidden 5.91
β−0,1 1230.4 (16) 9.4 (15) Allowed 6.83
β−0,0 1261.5 (16) 14.4 (22) Allowed 6.7

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Np) 6.04 - 13.12 14.7 (7)

eAK (Np) 0.0091 (13)
KLL 73.501 - 83.134 }
KLX 90.358 - 101.054 }
KXY 107.19 - 118.66 }

ec1,0 L (Np) 8.704 - 13.520 14.0 (11)
ec4,3 L (Np) 20.7 - 25.5 1.48 (28)
ec3,1 L (Np) 21.106 - 25.920 3.72 (25)
ec1,0 M (Np) 25.392 - 27.467 3.6 (3)
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Energy Electrons Energy
keV per 100 disint. keV

ec1,0 N (Np) 29.630 - 30.728 0.99 (8)
ec4,3 M (Np) 37.4 - 39.4 0.39 (8)
ec3,1 M (Np) 37.794 - 39.869 0.94 (6)
ec4,3 N (Np) 41.6 - 42.7 0.10 (13)
ec3,1 N (Np) 42.032 - 43.130 0.248 (16)
ec2,0 L (Np) 48.78 - 53.60 0.115 (21)
ec3,0 L (Np) 52.237 - 57.050 10.7 (3)
ec2,0 M (Np) 65.47 - 67.55 0.032 (3)
ec8,3 K (Np) 67.48 (4) 0.049 (46)
ec10,8 K (Np) 68.61 (8) 0.010 (9)
ec3,0 M (Np) 68.925 - 71.000 2.64 (8)
ec3,0 N (Np) 73.163 - 74.261 0.704 (21)
ec8,3 L (Np) 163.72 - 168.54 0.0186 (6)

β−0,32 max: 164.5 (16) 0.0060 (5) avg: 43.7 (5)
β−0,31 max: 212.3 (16) 0.0059 (4) avg: 57.3 (5)
β−0,30 max: 221.1 (16) 0.0077 (4) avg: 59.9 (5)
β−0,29 max: 247.9 (16) 0.0074 (4) avg: 67.6 (5)
β−0,28 max: 269.3 (16) 0.0262 (9) avg: 74.0 (5)
β−0,27 max: 295.0 (16) 0.0008 (2) avg: 81.7 (5)
β−0,26 max: 297.3 (16) 0.211 (3) avg: 82.4 (5)
β−0,25 max: 302.3 (16) 0.0284 (7) avg: 83.9 (5)
β−0,24 max: 398.1 (16) 0.0005 (2) avg: 113.4 (5)
β−0,23 max: 412.0 (16) 0.0264 (4) avg: 117.8 (5)
β−0,22 max: 417.4 (16) 0.215 (3) avg: 119.6 (5)
β−0,21 max: 442.2 (16) 0.228 (3) avg: 127.4 (5)
β−0,18 max: 566.3 (16) 0.0118 (11) avg: 168.0 (5)
β−0,17 max: 599.2 (16) 0.261 (6) avg: 179.0 (5)
β−0,15 max: 697.6 (16) 0.0247 (7) avg: 212.6 (5)
β−0,14 max: 731.2 (16) 0.0029 (4) avg: 224.3 (5)
β−0,13 max: 743.5 (16) 0.063 (2) avg: 228.6 (5)
β−0,12 max: 787.1 (16) 0.0033 (4) avg: 244.0 (5)
β−0,4 max: 1143.9 (16) 2.2 (4) avg: 374.0 (5)
β−0,3 max: 1186.5 (16) 72.8 (19) avg: 390.4 (5)
β−0,1 max: 1230.4 (16) 9.4 (15) avg: 406.8 (5)
β−0,0 max: 1261.5 (16) 14.4 (22) avg: 418.6 (5)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Np) 11.871 — 21.491 16.1 (5)

XKα2 (Np) 97.069 0.091 (3) } Kα
XKα1 (Np) 101.059 0.144 (5) }
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Energy Photons
keV per 100 disint.

XKβ3 (Np) 113.303 }
XKβ1 (Np) 114.234 } 0.052 (2) Kβ

′
1

XKβ
′′
5 (Np) 114.912 }

XKβ2 (Np) 117.463 }
XKβ4 (Np) 117.876 } 0.018 (1) Kβ

′
2

XKO2,3 (Np) 118.429 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Np) 31.1310 (12) 19.0 (14) M1+E2 263 (13) 0.072 (4)
γ4,3(Np) 43.06 (2) 2.0 (4) M1+E2 154 (18) 0.013 (2)
γ3,1(Np) 43.533 (1) 9.3 (6) E1 1.14 (3) 4.35 (28)
γ−1,1(Np) 46.6 0.009 (4) 0.009 (4)
γ6,4(Np) 55.37 (5) 0.0076 (25) M1+E2 90 (30) 0.0000836 (20)
γ2,0(Np) 71.210 (2) 0.141 (4) E2 71.9 (14) 0.00193 (4)
γ3,0(Np) 74.664 (1) 65.8 (17) E1 0.276 (6) 51.6 (13)
γ4,1(Np) 86.72 (7) 0.065 (6) E1 0.186 (4) 0.055 (5)
γ15,11(Np) 111.0 (2) 0.0202 (5) 0.0202 (5)
γ4,0(Np) 117.727 (20) 0.123 (10) E1 0.0841 (17) 0.113 (9)
γ−1,2(Np) 134.71 (13) 0.0019 (3) 0.0019 (3)
γ−1,3(Np) 142.5 (1) 0.0045 (6) 0.0045 (6)
γ7,2(Np) 170.15 (5) 0.031 (1) 0.031 (1)
γ−1,4(Np) 174.07 (6) 0.0097 (3) 0.0097 (3)
γ8,3(Np) 186.15 (4) 0.10 (5) [M1+E2] 2.6 (16) 0.0288 (7)
γ10,8(Np) 187.28 (8) 0.020 (9) [M1+E2] 2.6 (16) 0.0056 (3)
γ9,7(Np) 197.28 (12) 0.0024 (3) 0.0024 (3)
γ24,17(Np) 201.18 (6) 0.0005 (2) 0.0005 (2)
γ−1,5(Np) 220.52 (4) 0.0282 (7) 0.0282 (7)
γ−1,6(Np) 236.28 (14) 0.00092 (18) 0.00092 (18)
γ21,16(Np) 239.86 (5) 0.00087 (23) 0.00087 (23)
γ21,15(Np) 255.37 (5) 0.0011 (2) 0.0011 (2)
γ30,19(Np) 258.44 (6) 0.00073 (18) 0.00073 (18)
γ8,0(Np) 260.80 (2) 0.00310 (21) [E1] 0.0549 (11) 0.0031 (2)
γ−1,7(Np) 262.89 (19) 0.0008 (3) 0.0008 (3)
γ−1,8(Np) 265.44 (17) 0.0009 (3) 0.0009 (3)
γ28,18(Np) 296.93 (13) 0.0024 (8) [M1+E2] 0.7 (5) 0.0014 (2)
γ26,17(Np) 301.95 (3) 0.0018 (7) [M1+E2] 0.6 (5) 0.0011 (3)
γ32,20(Np) 312.05 (3) 0.0006 0.0006
γ22,13(Np) 326.21 (7) 0.0044 (2) 0.0044 (2)
γ−1,9(Np) 330.14 (14) 0.00069 (13) 0.00069 (13)
γ−1,10(Np) 332.06 (14) 0.0012 (2) 0.0012 (2)
γ30,18(Np) 345.13 (8) 0.0039 (2) 0.0039 (2)
γ−1,11(Np) 348.23 (18) 0.0007 (3) 0.0007 (3)
γ−1,12(Np) 351.33 (15) 0.0007 (2) 0.0007 (2)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ−1,13(Np) 361.83 (8) 0.0044 (3) 0.0044 (3)
γ10,3(Np) 373.51 (4) 0.034 (10) [M1+E2] 0.35 (22) 0.025 (6)
γ11,3(Np) 378.06 (6) 0.0101 (4) 0.0101 (4)
γ11,2(Np) 381.27 (16) 0.0006 (2) 0.0006 (2)
γ−1,14(Np) 393.01 (18) 0.0006 (2) 0.0006 (2)
γ25,15(Np) 395.19 (11) 0.0021 (2) 0.0021 (2)
γ12,3(Np) 399.13 (13) 0.0016 (3) 0.0016 (3)
γ−1,15(Np) 400.55 (15) 0.0009 (2) 0.0009 (2)
γ−1,16(Np) 404.84 (18) 0.0009 (3) 0.0009 (3)
γ32,17(Np) 434.71 (4) 0.00122 (20) (E1) 0.0184 (4) 0.0012 (2)
γ−1,17(Np) 445.81 (12) 0.0011 (2) 0.0011 (2)
γ10,0(Np) 448.18 (2) 0.00920 (31) [E1] 0.0173 (4) 0.0090 (3)
γ−1,18(Np) 452.17 (12) 0.0016 (2) 0.0016 (2)
γ14,3(Np) 455.63 (6) 0.0008 (3) 0.0008 (3)
γ12,0(Np) 474.36 (6) 0.0017 (2) 0.0017 (2)
γ−1,19(Np) 478.13 (19) 0.00055 (23) 0.00055 (23)
γ−1,20(Np) 479.55 (14) 0.0010 (2) 0.0010 (2)
γ13,1(Np) 486.87 (3) 0.0627 (14) [E1] 0.0147 (4) 0.0618 (14)
γ−1,21(Np) 490.33 (13) 0.0007 (1) 0.0007 (1)
γ15,2(Np) 492.76 (7) 0.0050 (2) 0.0050 (2)
γ14,1(Np) 499.1 (1) 0.0021 (2) 0.0021 (2)
γ−1,22(Np) 502.12 (17) 0.0006 (2) 0.0006 (2)
γ16,3(Np) 504.76 (8) 0.00545 (31) [E2] 0.0488 (10) 0.0052 (3)
γ−1,23(Np) 506.80 (14) 0.0010 (2) 0.0010 (2)
γ13,0(Np) 518.00 (2) 0.00456 (30) [E1] 0.01300 (19) 0.0045 (3)
γ18,6(Np) 522.12 (10) 0.00274 (33) [M1+E2] 0.14 (10) 0.0024 (2)
γ15,1(Np) 532.86 (10) 0.0023 (2) 0.0023 (2)
γ−1,24(Np) 541.32 (10) 0.0029 (3) 0.0029 (3)
γ17,4(Np) 544.48 (9) 0.0041 (5) [M1+E2] 0.13 (9) 0.0036 (3)
γ16,1(Np) 547.99 (12) 0.00202 (30) [E1] 0.01170 (24) 0.0020 (3)
γ−1,25(Np) 558.46 (17) 0.0006 (2) 0.0006 (2)
γ29,11(Np) 560.63 (7) 0.0058 (3) 0.0058 (3)
γ15,0(Np) 563.89 (4) 0.0004 (2) 0.0004 (2)
γ−1,26(Np) 567.88 (18) 0.0004 (1) 0.0004 (1)
γ−1,27(Np) 575.27 (5) 0.0131 (4) 0.0131 (4)
γ−1,28(Np) 577.15 (14) 0.0014 (3) 0.0014 (3)
γ−1,29(Np) 585.49 (14) 0.0012 (2) 0.0012 (2)
γ17,3(Np) 587.62 (2) 0.0214 (15) [M1+E2] 0.11 (7) 0.0193 (5)
γ23,8(Np) 588.70 (8) 0.0055 (3) 0.0055 (3)
γ−1,30(Np) 591.82 (19) 0.0009 (4) 0.0009 (4)
γ−1,31(Np) 599.13 (15) 0.0007 (2) 0.0007 (2)
γ−1,32(Np) 602.79 (8) 0.0048 (3) 0.0048 (3)
γ−1,33(Np) 604.85 (6) 0.00096 (27) 0.00096 (27)
γ23,7(Np) 607.96 (15) 0.0013 (3) 0.0013 (3)
γ−1,34(Np) 614.53 (17) 0.0006 (2) 0.0006 (2)
γ−1,35(Np) 618.03 (16) 0.0007 (2) 0.0007 (2)
γ18,2(Np) 624.11 (7) 0.00626 (30) [E1] 0.0091 (2) 0.0062 (3)
γ−1,36(Np) 629.00 (11) 0.0027 (3) 0.0027 (3)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ17,1(Np) 631.10 (3) 0.0676 (20) [E1] 0.00892 (17) 0.067 (2)
γ32,11(Np) 644.253 (30) 0.0019 (4) 0.0019 (4)
γ21,6(Np) 646.26 (10) 0.0029 (3) 0.0029 (3)
γ−1,37(Np) 649.79 (19) 0.0009 (4) 0.0009 (4)
γ17,0(Np) 662.28 (2) 0.171 (5) [E1] 0.00815 (16) 0.170 (5)
γ18,1(Np) 664.17 (9) 0.00544 (40) [E1] 0.00811 (16) 0.0054 (4)
γ−1,38(Np) 668.76 (18) 0.00055 (18) 0.00055 (18)
γ−1,39(Np) 670.88 (20) 0.0006 (3) 0.0006 (3)
γ−1,40(Np) 691.01 (6) 0.0074 (3) 0.0074 (3)
γ−1,41(Np) 692.61 (13) 0.0016 (3) 0.0016 (3)
γ18,0(Np) 695.23 (2) 0.00363 (30) [E1] 0.00745 (15) 0.0036 (3)
γ−1,42(Np) 701.21 (10) 0.0024 (2) 0.0024 (2)
γ26,8(Np) 703.63 (10) 0.00235 (20) [E2] 0.0234 (5) 0.0023 (2)
γ19,3(Np) 707.38 (9) 0.0022 (2) 0.0022 (2)
γ20,3(Np) 710.35 (15) 0.003 0.003
γ−1,43(Np) 714.22 (9) 0.0030 (3) 0.0030 (3)
γ26,7(Np) 722.85 (4) 0.0276 (7) [E2] 0.0222 (4) 0.0270 (7)
γ23,5(Np) 727.52 (10) 0.0026 (3) 0.0026 (3)
γ−1,44(Np) 730.95 (6) 0.0090 (3) 0.0090 (3)
γ−1,45(Np) 746.06 (11) 0.0043 (5) 0.0043 (5)
γ21,2(Np) 748.09 (3) 0.0890 (4) 0.0890 (4)
γ29,8(Np) 752.84 (8) 0.0013 (3) 0.0013 (3)
γ−1,46(Np) 764.04 (11) 0.0026 (3) 0.0026 (3)
γ−1,47(Np) 768.15 (11) 0.0020 (2) 0.0020 (2)
γ−1,48(Np) 769.52 (17) 0.0004 (1) 0.0004 (1)
γ22,2(Np) 772.94 (9) 0.0029 (2) 0.0029 (2)
γ23,3(Np) 774.77 (4) 0.015 (4) 0.015 (4)
γ30,8(Np) 779.57 (14) 0.0006 (1) 0.0006 (1)
γ21,1(Np) 788.19 (7) 0.0049 (2) 0.0049 (2)
γ26,6(Np) 791.13 (5) 0.0075 (2) 0.0075 (2)
γ−1,49(Np) 795.13 (15) 0.0008 (2) 0.0008 (2)
γ22,1(Np) 812.89 (3) 0.0685 (3) 0.0685 (3)
γ21,0(Np) 819.26 (3) 0.129 (3) 0.129 (3)
γ−1,50(Np) 829.59 (17) 0.00046 (13) 0.00046 (13)
γ−1,51(Np) 831.89 (9) 0.0021 (2) 0.0021 (2)
γ25,4(Np) 841.45 (4) 0.0025 (4) 0.0025 (4)
γ22,0(Np) 844.10 (3) 0.139 (3) 0.139 (3)
γ26,4(Np) 846.39 (4) 0.0324 (13) [M1+E2] 0.04 (3) 0.0312 (8)
γ23,0(Np) 849.44 (9) 0.0020 (2) 0.0020 (2)
γ−1,52(Np) 862.56 (18) 0.0004 (1) 0.0004 (1)
γ30,6(Np) 867.11 (11) 0.00076 (8) 0.00076 (8)
γ28,5(Np) 869.57 (9) 0.0016 (1) 0.0016 (1)
γ28,4(Np) 874.43 (3) 0.00343 (22) [M1+E2] 0.038 (23) 0.0033 (2)
γ25,3(Np) 884.45 (5) 0.0086 (2) 0.0086 (2)
γ25,2(Np) 887.97 (3) 0.0023 (2) 0.0023 (2)
γ26,3(Np) 889.49 (4) 0.0217 (7) [M1+E2] 0.036 (22) 0.0209 (5)
γ27,2(Np) 895.15 (15) 0.0008 (2) 0.0008 (2)
γ−1,53(Np) 913.68 (9) 0.0019 (1) 0.0019 (1)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ28,3(Np) 917.40 (8) 0.00279 (12) [M1+E2] 0.034 (22) 0.0027 (1)
γ28,2(Np) 920.95 (8) 0.00261 (10) [E1] 0.00450 (9) 0.0026 (1)
γ30,4(Np) 922.83 (13) 0.0006 (1) 0.0006 (1)
γ25,1(Np) 928.05 (3) 0.0051 (2) 0.0051 (2)
γ31,4(Np) 931.51 (5) 0.00547 (33) [M1+E2] 0.032 (19) 0.0053 (3)
γ26,1(Np) 933.09 (3) 0.0263 (6) [E1] 0.00439 (9) 0.0262 (6)
γ29,3(Np) 938.98 (8) 0.00031 (8) 0.00031 (8)
γ−1,54(Np) 948.88 (19) 0.00024 (10) 0.00024 (10)
γ25,0(Np) 959.18 (3) 0.0078 (3) 0.0078 (3)
γ28,1(Np) 960.99 (5) 0.01054 (30) [E1] 0.00417 (9) 0.0105 (3)
γ26,0(Np) 964.23 (2) 0.0909 (20) [E1] 0.00415 (8) 0.0905 (20)
γ−1,55(Np) 970.07 (14) 0.0009 (2) 0.0009 (2)
γ31,3(Np) 974.58 (4) 0.00040 (8) [E2] 0.0123 (5) 0.00040 (8)
γ−1,56(Np) 988.51 (14) 0.00044 (9) 0.00044 (9)
γ28,0(Np) 992.16 (2) 0.00281 (10) [E1] 0.00395 (8) 0.0028 (1)
γ−1,57(Np) 1002.40 (13) 0.00049 (9) 0.00049 (9)
γ−1,58(Np) 1005.27 (13) 0.0006 (1) 0.0006 (1)
γ−1,59(Np) 1009.38 (18) 0.0003 (1) 0.0003 (1)
γ30,0(Np) 1040.37 (4) 0.0011 (1) 0.0011 (1)
γ32,1(Np) 1065.76 (12) 0.00060 (8) [M1+E2] 0.023 (13) 0.00059 (8)
γ32,0(Np) 1096.99 (3) 0.00164 (10) [M1+E2] 0.022 (13) 0.0016 (1)
γ−1,60(Np) 1101.99 (16) 0.00031 (1) 0.00031 (1)
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ANNEX I: RECOMMENDED DECAY DATA Np− 236

1 Half-life, Q-value and Decay mode

T1/2 : 1.55 (8) ×105 y
QEC : 930 (50) keV
Qβ− : 480 (50) keV
Qα : 5010 (50) keV
EC : 87.8 (6) %
β− : 12.0 (6) %
α : 0.2 (6) %

2 Electron Capture Transitions

Energy Probability Nature log ft PK PL PM+

keV × 100

ε0,6 82 (50) ∼0.096 allowed 14.6 0.6 0.4
ε0,3 620 (50) 87.8 (43) 1st forbidden 14.1 0.726 (8) 0.201 (5) 0.073 (2)
ε0,2 781 (50) <4.4 1st forbidden unique >15.9 0.74 0.19 0.07

3 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,3 174 (50) 11.8 (12) 1st forbidden 14.5
β−0,2 333 (50) <1.6 1st forbidden unique >16

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (U) 6.07 - 21.68 128.8 (19)

eAK (U) 2.1 (3)
KLL 71.78 - 80.95 }
KLX 88.15 - 98.43 }
KXY 104.51 - 115.59 }

eAL (Pu) 6.19 - 23.10 10.7 (3)

eAK (Pu) 0.021 (4)
KLL 75.26 - 85.36 }
KLX 92.61 - 103.73 }
KXY 109.93 - 121.78 }

ec1,0 L (Pu) 21.53 - 26.57 8.7 (5)
ec1,0 M (Pu) 38.70 - 40.86 2.42 (14)
ec2,1 L (Pu) 79.72 - 84.76 8.1 (6)
ec2,1 M (Pu) 96.89 - 99.04 2.28 (18)
ec3,2 K (Pu) 36.56 (2) 0.73 (8)
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Energy Electrons Energy
keV per 100 disint. keV

ec3,2 L (Pu) 135.25 - 140.29 5.4 (6)
ec3,2 M (Pu) 152.42 - 154.57 1.50 (16)

ec1,0 L (U) 23.486 - 28.076 63.9 (19)
ec1,0 M (U) 39.696 - 41.690 17.7 (5)
ec2,1 L (U) 82.475 - 87.065 58.6 (16)
ec2,1 M (U) 98.685 - 100.680 16.25 (47)
ec3,2 K (U) 44.706 (3) 6.6 (3)
ec3,2 L (U) 138.55 - 143.14 36.0 (18)
ec3,2 M (U) 154.76 - 156.76 10.0 (5)

β−0,3 max: 174 (50) 11.8 (12) avg: 46 (15)
β−0,2 max: 333 (50) 1.6 avg: 92 (16)

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.619 — 20.714 117.5 (30)

XKα2 (U) 94.666 20.2 (3) } Kα
XKα1 (U) 98.44 32.4 (5) }

XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 11.69 (25) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 4.00 (11) Kβ

′
2

XKO2,3 (U) 115.377 }

XL (Pu) 12.1246 — 21.984 12.1 (4)

XKα2 (Pu) 99.525 0.212 (23) } Kα
XKα1 (Pu) 103.734 0.33 (4) }

XKβ3 (Pu) 116.244 }
XKβ1 (Pu) 117.228 } 0.123 (14) Kβ

′
1

XKβ
′′
5 (Pu) 117.918 }

XKβ2 (Pu) 120.54 }
XKβ4 (Pu) 120.969 } 0.043 (5) Kβ

′
2

XKO2,3 (Pu) 121.543 }
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5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pu) 44.63 (10) 11.9 (7) E2 741 (15) 0.0161 (9)
γ1,0(U) 45.244 (2) 87.8 (6) E2 589 (12) 0.149 (3)
γ5,4(U) 56.6 (5) ∼0.08 (E2) 199 (10) ∼0.0004
γ2,1(Pu) 102.82 (2) 12.0 (6) E2 13.87 (28) 0.81 (6)
γ6,5(U) 104.1 (10) ∼0.096 E2 11.1 (6) ∼0.008
γ2,1(U) 104.234 (6) 87.8 (6) E2 10.99 (22) 7.32 (13)
γ3,2(Pu) 158.35 (3) 11.8 (12) E2 2.14 (4) 3.8 (4)
γ3,2(U) 160.307 (3) 87.8 (43) E2 1.76 (4) 31.8 (15)
γ4,2(U) 538.1 (1) ∼0.0008 E3 0.143 (3) ∼0.0007
γ5,2(U) 594.5 (3) ∼0.008 ∼0.008
γ4,1(U) 642.34 (5) ∼0.068 E1+(M2+E3) 0.15 (2) ∼0.059
γ4,0(U) 687.60 (5) ∼0.021 E1+(M2+E3) 0.31 (2) ∼0.016

6 References

C.M.Lederer, J.M.Jaklevic, S.G.Prussin, Nucl. Phys. A135 (1969) 36

(Relative intensities of gamma-rays)

O.Dragoun, Z.Plajner, F.Schmutzler, Nucl. Data Tables A9 (1971) 119

(ICC aM / aL and aNO / aM)

R.Gunnink, R.J.Morrow, Report UCRL-51087, Univ. California (1971)

(Emission probabilities of gamma-rays in the decay of 240Pu)

B.S.Dzhelepov, L.N.Zyryanova, Yu.P.Suslov, Beta-processes, Nauka, Leningrad (1972)

(Fractional probabilities in L-electron capture)

Y.A.Ellis, M.R.Schmorak, Nucl. Data Sheets B8 (1972) 348

(Systematics of nuclear level properties)

D.W.Engelkemeir, J.E.Gindler, J.Inorg., Nucl. Chem. 34 (1972) 1799

(Half-life)

T.Dragnev, K.Scharf, Int. J. Appl. Radiat. Isotop. 26 (1975) 125

(Gamma-ray emission probabilities in decay of 240Pu)

H.Ottmar, P.Matussek, I.Piper., Proc. 2nd Int. Symp. on Neutron Capture Gamma Ray Spectroscopy and
Related Topics, Petten, Netherlands (1975) 658

(Emission probabilities of gamma-rays in decay of 240Pu)

R.Gunnink, J.E.Evans, A.L.Prindle, Report UCRL-52139, Univ. California (1976)

(Emission probabilities of gamma-rays in decay of 240Pu)
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1 Half-life, Q-value and Decay mode

T1/2 : 22.5 (4) h
QEC : 993 (13) keV
Qβ− : 537 (8) keV
EC : 53 (1) %
β− : 47 (1) %

2 Electron Capture Transitions

Energy Probability Nature log ft PK PL PM+

keV × 100

ε0,4 306 (13) 1.64 (9) 1st forbidden 7.3 0.621 (10) 0.274 (7) 0.105 (3)
ε0,1 948 (13) 8.3 (30) allowed 7.8 0.751 (1) 0.184 (1) 0.0652 (1)
ε0,0 993 (13) 43.1 (32) allowed 7.1 0.753 (1) 0.182 (1) 0.0646 (1)

3 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,1 492 (8) 11 (4) Allowed 7.2
β−0,0 537 (8) 36 (4) Allowed 6.8

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (U) 6.4 - 21.6 21.7 (15)

eAK (U) 1.03 (17)
KLL 71.776 - 80.954 }
KLX 88.153 - 98.429 }
KXY 104.51 - 115.59 }

eAL (Pu) 6.19 - 22.99 3.8 (14)

ec1,0 L (Pu) 21.53 - 26.57 8 (3)
ec1,0 M (Pu) 38.70 - 40.86 2.2 (8)

ec1,0 L (U) 23.484 - 28.074 6.9 (22)
ec1,0 M (U) 39.694 - 41.690 1.9 (6)
ec4,1 K (U) 526.75 (9) 0.121 (13)
ec4,1 L (U) 620.59 - 625.18 0.034 (4)
ec4,0 K (U) 572.00 (5) 0.064 (6)
ec4,0 L (U) 665.8 - 670.4 0.0199 (23)

β−0,1 max: 492 (8) 11 (4) avg: 143 (3)
β−0,0 max: 537 (8) 36 (4) avg: 158 (3)
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.618 — 20.714 21.3 (18)

XKα2 (U) 94.666 9.9 (10) } Kα
XKα1 (U) 98.44 15.8 (15) }

XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 5.7 (6) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 1.95 (15) Kβ

′
2

XKO2,3 (U) 115.377 }
XL (Pu) 12.124 — 21.984 4.2 (16)

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pu) 44.63 (10) 11.2 (37) E2 743 (15) 0.015 (5)
γ1,0(U) 45.242 (3) 9.6 (30) E2 589 (12) 0.016 (5)
γ2,1(U) 104.234 (6) 0.0143 (17) E2 11.0 (2) 0.00119 (14)
γ4,2(U) 538.11 (10) 0.0143 (17) E3 0.143 (3) 0.0125 (15)
γ4,1(U) 642.35 (9) 1.24 (8) E1+(M2+E3) 0.15 (2) 1.08 (6)
γ4,0(U) 687.60 (5) 0.383 (28) E1 0.31 (2) 0.292 (21)
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1 Half-life, Q-value and Decay mode

T1/2 : 2.144 (7) ×106 y
Qα : 4958.3 (12) keV
α : 100 %
SF : ≤2.14 ×10−9 %

2 α Emissions

Energy Probability
keV × 100

α0,20 4515.1 (19) 0.038 (4)
α−1,1 4550.5 (22) 0.011 (3)
α0,18 4573 (3) 0.048 (23)
α0,17 4578.6 (14) 0.393 (23)
α0,16 4599.1 (18) 0.373 (9)
α0,15 4619.7 (21) 0.032 (8)
α0,14 4640 (1) 6.43 (3)
α0,13 4665.0 (9) 3.46 (3)
α0,12 4676.4 0.38 (2)
α0,11 4698.2 (8) 0.535 (10)
α0,10 4708.3 (20)}
α0,9 4712.3 (20)} 1.174 (13)
α0,8 4741.3 (20) 0.019
α0,7 4766.5 (8) 9.5 (3)
α0,6 4771.4 (8) 23.0 (3)
α0,4 4788.0 (9) 47.64 (6)
α0,3 4803.5 (10) 2.02 (2)
α0,2 4816.8 (10) 2.430 (17)
α0,1 4866.4 (14) 0.51 (3)
α0,0 4872.7 (14) 2.41 (3)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pa) 5.90 - 21.01 47.1 (20)

eAK (Pa) 0.167 (24)
KLL 70.08 - 78.82 }
KLX 85.99 - 95.86 }
KXY 101.87 - 112.59 }

ec13,5 K (Pa) 5.11 (2) 1.59 (9)
ec4,2 L (Pa) 8.269 - 12.641 32.7 (15)
ec14,12 L (Pa) 15.22 - 19.59 0.37 (11)
ec4,2 M (Pa) 24.013 - 25.932 8.4 (4)
ec6,2 L (Pa) 25.42 - 29.80 0.075 (3)
ec14,5 K (Pa) 30.65 (2) 2.26 (22)
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Energy Electrons
keV per 100 disint.

ec14,12 M (Pa) 30.96 - 32.88 0.090 (27)
ec2,0 L (Pa) 35.999 - 40.371 48.9 (29)
ec14,4 K (Pa) 38.82 (2) 0.80 (12)
ec6,2 M (Pa) 41.17 - 43.09 0.0186 (11)
ec17,14 L (Pa) 41.48 - 45.86 0.3 (2)
ec3,1 L (Pa) 42.8 - 47.2 0.80 (4)
ec3,0 L (Pa) 49.38 - 53.76 0.3 (2)
ec2,0 M (Pa) 51.743 - 53.662 13.4 (8)
ec17,14 M (Pa) 57.23 - 59.15 0.08 (6)
ec3,1 M (Pa) 58.5 - 60.5 0.220 (9)
ec3,0 M (Pa) 65.13 - 67.05 0.08 (6)
ec4,0 L (Pa) 65.372 - 69.744 13.9 (6)
ec5,1 L (Pa) 66.88 - 71.26 0.0183 (6)
ec5,0 L (Pa) 73.54 - 77.91 0.070 (7)
ec4,0 M (Pa) 81.116 - 83.035 2.7 (7)
ec5,0 M (Pa) 89.28 - 91.20 0.0170 (18)
ec13,5 L (Pa) 96.597 - 100.969 0.369 (22)
ec13,5 M (Pa) 112.341 - 114.260 0.091 (7)
ec14,5 L (Pa) 122.144 - 126.516 0.49 (5)
ec14,4 L (Pa) 130.309 - 134.681 0.257 (10)
ec14,5 M (Pa) 137.888 - 139.807 0.121 (12)
ec14,4 M (Pa) 146.053 - 147.972 0.0654 (34)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pa) 11.368 — 20.113 59.7 (32)

XKα2 (Pa) 92.288 1.813 (20) } Kα
XKα1 (Pa) 95.869 2.906 (20) }

XKβ3 (Pa) 107.595 }
XKβ1 (Pa) 108.422 } 1.06 (10) Kβ

′
1

XKβ
′′
5 (Pa) 109.072 }

XKβ2 (Pa) 111.405 }
XKβ4 (Pa) 111.87 } 0.380 (9) Kβ

′
2

XKO2,3 (Pa) 112.38 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ7,6(Pa) 5.18 0.220 (5)
γ5,4(Pa) 8.22 (5) ≈9 ≈0.12 (5)
γ−1,1(Pa) 21.5 0.352 (13)
γ−1,2(Pa) 27.7 0.84 (7)
γ4,2(Pa) 29.374 (20) 58.2 (26) E1 3.07 (6) 14.3 (6)
γ14,12(Pa) 36.32 (2) 0.50 (14) M1+1.20%E2 99 (20) 0.005 (1)
γ6,2(Pa) 46.53 (6) 0.209 (8) [E1] 0.914 (18) 0.109 (4)
γ2,0(Pa) 57.104 (20) 67.4 (40) E2 176 (4) 0.381 (21)
γ17,14(Pa) 62.59 (10) 0.4 (3) [M1+50%E2] 60 (50) 0.006 (2)
γ3,1(Pa) 63.9 (1) 1.10 (5) (E2) 102.3 (20) 0.0107 (4)
γ3,0(Pa) 70.49 (10) 0.42 (28) [M1+50%E2] 38 (26) 0.0107 (4)
γ10,5(Pa) 74.54 (10) 0.13 (3) [M1] 9.84 (20) 0.012 (3)
γ4,0(Pa) 86.477 (10) 29.8 (10) E1 1.43 (8) 12.26 (12)
γ5,1(Pa) 87.99 (3) 0.167 (4) [E1] 0.169 (4) 0.143 (3)
γ5,0(Pa) 94.64 (5) 0.75 (8) E1 0.140 (3) 0.66 (7)
γ9,2(Pa) 106.15 (25) 0.523 (31) [E2] 9.28 (19) 0.0509 (29)
γ13,6(Pa) 108.7 0.32 (4) M1+4.62%E2 3.5 (6) 0.071 (3)
γ12,4(Pa) 115.40 (35) 0.0029 (14) [M1+E2] 10 (4) 0.0026 (8)
γ13,5(Pa) 117.702 (20) 2.26 (12) M1+8.26%E2 12.2 (6) 0.171 (4)
γ12,3(Pa) 131.101 (25) 0.106 (6) E1 0.262 (5) 0.084 (5)
γ14,6(Pa) 134.285 (20) 0.62 (9) [M1+E2] 8.0 (11) 0.069 (5)
γ18,9(Pa) 139.9 (1) 0.00560 (49) [E1] 0.225 (5) 0.0046 (4)
γ14,5(Pa) 143.249 (20) 3.3 (3) M1+7.76%E2 6.94 (14) 0.42 (4)
γ14,4(Pa) 151.414 (20) 1.38 (14) M1+32.89%E2 4.9 (6) 0.234 (2)
γ20,13(Pa) 153.37 (10) 0.021 (6) [E2] 1.96 (4) 0.007 (2)
γ13,2(Pa) 155.239 (20) 0.103 (9) E1 0.176 (4) 0.088 (8)
γ10,1(Pa) 162.41 (8) 0.0382 (12) [E1] 0.158 (3) 0.033 (1)
γ10,0(Pa) 169.156 (20) 0.0768 (4) [E1] 0.143 (3) 0.0672 (3)
γ16,7(Pa) 170.59 (6) 0.100 (22) [M1+13.79%E2] 4.0 (5) 0.020 (4)
γ16,6(Pa) 176.12 (6) 0.070 (16) [M1+13.79%E2] 3.7 (5) 0.015 (3)
γ14,2(Pa) 180.81 (10) 0.0180 (11) [E1] 0.1223 (25) 0.016 (1)
γ20,11(Pa) 186.86 (35) 0.003 (3) [E1] 0.1131 (23) 0.003 (3)
γ17,7(Pa) 191.46 (5) 0.074 (9) [M1+13.79%E2] 2.9 (4) 0.019 (1)
γ16,4(Pa) 193.26 (5) 0.167 (18) [M1+13.79%E2] 2.8 (4) 0.044 (1)
γ18,7(Pa) 194.67 (20) 0.033 (1)
γ12,1(Pa) 194.95 (3) 0.192 (22) E1 0.1024 (21) 0.174 (20)
γ17,6(Pa) 196.86 (5) 0.078 (6) [M1+13.79%E2] 2.7 (3) 0.0210 (1)
γ18,6(Pa) 199.95 (6) 0.020 (3) [M1] 2.85 (6) 0.0053 (8)
γ12,0(Pa) 201.62 (5) 0.0429 (10) E1 0.0946 (19) 0.0392 (9)
γ20,9(Pa) 202.9 (2) 0.0052 (21) [E1] 0.0932 (19) 0.0048 (19)
γ16,3(Pa) 209.19 (5) 0.0163 (16) [E1] 0.0868 (17) 0.0150 (15)
γ13,0(Pa) 212.29 (5) 0.184 (11) E1 0.0839 (17) 0.17 (1)
γ17,4(Pa) 214.01 (5) 0.115 (13) [M1+13.79%E2] 2.1 (3) 0.037 (2)
γ16,2(Pa) 222.6 (2) 0.002 (2)
γ17,3(Pa) 229.94 (5) 0.015 (3) [E1] 0.0697 (14) 0.014 (3)
γ14,0(Pa) 237.86 (2) 0.0610 (6) [E1] 0.0645 (13) 0.0573 (6)
γ19,2(Pa) 248.95 (10) 0.012 (3) [M1+13.79%E2] 1.37 (16) 0.005 (1)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ20,7(Pa) 257.09 (20) 0.048 (24) [M1] 1.41 (3) 0.02 (1)
γ20,6(Pa) 262.44 (20) 0.01120 (49) [M1] 1.33 (3) 0.0048 (2)
γ20,4(Pa) 279.65 (20) 0.01320 (49) [E2] 0.222 (5) 0.0108 (4)
γ−1,4(Pa) 288.3 0.0162 (5)
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1 Half-life, Q-value and Decay mode

T1/2 : 2.102 (5) d
Qβ− : 1291.5 (4) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,15 89.0 (4) 0.51 (6) 1st forbidden 6.57
β−0,13 221.6 (4) 11.50 (7) Allowed 6.44
β−0,12 263.0 (4) 44.75 (19) Allowed 6.09
β−0,11 306.0 (4) 0.49 (1) 1st forbidden 8.25
β−0,10 308.4 (4) 0.27 (3) Allowed 8.51
β−0,9 323.3 (6) 0.082 (6) 1st forbidden 9.11
β−0,8 328.7 (4) 1.25 (1) 1st forbidden 7.95
β−0,5 630.1 (4) 0.036 (3) 1st forbidden 10.44
β−0,4 686.4 (4) 0.103 (3) 1st forbidden 10.08
β−0,1 1247.4 (4) 41.0 (25) Allowed 8.38

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pu) 6.19 - 22.99 29.7 (14)

eAK (Pu) 0.021 (8)
KLL 75.26 - 85.36 }
KLX 92.607 - 103.729 }
KXY 109.93 - 121.78 }

ec1,0 L (Pu) 20.97 - 26.01 58.6 (17)
ec1,0 M (Pu) 38.14 - 40.30 16.4 (5)
ec2,1 L (Pu) 78.78 - 83.82 2.65 (10)
ec14,9 L (Pu) 91.3 - 96.3 0.036 (6)
ec2,1 M (Pu) 95.95 - 98.10 0.74 (3)
ec15,14 L (Pu) 97.01 - 102.05 0.28 (6)
ec14,9 M (Pu) 108.5 - 110.6 0.0100 (19)
ec15,14 M (Pu) 114.18 - 116.34 0.070 (7)
ec13,2 K (Pu) 802.20 (2) 0.0258 (11)
ec10,1 K (Pu) 817.1 (1) 0.114 (16)
ec12,1 K (Pu) 862.66 (2) 0.242 (8)
ec13,1 K (Pu) 904.08 (2) 0.080 (4)
ec12,0 K (Pu) 906.75 (2) 0.160 (3)
ec10,1 L (Pu) 915.84 - 920.88 0.022 (3)
ec12,1 L (Pu) 961.35 - 966.39 0.055 (3)
ec12,1 M (Pu) 978.52 - 980.68 0.015 (3)
ec13,1 L (Pu) 1002.77 - 1007.81 0.0184 (9)
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Energy Electrons Energy
keV per 100 disint. keV

ec12,0 L (Pu) 1005.44 - 1010.48 0.0405 (10)
ec12,0 M (Pu) 1022.61 - 1024.76 0.0101 (2)

β−0,15 max: 89.0 (4) 0.51 (6) avg: 23.0 (2)
β−0,13 max: 221.6 (4) 11.50 (7) avg: 59.9 (2)
β−0,12 max: 263.0 (4) 44.75 (19) avg: 72.0 (2)
β−0,11 max: 306.0 (4) 0.49 (1) avg: 84.9 (2)
β−0,10 max: 308.4 (4) 0.27 (3) avg: 85.6 (2)
β−0,9 max: 323.3 (6) 0.082 (6) avg: 90.1 (2)
β−0,8 max: 328.7 (4) 1.25 (1) avg: 91.8 (2)
β−0,5 max: 630.1 (4) 0.036 (3) avg: 189.2 (2)
β−0,4 max: 686.4 (4) 0.103 (3) avg: 208.4 (2)
β−0,1 max: 1247.4 (4) 41.0 (25) avg: 412.2 (2)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pu) 12.125 — 21.984 32.4 (14)

XKα2 (Pu) 99.525 0.210 (8) } Kα
XKα1 (Pu) 103.734 0.332 (12) }

XKβ3 (Pu) 116.244 }
XKβ1 (Pu) 117.228 } 0.122 (5) Kβ

′
1

XKβ
′′
5 (Pu) 117.918 }

XKβ2 (Pu) 120.54 }
XKβ4 (Pu) 120.969 } 0.042 (2) Kβ

′
2

XKO2,3 (Pu) 121.543 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pu) 44.07 (2) 80.7 (23) E2 788 (16) 0.1024 (21)
γ2,1(Pu) 101.88 (2) 3.90 (14) E2 14.5 (3) 0.252 (8)
γ−1,1(Pu) 103.74 (2) 0.312 (3) 0.312 (3)
γ14,9(Pu) 114.4 (4) 0.055 (10) [E2] 8.47 (17) 0.0058 (10)
γ−1,2(Pu) 116.27 (8) 0.04 0.04
γ−1,3(Pu) 117.27 (8) 0.074 0.074
γ15,14(Pu) 120.11 (5) 0.48 (6) M1(+E2) 3.8 (6) 0.101 (5)
γ−1,4(Pu) 120.5 0.02 0.02
γ−1,5(Pu) 121.70 (8) 0.010 (1) 0.010 (1)

KRI /V.P. Chechev, N.K. Kuzmenko



ANNEX I: RECOMMENDED DECAY DATA Np− 238

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ15,13(Pu) 132.5 (1) 0.0018 (10) [E1] 0.267 (5) 0.0014 (8)
γ3,2(Pu) 157.42 (5) 0.003 [E2] 2.19 (4) 0.001
γ15,12(Pu) 174.08 (5) 0.0261 (9) [E1] 0.142 (3) 0.0229 (8)
γ−1,6(Pu) 220.87 (11) 0.037 (9) (M2) 11.4 (20) 0.0030 (5)
γ8,5(Pu) 301.37 (7) 0.0128 (12) E2 0.208 (4) 0.0106 (10)
γ14,6(Pu) 319.29 (11) 0.013 (3) M1+E2 0.59 (25) 0.0083 (10)
γ10,5(Pu) 321.75 (20) 0.0013 0.0013 (8)
γ11,5(Pu) 324.02 (9) 0.0184 (14) M1+E2 0.26 (7) 0.0146 (8)
γ7,4(Pu) 336.36 (15) 0.00020 (13) [E1] 0.0324 (7) 0.0002 (1)
γ8,4(Pu) 357.64 (7) 0.0612 (17) M1+E2 0.214 (16) 0.0504 (13)
γ10,4(Pu) 378.05 (13) 0.003 0.0030 (5)
γ11,4(Pu) 380.31 (10) 0.0180 (8) [M1] 0.623 (9) 0.0111 (5)
γ14,5(Pu) 421.1 (1) 0.0309 (15) [M1] 0.472 (7) 0.021 (1)
γ6,3(Pu) 459.8 (2) 0.0023 0.0023 (15)
γ5,2(Pu) 515.51 (7) 0.0386 (11) E1+M2 0.022 (4) 0.0378 (11)
γ4,1(Pu) 561.14 (5) 0.1072 (15) E1 0.0115 (2) 0.106 (2)
γ4,0(Pu) 605.16 (5) 0.078 (2) E1 0.0100 (2) 0.077 (2)
γ5,1(Pu) 617.39 (5) 0.0604 (7) E1+M2 0.0120 (14) 0.0593
γ6,2(Pu) 617.4 0.008 (0) 0.008
γ10,2(Pu) 836.96 (7) 0.0210 (8) [E2] 0.0174 (4) 0.0206 (8)
γ12,2(Pu) 882.63 (3) 0.816 (9) (E2) 0.0157 (3) 0.803 (9)
γ−1,7(Pu) 885 0.040 (5) 0.040 (5)
γ7,1(Pu) 897.34 (10) 0.0074 (10) (E2) 0.0152 (3) 0.0073 (10)
γ8,1(Pu) 918.70 (4) 0.531 (6) E1 0.0047 (1) 0.529 (6)
γ13,2(Pu) 923.99 (2) 2.64 (2) (M1+E2) 0.014 (1) 2.604 (20)
γ9,1(Pu) 924 0.065 0.065
γ14,2(Pu) 936.60 (5) 0.369 (5) [E1+M2] 0.0112 (22) 0.365 (5)
γ10,1(Pu) 938.94 (10) 0.18 (2) E0+E2 4.4 (4) 0.0327 (25)
γ11,1(Pu) 941.40 (4) 0.504 [E1+M2] 0.504 (6)
γ8,0(Pu) 962.76 (2) 0.648 (8) E1 0.00433 (9) 0.645 (8)
γ9,0(Pu) 968.9 (4) 0.017 (6) [M2] 0.116 (3) 0.015 (8)
γ10,0(Pu) 983.0 (3) 0.07 (2) [E2] 0.0128 (3) 0.068 (20)
γ12,1(Pu) 984.45 (2) 25.50 (13) M1+E2 0.0125 (5) 25.18 (13)
γ13,1(Pu) 1025.87 (2) 8.86 (7) M1+E2 0.0120 (5) 8.76 (6)
γ12,0(Pu) 1028.54 (2) 18.46 (13) E2 0.0117 (2) 18.25 (13)

5 References
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(Half-life)
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S.A.Baranov, K.N.Shlyagin, At. Energ. 1 (1956) 52
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W.G.Smith, J.M.Hollander, Phys. Rev. 101 (1956) 746
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R.G.Albridge, J.M.Hollander, Nucl. Phys. 21 (1960) 438

(Conversion electron measurements, gamma-ray multipolarities)

G.G.Akalaev, N.A.Vartanov, P.S.Samoilov, Report NP-14688 (1965)

(Conversion electron measurements, gamma-ray multipolarities)

S.M.Qaim, Nucl. Phys. 84 (1966) 411

(Half-life)

B.Bengtson, J.Jensen, M.Moszynski, H.L.Nielsen, Nucl. Phys. A159 (1970) 249

(924-keV gamma-ray energy and relativeemission probability)

W.J.B.Winter, A.H.Wapstra, P.F.A.Goudsmit, J.Konijn, Nucl. Phys. A197 (1972) 417

(Relative gamma-ray intensities)

C.M.Lederer, Priv. Comm. (1970), cited in C.M.Lederer et al., Table of Isotopes, 7th Ed., John Wiley and Sons
Inc., N.Y. (1978)

(Gamma-ray energy)

C.M.Lederer, Phys. Rev. C24 (1981) 1175

(Relative gamma-ray intensities)

Y.Chang, B.Zhu, C.Yan, G.Shi, J.Chin, Chin. J. Nucl. Phys. 12 (1990) 65

(Relative gamma-ray intensities, absolute 984-keV gamma-ray emission probability)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(KX-rays relative emission probabilities)

F.E.Chukreev, V.E.Makarenko, M.J.Martin, Nucl. Data Sheets 97 (2002) 129

(Nuclear data evaluation for A=238)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

K.Rengan, D.Devries, H.Griffin, Nucl. Instrum. Methods Phys. Res. A565 (2006) 612

(Gamma-ray energies, relative gamma-ray intensities, absolute 984-keV gamma-ray emission probability)
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1 Half-life, Q-value and Decay mode

T1/2 : 2.356 (3) d
Qβ− : 722.5 (10) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,13 166.3 (5) 0.0026 1st forbidden 9.7
β−0,12 210.7 (5) 1.56 (16) Allowed 7.3
β−0,11 217.3 (5) 0.0074 1st forbidden 9.7
β−0,10 230.3 (5) 0.02 1st forbidden 9.3
β−0,9 252.7 (5) 0.0027 1st forbidden unique 9.9
β−0,8 330.9 (5) 38.8 (9) 1st forbidden 6.3
β−0,7 335.1 (5) 2nd forbidden
β−0,6 392.4 (5) 9.4 (14) Allowed 7.4
β−0,5 437.0 (5) 43.0 (22) Allowed 6.9
β−0,4 558.7 (5) 2nd forbidden
β−0,3 646.8 (5) Allowed
β−0,2 665.2 (5) 0.4 (72) Allowed
β−0,1 714.6 (5) 6.5 (10) Allowed 8.4
β−0,0 722.5 (5) 2nd forbidden unique

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pu) 6.19 - 22.99 47.9 (26)

eAK (Pu) 1.36 (19)
KLL 75.26 - 85.36 }
KLX 92.61 - 103.73 }
KXY 109.93 - 121.78 }

ec1,0 M (Pu) 1.928 - 4.086 51 (6)
ec12,7 K (Pu) 2.6 0.1
ec6,5 L (Pu) 21.559 - 26.606 8.3 (10)
ec2,1 L (Pu) 26.311 - 31.358 13.3 (3)
ec2,0 L (Pu) 34.169 - 39.216 20.8 (32)
ec8,6 L (Pu) 38.36 - 43.40 0.457 (11)
ec6,5 M (Pu) 38.730 - 40.888 2.12 (26)
ec2,1 M (Pu) 43.482 - 45.640 3.6 (9)
ec6,4 K (Pu) 44.60 (6) 0.08 (3)
ec3,1 L (Pu) 44.74 - 49.78 7.1 (21)
ec2,0 M (Pu) 51.340 - 53.498 5.8 (9)
ec8,6 M (Pu) 55.53 - 57.68 0.114 (3)
ec12,6 K (Pu) 59.91 (3) 0.323 (10)
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Energy Electrons Energy
keV per 100 disint. keV

ec3,1 M (Pu) 61.91 - 64.07 2.0 (6)
ec4,3 L (Pu) 64.96 - 70.00 0.054 (30)
ec7,5 L (Pu) 78.86 - 83.90 0.084 (21)
ec4,3 M (Pu) 82.13 - 84.28 0.014 (9)
ec8,5 L (Pu) 83.02 - 88.07 4.9 (8)
ec4,2 L (Pu) 83.37 - 88.41 0.42 (7)
ec5,3 K (Pu) 87.962 (2) 7.76 (18)
ec7,5 M (Pu) 96.03 - 98.18 0.023 (6)
ec8,5 M (Pu) 100.19 - 102.35 1.30 (21)
ec4,2 M (Pu) 100.54 - 102.69 0.117 (19)
ec12,7 L (Pu) 101.3 - 106.3 0.024
ec12,5 K (Pu) 104.59 (2) 0.52 (3)
ec8,4 K (Pu) 106 0.030 (6)
ec5,2 K (Pu) 106.392 (1) 21.4 (8)
ec6,3 K (Pu) 132.61 (3) 0.161 (6)
ec6,4 L (Pu) 143.29 - 148.33 0.016 (7)
ec6,2 K (Pu) 151.05 (3) 0.092 (4)
ec5,1 K (Pu) 155.808 (1) 16.1 (7)
ec12,6 L (Pu) 158.59 - 163.63 0.066 (2)
ec5,0 K (Pu) 163.669 (2) 0.066 (2)
ec12,6 M (Pu) 175.76 - 177.92 0.0161 (5)
ec5,3 L (Pu) 186.65 - 191.70 1.71 (4)
ec8,3 K (Pu) 194.089 (3) 0.0469 (10)
ec12,5 L (Pu) 203.28 - 208.32 0.105 (7)
ec5,3 M (Pu) 203.82 - 205.98 0.42 (9)
ec5,2 L (Pu) 205.08 - 210.13 4.48 (16)
ec8,2 K (Pu) 212.519 (3) 0.0532 (11)
ec12,5 M (Pu) 220.45 - 222.60 0.0255 (18)
ec5,2 M (Pu) 222.25 - 224.41 1.10 (4)
ec6,3 L (Pu) 231.3 - 236.3 0.0324 (11)
ec6,2 L (Pu) 249.74 - 254.78 0.0186 (8)
ec5,1 L (Pu) 254.50 - 259.54 3.28 (9)
ec5,0 L (Pu) 262.36 - 267.40 0.093 (3)
ec5,1 M (Pu) 271.67 - 273.82 0.801 (18)
ec5,0 M (Pu) 279.53 - 281.68 0.0256 (6)

β−0,13 max: 166.3 (5) 0.0026 avg: 44.2 (2)
β−0,12 max: 210.7 (5) 1.56 (16) avg: 56.8 (2)
β−0,11 max: 217.3 (5) 0.0074 avg: 58.7 (2)
β−0,10 max: 230.3 (5) 0.02 avg: 62.5 (2)
β−0,9 max: 252.7 (5) 0.0027 avg: 74.7 (2)
β−0,8 max: 330.9 (5) 38.8 (9) avg: 98.3 (2)
β−0,7 max: 335.1 (5) avg:
β−0,6 max: 392.4 (5) 9.4 (14) avg: 111.5 (2)
β−0,5 max: 437.0 (5) 43.0 (22) avg: 125.6 (2)
β−0,4 max: 558.7 (5) avg:
β−0,3 max: 646.8 (5) avg:
β−0,2 max: 665.2 (5) 0.4 (72) avg:
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Energy Electrons Energy
keV per 100 disint. keV

β−0,1 max: 714.6 (5) 6.5 (10) avg: 218.3 (2)
β−0,0 max: 722.5 (5) avg:

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pu) 12.125 — 21.984 51.3 (24)

XKα2 (Pu) 99.525 13.5 (4) } Kα
XKα1 (Pu) 103.734 21.4 (6) }

XKβ3 (Pu) 116.244 }
XKβ1 (Pu) 117.228 } 7.84 (25) Kβ

′
1

XKβ
′′
5 (Pu) 117.918 }

XKβ2 (Pu) 120.54 }
XKβ4 (Pu) 120.969 } 2.72 (10) Kβ

′
2

XKO2,3 (Pu) 121.543 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pu) 7.861 (2) 70 (8) M1+0.3%E2 5716 (400) 0.0122 (12)
γ3,2(Pu) 18.430 (4) 5.5 (30) [M1+E2] 0.02
γ6,5(Pu) 44.663 (5) 11.3 (14) M1+4%E2 86 (8) 0.13 (1)
γ2,1(Pu) 49.415 (3) 18 (5) M1+20%E2 126 (8) 0.145 (35)
γ2,0(Pu) 57.273 (4) 27 (7) E2 222 (5) 0.12 (3)
γ7,6(Pu) 57.3 ≈0.012 M1(+E2) ≈0.012
γ8,6(Pu) 61.460 (2) 1.900 (32) E1 0.473 (10) 1.29 (2)
γ3,1(Pu) 67.841 (7) 9.9 (30) E2 98.3 (20) 0.10 (3)
γ4,3(Pu) 88.06 (3) 0.078 (44) M1+20%E2 12 (6) 0.006 (2)
γ7,5(Pu) 101.96 (2) 0.12 (3) E2 14.4 (3) 0.008 (2)
γ8,5(Pu) 106.125 (2) 32.6 (9) E1(+M2) 0.26 (3) 25.9 (3)
γ4,2(Pu) 106.50 (3) 0.63 (10) E2 11.8 (3) 0.049 (8)
γ12,7(Pu) 124.4 0.15 E2 13.6 (3) 0.01
γ6,4(Pu) 166.39 (6) 0.12 (5) M1(+20%E2) 6.23 (13) 0.016 (7)
γ12,6(Pu) 181.70 (3) 0.497 (14) M1 4.78 (10) 0.086 (2)
γ5,3(Pu) 209.753 (2) 13.47 (24) M1+2%E2 2.94 (6) 3.42 (3)
γ12,5(Pu) 226.38 (2) 0.91 (5) M1+12%E2 2.58 (8) 0.255 (14)
γ8,4(Pu) 227.83 0.54 (11) M1+1.7%E2 0.0762 (15) 0.5 (1)
γ5,2(Pu) 228.183 (1) 38.6 (12) M1+7.3%E2 2.41 (8) 11.32 (22)
γ6,3(Pu) 254.40 (3) 0.314 (10) M1+2.5%E2 1.85 (4) 0.110 (3)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ6,2(Pu) 272.84 (3) 0.194 (8) M1+2.6%E2 1.52 (3) 0.077 (3)
γ5,1(Pu) 277.599 (1) 34.8 (9) M1+5%E2 1.42 (6) 14.4 (1)
γ5,0(Pu) 285.460 (2) 0.973 (13) E2 0.248 (5) 0.78 (1)
γ7,3(Pu) 311.70 (2) 0.002 (2) (M1+E2) 0.002 (2)
γ8,3(Pu) 315.880 (3) 1.649 (10) E1(+0.006%M2) 0.0372 (8) 1.59 (1)
γ6,1(Pu) 322.3 (2) 0.006 (E2) 0.170 (4) 0.0052
γ8,2(Pu) 334.310 (3) 2.107 (21) E1(+0.004%M2) 0.0329 (7) 2.04 (2)
γ13,4(Pu) 392.4 (5) 0.0016 (E1) 0.0016
γ11,3(Pu) 429.5 (5) 0.0039 0.0039
γ10,2(Pu) 434.7 (5) 0.013 E1(+M2) 0.013
γ11,2(Pu) 447.6 (5) 0.00026 0.00026
γ12,2(Pu) 454.2 (5) 0.00082 (M1) 0.00082
γ9,1(Pu) 461.9 (5) 0.0016 (E1) 0.0016
γ9,0(Pu) 469.8 (5) 0.0011 (E1) 0.0011
γ10,1(Pu) 484.3 (5) 0.001 (E1) 0.001
γ10,0(Pu) 492.3 (5) 0.006 (E1) 0.006
γ11,1(Pu) 497.8 (5) 0.0032 0.0032
γ13,2(Pu) 498.7 0.001 (E1) 0.001
γ12,1(Pu) 504.2 (5) 0.00078 (E2) 0.00078
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1 Half-life, Q-value and Decay mode

T1/2 : 87.74 (3) y
Qα : 5593.20 (19) keV
α : 100 %
SF : 1.85 (5) ×10−7 %

2 α Emissions

Energy Probability
keV × 100

α0,14 4432.1 (2) ∼0.0000012
α0,13 4472.1 (2) 0.00000117 (7)
α0,12 4492.5 (2) ∼0.0000002
α0,11 4526.3 (2) 0.000000150 (16)
α0,10 4567.4 (2) 0.00000023
α0,9 4587.9 (2) 0.00000130 (5)
α0,8 4661.7 (2) 0.0000081
α0,7 4664.1 (2) 0.000000075 (22)
α0,6 4702.8 (2) 0.0001
α0,5 4726.0 (2) 0.00000821 (16)
α0,4 5010.4 (2) 0.00000680 (23)
α0,3 5208.0 (2) 0.00292 (4)
α0,2 5358.1 (2) 0.104 (3)
α0,1 5456.3 (2) 28.85 (6)
α0,0 5499.03 (20) 71.04 (6)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (U) 5.9 - 21.6 10.6 (4)

eAK (U) 0.0000110 (15)
KLL 71.78 - 80.95 }
KLX 88.15 - 98.43 }
KXY 104.51 - 115.59 }

ec1,0 L (U) 21.74 - 26.33 20.6 (6)
ec1,0 M (U) 37.95 - 39.95 5.7 (12)
ec1,0 N (U) 42.057 - 43.119 1.544 (39)
ec2,1 L (U) 78.095 - 82.685 0.0718 (17)
ec2,1 M (U) 94.305 - 96.300 0.01992 (49)
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4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.619 — 20.714 10.63 (8)

XKα2 (U) 94.666 0.000106 (3) } Kα
XKα1 (U) 98.44 0.000169 (5) }

XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 0.0000609 (22) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 0.0000208 (6) Kβ

′
2

XKO2,3 (U) 115.377 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ8,6(U) 41.82 (11) 0.0000026 (14) [E2] 863 (18) 0.0000000030 (16)
γ1,0(U) 43.498 (1) 28.3 (8) E2 713 (15) 0.0397 (8)
γ11,9(U) 62.70 (1) 0.000000016 (4) E1 0.426 (9) 0.000000011 (3)
γ2,1(U) 99.852 (3) 0.1060 (23) E2 13.42 (27) 0.00735 (8)
γ11,7(U) 140.15 (2) 0.000000021 (7) M1+63%E2 5.1 (15) 0.0000000035 (7)
γ3,2(U) 152.719 (2) 0.00292 (4) E2 2.14 (4) 0.000930 (7)
γ13,8(U) 192.91 (7) 0.0000000012 (4) [E2] 0.856 (17) 0.00000000066 (20)
γ4,3(U) 200.97 (3) 0.00000680 (23) E2 0.734 (15) 0.00000392 (13)
γ11,5(U) 203.12 (3) 0.000000021 (5) M1+66%E2 1.5 (3) 0.0000000085 (15)
γ14,8(U) 233.6 (2) 0.00000041 (E0+E2)
γ13,6(U) 234.6 (2) 0.0000001 E0
γ14,7(U) 235.9 (3) 0.000000010 (5) [E1] 0.0673 (14) 0.000000009 (5)
γ13,5(U) 258.227 (3) 0.000000074 (12) (E1) 0.0548 (11) 0.000000070 (11)
γ14,5(U) 299.1 (2) 0.000000046 (3) [E1] 0.0395 (8) 0.000000044 (3)
γ7,2(U) 705.9 (1) 0.000000050 (13) [E1] 0.00698 (14) 0.000000050 (13)
γ8,2(U) 708.3 (2) 0.00000050 (3) [E2] 0.0219 (5) 0.00000049 (3)
γ12,3(U) 727.8 (2) 0.0000000028 (3) (E2) 0.0207 (4) 0.0000000027 (3)
γ5,1(U) 742.813 (5) 0.00000513 (13) E1 0.00636 (13) 0.00000510 (13)
γ6,1(U) 766.38 (2) 0.0000223 (5) E2 0.0187 (4) 0.0000219 (5)
γ9,2(U) 783.4 (1) 0.000000022 (3) [E2] 0.0179 (4) 0.000000022 (3)
γ5,0(U) 786.27 (3) 0.00000322 (9) E1 0.00573 (12) 0.00000320 (9)
γ10,2(U) 804.4 (3) 0.00000017 E0+E2 0.57 0.00000011 (5)
γ7,1(U) 805.80 (5) 0.000000056 (15) [E1] 0.00549 (11) 0.000000056 (15)
γ8,1(U) 808.2 (1) 0.0000041 E0+17%E2 4.3 0.000000767 (25)
γ6,0(U) 810.0 (5) 0.000077 E0
γ8,0(U) 851.7 (1) 0.00000129 (4) [E2] 0.01513 (30) 0.00000127 (4)
γ12,2(U) 880.5 (1) ≥0.00000015 (E0+E2) ≥0.00000015 (4)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ9,1(U) 883.24 (4) 0.00000073 (4) E2 0.01409 (28) 0.00000072 (4)
γ10,1(U) 904.37 (15) 0.000000062 (11) [E2] 0.01346 (27) 0.000000061 (11)
γ9,0(U) 926.72 (1) 0.000000565 (25) (E2) 0.01284 (26) 0.000000558 (25)
γ14,2(U) 941.94 (10) 0.000000472 (23) [E2] 0.01244 (25) 0.000000466 (23)
γ11,1(U) 946.00 (3) 0.000000092 (13) (E1) 0.00412 (8) 0.000000092 (13)
γ12,1(U) 980.3 (1) 0.000000042 (E2) 0.01152 (23) 0.000000042
γ13,1(U) 1001.03 (3) 0.00000099 (4) E2 0.01107 (22) 0.00000098 (4)
γ14,1(U) 1041.7 (2) 0.0000002 (E0+E2) 0.000000197 (16)
γ14,0(U) 1085.4 (2) 0.000000078 (9) (E2) 0.00950 (19) 0.000000077 (9)

5 References

A.H.Jaffey, A.Hirsch, Report ANL-4286, Argonne National Laboratory (1949)

(Spontaneous fission half-life)

A.H.Jaffey, J.Lerner, Report ANL-4411, Argonne National Laboratory (1950)

(Half-life)

A.H.Jaffey, L.B.Magnusson, The Transuranium Elements Paper No. 14.2. National Nuclear Energy Series,
Plutonium Project Record, Div. IV. 14B (1951)

(Half-life)

A.H.Jaffey, Paper No. 2.2. National Nuclear Energy Series, Plutonium Project Record, Div. IV. (1951)

(Half-life)

G.T.Seaborg, R.A.James, A.Giorso, The Transuranium Elements Paper No. 14.2. National Nuclear Energy
Series, Plutonium Project Record, Div. IV. 14B.Part II (1951) 978

(Half-life)
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F.Rösel, H.M.Fries, K.Alder, H.C.Pauli, At. Data Nucl. Data Tables 21 (1978) 92

(Theoretical ICC)

R.Vaninbroukx, G Grosse, W.Zehner, Report CBNM/RN/45/79 (1979)

(Gamma-ray emission probabilities)

KRI /V.P. Chechev



ANNEX I: RECOMMENDED DECAY DATA Pu− 238

A.Cesana, G.Sandrelli, V.Sangiust, M.Terrani, Energ. Nucl. (Milan) 26 (1979) 526

(Gamma-ray energies and emission probabilities)

V.D.Sevastyanov, V.P.Jarina, Voprosi Atomnoi Nauki i Tekhniki, seriya Jadernie Konstanti. 5(44) (1981) 21

(Half-life)

S.K.Aggarwal, A.V.Jadhav, S.A.Chitambar, K.Raghuraman, S.N.Acharya, A.R.Parab, C.K.Sivarama-
krishnan, H.C.Jain, Radiochem. Radioanal. Lett. 46 (1981) 69

(Half-life)

G.Barreau, H.G.Borner, T.von Egidy, R.W.Hoff, Z. Phys. A308 (1982) 209

(KX-ray energies)

I.Ahmad, J.Hines, J.E.Gindler, Phys. Rev. C27 (1983) 2239

(KX-ray energies)

P.Dryak, Yu.S.Egorov, V.G.Nedovesov, I.Plkh, G.E.Shukin, Proc. 34th Ann. Conf. Nucl. Spectrosc. Struct.
At. Nuclei, Alma-Ata (1984) 540

(LX-ray emission probabilities)

V.V.Ovechkin, V.M.Chesalin, I.A.Shkabura, Izv. Akad. Nauk SSSR, Ser. Fiz. 48 (1984) 1029

(Gamma-ray energies and emission probabilities)

R.G.Helmer, C.W.Reich, Int. J. Appl. Radiat. Isotop. 35 (1984) 1067

(Gamma-ray energies and emission probabilities)

G.Bortels, B.Denecke, R.Valninbroukx, Nucl. Instrum. Methods 223 (1984) 329

(Alpha-particle, gamma-ray and LX-ray energies and emission probabilities)

L.M.Bak, P.Dryak, V.G.Nedovesov, S.A.Sidorenko, G.E.Shukin, K.P.Yakovlev, Proc. 34th Ann. Conf.
Nucl. Spectrosc. Struct. At. Nuclei, Alma-Ata (1984) 541

(LX-ray emission probabilities)

I.Ahmad, Nucl. Instrum. Methods 223 (1984) 319

(Alpha-particle energies and emission probabilities)

P.A.Burns, P.N.Johnston, J.R.Moroney, Priv. Comm. (1984)

(Alpha-particle energies and emission probabilities)

G.Bortels, P.Collaers, Appl. Radiat. Isot. 38 (1987) 831

(Alpha-particle energies and emission probabilities)

Yu.A.Selitsky, V.B.Funshtein, V.A.Yakovlev, Proc. 38th Ann. Conf. Nucl. Spectrosc. Struct. At. Nuclei,
Baku (1988) 131

(Spontaneous fission half-life)

Yu.S.Popov, I.B.Makarov, D.Kh.Srurov, E.A.Erin, Sov. Radiochem. 32 (1990) 425

(MX-ray emission probability)

P.N.Johnston, J.R.Moroney, P.A.Burns, Appl. Radiat. Isot. 42 (1991) 245

(Alpha-particle energies)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha-particle energies)
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ANNEX I: RECOMMENDED DECAY DATA Pu− 239

1 Half-life, Q-value and Decay mode

T1/2 : 24100 (11) y
Qα : 5244.51 (21) keV
α : 100 %
SF : 3.0 (8) ×10−10 %

2 α Emissions

Energy Probability
keV × 100

α0,53 4059.1 (3) 0.000000021 (5)
α0,52 4116.78 (25) 0.000000093 (9)
α0,51 4180.6 (3) 0.00000020 (3)
α0,50 4186.53 (27) 0.000000077 (7)
α0,49 4202.4 (3) 0.000000041 (4)
α0,48 4204.42 (21) 0.000000061 (15)
α0,47 4279.70 (26) 0.000000199 (12)
α0,46 4305.79 (28) 0.000000098 (13)
α0,45 4325.5 (10) ∼0.000000042
α0,44 4326.92 (21) 0.000000228 (12)
α0,43 4349.15 (21) 0.00000030 (3)
α0,42 4364.42 (22) 0.000000084 (14)
α0,41 4390.20 (21) 0.00000101 (11)
α0,40 4392.08 (28) 0.000000247 (19)
α0,39 4400.0 (4) 0.0000103 (12)
α0,38 4400.26 (21) 0.000027 (3)
α0,37 4408.36 (22) 0.000000103 (17)
α0,36 4419.14 (26) 0.00000034 (4)
α0,35 4448.46 (21) 0.00000213 (9)
α0,34 4464.68 (21) 0.0000114 (3)
α0,33 4467.37 (21) 0.00000707 (13)
α0,32 4496.90 (21) <0.000000034
α0,31 4503.24 (21) 0.00000631 (11)
α0,30 4508.72 (21) 0.0000264 (6)
α0,29 4529.52 (22) 0.00000322 (21)
α0,28 4534.08 (22) 0.00000284 (7)
α0,27 4558.75 (22) 0.000012 (4)
α0,26 4632.35 (21) 0.00086 (3)
α0,25 4655.27 (27) 0.0000033 (7)
α0,24 4690.29 (21) 0.00056 (5)
α0,23 4718.39 (21) 0.0000400 (11)
α0,22 4737.05 (21) 0.00570 (5)
α0,21 4748.81 (21) 0.00075 (11)
α0,20 4770.01 (21) 0.00125 (3)
α0,19 4795.73 (21) 0.000944 (17)
α0,18 4805.33 (22) 0.000017 (4)
α0,17 4823.80 (22) ≈0.000022
α0,16 4829.38 (21) 0.00354 (7)
α0,15 4866.91 (21) 0.0018 (5)
α0,14 4870.38 (21) 0.0007 (3)
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Energy Probability
keV × 100

α0,13 4911.69 (21) 0.0030 (16)
α0,12 4935.00 (21) 0.0050 (7)
α0,11 4962.83 (21) 0.007 (1)
α0,10 4988.13 (21) 0.0034 (10)
α0,8 5008.70 (21) 0.0182 (27)
α0,7 5029.51 (21) 0.013 (4)
α0,6 5055.34 (21) 0.0375 (12)
α0,5 5076.28 (21) 0.052 (8)
α0,4 5105.81 (21) 11.87 (3)
α0,3 5111.21 (21) <0.02
α0,2 5143.82 (21) 17.14 (4)
α0,1 5156.59 (14) 70.79 (10)
α0,0 5156.65 (21) ∼0.03

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (U) 5.9 - 21.6 4.66 (19)

eAK (U) 0.00045 (6)
KLL 71.78 - 80.95 }
KLX 88.15 - 98.34 }
KXY 104.42 - 115.40 }

ec2,1 M (U) 7.427 - 9.425 15.4 (6)
ec5,4 L (U) 8.28 - 12.87 0.0259 (11)
ec4,2 L (U) 16.903 - 21.493 2.61 (16)
ec3,0 L (U) 24.45 - 29.04 0.0286 (16)
ec4,1 L (U) 29.866 - 34.456 6.09 (15)
ec4,2 M (U) 33.113 - 35.111 0.70 (4)
ec6,3 L (U) 35.07 - 39.66 0.0276 (13)
ec4,1 M (U) 46.076 - 48.074 1.68 (4)
ec5,2 L (U) 46.938 - 51.528 0.021 (6)
ec8,4 L (U) 77.02 - 81.61 0.0139 (12)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.619 — 20.714 4.66 (5)

XKα2 (U) 94.666 0.00418 (4) } Kα
XKα1 (U) 98.44 0.00661 (9) }
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Energy Photons
keV per 100 disint.

XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 0.00239 (3) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 0.00131 (6) Kβ

′
2

XKO2,3 (U) 115.377 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(U) 0.0765 (4) 100 E3 1×1010 ∼0.00000001
γ2,1(U) 12.975 (10) 20.7 (8) M1+0.19(2)%E2 607 (17) 0.0341 (9)
γ−1,1(U) 14.22 (3) >0.006 >0.0055 (4)
γ5,4(U) 30.04 (2) 0.0346 (14) (M1) 157 (3) 0.000219 (8)
γ4,2(U) 38.661 (2) 3.56 (21) M1+22.2(16)%E2 339 (19) 0.01047 (21)
γ−1,2(U) 40.41 (5) >0.0002 >0.000163 (16)
γ10,7(U) 41.93 (5) 0.0097 (5) (M1) 58.6 (12) 0.000163 (8)
γ3,0(U) 46.21 (5) 0.0389 (21) M1+1.8(5)%E2 52.6 (27) 0.000726 (13)
γ11,8(U) 46.68 (3) 0.0044 (13) M1+9(5)%E2 86 (24) 0.000050 (6)
γ7,5(U) 47.60 (3) 0.00259 (11) (M1) 40.4 (8) 0.0000625 (25)
γ4,1(U) 51.624 (1) 8.38 (18) E2 310 (6) 0.02694 (26)
γ12,10(U) 54.039 (8) 0.00560 (14) M1 27.8 (6) 0.0001943 (28)
γ6,3(U) 56.828 (3) 0.0382 (18) M1+5.0(8)%E2 32.6 (15) 0.001136 (15)
γ14,12(U) 65.708 (30) 0.00095 (29) M1+4(6)%E2 19 (6) 0.0000473 (25)
γ9,6(U) 67.674 (12) 0.00283 (12) M1+3.6(11)%E2 16.9 (5) 0.000158 (5)
γ5,2(U) 68.696 (6) 0.029 (8) E2 78.6 (16) 0.00036 (10)
γ8,5(U) 68.73 (2) 0.0036 (17) (M1+20%E2) 27 0.00013 (6)
γ−1,3(U) 74.96 (10) >0.00004 >0.000038 (6)
γ7,4(U) 77.592 (14) 0.0068 (38) M1(+20(32)%E2) 17 (10) 0.000380 (6)
γ13,9(U) 78.43 (2) 0.0026 (15) M1(+20(32)%E2) 16 (10) 0.0001533 (28)
γ17,13(U) 89.39 (6) ∼0.000015 [M1] 6.40 (13) ∼0.000002
γ10,5(U) 89.64 (3) 0.00040 (22) (M1+E2) 14 (8) 0.000027 (2)
γ12,7(U) 96.14 (3) 0.00064 (3) [E2] 16.0 (3) 0.0000379 (19)
γ15,11(U) 97.6 (3) 0.0007 (5) M1+20(19)%E2 7.0 (19) 0.00009 (6)
γ8,4(U) 98.78 (2) 0.0204 (17) E2 14.1 (3) 0.00135 (11)
γ6,0(U) 103.06 (3) 0.00273 (9) E2 11.58 (23) 0.000217 (6)
γ11,5(U) 115.38 (5) 0.00362 (40) E2 6.87 (14) 0.00046 (5)
γ7,2(U) 116.26 (2) 0.0077 (15) M1+24(36)%E2 12.2 (26) 0.000581 (19)
γ10,4(U) 119.70 (3) 0.00021 (9) (M1+E2) 9 (4) 0.000021 (3)
γ14,10(U) 119.76 (2) 0.000063 (14) [E2] 5.99 (12) 0.000009 (2)
γ12,6(U) 122.35 (12) 0.00000125 (17) (E1) 0.312 (6) 0.00000095 (13)
γ37,29(U) 123.228 (5) 0.000000021 (5) (M1) 12.19 (24) 0.0000000016 (4)
γ21,14(U) 123.62 (5) 0.000310 (13) [M1] 12.08 (24) 0.0000237 (9)
γ9,3(U) 124.51 (3) 0.000413 (13) E2 5.06 (10) 0.0000681 (19)
γ10,3(U) 125.21 (10) 0.0000730 (21) [E1] 0.296 (6) 0.0000563 (16)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ7,0(U) 129.296 (1) 0.00805 (6) E1 0.275 (6) 0.00631 (4)
γ19,12(U) 141.657 (20) 0.000296 (11) [M1] 8.22 (16) 0.0000321 (10)
γ12,5(U) 143.35 (20) 0.000110 (46) [M1+E2] 5.3 (26) 0.0000174 (8)
γ15,8(U) 144.201 (3) 0.00106 (3) E2 2.72 (5) 0.000285 (7)
γ13,6(U) 146.094 (6) 0.000432 (12) E2 2.57 (5) 0.000121 (3)
γ10,2(U) 158.1 (3) 0.0000029 (3) [E2] 1.86 (4) 0.00000101 (10)
γ18,11(U) 160.19 (5) 0.0000172 (36) [E2] 1.77 (4) 0.0000062 (13)
γ16,10(U) 161.450 (15) 0.000814 (42) (M1) 5.67 (11) 0.000122 (6)
γ17,9(U) 167.81 (5) 0.0000074 (20) [E2] 1.47 (3) 0.0000030 (8)
γ10,0(U) 171.393 (6) 0.0001255 (34) [E1] 0.141 (3) 0.000110 (3)
γ42,28(U) 172.560 (8) ∼0.000000017 M1 4.70 (9) ∼0.000000003
γ12,4(U) 173.70 (5) 0.0000071 (18) [E2] 1.28 (3) 0.0000031 (8)
γ12,3(U) 179.220 (12) 0.0000739 (22) [E1] 0.127 (3) 0.0000656 (19)
γ−1,4(U) 184.55 (5) 0.000010 (3) [M1] 3.87 (8) 0.0000021 (6)
γ14,6(U) 188.23 (10) 0.0000123 (12) [E1] 0.1140 (23) 0.0000110 (11)
γ21,12(U) 189.36 (1) 0.00027 (11) [M1+E2] 2.3 (14) 0.0000820 (14)
γ−1,5(U) 193.13 (12) >0.000009 >0.0000090 (9)
γ19,10(U) 195.679 (8) 0.000456 (11) M1 3.30 (7) 0.000106 (2)
γ−1,6(U) 196.87 (5) >0.000004 >0.0000037 (4)
γ16,7(U) 203.550 (5) 0.002224 (49) M1 2.95 (6) 0.000563 (9)
γ21,11(U) 218.0 (5) >0.000002 >0.0000012 (10)
γ12,0(U) 225.42 (4) 0.0000161 (4) [E1] 0.0747 (15) 0.0000150 (4)
γ19,7(U) 237.77 (10) 0.0000422 (18) [M1] 1.91 (4) 0.0000145 (6)
γ26,14(U) 242.08 (3) 0.0000209 (14) [M1] 1.82 (4) 0.0000074 (5)
γ21,10(U) 243.38 (3) 0.000053 (18) [M1+E2] 1.1 (7) 0.0000254 (7)
γ14,3(U) 244.92 (5) 0.0000054 (5) 0.0618 (12) 0.0000051 (5)
γ24,12(U) 248.95 (5) 0.0000188 (16) [M1] 1.68 (3) 0.0000070 (6)
γ22,10(U) 255.384 (15) 0.000204 (6) [M1] 1.57 (3) 0.0000795 (20)
γ20,7(U) 263.95 (3) 0.0000629 (26) M1 1.43 (3) 0.0000259 (10)
γ30,20(U) 265.7 (3) 0.0000017 (4) [E1] 0.0514 (10) 0.0000016 (4)
γ16,4(U) 281.2 (2) 0.0000036 (12) [M1+E2] 0.7 (5) 0.0000021 (3)
γ19,5(U) 285.3 (2) 0.0000032 (12) [M1+E2] 0.7 (5) 0.0000019 (4)
γ22,7(U) 297.46 (3) 0.000100 (3) [M1] 1.025 (21) 0.0000492 (13)
γ24,10(U) 302.87 (5) 0.0000097 (8) [M1] 0.976 (20) 0.0000049 (4)
γ26,12(U) 307.85 (5) 0.0000101 (8) [M1] 0.933 (19) 0.0000052 (4)
γ21,6(U) 311.78 (4) 0.0000266 (8) [E1] 0.0361 (7) 0.0000257 (8)
γ23,7(U) 316.41 (3) 0.0000248 (10) M1 0.865 (17) 0.0000133 (5)
γ16,2(U) 319.68 (10) 0.0000073 (19) [M1+E2] 0.50 (35) 0.0000049 (5)
γ19,3(U) 320.862 (20) 0.0000558 (12) [E1] 0.0337 (7) 0.0000540 (12)
γ24,8(U) 323.84 (3) 0.0000960 (25) M1 0.811 (16) 0.0000530 (13)
γ16,0(U) 332.845 (5) 0.000503 (8) E1 0.0313 (6) 0.000488 (8)
γ26,11(U) 336.113 (12) 0.000192 (5) M1 0.733 (15) 0.0001111 (26)
γ20,4(U) 341.506 (10) 0.0001106 (24) M1 0.701 (14) 0.0000650 (13)
γ24,7(U) 345.00 (2) <0.000084 (M1) 0.682 (14) <0.00005
γ22,5(U) 345.013 (4) 0.000922 (15) M1 0.682 (14) 0.000548 (8)
γ−1,7(U) 350.8 (3) >0.000002 >0.0000018 (4)
γ19,2(U) 354.0 (5) 0.00000085 (33) [E2] 0.1150 (23) 0.00000076 (30)
γ26,10(U) 361.89 (5) 0.0000187 (11) [M1] 0.598 (12) 0.0000117 (7)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ19,0(U) 367.073 (25) 0.0000893 (21) [E1] 0.0254 (5) 0.0000871 (20)
γ21,3(U) 368.554 (20) 0.0000899 (14) [E1] 0.0252 (5) 0.0000877 (14)
γ22,4(U) 375.054 (3) 0.002376 (37) M1 0.543 (11) 0.001540 (21)
γ20,2(U) 380.191 (6) 0.000460 (7) M1 0.523 (10) 0.000302 (4)
γ26,8(U) 382.75 (5) 0.000387 (7) M1 0.513 (10) 0.000256 (4)
γ24,5(U) 392.53 (3) 0.000179 (24) M1 0.479 (10) 0.000121 (16)
γ20,1(U) 393.14 (3) 0.000619 (25) M1 0.477 (10) 0.000419 (17)
γ23,3(U) 399.53 (6) 0.00000625 (27) [E1] 0.0213 (4) 0.00000612 (26)
γ25,6(U) 406.8 (2) 0.0000030 (7) [E1] 0.0204 (4) 0.0000029 (7)
γ27,11(U) 411.2 (3) 0.000010 (4) [M1] 0.422 (8) 0.0000069 (30)
γ42,20(U) 412.49 (6) ∼0.000000018 [E1] 0.0199 (4) ∼0.000000018
γ22,2(U) 413.713 (5) 0.00207 (3) M1 0.415 (8) 0.001464 (21)
γ24,4(U) 422.598 (19) 0.0001669 (30) M1 0.392 (8) 0.0001199 (20)
γ22,1(U) 426.68 (3) 0.0000256 (6) [E2] 0.0699 (14) 0.0000239 (6)
γ24,3(U) 428.4 (3) 0.00000103 (10) [E1] 0.0184 (4) 0.00000101 (10)
γ26,6(U) 430.08 (10) 0.00000437 (19) [E1] 0.0183 (4) 0.00000429 (19)
γ23,0(U) 445.72 (3) 0.00000892 (26) E1 0.0170 (3) 0.00000877 (26)
γ−1,8(U) 446.82 (20) 0.0000009 (1) 0.00000085 (13)
γ26,5(U) 451.481 (10) 0.000223 (25) M1(+50%E2) 0.19 (13) 0.000187 (3)
γ27,8(U) 457.61 (5) 0.00000199 (4) [M1] 0.316 (6) 0.00000151 (3)
γ24,2(U) 461.25 (5) 0.00000242 (5) [E2] 0.0575 (12) 0.00000229 (5)
γ25,3(U) 463.9 (3) 0.000000284 (30) [E1] 0.0157 (3) 0.00000028 (3)
γ24,0(U) 473.9 (5) 0.000000061 (30) [E1] 0.0150 (3) 0.00000006 (3)
γ26,4(U) 481.66 (12) 0.00000485 (11) [E2] 0.0517 (10) 0.00000461 (10)
γ26,3(U) 487.06 (10) 0.000000269 (19) [E1] 0.0142 (3) 0.000000265 (19)
γ31,10(U) 493.08 (5) 0.00000089 (3) [E1] 0.0139 (3) 0.00000088 (3)
γ−1,9(U) 497.0 (5) 0.000000044 (25) 0.000000044 (25)
γ27,5(U) 526.4 (4) 0.000000059 (19) [E2] 0.0419 (8) 0.000000057 (19)
γ−1,10(U) 538.8 (2) 0.00000031 (2) 0.000000309 (19)
γ33,8(U) 550.5 (2) 0.000000440 (25) (E1) 0.01120 (22) 0.000000435 (25)
γ−1,11(U) 557.3 (5) 0.00000004 (2) 0.000000038 (19)
γ36,10(U) 579.4 (3) 0.000000091 (20) [E2] 0.0337 (7) 0.000000088 (19)
γ31,5(U) 582.89 (10) 0.000000624 (26) [E1] 0.0100 (2) 0.000000618 (26)
γ29,4(U) 586.3 (3) 0.000000155 (16) [E1] 0.0099 (2) 0.000000153 (16)
γ43,12(U) 596.0 (5) 0.000000040 (12) [E2] 0.0317 (6) 0.000000039 (12)
γ33,6(U) 597.99 (5) 0.00000179 (6) [E2] 0.0314 (6) 0.00000174 (6)
γ36,8(U) 599.6 (2) 0.000000204 (25) [E1] 0.00948 (19) 0.000000202 (25)
γ40,10(U) 606.9 (2) 0.000000136 (15) M1(+E2) 0.12 (3) 0.000000121 (13)
γ−1,12(U) 608.9 (2) 0.00000012 (2) 0.000000117 (12)
γ31,4(U) 612.83 (3) 0.00000096 (5) E1 0.00910 (18) 0.00000095 (5)
γ35,6(U) 617.1 (1) 0.00000154 (9) [M1] 0.142 (3) 0.00000135 (8)
γ31,3(U) 618.28 (6) 0.00000212 (8) (E2) 0.0292 (6) 0.00000206 (8)
γ33,5(U) 619.21 (6) 0.00000122 (8) [E1] 0.00892 (18) 0.00000121 (8)
γ32,3(U) 624.78 (3) <0.000000025 (M1) 0.137 (3) <0.000000022
γ29,2(U) 624.78 (5) 0.000000464 (19) [E1] 0.00877 (18) 0.000000460 (19)
γ28,0(U) 633.15 (6) 0.00000286 (7) M1(+E2) 0.122 (11) 0.00000255 (6)
γ29,1(U) 637.73 (5) 0.00000065 (6) [E1] 0.00844 (17) 0.00000064 (6)
γ29,0(U) 637.80 (5) 0.00000197 (20) E2 0.0273 (5) 0.00000192 (19)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ38,7(U) 639.99 (10) 0.00000869 (21) [E2] 0.0271 (5) 0.00000846 (20)
γ30,2(U) 645.94 (4) 0.00001502 (30) E1 0.00824 (16) 0.0000149 (3)
γ33,4(U) 649.32 (6) 0.00000073 (5) [E1] 0.00816 (16) 0.00000072 (5)
γ−1,13(U) 650.53 (6) 0.00000027 (4) 0.00000027 (4)
γ34,4(U) 652.05 (2) 0.00000668 (20) E1 0.00809 (16) 0.00000663 (20)
γ33,3(U) 654.88 (8) 0.00000233 (5) (E2) 0.0258 (5) 0.00000227 (5)
γ30,1(U) 658.86 (6) 0.00000967 (26) E1 0.00794 (16) 0.00000959 (26)
γ31,0(U) 664.58 (5) 0.000001712 (41) E2 0.0251 (5) 0.00000167 (4)
γ36,5(U) 668.2 (5) 0.000000040 (12) [E1] 0.00773 (15) 0.000000040 (12)
γ43,8(U) 670.8 (5) ≤0.000000009 (3) ≤0.000000009 (3)
γ32,0(U) 670.99 (4) ≤0.000000009 (3) [M1+E2] 0.06 (4) ≤0.000000009 (3)
γ35,3(U) 674.05 (3) 0.000000556 (22) 0.1120 (22) 0.00000050 (2)
γ40,5(U) 674.4 (5) 0.000000111 (11) (M1) 0.1120 (22) 0.00000010 (1)
γ−1,14(U) 685.97 (11) 0.00000127 (6) E1 0.00736 (15) 0.00000126 (6)
γ−1,15(U) 688.1 (3) 0.000000114 (11) 0.000000112 (11)
γ34,2(U) 690.81 (8) 0.00000059 (5) E1 0.00727 (15) 0.00000059 (5)
γ−1,16(U) 693.2 (5) 0.000000033 (13) 0.000000032 (13)
γ46,10(U) 693.81 (1) 0.000000019 (7) (E2) 0.0229 (5) 0.000000019 (7)
γ41,5(U) 697.8 (5) 0.000000076 (15) 0.000000074 (15)
γ−1,17(U) 699.6 (5) 0.00000008 (2) 0.000000080 (16)
γ33,0(U) 701.1 (2) 0.000000555 (29) [M1+E2] 0.06 (4) 0.000000524 (19)
γ34,1(U) 703.68 (5) 0.00000413 (13) E1 0.00702 (14) 0.00000410 (13)
γ−1,18(U) 712.96 (5) 0.000000052 (6) 0.000000052 (6)
γ44,7(U) 714.71 (14) 0.000000081 (8) E2 0.0215 (4) 0.000000079 (8)
γ39,4(U) 718.0 (5) 0.00000278 (6) E1 0.00677 (14) 0.00000276 (6)
γ35,0(U) 720.3 (5) 0.000000029 (5) 0.000000029 (5)
γ47,10(U) 720.55 (3) 0.000000020 (2) 0.000000020 (2)
γ41,4(U) 727.9 (2) 0.000000136 (8) M1 0.0911 (18) 0.000000125 (7)
γ46,7(U) 736.5 (5) 0.000000031 (9) M1+59(8)%E2 0.0481 (10) 0.000000030 (9)
γ−1,19(U) 742.7 (5) 0.000000038 (11) 0.000000038 (11)
γ37,2(U) 747.4 (5) 0.000000082 (16) E1 0.00629 (13) 0.000000081 (16)
γ38,2(U) 756.23 (6) 0.0000029 (5) [M1+E2] 0.05 (3) 0.0000028 (5)
γ39,2(U) 756.4 (4) 0.00000069 (19) [E1] 0.00615 (12) 0.00000069 (19)
γ47,7(U) 762.6 (2) ∼0.00000001 ∼0.00000001
γ45,5(U) 763.60 (15) >0.000000042 E0(+M1) 0.9 >0.000000022
γ41,2(U) 766.47 (3) 0.00000065 (11) E0+M1 4.0 (4) 0.00000013 (2)
γ51,12(U) 767.29 (4) 0.00000014 (3) 0.00000014 (3)
γ38,1(U) 769.15 (8) 0.0000153 (32) M1+E0 2.0 (2) 0.0000051 (10)
γ39,1(U) 769.4 (5) 0.0000068 (12) E1 0.00596 (12) 0.0000068 (12)
γ43,4(U) 769.54 (4) 0.00000008 (2) E0
γ−1,20(U) 777.1 (3) 0.000000028 (7) 0.000000028 (7)
γ41,1(U) 779.43 (3) 0.000000147 (10) M1 0.0759 (15) 0.000000137 (9)
γ−1,21(U) 786.9 (2) 0.000000089 (9) E2 0.0177 (4) 0.000000087 (9)
γ−1,22(U) 788.5 (3) 0.000000035 (7) 0.000000035 (7)
γ42,2(U) 792.68 (6) 0.000000020 (4) (E1) 0.00565 (11) 0.000000020 (4)
γ−1,23(U) 796.9 (3) 0.000000015 (3) 0.000000015 (3)
γ−1,24(U) 803.2 (2) 0.000000064 (5) 0.000000064 (5)
γ42,1(U) 805.65 (6) 0.000000029 (4) E2 0.0169 (3) 0.000000028 (4)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ43,2(U) 808.21 (4) 0.000000130 (6) M1 0.0690 (14) 0.000000122 (6)
γ46,4(U) 813.7 (2) 0.000000048 (5) M1 0.0677 (14) 0.000000045 (5)
γ50,9(U) 816.0 (2) 0.000000026 (4) [M1+E2] 0.042 (25) 0.000000025 (4)
γ43,0(U) 821.25 (4) 0.000000050 (11) E1+M2 0.000000050 (11)
γ51,10(U) 821.3 (2) ∼0.000000006 ∼0.000000006
γ−1,25(U) 826.8 (3) 0.000000018 (6) 0.000000018 (6)
γ−1,26(U) 828.9 (2) 0.00000014 (1) 0.000000134 (8)
γ52,12(U) 832.2 (2) 0.000000030 (4) 0.000000030 (4)
γ−1,27(U) 837.3 (2) 0.000000020 (4) 0.000000020 (4)
γ47,4(U) 840.4 (2) 0.000000056 (6) M1(+E0) 0.14 (2) 0.000000049 (5)
γ44,1(U) 843.78 (1) 0.000000147 (9) M1(+E0) 0.09 (1) 0.000000135 (8)
γ47,2(U) 879.2 (3) 0.000000037 (4) [M1+E2] 0.035 (20) 0.000000036 (4)
γ47,1(U) 891.0 (3) 0.000000076 (8) [E2] 0.0139 (3) 0.000000075 (8)
γ−1,28(U) 895.4 (3) 0.000000008 (3) 0.0000000076 (25)
γ−1,29(U) 898.1 (3) 0.000000018 (4) 0.000000018 (4)
γ−1,30(U) 905.5 (3) 0.000000008 (3) 0.0000000076 (25)
γ−1,31(U) 911.7 (3) 0.000000014 (3) 0.000000014 (3)
γ49,4(U) 918.7 (3) 0.000000009 (3) 0.0000000088 (30)
γ−1,32(U) 931.9 (3) 0.000000013 (4) 0.000000013 (4)
γ50,3(U) 940.3 (3) 0.000000051 (5) [E2] 0.01250 (25) 0.000000050 (5)
γ48,2(U) 955.41 (2) 0.0000000321 (31) M1+27(13)%E2 0.036 (4) 0.000000031 (3)
γ49,2(U) 957.6 (3) 0.000000032 (3) 0.000000032 (3)
γ48,1(U) 968.37 (2) 0.000000029 (5) M1+27(20)%E2 0.035 (19) 0.000000028
γ51,2(U) 979.7 (3) 0.000000029 (5) [M1+E2] 0.026 (15) 0.000000028 (5)
γ−1,33(U) 982.7 (3) 0.000000011 (3) 0.0000000107 (25)
γ53,7(U) 986.90 (4) 0.000000021 (5) E1 0.00383 (8) 0.000000021 (5)
γ51,1(U) 992.64 (3) 0.000000027 (4) 0.000000027 (4)
γ52,4(U) 1005.7 (3) 0.000000018 (3) 0.0000000177 (25)
γ−1,34(U) 1009.4 (3) 0.000000014 (3) 0.0000000139 (25)
γ52,0(U) 1057.3 (2) 0.000000045 (7) 0.000000045 (7)

5 References

F.Asaro, I.Perlman, Phys. Rev. 88 (1952) 828

(Alpha-transition energies and probabilities)

E.Segrè, Phys. Rev. 86 (1952) 21

(SF half-life)

G.I.Novikova, L.N.Kondratev, Y.P.Sobolev, L.L.Goldin, Zh. Eksp. Teor. Fiz. 32 (1957) 1018

(Alpha-transition energies and probabilities)

B.S.Dzhelepov, R.B.Ivanov, V.G.Nedovesov, Zh. Eksp. Teor. Fiz. 14 (1961) 1227

(Alpha-transition energies and probabilities)

C.F.Leang, Compt. Rend. Acad. Sci. (Paris) Ser. B 255 (1962) 3155

(Alpha-transition energies)

S.Bjornholm, C.M.Lederer, F.Asaro, I.Perlman, Phys. Rev. 130 (1963) 2000

(Alpha-transition energies and probabilities)

S.A.Baranov, V.M.Kulakov, S.N.Belenky, Nucl. Phys. 41 (1963) 95

(Alpha-transition energies and probabilities)

F.Asaro, S.G.Thompson, F.S.Stephens Jr., I.Perlman, Priv. Comm. (1957), cited in E.K.Hyde et al., The
Nuclear Properties of the Heavy Elements, Vol. II, Prentice-Hall Inc., Englewood Cliffs, N.J. (1964)

(Alpha-transition energies and probabilities)
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F.Horsch, Z. Phys. 183 (1965) 252

(Alpha-transition energies and probabilities)

E.F.Tretyakov, L.N.Kondratev, Izv. Akad. Nauk SSSR, Ser. Fiz. 29 (1965) 242

(Gamma-ray and conversion electron energies and emission probabilities)

I.Ahmad, Thesis, Report UCRL-16888, Univ. California (1966)

(Alpha-transition and gamma-ray energies and emission probabilities)

F.Horsch, Z. Phys. 194 (1966) 405

(Gamma-ray energies and emission probabilities)

J.A.Bearden, Rev. Mod. Phys. 39 (1967) 78

(X-ray energies)

J.E.Cline, Nucl. Phys. A106 (1968) 481

(Gamma-ray energies and emission probabilities)

K.L.Swinth, Nucleonics in Aerospace, Ed. P.Polyshuk, N.Y., Plenum Press (1968) 279

(LX-ray emission probabilities)

S.A.Baranov, V.M.Kulakov, V.M.Shatinskii, Sov. J. Nucl. Phys. 7 (1968) 442

(Alpha emission energies)

F.L.Oetting, Proc. Int. Conf. on Plutonium and Other Actinides, 4th, Santa Fe, New Mexico, M.A.Musil, Ed.,
The Metallurgical Soc., New York, Pt.1 (1970) 154

(Half-life)

R.Gunnink, R.J.Morrow, Report UCRL-51087, Univ. California (1971)

(Gamma-ray energies and emission probabilities)

K.L.Swinth, IEEE Trans. Nucl. Sci. 18 (1971) 125

(LX-ray emission probabilities)

S.A.Baranov, V.M.Shatinsky, Sov. J. Nucl. Phys. 22 (1975) 346

(Alpha-transition energies)

B.M.Aleksandrov, V.T.Antsiferov, L.S.Bulyanitsa, A.M.Geidelman, Y.S.Egorov, et al., Bull. Rus.
Acad. Sci. Phys. 39 (1975) 20

(Half-life)

K.M.Glover, R.A.P.Wiltshire, F.J.G.Rogers, M.King, Report UKNDC(75)-P-71 (1975) 55

(Half-life)

R.Gunnink, J.E.Evans, A.L.Prindle, Report UCRL-52139, Univ. California (1976)

(Gamma-ray energies and emission probabilities)

S.A.Baranov, A.G.Zelenkov, V.M.Kulakov, Proc. Advisory Group Meeting on Transactinium Nucl. Data,
Karlsruhe, Vol.III, IAEA-186, IAEA, Vienna (1976) 249

(Alpha-transition probabilities)

A.H.Jaffey, H.Diamond, W.C.Bentley, K.F.Flynn, D.J.Rokop, A.M.Essling, J.Williams, Phys. Rev. C16
(1978) 354

(Half-life)

S.R.Gunn, Int. J. Appl. Radiat. Isotop. 29 (1978) 497

(Half-life)

L.L.Lucas, J.R.Noyce, B.M.Coursey, Int. J. Appl. Radiat. Isotop. 29 (1978) 501

(Half-life)

S.F.Marsh, R.M.Abernathey, R.J.Beckman, R.K.Zeigler, J.E.Rein, Int. J. Appl. Radiat. Isotop. 29 (1978)
509

(Half-life)

A.Prindle, J.Evans, R.Dupzyk, R.Nagle, R.Newbury, Int. J. Appl. Radiat. Isotop. 29 (1978) 517

(Half-life)

P.W.Seabaugh, K.C.Jordan, Int. J. Appl. Radiat. Isotop. 29 (1978) 489

(Half-life)

J.Almeida, T.von Egidy, P.H.M.van Assche, H.G.Borner, W.F.Davidson, K.Schreckenbach, A.I.Namenson,
Nucl. Phys. A315 (1979) 71

(Gamma-ray and conversion electron energies)

M.Després, Report CEA-R-5065, Commissariat a l’Energie Atomique (1980)

(Gamma-ray energies and emission probabilities)

A.Rytz, in Proc. Int. Conf. on Atomic Masses and Fundamental Constants, East Lansing, Eds J.A.Nolen Jr.,
W.Benensen, Plenum Press, N.Y. (1980) 249

(Absolute alpha-particle energy measurement)

I.Ahmad, Report INDC(NDS)-126, IAEA, Vienna (1981) 28

(Alpha-transition energies and probabilities)
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F.Brown, Priv. Comm. (1981), cited in N.E. Holden, Report BNL-NCS-35514 (1984) 1, see also Nucl. Stand. Ref.
Data, TECDOC-335, IAEA, Vienna (1981)

(Half-life)

H.Umezawa, Report INDC(NDS)-126, IAEA, Vienna (1981) 38

(Gamma-ray emission probabilities)

G.Barreau, H.G.Borner, T.von Egidy, R.W.Hoff, Z. Phys. A308 (1982) 209

(KX-ray energies)

R.G.Helmer, C.W.Reich, R.J.Gehrke, J.D.Baker, Int. J. Appl. Radiat. Isotop. 33 (1982) 23

(Gamma-ray energies and emission probabilities)

I.Ahmad, J.Hines, J.E.Gindler, Phys. Rev. C27 (1983) 2239

(KX-ray energies)

A.M.Geidelman, P.Dryak, Yu.S.Egorov, et al., Proc. II Int. Symp. Meth. of Prod. and Meas. of Standard
Sources and Solutions, Chopak, Hungary Vol.II (1984) 381

(U LX-ray energies)

M.Divadeenam, J.R.Stehn, Ann. Nucl. Energy 11 (1984) 375

(Half-life)

Y.Iwata, Y.Yoshizawa, T.Suzuki, S.Ichikawa, S.Okazaki, Int. J. Appl. Radiat. Isotop. 35 (1984) 1

(Gamma-ray emission probabilities)

G.Bortels, B.Denecke, R.Vaninbroukx, Nucl. Instrum. Methods Phys. Res. 223 (1984) 329

(U LX-ray energies)

I.Ahmad, Nucl. Instrum. Methods Phys. Res. 223 (1984) 319

(Alpha-transition probabilities)

A.A.Druzhinin, V.N.Polynov, A.M.Korochkin, E.A.Nikitin, L.I.Lagutina, Sov. At. Energy 59 (1985) 628

(SF Half-life)

S.Mirzadeh, Y.Y.Chu, S.Katcoff, L.K.Peker, Phys. Rev. C33 (1986) 2159

(235U level energies, 235Pa beta- decay)

G.Bortels, P.Collaers, Appl. Radiat. Isot. 38 (1987) 831

(Alpha-transition probabilities)

V.P.Chechev, N.K.Kuzmenko, V.O.Sergeev, K.P.Artamonova, Evaluated Decay Data of Transuranium Ra-
dionuclides, Handbook, Publishing House Energoatomizdat, Moscow (1988)

(Evaluation of 239Pu decay data)

N.E.Holden, Pure Appl. Chem. 61 (1989) 1483

(Half-life)

K.M.Glover, A.L.Nichols, Report AERE-R-13822 (1990)

(Half-life)

S.V.Anichenkov, Yu.S.Popov, Sov. J. Radiochemistry 32 (1990) 401

(Alpha-transition probabilities)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha-transition energies and probabilities)

C.J.Bland, J.Morel, E.Etcheverry, M.C.Lépy, Nucl. Instrum. Methods Phys. Res. A312 (1992) 323

(LX and gamma-ray emission probabilities)

C.J.Bland, J.Truffy, Appl. Radiat. Isot. 43 (1992) 1241

(Alpha-transition probabilities)

N.Coursol, N.Coron, D.Masse, H.Stroke, J.W.Zhou, P.de Marcillac, J.Leblanc, G.Artzner, G.Dambier,
J.Bouchard, G.Jegoudez, J.P.Lepeltier, G.Nollez, C.Golbach, J.-L.Picolo, Nucl. Instrum. Methods
Phys. Res. A312 (1992) 24

(Gamma-ray emission probabilities)

E.A.Frolov, Appl. Radiat. Isot. 43 (1992) 211

(Alpha-transition energies)

G.Barci-Funel, J.Dalmasso, G.Ardisson, Appl. Radiat. Isot. 43 (1992) 37

(LX and gamma-ray emission probabilities)

E.Garcia-Toraño, M.L.Acena, G.Bortels, D.Mouchel, Nucl. Instrum. Methods Phys. Res. A334 (1993) 447

(Alpha-transition probabilities)

M.R.Schmorak, Nucl. Data Sheets 69 (1993) 375

(Decay Scheme)

J.Morel, E.Etcheverry, M.Vallée, Nucl. Instrum. Methods Phys. Res. A339 (1994) 232

(X- and gamma-ray energies and emission probabilities)

W.Raab, J.L.Parus, Nucl. Instrum. Methods Phys. Res. A339 (1994) 116

(Alpha-transition probabilities)
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D.T.Baran, Appl. Radiat. Isot. 45 (1994) 1177

(Alpha-transition probabilities)

M.-C.Lépy, B.Duchemin, J.Morel, Nucl. Instrum. Methods Phys. Res. A353 (1994) 10

(LX-ray emission probabilities)

M.-C.Lépy, K.Debertin, Nucl. Instrum. Methods Phys. Res. A339 (1994) 218

(LX-ray emission probabilities)

P.N.Johnston, P.A.Burns, Nucl. Instrum. Methods Phys. Res. A361 (1995) 229

(U LX-ray energies and emission probabilities)

R.B.Firestone, V.S.Shirley, C.M.Baglin, S.Y.F.Chu, J.Zipkin, Table of Isotopes, 8th Ed., John Wiley and
Sons Inc., N.Y. Vol.II (1996)

(Decay scheme, gamma-ray energies and multipolarities)

A.M.Sanchez, P.R.Montero, F.V.Tome, Nucl. Instrum. Methods Phys. Res. A369 (1996) 593

(Alpha-transition probabilities)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

L.L.Vintro, P.I.Mitchell, O.M.Condren, M.Moran, J.Vives I Batlle, J.A.Sanchez-Cabeza, Nucl. Ins-
trum. Methods Phys. Res. A369 (1996) 597

(Alpha-transition probabilities)

A.V.Bushuev, V.N.Zubarev, E.V.Petrova et al., At. Energ. 82 (1997) 117

(Gamma-ray emission probabilities)

R.O.Korob, S.L.Figueroa, Radiochim. Acta 77 (1997) 161

(Gamma-ray emission probabilities)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(KX-ray energies and relative emission probabilities)

A.M.Sanchez, P.R.Montero, Nucl. Instrum. Methods Phys. Res. A420 (1999) 481

(Alpha-transition probabilities)

F.Dayras, Nucl. Instrum. Methods Phys. Res. A490 (2002) 492

(Alpha-transition probabilities)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor, P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables 81
(2002) 1

(Theoretical ICC)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

E.Browne, Nucl. Data Sheets 98 (2003) 665

(Evaluation of 239Pu decay data, 235U level energies, gamma-ray emission probabilities, alpha-transition proba-
bilities)
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1 Half-life, Q-value and Decay mode

T1/2 : 6561 (7) y
Qα : 5255.75 (15) keV
α : 100 %
SF : 5.7 (1) ×10−6 %

2 α Emissions

Energy Probability
keV × 100

α0,10 4217.6 (2) <0.0000001
α0,9 4223.8 (4) <0.00000013
α0,8 4226.1 (3) <0.00000017
α0,7 4264.3 (3) 0.00000065 (8)
α0,6 4436.4 (2) 0.000000013 (7)
α0,5 4492.0 (2) 0.0000193 (4)
α0,4 4654.5 (2) 0.000047 (5)
α0,3 4863.5 (2) 0.001082 (18)
α0,2 5021.1 (2) 0.0863 (18)
α0,1 5123.6 (2) 27.16 (19)
α0,0 5168.13 (15) 72.74 (18)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (U) 5.01 - 21.60 10.3 (8)

eAK (U) 0.0000027 (4)
KLL 71.78 - 80.95 }
KLX 88.15 - 98.43 }
KXY 104.51 - 115.59 }

ec1,0 L (U) 23.486 - 28.076 19.8 (6)
ec1,0 M (U) 39.696 - 41.690 5.48 (15)
ec1,0 N (U) 43.803 - 44.865 1.483 (40)
ec2,1 L (U) 82.475 - 87.067 0.0571 (10)
ec2,1 M (U) 98.687 - 100.680 0.01585 (33)
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4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.619 — 20.714 10.34 (15)

XKα2 (U) 94.666 0.0000260 (6) } Kα
XKα1 (U) 98.44 0.0000416 (9) }

XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 0.0000150 (4) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 0.00000513 (16) Kβ

′
2

XKO2,3 (U) 115.377 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(U) 45.244 (2) 27.3 (8) E2 589 (12) 0.0462 (9)
γ2,1(U) 104.233 (5) 0.0856 (14) E2 10.99 (22) 0.00714 (7)
γ3,2(U) 160.308 (3) 0.001116 (17) E2 1.76 (4) 0.0004045 (22)
γ4,3(U) 212.46 (5) 0.0000464 (48) E2 0.599 (12) 0.000029 (3)
γ5,2(U) 538.1 (1) 0.000000168 (14) E3 0.143 (3) 0.000000147 (12)
γ5,1(U) 642.34 (5) 0.00001449 (43) E1+(M2+E3) 0.15 (2) 0.0000126 (3)
γ5,0(U) 687.56 (10) 0.00000466 (14) E1 0.31 (2) 0.00000356 (9)
γ6,1(U) 698.94 <0.000000025 <0.000000025
γ9,2(U) 810.8 <0.000000043 <0.000000043
γ7,1(U) 874.0 (2) 0.00000059 (6) (E2) 0.0144 (3) 0.00000058 (6)
γ8,1(U) 912.4 (3) <0.00000007 (M1) 0.050 (1) <0.00000007
γ9,1(U) 915.1 (3) <0.000000063 (M1+E0) <0.000000063
γ7,0(U) 918.9 (3) 0.00000006 (E0)
γ10,1(U) 921.2 (2) <0.000000022 E1 0.00432 (9) <0.000000022
γ8,0(U) 958.0 (2) <0.0000001 <0.0000001
γ9,0(U) 960.3 <0.00000005 <0.00000005
γ10,0(U) 966.9 (2) <0.0000000502 E1 0.00397 (8) <0.00000005

5 References

E.F.Westrum, Phys. Rev. 83 (1951) 1249

(Half-life)

M G.Inghram, D.C.Hess, P.R.Fields, G.L.Pyle, Phys. Rev. 83 (1951) 1250

(Half-life)

F.Asaro, I.Perlman, Phys. Rev. 88 (1952) 828

(Alpha emission energies and probabilities)

E.M.Kinderman, Report HW 27660, Hanford Laboratory (1953)

(SF Half-life)
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F.R.Barclay, W.Galbraith, K.M.Glover, G.R.Hall, W.J.Whitehouse, Proc. Phys. Soc. (London) 67A
(1954) 646

(SF Half-life)

O.Chamberlain, G.W.Farwell, E.Segrè, Phys. Rev. 94 (1954) 156

(SF Half-life)

G.Farwell, J.E.Roberts, A.C.Wahl, Phys. Rev. 94 (1954) 363

(Half-life)

J.P.Butler, T.A.Eastwood, T.L.Collins, M.E.Jones, F.M.Rourke, R.P.Schuman, Phys. Rev. 103 (1956)
634

(Half-life)

L.L.Goldin, G.I.Novikova, E.F.Tretyakov, Phys. Rev. 103 (1956) 1004

(Alpha emission energies and probabilities)

L.M.Kondratev, G.I.Novikova, Y.P.Sobolev, L.L.Goldin, Zh. Eksp. Teor. Fiz. 31 (1956) 771; Sov. Phys. -
JETP 4 (1956) 645

(Alpha emission energies and probabilities)

P.S.Samoilov, Sov. J. At. Energy 4 (1958) 102; At. Energ. 4 (1958) 81

(Gamma-ray energies)

Ya.P.Dokuchaev, At. Energ. 6 (1959) 74

(Half-life)

E.F.Tretyakov, L.N.Kondratev, G.I.Khlebnikov, L.L.Goldin, Zh. Eksp. Teor. Fiz.36 (1959) 362; Sov. Phys.
- JETP 9 (1959) 250

(Gamma-ray energies)

V.L.Mikheev, N.K.Skobelev, V.A.Druin, G.N.Flerov, Zhur. Eksptl. i Teoret. Fiz. 37(1959)859; Sov. Phys. -
JETP 10 (1960) 612

(Half-life)

D.E.Watt, F.J.Bannister, J.B.Laidler, F.Brown, Phys. Rev. 126 (1962) 264

(SF Half-life)

C.F.Leang, Compt. Rend. Acad. Sci. (Paris) Ser. B 255 (1962) 3155

(Alpha emission energies)

L.Z.Malkin, I.D.Alkhazov, A.S.Krivokhatsky, K.A.Petrzhak, Sov. J. At. Energy 15 (1964) 851; At. Energ.
15 (1963) 158

(SF Half-life)

F.Asaro, S.G.Thompson, F.S.Stephens Jr., I.Perlman, Priv. Comm. (1957), cited in E.K.Hyde et al., The
Nuclear Properties of the Heavy Elements, Vol. II, Prentice-Hall Inc., Englewood Cliffs, N.J. (1964)

(Alpha emission energies and probabilities)

E.K.Hyde, I.Perlman, G.T.Seaborg, The Nuclear Properties of the Heavy Elements, Vol. II, Prentice-Hall
Inc., Englewood Cliffs, N.J. (1964)

(Alpha emission energies and probabilities)

J.A.Bearden, Rev. Mod. Phys. 39 (1967) 78

(X-ray energies)

P.H.White, Priv. Comm. (1967), cited in N.E.Holden, D.C.Hoffman, Pure Appl. Chem. 72 (2000) 1525; Erratum
Pure Appl. Chem. 73 (2001) 1225 (1967)

(SF Half-life)

P.Fieldhouse, D.S.Mather, E.R.Culliford, J. Nucl. Energy 21 (1967) 749

(SF Half-life)

F.L.Oetting, Proc. Symp. on Thermodynamics of Nuclear Materials with Emphasis on Solution Systems, STI/PUB/
162, IAEA, Vienna (1968) 55

(Half-life)

C.M.Lederer, J.M.Jaklevic, S.G.Prussin, Nucl. Phys. A135 (1969) 36

(Alpha emission energies and probabilities)

K.L.Swinth, IEEE Nuclear Science Symp. 4 (1970) 125

(LX-ray emission probabilities)

R.Gunnink, R.J.Morrow, Report UCRL-51087, Univ. California (1971)

(Gamma-ray energies and probabilities)

M.Schmorak, C.E.Bemis Jr., M.J.Zender, N.B.Gove, P.F.Dittner, Nucl. Phys. A178 (1972) 410

(Gamma-ray energies and probabilities)

J.E.Cline, R.J.Gehrke, L.D.McIsaac, Report ANCR-1069 (1972)

(Gamma-ray energies)

D.J.Gorman, A.Rytz, H.V.Michel, Compt. Rend. Acad. Sci. (Paris) Ser. B 275 (1972) 291

(Alpha emission energies)
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R.L.Heath, Report ANCR-1000-2 (1974)

(Gamma-ray energies)

T.Dragnev, K.Scharf, Int. J. Appl. Radiat. Isotop. 26 (1975) 125

(Gamma-ray emission probabilities)

H.Ottmar, P.Matussek, I.Piper, Proc. 2nd Int. Symp. on Neutron Capture Gamma Ray Spectroscopy and
Related Topics, Petten, Netherlands (1975) 658

(Gamma-ray energies and emission probabilities)

R.Gunnink, J.E.Evans, A.L.Prindle, Report UCRL-52139, Univ. California (1976)

(Gamma-ray energies and emission probabilities)

H.Umezawa, T.Suzuki, S.Ichikawa, J. Nucl. Sci. Technol. (Tokyo) 13 (1976) 327

(Gamma-ray emission probabilities)

S.A.Baranov, V.M.Shatinskii, Yad. Fiz. 26 (1977) 461; Sov. J. Nucl. Phys. 26 (1977) 244

(Alpha emission energies and probabilities)

A.H.Jaffey, H.Diamond, W.C.Bentley, D.G.Graczyk, K.P.Flynn, Phys. Rev. C18 (1978) 969

(Half-life)

C.Budtz-Jorgensen, H.-H.Knitter, NEANDC(E)-202 Vol.III (1979) 9

(SF Half-life)

J.Morel, Priv. Comm. (1981), cited in Decay Data of the Transactinium Nuclides, Technical Reports Series No.
261, IAEA, Vienna (1981)

(Gamma-ray emission probabilities)

R.G.Helmer, C.W.Reich, Int. J. Appl. Radiat. Isotop. 32 (1981) 829

(Gamma-ray energies and emission probabilities)

G.Barreau, H.G.Borner, T.von Egidy, R.W.Hoff, Z. Phys. A308 (1982) 209

(K X-ray energies)

I.Ahmad, J.Hines, J.E.Gindler, Phys. Rev. C27 (1983) 2239

(K X-ray energies)

G.Bortels, B.Denecke, R.Vaninbroukx, Nucl. Instrum. Methods 223 (1984) 329

(L X-ray energies)

F.J.Steinkruger, G.M.Matlack, R.J.Beckman, Int. J. Appl. Radiat. Isotop. 35 (1984) 171

(Half-life)

L.L.Lucas, J.R.Noyce, Int. J. Appl. Radiat. Isotop. 35 (1984) 173

(Half-life)

R.J.Beckman, S.F.Marsh, R.M.Abernathey, J.E.Rein, Int. J. Appl. Radiat. Isotop. 35 (1984) 163

(Half-life)

A.A.Androsenko, P.A.Androsenko, Yu.V.Ivanov, A.E.Konyaev, V.F.Kositsyn, E.M.Tsenter, V.T.Shche-
bolev, Sov. J. At. Energy 57 (1984) 788; At. Energ. 57 (1984) 357

(SF Half-life)

I.Ahmad, Nucl. Instrum. Methods 223 (1984) 319

(Alpha emission probabilities)

C.R.Rudy, K.C.Jordan, R.Tsugawa, Int. J. Appl. Radiat. Isotop. 35 (1984) 177

(Half-life)

A.Lorenz, in Decay Data of the Transactinium Nuclides, Technical Reports Series No. 261, IAEA, Vienna (1986)

(Gamma-ray emission probabilities)

Yu.A.Selitsky, V.B.Funshtein, V.A.Yakovlev, Proc. 38th Ann. Conf. Nucl. Spectrosc. Struct. At. Nuclei,
Baku (1988) 131

(SF Half-life)

N.Dytlewski, M.G.Hines, J.W.Boldeman, Nucl. Sci. Eng. 102 (1989) 423

(SF Half-life)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha-particle energies)

S.V.Anichenkov, Yu.S.Popov, Radiokhimiya 32 (1990) 109; Sov. J. Radiochemistry 32 (1991) 401

(Alpha emission probabilities)

Yu.V.Ivanov, A.E.Konyaev, V.F.Kositsyn, E.A.Kholnova, V.T.Shchebolev, M.F.Yudin, Sov. J. At. Energy
70 (1991) 491; At. Energ. 70 (1991) 396

(SF Half-life)

C.J.Bland, J.Truffy, Appl. Radiat. Isot. 43 (1992) 1241

(Alpha emission probabilities)

G.Barci-Funel, J.Dalmasso, G.Ardisson, Appl. Radiat. Isot. 43 (1992) 37

(X-ray energies)
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D.T.Baran, Appl. Radiat. Isot. 45 (1994) 1177

(Alpha emission probabilities)

M.-C.Lépy, B.Duchemin, J.Morel, Nucl. Instrum. Methods Phys. Res. A353 (1994) 10

(L X-ray energies and emission probabilities)

M.-C.Lépy, K.Debertin, Nucl. Instrum. Methods Phys. Res. A339 (1994) 218

(L X-ray energies and emission probabilities)

A.M.Sanchez, F.V.Tome, J.D.Bejarano, Nucl. Instrum. Methods Phys. Res. A340 (1994) 509

(Alpha emission probabilities)

W.Raab, J.L.Parus, Nucl. Instrum. Methods Phys. Res. A339 (1994) 116

(Alpha emission probabilities)

P.N.Johnston, P.A.Burns, Nucl. Instrum. Methods Phys. Res. A361 (1995) 229

(L X-ray energies and emission probabilities)

L.L.Vintro, P.I.Mitchell, O.M.Condren, M.Moran, J.Vives I Batlle, J.A.Sanchez-Cabeza, Nucl. Ins-
trum. Methods Phys. Res. A369 (1996) 597

(Alpha emission probabilities)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(K X-ray energies and relative emission probabilities)

E.Schönfeld, H.Janssen, Appl. Radiat. Isot. 72 (2000) 595

(SF half-life)

N.E.Holden, D.C.Hoffman, Pure Appl. Chem. 72 (2000) 1525; Erratum Pure Appl. Chem. 73 (2001) 1225

(SF half-life)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

M.-M.Bé, V.Chisté, C.Dulieu, E.Browne, V.Chechev, N.Kuzmenko, R.Helmer, A.Nichols, E.Schönfeld,
R.Dersch, in Table of Radionuclides (Vol.2 - A = 151 to 242), Monographie BIPM-5, Bureau International des
Poids et Mesures, Sevres (2004) 247

(240Pu Decay Data Evaluation)

G.Sibbens, S.Pommé, Appl. Radiat. Isot. 60 (2004) 155

(Alpha emission energies and probabilities)

V.P.Chechev, Proc. Int. Conf. on Nuclear Data for Science and Technology, 26 Sept.-1 Oct. 2004, Santa Fe, New
Mexico; AIP Conf. Proc. 769 (2005) 91

(240Pu Decay Data Evaluation)

E.Browne, J.K.Tuli, Nucl. Data Sheets 107 (2006) 2649

(Decay scheme, 236U level energies, gamma-ray multipolarities, data from 236Pa and 236Np decays)

I.Ahmad, F.G.Kondev, J.P.Greene, M.A.Kellett, A.L.Nichols, Nucl. Instrum. Methods Phys. Res. A579
(2007) 458

(Half-life)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICC)
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ANNEX I: RECOMMENDED DECAY DATA Pu− 241

1 Half-life, Q-value and Decay mode

T1/2 : 14.33 (4) y
Qβ− : 20.8 (2) keV
Qα : 5140.0 (5) keV
β− : 99.99756 (2) %
α : 0.00244 (2) %
SF : >2.4 ×10−14 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,0 20.8 (2) 99.99756 (2) 1st forbidden 5.8

3 α Emissions

Energy Probability
keV × 100

α0,10 4694 (3) ≈0.0000007
α0,9 4733 (3) ≈0.0000007
α0,8 4744 (5) ≈0.0000017
α0,7 4785.1 (11) 0.0000005 (2)
α0,6 4798.0 (5) 0.000029 (3)
α0,5 4853.8 (5) 0.000295 (8)
α0,4 4897.3 (5) 0.00203 (4)
α0,3 4973.1 (5) 0.000032 (3)
α0,2 4999.2 (5) 0.0000100 (12)
α0,1 5043.4 (5) 0.000025 (2)
α0,0 5054.6 (5) 0.0000086 (10)

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (U) 5.9 - 21.6 0.00117 (6)

eAK (U) 0.000031 (5)
KLL 71.776 - 80.954 }
KLX 88.153 - 98.429 }
KXY 104.51 - 115.59 }

β−0,0 max: 20.8 (2) 99.99756 (2) avg: 5.8 (1)
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.619 — 20.714 0.001166 (40)

XKα2 (U) 94.666 0.000300 (7) } Kα
XKα1 (U) 98.44 0.000479 (10) }

XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 0.000179 (5) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 0.000059 (2) Kβ

′
2

XKO2,3 (U) 115.377 }

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ5,4(U) 44.18 (3) 0.000258 (17) M1+1.7(5)%E2 60.4 (29) 0.0000042 (2)
γ2,1(U) 44.86 (10) 0.000111 (25) [M1+15(4)%E2] 131 (25) 0.00000084 (10)
γ2,0(U) 56.30 (12) 0.00051 (4) (E2) 204 (4) 0.0000025 (2)
γ6,5(U) 56.76 (10) 0.0000280 (41) M1+1.1(13)E2 27 (3) 0.0000010 (1)
γ3,1(U) 71.64 (9) 0.000189 (14) (E2) 64.3 (13) 0.0000029 (2)
γ4,3(U) 77.01 (4) 0.000225 (6) (M1) 9.86 (20) 0.0000207 (4)
γ6,4(U) 100.94 (11) 0.00000099 (E2) 12.8 (3) 0.000000072
γ4,2(U) 103.680 (5) 0.000536 (14) [M1+0.47(1)%E2] 4.20 (9) 0.000103 (2)
γ7,4(U) 114 (1) 0.0000067 (13) E1 0.0883 (17) 0.0000062 (12)
γ5,3(U) 121.22 (5) 0.0000097 (10) (M1) 12.8 (3) 0.00000070 (7)
γ4,1(U) 148.567 (10) 0.001500 (27) [M1+2.8(1)%E2] 7.05 (14) 0.0001863 (8)
γ4,0(U) 159.96 (2) 0.0000179 (4) (E2) 1.78 (3) 0.00000645 (9)

6 References

M.S.Freedman, F.Wagner Jr., D.W.Engelkemeir, Phys. Rev. 88 (1952) 1155

(Beta-transition energy, gamma-ray energies)

F.Asaro, Thesis, Report UCRL-2180, Univ. California (1953)

(Alpha-transition energies)

K.N.Shliagin, Izv. Akad. Nauk SSSR, Ser. Fiz. 20 (1956) 891

(Beta-transition energy)

H.L.Smith, J. Inorg. Nucl. Chem. 17 (1961) 178

(Beta-transition probability)

B.S.Dzhelepov, R.B.Ivanov, V.G.Nedovesov, Zh. Eksp. Teor. Fiz. 46 (1964) 1517

(Alpha-transition energies)

S.A.Baranov, M.K.Gadzhiev, V.M.Kulakov, V.M.Matinskii, Yad. Fiz. 1 (1965) 557

(Alpha-transition energies)

I.A.Baranov, V.V.Berdikov, A.S.Krivokhatskii, A.N.Silantev, Izv. Akad. Nauk SSSR, Ser. Fiz. 29 (1965)
163
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(Alpha-transition energies and probabilities, gamma-ray energies)

S.A.Baranov, V.M.Kulakov, V.M.Shatinskii, Yad. Fiz. 7 (1968) 727

(Alpha-transition energies)

F.L.Oetting, Phys. Rev. 168 (1968) 1398

(Average beta-transition energy)

I.Ahmad, A.M.Friedman, J.P.Unik, Nucl. Phys. A119 (1968) 27

(Alpha- and gamma transition energies, alpha/beta-branching)

R.Gunnink, R.J.Morrow, Report UCRL-51087, Univ. California (1971)

(Gamma-ray energies)

J.E.Cline, R.J.Gehrke, L.D.McIsaac, Report ANCR-1069 (1972)

(Gamma-ray energies and emission probabilities)

S.A.Baranov, A.G.Zelenkov, V.M.Kulakov, Proc. Advisory Group Meeting on Transactinium Nucl. Data,
Karlsruhe, Vol.III, IAEA-186, IAEA, Vienna (1976) 249

(Alpha-transition energies and probabilities)

R.Gunnink, J.E.Evans, A.L.Prindle, Report UCRL-52139, Univ. California (1976)

(Gamma-ray energies and emission probabilities, alpha/beta-branching)

H.Umezawa, T.Suzuki, S.Ichikawa, J. Nucl. Sci. Technol. (Tokyo) 13 (1976) 327

(Gamma-ray energies and emission probabilities)

R.Vaninbroukx, J.Broothaerts, P.de Bievre, B.Denecke, M.Gallet, NEANDC(E)-192 Vol.III (1977) 55

(Alpha/beta-branching)

J.K.Dickens, J.S.Emery, R.M.Freestone, T.A.Love, J.W.McConnell, K.J.Northcutt, R.W.Peelle, Re-
port ORNL/NUREG/TM-223, Oak Ridge National Laboratory (1978)

(Gamma-ray emission probabilities)

Y.A.Ellis, Nucl. Data Sheets 23 (1978) 123

(Decay scheme)

A.Cesana, G.Sandrelli, V.Sangiust, M.Terrani, Energ. Nucl. (Milan) 26 (1979) 526

(Gamma-ray energies)

S.F.Marsh, R.M.Abernathey, R.J.Beckman, J.E.Rein, Int. J. Appl. Radiat. Isotop. 31 (1980) 629

(Half-life)

P.de Bievre, M.Gallet, R.Werz, NEANDC(E)-242 Vol.III (1983) 53

(Half-life)

K.M.Glover, Int. J. Appl. Radiat. Isotop. 35 (1984) 239

(Alpha-transition energies)

S.K.Aggarwal, A.R.Parab, S.A.Chitambar, H.C.Jain, Phys. Rev. C31 (1985) 1885

(Half-life)

A.A.Druzhinin, V.N.Polynov, A.M.Korochkin, E.A.Nikitin, L.I.Lagutina, At. Energ. 59 (1985) 68

(Half-Lives of the Spontaneous Fission of 241Pu)

R.G.Helmer, C.W.Reich, Int. J. Appl. Radiat. Isotop. 36 (1985) 117

(Gamma-ray energies and probabilities)

H.Willmes, T.Ando, R.J.Gehrke, Int. J. Appl. Radiat. Isotop. 36 (1985) 123

(Gamma-ray energies and emission probabilities)

G.A.Timofeev, V.V.Kalygin, P.A.Privalova, At. Energ. 60 (1986) 343

(Half-life)

V.P.Chechev, N.K.Kuzmenko, V.O.Sergeev, K.P.Artamonova, Evaluated Decay Data of Transuranium Ra-
dionuclides, Handbook, Publishing House Energoatomizdat, Moscow (1988)

(Evaluation of 241Pu decay data)

J.L.Parker, R.N.Likes, A.Goldman, Appl. Radiat. Isot. 40 (1989) 793

(Half-life)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha-transition energies)

T.Dragnev, Appl. Radiat. Isot. 44 (1993) 613

(Gamma-ray energies)

D.T.Baran, Appl. Radiat. Isot. 45 (1994) 1177

(Gamma-ray emission probabilities)

Y.A.Akovali, Nucl. Data Sheets 74 (1995) 461

(Decay scheme, multipolarities)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)
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R.B.Firestone, V.S.Shirley, C.M.Baglin, S.Y.F.Chu, J.Zipkin, Table of Isotopes, 8th Ed., John Wiley and
Sons Inc., N.Y. Vol.II (1996)

(Decay scheme, gamma-ray energies, multipolarities and level energies)

P.de Bievre, A.Verbruggen, Proc. Int. Conf. on Nuclear Data for Science and Technology, 19-24 May 1997,
Trieste, Italy (1997) 839

(Half-life)

Y.A.Akovali, Nucl. Data Sheets 84 (1998) 1

(r0 of 237U)

O.Dragoun, A.Spalek, M.Rysavy, A.Kovalik, E.A.Yakushev, V.Brabec, A.F.Novgorodov, N.Dragounova,
J.Rizek, J. Phys. (London) G25 (1999) 1839

(Beta-transition energy)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(KX-ray energies and relative emission probabilities)

E.A.Yakushev, V.M.Gorozhankin, O.Dragoun, A.Kovalik, A.F.Novgorodov, M.Rysavy, A.Shpalek,
Proc. 49th Ann. Conf. Nucl. Spectrosc. Struct. At. Nuclei, Dubna (1999) 118

(Beta-transition energy)

O.Dragoun, A.Spalek, M.Rysavy, A.Kovalik, E.Yakushev, V.Brabec, J.Frana, D.Venos, Appl. Radiat.
Isot. 52 (2000) 387

(Beta-transition energy)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

N.Fotiades, G.D.Johns, R.O.Nelson, et al., Phys. Rev. C69 (2004) 024601

(Placement of 121.2 keV gamma transition)

M.J.Martin, Nucl. Data Sheets 106 (2005) 89

(Evaluation of beta-transition energy, alpha/beta -branching)

M.S.Basunia, Nucl. Data Sheets 107 (2006) 2323

(decay scheme, multipolarities)
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1 Half-life, Q-value and Decay mode

T1/2 : 3.73 (3) ×105 y
Qα : 4984.5 (10) keV
α : 100 %
SF : 5.5 (1) ×10−4 %

2 α Emissions

Energy Probability
keV × 100

α0,3 4600.1 (10) 0.00084 (6)
α0,2 4756.2 (10) 0.0304 (13)
α0,1 4858.2 (10) 23.44 (17)
α0,0 4902.3 (10) 76.53 (17)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (U) 5.9 - 21.6 8.40 (19)

eAK (U) 0.00000188 (29)
KLL 71.78 - 80.95 }
KLX 88.15 - 98.43 }
KXY 104.51 - 115.59 }

ec1,0 L (U) 23.157 - 27.747 17.1 (5)
ec1,0 M (U) 39.367 - 41.360 4.72 (14)
ec1,0 N (U) 43.474 - 44.536 1.28 (4)
ec2,1 L (U) 81.74 - 86.33 0.0209 (11)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (U) 11.62 — 21.73 8.71 (21)

XKα2 (U) 94.666 0.0000180 (13) } Kα
XKα1 (U) 98.44 0.0000288 (21) }
XKβ3 (U) 110.421 }
XKβ1 (U) 111.298 } 0.0000104 (8) Kβ

′
1

XKβ
′′
5 (U) 111.964 }

XKβ2 (U) 114.407 }
XKβ4 (U) 115.012 } 0.00000355 (27) Kβ

′
2

XKO2,3 (U) 115.377 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(U) 44.915 (13) 23.5 (7) E2 610 (12) 0.0384 (8)
γ2,1(U) 103.50 (4) 0.0313 (16) E2 11.36 (23) 0.00253 (12)
γ3,2(U) 158.80 (8) 0.00084 (6) E2 1.83 (4) 0.000298 (20)

5 References

F.Asaro, Thesis, Report UCRL-2180, Univ. California (1953)

(Alpha-particle energies and emission probabilities)

J.P.Butler, M.Lounsbury, J.Merritt, Can. J. Chem. 34 (1956) 253

(Half-life)
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ANNEX I: RECOMMENDED DECAY DATA Am− 241

1 Half-life, Q-value and Decay mode

T1/2 : 432.6 (6) y
Qα : 5637.82 (12) keV
α : 100 %
SF : 3.6 (9) ×10−10 %

2 α Emissions

Energy Probability
keV × 100

α0,36 4757.58 (13) 0.00004 (3)
α0,34 4800.99 (13) 0.000086
α0,33 4834.15 (13) 0.0007
α0,32 4888.98 (15)
α0,30 4956.06 (15)
α0,29 4961.63 (14)
α0,28 4963.83 (13)
α0,27 5007.07 (14) 0.0001
α0,25 5055.36 (13)
α0,24 5065.97 (15) 0.00011
α0,23 5092.06 (13) ∼0.0004
α0,22 5099.08 (13) ∼0.0004
α0,21 5106.72 (16)
α0,20 5117.21 (13) 0.0004
α0,19 5132.8 (2)
α0,18 5155.12 (13) 0.0007
α0,17 5179.35 (13) 0.0003
α0,16 5181.63 (13) 0.0009
α0,15 5190.17 (23) 0.0006
α0,14 5217.26 (13)
α0,13 5225.08 (13) 0.0013
α0,12 5232.6 (3)
α0,11 5244.13 (13) 0.0022 (3)
α0,9 5280.99 (13) 0.0005
α0,8 5321.87 (13) 0.014 (3)
α0,6 5388.25 (13) 1.66 (3)
α0,5 5416.28 (13) ∼0.01
α0,4 5442.86 (12) 13.23 (10)
α0,3 5469.47 (12) <0.04
α0,2 5485.56 (12) 84.45 (10)
α0,1 5511.46 (12) 0.23 (1)
α0,0 5544.11 (12) 0.38 (1)
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3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Np) 6.04 - 13.52 33.4 (17)

eAK (Np) 0.000114 (16)
KLL 73.50 - 83.13 }
KLX 90.36 - 97.28 }
KXY 107.10 - 114.58 }

ec2,1 L (Np) 3.92 - 8.73 14 (5)
ec1,0 L (Np) 10.769 - 15.590 15.9 (21)
ec3,1 L (Np) 20.28 - 25.09 0.31 (7)
ec2,1 M (Np) 20.606 - 22.681 3.7 (5)
ec4,2 L (Np) 20.99 - 25.81 8.8 (12)
ec1,0 M (Np) 27.46 - 29.53 4.0 (6)
ec1,0 N (Np) 31.70 - 32.79 1.08 (16)
ec6,4 L (Np) 33.13 - 37.95 0.87 (11)
ec3,1 M (Np) 36.97 - 39.04 0.076 (17)
ec2,0 L (Np) 37.114 - 41.930 30.2 (22)
ec4,2 M (Np) 37.68 - 39.76 2.3 (4)
ec3,1 N (Np) 41.2 - 42.3 0.021 (5)
ec4,2 N (Np) 41.92 - 43.02 0.65 (9)
ec6,4 M (Np) 49.82 - 51.90 0.228 (30)
ec3,0 L (Np) 53.5 - 58.3 0.0232 (4)
ec2,0 M (Np) 53.802 - 55.877 8.12 (25)
ec6,4 N (Np) 54.06 - 55.16 0.062 (8)
ec6,2 L (Np) 76.54 - 81.36 0.225 (5)
ec6,2 M (Np) 93.23 - 95.31 0.0625 (16)
ec6,2 N (Np) 97.47 - 98.57 0.0171 (4)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Np) 11.89 — 22.2 37.66 (17)

XKα2 (Np) 97.069 0.001134 (30) } Kα
XKα1 (Np) 101.059 0.00181 (5) }

XKβ3 (Np) 113.303 }
XKβ1 (Np) 114.234 } 0.000658 (21) Kβ

′
1

XKβ
′′
5 (Np) 114.912 }

XKβ2 (Np) 117.463 }
XKβ4 (Np) 117.876 } 0.000226 (8) Kβ

′
2

XKO2,3 (Np) 118.429 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ2,1(Np) 26.3446 (2) 21 (5) E1 anomalous 8 (2) 2.31 (8)
γ−1,1(Np) 32.183 0.0174 (4) 0.0174 (4)
γ1,0(Np) 33.1963 (3) 21.3 (30) M1+1.66%E2 175 (24) 0.1215 (28)
γ3,1(Np) 42.704 (5) 0.42 (9) (M1+≈1.7%E2) ≈75 (7) 0.0055 (11)
γ4,2(Np) 43.420 (3) 12.1 (16) M1+16.6%E2 180 (23) 0.0669 (29)
γ14,10(Np) 51.01 (3) 0.000046 (21) E1 0.753 (11) 0.000026 (12)
γ6,4(Np) 55.56 (2) 1.19 (16) M1+17.5%E2 65 (6) 0.0181 (18)
γ−1,2(Np) 57.85 (5) 0.0052 (15)
γ2,0(Np) 59.5409 (1) 77.6 (25) E1 anomalous 1.16 (7) 35.92 (17)
γ14,9(Np) 64.83 (2) 0.000196 (28) E1 0.400 (8) 0.00014 (2)
γ8,6(Np) 67.50 (2) 0.013 (4) (M1+17%E2) 29 (6) 0.00042 (10)
γ4,1(Np) 69.76 (3) 0.0039 (5) (E1) 0.330 (7) 0.0029 (4)
γ3,0(Np) 75.90 (1) 0.032 (E2) 53.1 (11) 0.0006
γ5,1(Np) 96.79 (3) 0.000047 (16) 0.000047 (16)
γ6,2(Np) 98.97 (2) 0.329 (10) E2 15.2 (3) 0.0203 (4)
γ4,0(Np) 102.98 (2) 0.0218 (5) E1 0.1189 (24) 0.0195 (4)
γ−1,3(Np) 106.42 (5) 0.000015
γ20,13(Np) 109.70 (7) 0.000051 [E2] 9.44 (19) 0.0000049
γ21,13(Np) 120.36 (8) 0.0000045
γ8,4(Np) 123.05 (1) 0.00675 (30) E2 5.75 (12) 0.00100 (4)
γ6,1(Np) 125.30 (2) 0.00533 (26) (E1) 0.299 (6) 0.0041 (2)
γ29,22(Np) 139.44 (8) 0.000023 (5) [E2] 3.37 (7) 0.0000053 (11)
γ11,6(Np) 146.55 (3) 0.00172 (5) E2 2.73 (6) 0.00046 (1)
γ8,3(Np) 150.04 (3) 0.000087 (6) [E1] 0.197 (4) 0.000073 (5)
γ26,15(Np) 154.27 (20) 0.000004 [M1] 7.06 (14) 0.0000005
γ29,20(Np) 159.26 (20) 0.0000016 (6) [E1] 0.171 (4) 0.0000014 (5)
γ24,13(Np) 161.54 (10) 0.000011 [M1] 6.20 (12) 0.0000015
γ9,4(Np) 164.61 (2) 0.000178 (9) E2 1.70 (4) 0.000066 (3)
γ13,6(Np) 165.81 (6) 0.00011 (5) [M1+E2] 3.7 (22) 0.000023 (1)
γ18,8(Np) 169.56 (3) 0.000427 (26) E2 1.51 (3) 0.00017 (1)
γ11,5(Np) 175.07 (4) 0.000021 (3) [E1] 0.137 (3) 0.000018 (3)
γ−1,7(Np) 190.4 0.0000022 (5)
γ25,11(Np) 191.96 (4) 0.0000415 (20) [E2] 0.932 (19) 0.0000215 (10)
γ29,18(Np) 196.76 (8) 0.00000054 [E1] 0.1045 (21) 0.00000049
γ−1,8(Np) 201.70 (14) 0.0000008 0.0000008
γ18,7(Np) 204.06 (6) 0.00000226 (7) [E1] 0.0960 (19) 0.00000206 (6)
γ9,2(Np) 208.005 (23) 0.00313 (6) M1+2.38%E2 2.98 (6) 0.000786 (9)
γ13,4(Np) 221.46 (3) 0.00011 (5) [M1+E2] 1.5 (10) 0.0000434 (8)
γ26,10(Np) 232.81 (5) 0.0000155 (4) [M1] 2.22 (5) 0.00000482 (9)
γ9,1(Np) 234.40 (4) 0.0000080 (8) M2 8.24 (17) 0.00000087 (8)
γ26,9(Np) 246.73 (10) 0.00000703 (22) [M1] 1.88 (4) 0.00000244 (7)
γ13,3(Np) 248.52 (3) 0.00000155 (3) [E1] 0.0612 (12) 0.00000146 (3)
γ22,7(Np) 261.00 (7) 0.00000169 (8) [E2] 0.312 (6) 0.00000129 (6)
γ13,2(Np) 264.88 (3) 0.000018 (7) [M1+E2] 0.9 (7) 0.00000943 (12)
γ9,0(Np) 267.54 (4) 0.000055 (2) E1+19.4%M2 1.06 (6) 0.0000268 (6)
γ−1,9(Np) 270.63 (15) 0.0000005 (2)
γ−1,10(Np) 271.54 0.00000144 (5)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ20,6(Np) 275.77 (8) 0.000011 (4) [M1+E2] 0.8 (6) 0.00000632 (10)
γ27,9(Np) 278.04 (15) 0.00000270 (8) [M1] 1.35 (3) 0.00000115 (3)
γ13,1(Np) 291.3 (2) 0.00000318 (8) [E1] 0.0430 (9) 0.00000305 (8)
γ16,3(Np) 292.77 (6) 0.0000173 (4) [E2] 0.215 (4) 0.0000142 (3)
γ20,5(Np) 304.21 (20) 0.000000966 (21) [E1] 0.0391 (8) 0.00000093 (2)
γ16,2(Np) 309.1 (3) 0.00000210 (31) [E1] 0.0377 (8) 0.0000020 (3)
γ22,5(Np) 322.56 (3) 0.000257 (7) (M1+26.5%E2) 0.702 (12) 0.000151 (4)
γ−1,11(Np) 324.69 0.0000018 (3) 0.0000018 (3)
γ−1,12(Np) 329.69 0.0000011 (2) 0.0000011 (2)
γ14,0(Np) 332.35 (3) 0.000172 (5) E2 0.147 (3) 0.000150 (4)
γ16,1(Np) 335.37 (3) 0.00084 (4) M1+17.3%E2 0.69 (8) 0.000496 (7)
γ17,1(Np) 337.7 (2) 0.00000556 (10) (E2) 0.140 (3) 0.00000488 (9)
γ−1,13(Np) 350.71 0.00000139 (5) 0.00000139 (5)
γ20,3(Np) 358.25 (20) 0.00000133 (5) [E1] 0.0275 (6) 0.00000129 (5)
γ16,0(Np) 368.62 (3) 0.000347 (9) (M1) 0.622 (12) 0.000214 (5)
γ17,0(Np) 370.94 (3) 0.000080 (4) M1+16%E2 0.53 (7) 0.0000520 (8)
γ−1,14(Np) 374.83 0.00000313 (5) 0.00000313 (6)
γ22,3(Np) 376.65 (3) 0.000225 (9) (M1) 0.586 (12) 0.000137 (3)
γ23,3(Np) 383.81 (3) 0.000037 (7) [M1+E2] 0.33 (23) 0.0000281 (6)
γ−1,15(Np) 389.0 (3) 0.0000005 0.00000049
γ−1,16(Np) 390.61 (5) 0.00000573 (8) 0.00000573 (10)
γ29,7(Np) 400.78 (10) 0.00000018 (5) [M1+E2] 0.29 (21) 0.00000014 (3)
γ30,7(Np) 406.35 (15) 0.00000175 (28) [M1+E2] 0.28 (20) 0.00000137 (5)
γ−1,17(Np) 411.27 0.00000018 (4) 0.00000018 (4)
γ22,1(Np) 419.33 (4) 0.000036 (5) [M1+E2] 0.26 (18) 0.0000284 (4)
γ23,1(Np) 426.47 (4) 0.000039 (9) [M1+E2] 0.25 (18) 0.000031 (6)
γ−1,18(Np) 429.9 (1) 0.00000109 (5) 0.00000109 (5)
γ−1,19(Np) 440.63 0.00000056 (3) 0.00000056 (3)
γ−1,20(Np) 442.81 (7) 0.00000331 (7) 0.00000331 (8)
γ35,13(Np) 446.15 (6) 0.00000011 (2) 0.00000011 (2)
γ22,0(Np) 452.6 (2) 0.00000251 (7) [E2] 0.0635 (13) 0.00000236 (7)
γ26,2(Np) 454.66 (8) 0.0000129 (2) [M1] 0.351 (7) 0.00000953 (12)
γ23,0(Np) 459.68 (10) 0.0000043 (5) [M1+E2] 0.20 (14) 0.00000355 (7)
γ29,5(Np) 462.34 (8) 0.0000012 [M1+E2] 0.20 (14) 0.000001
γ30,5(Np) 468.12 (15) 0.0000032 (4) [M1+E2] 0.19 (14) 0.00000269 (6)
γ−1,21(Np) 486.05 0.00000105 (6) 0.00000105 (6)
γ28,4(Np) 487.13 (4) 0.00000080 (6) [M1] 0.291 (6) 0.00000062 (5)
γ−1,22(Np) 494.39 0.00000010 (2) 0.00000010 (2)
γ−1,23(Np) 501.39 0.00000014 (2) 0.00000014 (2)
γ27,1(Np) 512.5 (3) 0.00000210 (41) [E1] 0.0133 (3) 0.0000021 (4)
γ26,0(Np) 514.0 (5) 0.0000039 (2) [E1] 0.0132 0.0000038 (2)
γ30,3(Np) 522.06 (15) 0.00000113 (11) [M1+E2] 0.14 (10) 0.00000099 (5)
γ−1,24(Np) 525.14 0.00000016 (3) 0.00000016 (3)
γ38,13(Np) 529.17 (20) 0.00000072 (5) [E2] 0.0437 (9) 0.00000069 (5)
γ−1,25(Np) 532.44 0.00000008 (2) 0.00000008 (2)
γ27,0(Np) 546.12 (6) 0.00000025 (3) [E1] 0.0117 (2) 0.00000025 (3)
γ−1,26(Np) 548.15 0.00000005 (2) 0.00000005 (2)
γ−1,27(Np) 555.25 0.00000009 (2) 0.00000009 (2)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ33,6(Np) 563.46 (2) 0.000000460 (21) [E2] 0.0378 (8) 0.00000044 (2)
γ36,8(Np) 573.94 (20) 0.00000142 (12) [M1+E2] 0.11 (8) 0.00000128 (5)
γ−1,28(Np) 582.89 0.00000101 (6) 0.00000101 (6)
γ31,2(Np) 586.59 (20) 0.00000128 (5) [E2] 0.0346 (7) 0.00000124 (5)
γ28,0(Np) 590.09 (4) 0.00000283 (6) [E1] 0.0101 (2) 0.00000280 (6)
γ34,6(Np) 597.19 (2) 0.0000080 (5) [M1+E2] 0.10 (7) 0.00000729 (11)
γ−1,29(Np) 600.26 0.00000022 (3) 0.00000022 (3)
γ33,4(Np) 619.01 (2) 0.000065 (5) [M1+E2] 0.09 (7) 0.000060 (2)
γ38,8(Np) 627.18 (20) 0.00000056 (4) [M1+E2] 0.09 (6) 0.00000051 (2)
γ32,1(Np) 632.93 (15) 0.00000124 (5) 0.00000124 (5)
γ−1,30(Np) 636.9 0.00000021 (3) 0.00000021 (3)
γ36,6(Np) 641.32 (4) 0.0000076 (5) [M1+E2] 0.08 (6) 0.00000704 (10)
γ34,4(Np) 652.73 (2) 0.0000410 (25) [M1+E2] 0.08 (6) 0.0000376 (9)
γ33,2(Np) 662.40 (2) 0.00045 (10) (E0+M1+E2) 0.23 (5) 0.000367 (6)
γ32,0(Np) 666.2 (2) 0.00000095 (7) 0.00000095 (7)
γ36,5(Np) 669.83 (2) 0.00000051 (7) [E1] 0.0080 (2) 0.00000051 (7)
γ37,5(Np) 675.78 (13) 0.00000091 (7) [E2,M1] 0.07 (5) 0.00000085 (5)
γ34,3(Np) 679.79 (2) 0.00000334 (8) [E1] 0.00776 (16) 0.00000331 (8)
γ33,1(Np) 688.72 (4) 0.0000325 (6) [E1] 0.00758 (16) 0.0000323 (6)
γ−1,31(Np) 693.46 0.00000354 (7) 0.00000354 (8)
γ34,2(Np) 696.14 (2) 0.0000055 (3) [M1+E2] 0.07 (5) 0.00000517 (8)
γ−1,32(Np) 709.42 (5) 0.00000641 (18) 0.00000641 (19)
γ−1,33(Np) 712.5 0.00000020 (3) 0.00000020 (3)
γ33,0(Np) 721.96 (2) 0.000197 (5) [E1] 0.0070 (2) 0.000196 (5)
γ37,3(Np) 729.72 (15) 0.00000151 (6) [M1] 0.099 (2) 0.00000137 (5)
γ−1,34(Np) 731.44 0.00000046 (4) 0.00000046 (4)
γ−1,35(Np) 736.68 0.00000128 (5) 0.00000128 (5)
γ35,1(Np) 737.34 (5) 0.00000794 (8) 0.00000794 (11)
γ−1,36(Np) 740.51 0.00000019 (3) 0.00000019 (3)
γ−1,37(Np) 742.9 (3) 0.00000035 0.00000035
γ−1,38(Np) 745.02 0.00000009 (2) 0.00000009 (2)
γ−1,39(Np) 750.39 0.00000006 (2) 0.00000006 (2)
γ34,0(Np) 755.68 (2) 0.00000789 (11) [E1] 0.0064 (1) 0.00000784 (11)
γ−1,40(Np) 759.5 (1) 0.00000181 (5) 0.00000181 (5)
γ−1,41(Np) 763.31 0.00000023 (2) 0.00000023 (2)
γ36,1(Np) 766.62 (4) 0.00000504 (6) [E1] 0.00623 (12) 0.00000501 (6)
γ35,0(Np) 770.57 (10) 0.00000481 (5) 0.00000481 (7)
γ37,1(Np) 772.57 (12) 0.00000303 (5) [M1] 0.0847 (17) 0.00000279 (4)
γ−1,42(Np) 774.67 0.00000011 (2) 0.00000011 (2)
γ−1,43(Np) 777.39 0.00000015 (2) 0.00000015 (2)
γ−1,44(Np) 780.53 0.00000031 (2) 0.00000031 (2)
γ−1,45(Np) 782.2 (5) 0.00000015 0.00000015
γ39,3(Np) 786.00 (15) 0.00000062 (0) 0.00000062
γ−1,46(Np) 789.0 (3) 0.00000042 (6) 0.00000042 (6)
γ−1,47(Np) 792.6 0.00000003 (1) 0.00000003 (1)
γ−1,48(Np) 794.92 (20) 0.00000094 0.00000094
γ39,2(Np) 801.94 (20) 0.00000123 (7) 0.00000123 (7)
γ−1,49(Np) 803.19 0.00000016 (3) 0.00000016 (3)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ37,0(Np) 805.77 (12) 0.00000033 [M1,E2] 0.05 (3) 0.00000031
γ−1,50(Np) 811.9 (3) 0.00000063 (6) 0.00000063 (6)
γ−1,51(Np) 819.33 0.00000043 (6) 0.00000043 (6)
γ−1,52(Np) 822.21 0.00000024 (6) 0.00000024 (6)
γ39,1(Np) 828.60 (12) 0.00000021 (4) 0.00000021 (4)
γ−1,53(Np) 835.21 0.00000003 (1) 0.00000003 (1)
γ−1,54(Np) 838.88 0.00000004 (1) 0.00000004 (1)
γ−1,55(Np) 841.14 0.00000010 (3) 0.00000010 (3)
γ−1,56(Np) 843.7 0.00000097 (8) 0.00000097 (8)
γ−1,57(Np) 846.86 0.00000016 (3) 0.00000016 (3)
γ−1,58(Np) 847.4 (5) 0.0000003 0.00000027 (3)
γ−1,59(Np) 851.6 (10) 0.00000041 (6) 0.00000041 (6)
γ−1,60(Np) 854.95 0.00000023 (4) 0.00000023 (4)
γ−1,61(Np) 856.26 0.00000010 (3) 0.00000010 (3)
γ40,2(Np) 861.34 (20) 0.00000008 0.00000008 (3)
γ39,0(Np) 861.80 (12) 0.00000061 (6) 0.00000061 (6)
γ−1,62(Np) 870.63 0.00000150 (3) 0.00000150 (4)
γ−1,63(Np) 882 0.00000004 (1) 0.00000004 (1)
γ−1,64(Np) 886.53 0.00000015 (3) 0.00000015 (3)
γ40,1(Np) 887.68 (20) 0.00000033 (6) 0.00000033 (6)
γ−1,65(Np) 890.38 0.00000032 (5) 0.00000032 (5)
γ−1,66(Np) 894.47 0.00000003 (1) 0.00000003 (1)
γ−1,67(Np) 898.17 0.00000006 (2) 0.00000006 (2)
γ−1,68(Np) 902.61 0.00000033 (3) 0.00000033 (3)
γ−1,69(Np) 909.95 0.00000005 (1) 0.00000005 (1)
γ−1,70(Np) 912.4 0.00000028 (3) 0.00000028 (3)
γ40,0(Np) 920.88 (20) 0.00000019 (3) 0.00000019 (3)
γ−1,71(Np) 928.95 0.00000009 (2) 0.00000009 (2)
γ−1,72(Np) 939.2 0.00000005 (1) 0.00000005 (1)
γ41,0(Np) 946.06 0.000000010 (3) 0.000000010 (2)
γ−1,73(Np) 952.72 0.00000003 (1) 0.00000003 (1)
γ−1,74(Np) 955.91 0.00000060 (5) 0.00000060 (5)
γ42,0(Np) 962.19 0.00000004 (1) 0.00000004 (1)
γ−1,75(Np) 969.09 0.00000003 (1) 0.00000003 (1)
γ−1,76(Np) 980.84 0.00000003 (1) 0.00000003 (1)
γ43,0(Np) 1014.33 0.0000010 (2) 0.0000010 (2)

5 References

J.K.Beling, J.O.Newton, B.Rose, Phys. Rev. 86 (1952) 797

(Gamma-ray emission probabilities)

J.F.Turner, Phil. Mag. 46 (1955) 687

(Gamma-ray emission probabilities)

H.Jaffe, T.O.Passell, C.I.Browne, I.Perlman, Phys. Rev. 97 (1955) 142

(Gamma-ray emission probabilities)

R.B.Day, Phys. Rev. 97 (1955) 689

(Gamma-ray emission probabilities)

J.M.Hollander, W.G.Smith, J.O.Rasmussen, Phys. Rev. 102 (1956) 1372

(Gamma-ray emission probabilities)

L.L.Goldin, G.I.Novikova, E.F.Tretyakov, Conf. Acad. Sci. USSR Moscow (1956) 226
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(Energies of alpha-particles, alpha-particle emission probabilities)

S.Rosenblum, M.Valadares, J.Milsted, J. Phys. Radium 18 (1957) 609

(Energies of alpha-particles)

L.B.Magnusson, Phys. Rev. 107 (1957) 161

(Gamma-ray energies and emission probabilities)

P.S.Samoilov, Columbia Tech. Transl. (Izv. Akad. Nauk SSSR, Ser. Fiz. 23 (1959) 1416) 23 (1960) 1401

(Gamma-ray energy, gamma transition probabilities and multipolarities)

F.Asaro, F.S.Stephens, J.M.Hollander, I.Perlman, Phys. Rev. 117 (1960) 492

(Anomalous electric dipole gamma-ray transitions)

C.F.Leang, Compt. Rend. Acad. Sci. (Paris) Ser. B 255 (1962) 3155

(Energies of alpha-particles)

J.L.Wolfson, J.H.Park, Can. J. Phys. (also Erratum Can. J. Phys. 48(1970)2782) 42 (1964) 1387

(Gamma-ray energies and multipolarities)

S.A.Baranov, V.M.Kulakov, V.M.Shatinsky, Nucl. Phys. 56 (1964) 252

(Alpha-particle energies and emission probabilities)

W.Michaelis, Z. Phys. 186 (1965) 42

(Alpha particle energies and emission probabilities)

G.Bertolini, F.Cappellani, G.Restelli, Nucl. Instrum. Methods 32 (1965) 86

(Gamma-ray emission probabilities)

L.D.Mcisaac, Report IDO-17052 (1965) 31

(Gamma-ray emission probabilities)

W.Yamazaki, J.M.Hollander, Nucl. Phys. 84 (1966) 505

(Internal conversion probabilities)

C.M.Lederer, J.K.Poggenburg, F.Asaro, J.O.Rasmussen, I.Perlman, Nucl. Phys. 84 (1966) 481

(Internal conversion coefficients)

H.-C.Pauli, K.Alder, Z. Phys. 202 (1967) 255

(Anomalous electric dipole gamma-ray transitions)

C.Gunther, D.R.Parsignault, Nucl. Phys. A104 (1967) 588

(KX-ray emission probabilities)

Ch.Briançon, M.Valadares, R.J.Walen, Compt. Rend. Acad. Sci. (Paris) Ser. B 265 (1967) 1496

(Gamma-ray emission probabilities)

F.L.Oetting, S.R.Gunn, J. Inorg. Nucl. Chem. 29 (1967) 2659

(Half-life)

L.N.Kondratev, E.F.Tretyakov, Bull. Rus. Acad. Sci. Phys. 30 (1967) 393

(Internal conversion probabilities)

R.E.Stone, E.K.Hulet, J. Inorg. Nucl. Chem. 30 (1968) 2003

(Half-life)

R.W.Jewell, W.John, R.Massey, B.G.Saunders, Nucl. Instrum. Methods 62 (1968) 68

(Gamma-ray energies)

L.C.Brown, R.C.Propst, J. Inorg. Nucl. Chem. 30 (1968) 2591

(Half-life)

S.A.Baranov, V.M.Kulakov, V.M.Shatinskii, Sov. J. Nucl. Phys. 7 (1968) 442.

(Energies of alpha-particles)

R.Kamoun, R.Ballini, S.Bergstrom-Rohlin, J.-M.Kuchly, P.Siffert, Compt. Rend. Acad. Sci. (Paris) Ser.
B 266 (1968) 1241

(Energies of alpha-particles)

A.Peghaire, Nucl. Instrum. Methods 75 (1969) 66

(Gamma-ray emission probabilities)

G.C.Nelson, B.G.Saunders, Nucl. Instrum. Methods 84 (1970) 90

(Gamma-ray energies)

V.N.Grigorev, A.P.Feresin, Sov. J. Nucl. Phys. 12 (1970) 361

(Anomalous electric dipole gamma-ray transitions)

J.E.Cline, Report IN-1448 (1971)

(Gamma-ray emission probabilities)

R.L.Watson, T.K.Li, Nucl. Phys. A178 (1971) 201

(LX-ray emission probabilities)

B.Grennberg, A.Rytz, Metrologia 7 (1971) 65

(Energies of alpha-particle)

E.Karttunen, H.U.Freund, R.W.Fink, Phys. Rev. A4 (1971) 1695

(MX-ray emission probability)
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R.J.Gehrke, R.A.Lokken, Nucl. Instrum. Methods 97 (1971) 219

(XL- and gamma -ray emission probabilities)

J.Jove, R.Robert, Radiochem. Radioanal. Lett. 10 (1972) 139

(Half-life)

R.L.Heath, Report ANCR-1000-2 (1974)

(Gamma-ray energies and emission probabilities)

W.J.Gallagher, S.J.Cipolla, Nucl. Instrum. Methods 122 (1974) 405

(LX- ray emission probabilities)

J.L.Campbell, L.A.McNelles, Nucl. Instrum. Methods 117 (1974) 519

(LX- and gamma - ray emission probabilities)

W.W.Strohm, K.C.Jordan, Trans. Am. Nucl. Soc. 18 (1974) 185

(Half-life)

V.G.Polyukhov, G.A.Timofeev, P.A.Privalova, P.F.Baklanova, Sov. J. At. Energy 36 (1974) 402

(Half-life)

H.Ramthun, W.Muller, Int. J. Appl. Radiat. Isotop. 26 (1975) 589

(Half-life)

J.Legrand, J.P.Perolat, C.Bac, J.Gorry, Int. J. Appl. Radiat. Isotop. 26 (1975) 179

(Gamma-ray emission probabilities)

J.Plch, J.Zderadicka, L.Kokta, Czech. J. Phys. 26B (1976) 1344

(Gamma-ray emission probability)

R.Gunnink, J.E.Evans, A.L.Prindle, Report UCRL-52139, Univ. California (1976)

(LX-, KX- and gamma-ray emission probabilities)

A.Genoux-Lubain, G.Ardisson, Radiochem. Radioanal. Lett. 33 (1978) 59

(Gamma-ray energies and emission probabilities)

V.V.Ovechkin, Bull. Rus. Acad. Sci. Phys. 42(1) (1978) 82

(Gamma-ray energies and emission probabilities)

A.Genoux-Lubain, G.Ardisson, Compt. Rend. Acad. Sci. (Paris) Ser. B 287 (1978) 13

(Gamma-ray emission energies and intensities)

C.Ardisson, A.Genoux-Lubain, V.Barci, G.Ardisson, Radiochem. Radioanal. Lett. 40 (1979) 207

(Gamma-ray energies)

D.D.Cohen, Nucl. Instrum. Methods 178 (1980) 481

(LX-ray emission probabilities)

G.Barreau, H.G.Borner, T.von Egidy, R.W.Hoff, Z. Phys. A308 (1982) 209

(KX-ray energies)

K.Debertin, W.Pessara, Int. J. Appl. Radiat. Isotop. 34 (1983) 515

(Gamma-ray emission probabilities)

J.M.R.Hutchinson, P.A.Mullen, Int. J. Appl. Radiat. Isotop. 34 (1983) 543

(Gamma-ray emission probabilities)

I.Ahmad, J.Hines, J.E.Gindler, Phys. Rev. C27 (1983) 2239

(LX-, KX-ray energies and KX-, gamma-ray emission probabilities)

I.Ahmad, Nucl. Instrum. Methods 223 (1984) 319

(Alpha-particle emission probabilities)

V.V.Ovechkin, A.E.Khokhlov, Izv. Akad. Nauk SSSR, Ser. Fiz. 48 (1984) 1032

(Gamma-ray energies and emission probabilities)

G.Bortels, P.Collaers, Appl. Radiat. Isot. 38 (1987) 831

(Alpha-particle emission probabilities)

B.Denecke, Appl. Radiat. Isot. 38 (1987) 823

(Gamma-ray emission probabilities)

V.P.Chechev, N.K.Kuzmenko, V.O.Sergeev, K.P.Artamonova, Evaluated Decay Data of Transuranium Ra-
dionuclides, Handbook, Publishing House Energoatomizdat, Moscow (1988)

(Gamma-ray energies)

D.D.Cohen, Nucl. Instrum. Methods Phys. Res. A267 (1988) 492

(LX-ray emission probabilities)

J.H.Hubbell, Report NIST 89-4144 (1989)

(M fluorescence yield)

L.J.Martin, P.A.Burns, Nucl. Instrum. Methods Phys. Res. A312 (1992) 146

(Gamma-ray emission probabilities)

C.J.Bland, J.Morel, E.Etcheverry, M.C.Lépy, Nucl. Instrum. Methods Phys. Res. A312 (1992) 323

(LX-ray emission probabilities)
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M.-C.Lépy, K.Debertin, H.Janssen, U.Schötzig, Report PTB-Ra-31, Braunschweig (1993)

(L X-ray emission intensities)

I.Ahmad, Priv. Comm. (1993), cited in C.J.Bland, Nucl. Instrum. Methods Phys. Res. A339 (1994) 180 (1993)

(Alpha-particle emission probabilities)

M.-C.Lépy, B.Duchemin, J.Morel, Nucl. Instrum. Methods Phys. Res. A353 (1994) 10

(LX-ray emission probabilities)

C.J.Bland, Nucl. Instrum. Methods Phys. Res. A339 (1994) 180

(Alpha-particle emission probabilities)

Y.A.Akovali, Nucl. Data Sheets 74 (1995) 461

(Decay scheme)

C.C.Bueno, J.A.C.Gonçalves, M.D.S.Santos, Nucl. Instrum. Methods Phys. Res. A371 (1996) 460

(Alpha-particle emission probabilities)

A.M.Sanchez, P.R.Montero, F.V.Tome, Nucl. Instrum. Methods Phys. Res. A369 (1996) 593

(Alpha-particle emission probabilities)

P.N.Johnston, Nucl. Instrum. Methods Phys. Res. A369 (1996) 107

(Evaluated gamma-ray emission probabilities and internal conversion coefficients)

A.Abdul-Hadi, J. Radioanal. Nucl. Chem. 231 (1998) 147

(Gamma-ray emission energies and intensities)

A.Kovalik, E.A.Yakushev, V.M.Gorozhankin, M.Novgorodov, M.Rysavy, J. Phys. (London) G24 (1998)
2247

(Conversion electron emission energies and intensities)

Y.Jang, J.Ni, Nucl. Instrum. Methods Phys. Res. A413 (1998) 239

(Alpha emission intensities)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(KX-ray energies and emission probabilities)

R.G.Helmer, C.van der Leun, Nucl. Instrum. Methods Phys. Res. A450 (2000) 35

(Gamma-ray energies)

N.E.Holden, D.C.Hoffman, Pure Appl. Chem. 72 (2000) 1525; Erratum Pure Appl. Chem. 73 (2001) 1225

(241Am spontaneous fission half-life)

E.Schönfeld, U.Schötzig, Appl. Radiat. Isot. 54 (2001) 785

(Calculated absolute emission probabilities of LX-rays)

M.-M.Bé, R.Helmer, V.Chisté, J. Nucl. Sci. Technol. (Tokyo) suppl. 2 (2002) 481

(Saisinuc software)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

A.Iwahara, M.A.L.Da Silva, A.E.Carvalho Filho, E.M.de Oliveira Bernardes, J.U.Delgado, Appl.
Radiat. Isot. 63 (2005) 107

(Absolute emission probabilities of gamma-rays)

M.S.Basunia, Nucl. Data Sheets 107 (2006) 2323

(241Am decay scheme, 237Np level energies and gamma-ray transition multipolarities)

M.-C.Lépy, J.Plagnard, L.Ferreux, Appl. Radiat. Isot. 66 (2008) 715

(Absolute emission probabilities of LX-rays)

V.M.Gorozhankin, M.-M.Bé, Appl. Radiat. Isot. 66 (2008) 722

(ICC for anomalous E1 gamma-ray transitions)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Band-Raman ICC for gamma-ray transitions)
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1 Half-life, Q-value and Decay mode

T1/2 : 16.01 (2) h
Qβ− : 664.5 (4) keV
QEC : 751.3 (7) keV
β− : 83.1 (3) %
EC : 16.9 (3) %

2 Electron Capture Transitions

Energy Probability Nature log ft PK PL PM+

keV × 100

ε0,1 706.8 (7) 10.6 (5) 1st forbidden non-unique 7.26 0.7261 (23) 0.2016 (15) 0.0532 (10)
ε0,0 751.3 (7) 6.3 (6) 1st forbidden non-unique 7.55 0.7303 (22) 0.1987 (15) 0.0522 (10)

3 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,1 622.4 (4) 45.8 (23) 1st forbidden non-unique 6.84
β−0,0 664.5 (4) 37.3 (23) 1st forbidden non-unique 7.03

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pu) 6.09 - 13.83 9.9 (5)

eAK (Pu) 0.36 (4)
KLL 75.263 - 85.357 }
KLX 92.607 - 103.729 }
KXY 109.93 - 121.78 }

eAL (Cm) 6.19 - 14.46 15.4 (10)

ec1,0 L (Cm) 17.60 - 23.16 33.1 (18)
ec1,0 M+ (Cm) 35.79 - 42.11 12.7 (7)
ec1,0 T (Cm) 17.60 - 42.11 45.8 (23)

ec1,0 L (Pu) 21.44 - 26.48 7.7 (4)
ec1,0 M+ (Pu) 38.61 - 44.53 2.9 (2)
ec1,0 T (Pu) 21.44 - 44.53 10.6 (5)

β−0,1 max: 622.4 (4) 45.8 (23) avg: 185.92 (14)
β−0,0 max: 664.5 (4) 37.3 (23) avg: 200.17 (14)
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5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pu) 12.124 — 22.153 10.8 (5)

XKα2 (Pu) 99.525 3.55 (17) } Kα
XKα1 (Pu) 103.734 5.6 (3) }

XKβ3 (Pu) 116.244 }
XKβ1 (Pu) 117.228 } 2.06 (11) Kβ

′
1

XKβ
′′
5 (Pu) 117.918 }

XKβ2 (Pu) 120.54 }
XKβ4 (Pu) 120.969 } 0.72 (4) Kβ

′
2

XKO2,3 (Pu) 121.543 }

XL (Cm) 12.633 — 23.527 18.0 (11)

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Cm) 42.13 (5) 45.8 (23) E2 1155 (17) 0.040 (2)
γ1,0(Pu) 44.54 (2) 10.6 (5) E2 748 (11) 0.014 (1)

6 References

T.K.Keenan, R.A.Penneman, B.B.McInteer, J. Chem. Phys. 21 (1953) 1802

(Half-life)

S.A.Baranov, K.N.Shlyagin, Conf. Acad. Sci. USSR (1955) 183

(Gamma-ray energies, Beta minus/Electron Capture ratio, Conversion electron probabilities/Beta probabilities
ratio, EC and Beta branching fractions)

R.W.Hoff, H.Jaffe, T.O.Passell, F.S.Stephens, E.K.Hulet, S.G.Thompson, Phys. Rev. 100 (1955) 1403

(Beta minus/Electron Capture ratio)

R.F.Barnes, D.J.Henderson, A.L.Harkness, H.Diamond, J. Inorg. Nucl. Chem. 9 (1959) 105

(EC branching fraction)

R.W.Hoff, E.K.Hulet.M.C.Michel, J. Nucl. Energy 8 (1959) 224

(Beta minus/Electron Capture ratio)

F.Asaro, I.Perlman, J.O.Rasmussen, S.G.Thompson, Phys. Rev. 120 (1960) 934

(Beta minus/Electron Capture ratio)

R.Marrus, J.Winocur, Phys. Rev. 124 (1961) 1904

(Spin state)

B.M.Aleksandrov, M.A.Bak, V.V.Berdikov, R.B.Ivanov, A.S.Krivokhatskii, V.G.Nedovesov, K.A.Petr-
zhak, Yu.G.Petrov, Yu.F.Romanov, E.A.Shlyamin, Sov. At. Energy 27 (1969) 724

(Half-life, Beta minus/Electron Capture ratio, Alpha Decay)

R.Gasteiger, G.Hoehlein, W.Weinlaender, Radiochim. Acta 11 (1969) 158

(Beta minus/Electron Capture ratio)

V.Ya.Gabeskiriya, Sov. At. Energy 32 (1972) 201

(Beta minus/Electron Capture ratio)

F.P.Larkins, At. Data Nucl. Data Tables 20 (1977) 311

(Auger electron energies)
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Ts.Vylov, V.M.Gorozhankin, Zh.Zhelev, A.I.Ivanov, R.B.Ivanov, V.G.Kalinnikov, M.Ya.Kuznetsova,
N.A.Lebedev, M.A.Mikhailova, A.I.Muminov, A.F.Novgorodov, Yu.V.Norseev, Sh.Omanov, B.P.Osi-
penko, E.K.Stepanov, et al., Spectra of Radiations of Radioactive Nuclides, Ed. K.Ya. Gromov, FAN Publi-
shing, Tashkent, USSR (1980)

(X-ray and Gamma-ray Energies and Emission Probabilities)

K.Wisshak, J.Wickenhauser, F.Kappeler, G.Reffo, F.Fabbi, Nucl. Sci. Eng. 81 (1982) 396

(Half-life)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(KX-rays, LX-rays, Auger Electrons)

E.Schönfeld, G.Rodloff, Report PTB-6.11-98-1, Braunschweig (1998)

(Auger Electrons)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(KX-rays)

Y.A.Akovali, Nucl. Data Sheets 96 (2002) 177

(Nuclear levels)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

S.Raman, C.W.Nestor Jr., A.Ichihara, M.B.Trzhaskovskaya, Phys. Rev. C66 (2002) 044312

(Theoretical ICC)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICC)

IAEA /A.L. Nichols



ANNEX I: RECOMMENDED DECAY DATA Am− 242

IAEA /A.L. Nichols



ANNEX I: RECOMMENDED DECAY DATA Am− 242m

1 Half-life, Q-value and Decay mode

T1/2 : 143 (2) y
Qα : 5637.10 (25) keV
QIT : 48.60 (5) keV
IT : 99.54 (1) %
α : 0.46 (1) %
SF : <4.8 ×10−9 %

2 α Emissions

Energy Probability
keV × 100

α0,68 4975 (3) 0.000009 (5)
α0,64 5027.3 (15) 0.00009 (5)
α0,59 5068 (3) 0.0012 (3)
α0,57 5082.6 (12) 0.00014 (5)
α0,56 5091.9 (7) 0.0009 (3)
α0,48 5143.07 (26) 0.0258 (11)
α0,47 5153.2 (15) 0.00009 (5)
α0,42 5173.45 (26) 0.00009 (5)
α0,41 5175.4 (10) 0.00009 (5)
α0,36 5207.15 (25) 0.409 (9)
α0,35 5215.4 (7) 0.00014 (5)
α0,28 5248.15 (25) 0.0018 (5)
α0,27 5248.21 (26) 0.0018 (5)
α0,25 5249.64 (26) 0.00009 (5)
α0,23 5251.80 (25) 0.00009 (5)
α0,20 5272.96 (25) 0.0046 (5)
α0,14 5314.95 (25) 0.0028 (5)
α0,11 5331.97 (25) 0.0007 (5)
α0,9 5367.73 (25) 0.0051 (9)
α0,6 5410.13 (25) 0.0046 (9)
α0,3 5458.68 (25) 0.00064 (18)
α0,1 5517.93 (25) 0.000014 (14)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Am) 6.26 - 23.70 22.1 (11)

eAL (Np) 6.036 - 13.516 0.35 (4)

eAK (Np) 0.0019 (7)
KLL 73.501 - 83.134 }
KLX 90.358 - 101.054 }
KXY 107.19 - 118.66 }
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Energy Electrons
keV per 100 disint.

ec1,0 L (Am) 24.8 - 30.10 47.1 (10)
ec1,0 M (Am) 42.47 - 44.78 37.6 (9)
ec1,0 N (Am) 46.98 - 48.15 11.9 (3)
ec1,0 O (Am) 48.23 - 48.49 2.71 (6)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Am) 12.377 — 22.836 25.0 (11)

XL (Np) 11.871 — 21.491 0.37 (4)

XKα2 (Np) 97.069 0.019 (9) } Kα
XKα1 (Np) 101.059 0.030 (14) }

XKβ3 (Np) 113.303 }
XKβ1 (Np) 114.234 } 0.011 (5) Kβ

′
1

XKβ
′′
5 (Np) 114.912 }

XKβ2 (Np) 117.463 }
XKβ4 (Np) 117.876 } 0.0037 (17) Kβ

′
2

XKO2,3 (Np) 118.429 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ3,2(Np) 24.34 (1) 0.021 (3) M1+E2 322 (5) 0.000064 (9)
γ1,0(Np) 26.427 (2) <0.24 M1+E2 338 (5) <0.000708
γ11,10(Np) 32.64 (1) 0.0026 (4) M1+E2 136.4 (20) 0.000019 (3)
γ9,6(Np) 43.11 (1) 0.0040 (9) M1+E2 61.3 (9) 0.000064 (14)
γ19,11(Np) 43.33 (1) 0.00112 (18) M1+E2 126.7 (18) 0.0000087 (14)
γ10,6(Np) 46.833 (3) 0.00037 (7) M1+E2 48.8 (7) 0.0000074 (14)
γ1,0(Am) 48.60 (5) 99.54 (1) E4 704000 (8000) 0.0001414 (22)
γ6,3(Np) 49.371 (3) 0.244 (8) E1 0.821 (12) 0.134 (4)
γ14,9(Np) 53.67 (1) 0.097 (13) M1+E2 46.0 (7) 0.0021 (3)
γ30,19(Np) 53.85 (2) 0.00011 (6) M1+E2 37.2 (6) 0.0000028 (14)
γ9,5(Np) 57.51 (1) 0.0015 (4) E1 0.549 (8) 0.00097 (23)
γ3,1(Np) 60.247 (3) 0.132 (12) M1+E2 23.1 (4) 0.0055 (5)
γ36,20(Np) 66.92 (1) 0.0205 (6) E1 0.368 (6) 0.0150 (5)
γ28,14(Np) 67.92 (2) 0.100 (8) M1+E2 24 (3) 0.0040 (3)
γ6,2(Np) 73.72 (1) 0.0101 (7) E1 0.285 (4) 0.0079 (6)
γ19,10(Np) 75.98 (1) 0.00052 (8) E2 52.8 (8) 0.0000097 (14)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ11,6(Np) 79.48 (1) 0.0033 (8) M1+E2 26 (4) 0.000124 (23)
γ27,11(Np) 85.16 (7) 0.020 (7) M1+E2 19 (3) 0.0010 (3)
γ3,0(Np) 86.674 (2) 0.205 (7) M1+E2 7.95 (12) 0.0229 (7)
γ−1,1(Np) 89.60 (5) 0.0013 (3) 0.0013 (3)
γ9,3(Np) 92.48 (1) 0.00324 (35) E1 0.1574 (22) 0.0028 (3)
γ11,5(Np) 93.88 (1) 0.0042 (5) E1 0.1513 (22) 0.0036 (4)
γ14,6(Np) 96.78 (1) 0.0059 (10) E2 16.90 (24) 0.00033 (6)
γ30,11(Np) 97.18 (2) 0.00013 (7) E2 16.58 (24) 0.000007 (4)
γ36,14(Np) 109.61 (1) ≤0.14 M1+E2 6.7 (7) ≤0.0184
γ6,1(Np) 109.618 (3) ≤0.02 E1 0.1010 (15) ≤0.0184
γ14,5(Np) 111.18 (1) 0.0027 (5) E1 0.0974 (14) 0.0025 (4)
γ19,6(Np) 122.81 (1) 0.00039 (18) M1+E2 9.6 (9) 0.00004 (2)
γ36,11(Np) 126.92 (1) 0.0008 (4) E2 5.03 (7) 0.00013 (7)
γ23,8(Np) 131.50 (5) 0.00034 (8) E1 0.268 (4) 0.00027 (6)
γ28,8(Np) 135.21 (2) 0.0085 (5) E1 0.251 (4) 0.0068 (4)
γ6,0(Np) 136.045 (2) 0.0118 (3) E1 0.247 (4) 0.0094 (3)
γ28,7(Np) 139.05 (3) ≤0.00014 E1 0.235 (4) ≤0.00011
γ8,1(Np) 139.11 (2) ≤0.00049 E2 3.40 (5) ≤0.00011
γ30,7(Np) 151.01 (3) 0.000099 (22) E1 0.194 (3) 0.000083 (18)
γ19,4(Np) 152.70 (2) ≤0.00082 E1 0.189 (3) ≤0.00069
γ9,1(Np) 152.73 (1) ≤0.00082 E1 0.189 (3) ≤0.00069
γ11,2(Np) 153.19 (1) 0.00037 (4) E1 0.187 (3) 0.00031 (4)
γ20,5(Np) 153.87 (1) 0.0266 (8) M1+E2 7.02 (10) 0.00332 (10)
γ10,1(Np) 156.451 (3) 0.00032 (5) E1 0.1784 (25) 0.00027 (5)
γ−1,2(Np) 160.61 (2) 0.0004 (2) 0.00041 (18)
γ34,8(Np) 163.1 (5) ≤0.079 M1+E2 3.9 (5) ≤0.0161
γ36,9(Np) 163.29 (1) ≤0.079 M1+E2 3.9 (5) ≤0.0161
γ−1,3(Np) 165.97 (15) 0.000046 (23) 0.000046 (23)
γ45,13(Np) 170.7 (8) 0.00280 (22) M1+E2 3.4 (5) 0.00063 (5)
γ48,14(Np) 174.76 (6) 0.00720 (16) M1+E2 3.1 (4) 0.00017 (4)
γ30,6(Np) 176.66 (2) 0.00006 (3) E2 1.285 (18) 0.000028 (14)
γ10,0(Np) 182.878 (2) 0.00103 (4) E1 0.1238 (18) 0.00092 (3)
γ11,1(Np) 189.10 (1) 0.00030 (5) E1 0.1146 (16) 0.00027 (5)
γ23,4(Np) 190.88 (5) 0.00012 (3) E1 0.1121 (16) 0.000106 (24)
γ28,4(Np) 194.59 (2) 0.00157 (5) E1 0.1072 (15) 0.00142 (5)
γ19,2(Np) 196.52 (1) 0.00011 (5) E1 0.1048 (15) 0.00010 (5)
γ36,6(Np) 206.39 (1) 0.0027 (3) E2 0.711 (10) 0.00156 (18)
γ20,2(Np) 213.19 (1) 0.00015 (5) M1+E2 1.73 (25) 0.000055 (18)
γ11,0(Np) 215.522 (4) 0.00064 (10) E1 0.0847 (12) 0.00059 (10)
γ19,1(Np) 232.43 (1) 0.00060 (3) E1 0.0712 (10) 0.00056 (3)
γ−1,4(Np) 233.69 (10) 0.00013 (3) 0.00013 (3)
γ25,2(Np) 236.90 (6) 0.00010 (5) M1+E2 1.27 (19) 0.000046 (23)
γ27,2(Np) 238.35 (7) 0.000017 (9) E1 0.0673 (10) 0.000016 (8)
γ17,0(Np) 250.33 (3) ≤0.0012 (M1+E2) 1.08 (16) ≤0.00056
γ30,2(Np) 250.37 (2) ≤0.0006 E1 0.0602 (9) ≤0.00056
γ42,4(Np) 270.55 (7) 0.000030 (9) E1 0.0506 (7) 0.000029 (8)
γ25,1(Np) 272.80 (6) 0.000069 (15) M1+E2 0.85 (13) 0.000037 (8)
γ36,2(Np) 280.11 (1) 0.000063 (7) E1 0.0468 (7) 0.000060 (6)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ25,0(Np) 299.23 (6) 0.000046 (23) M1+E2 0.65 (10) 0.000028 (14)
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1 Half-life, Q-value and Decay mode

T1/2 : 7367 (23) y
Qα : 5438.8 (10) keV
α : 100 %
SF : 3.8 (7) ×10−9 %

2 α Emissions

Energy Probability
keV × 100

α0,16 4695 (3) 0.0017 (5)
α0,15 4919 (3) 0.000085
α0,14 4930 (3) 0.00018
α0,13 4946 (3) 0.00034
α0,12 4997 (3) 0.0009 (4)
α0,11 5008 (3) 0.0009 (4)
α0,10 5029 (3) 0.0020 (6)
α0,9 5035 (3) 0.0020 (6)
α0,8 5088 (5) 0.0055 (6)
α0,7 5113 (1) 0.010 (1)
α0,6 5181 (1) 1.383 (7)
α0,4 5233.3 (10) 11.46 (5)
α0,3 5275.3 (10) 86.74 (5)
α0,1 5321 (1) 0.192 (3)
α0,0 5349.4 (23) 0.240 (3)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Np) 6.04 - 13.52 18.4 (11)

eAK (Np) 0.00058 (9)
KLL 73.501 - 83.134 }
KLX 90.358 - 101.054 }
KXY 107.19 - 118.66 }

ec1,0 L (Np) 8.70 - 13.52 9.4 (22)
ec4,3 L (Np) 20.8 - 25.6 7.4 (8)
ec3,1 L (Np) 21.10 - 25.92 5.04 (11)
ec1,0 M (Np) 25.39 - 27.47 2.4 (6)
ec1,0 N (Np) 29.63 - 30.73 0.65 (15)
ec6,4 L (Np) 32.753 - 37.570 1.10 (33)
ec4,3 M (Np) 37.5 - 39.5 1.95 (26)
ec3,1 M (Np) 37.79 - 39.87 1.266 (28)
ec4,3 N (Np) 41.7 - 42.8 0.53 (6)
ec3,1 N (Np) 42.03 - 43.13 0.336 (7)
ec6,4 M (Np) 49.441 - 51.516 0.30 (9)
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Energy Electrons
keV per 100 disint.

ec3,0 L (Np) 52.23 - 57.05 13.91 (32)
ec6,4 N (Np) 53.679 - 54.777 0.08 (2)
ec4,1 L (Np) 64.28 - 69.10 0.0485 (14)
ec3,0 M (Np) 68.92 - 71.00 3.44 (8)
ec3,0 N (Np) 73.16 - 74.26 0.917 (21)
ec6,3 L (Np) 76.073 - 80.890 0.17 (2)
ec4,1 M (Np) 80.97 - 83.05 0.01194 (36)
ec6,3 M (Np) 92.761 - 94.836 0.05 (1)
ec4,0 L (Np) 95.41 - 100.23 0.0361 (32)
ec6,3 N (Np) 96.999 - 98.097 0.010 (2)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Np) 11.871 — 21.491 18.9 (7)

XKα2 (Np) 97.069 0.0058 (4) } Kα
XKα1 (Np) 101.059 0.0092 (7) }

XKβ3 (Np) 113.303 }
XKβ1 (Np) 114.234 } 0.00335 (25) Kβ

′
1

XKβ
′′
5 (Np) 114.912 }

XKβ2 (Np) 117.463 }
XKβ4 (Np) 117.876 } 0.00115 (9) Kβ

′
2

XKO2,3 (Np) 118.429 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Np) 31.14 (3) 12.7 (30) M1+3.08%E2 263 (13) 0.048 (11)
γ4,3(Np) 43.1 10.1 M1+12.6%E2 154 (18) 0.065
γ3,1(Np) 43.53 (2) 12.62 (23) E1 1.143 (16) 5.89 (10)
γ6,5(Np) 50.6 (10) 0.011 (2) (E1) 0.77 (5) 0.0062 (10)
γ6,4(Np) 55.18 (5) 1.81 (26) M1+26.4%E2 107 (14) 0.0168 (11)
γ3,0(Np) 74.66 (2) 85.7 (16) E1 0.276 (4) 67.2 (12)
γ4,1(Np) 86.71 (2) 0.41 (1) E1 0.186 (3) 0.346 (9)
γ6,3(Np) 98.5 (2) 0.25 (4) (E2) 15.6 (3) 0.0151 (21)
γ4,0(Np) 117.60 (15) 0.62 (5) E1 0.0842 (13) 0.57 (5)
γ6,1(Np) 141.90 (6) 0.141 (10) E1 0.224 (4) 0.115 (8)
γ7,2(Np) 169 0.0014 (E1) 0.149 (3) 0.0012
γ9,5(Np) 195.0 (18) 0.001 (E1) 0.107 (3) 0.00085
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ANNEX I: RECOMMENDED DECAY DATA Am− 243

5 References
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A.M.Sanchez, P.R.Montero, F.V.Tome, Nucl. Instrum. Methods Phys. Res. A369 (1996) 593

(Am-243 alpha-particle energies and emission probabilities)
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(Auger electron energies)
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J.Yang, J.Ni, Nucl. Instrum. Methods Phys. Res. A413 (1998) 239

(Alpha emission intensities)

E.Schönfeld, H.Janssen, Appl. Radiat. Isot. 52 (2000) 595

(X-ray and Auger electron emission probabilities)

F.Dayras, Nucl. Instrum. Methods Phys. Res. A490 (2002) 492

(Am-243 alpha-particle energies and emission probabilities)

R.Sampathkumar, P.C.Kalsi, A.Ramaswami, J. Radioanal. Nucl. Chem. 253 (2002) 523

(Am-243 spontaneous fission branching)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(2003 Atomic Mass Adjustment)

E.Browne, Nucl. Data Sheets 98 (2003) 665

(Evaluated data (ENSDF for nuclei with A=239))

S.K.Aggarwal, D.Alamelu, P.M.Shah, N.N.Mirashi, Nucl. Instrum. Methods Phys. Res. A571 (2007) 663

(Am-243 half-life)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical Internal Conversion Coefficients)
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1 Half-life, Q-value and Decay mode

T1/2 : 10.1 (1) h
Qβ− : 1427.3 (10) keV
β− : 100 %

2 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,9 387.1 (10) 100 1st forbidden non-unique 5.63

3 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Cm) 6.19 - 14.46 86 (9)

eAK (Cm) 0.213 (27)
KLL 78.858 - 89.973 }
KLX 97.226 - 109.267 }
KXY 115.57 - 128.23 }

ec1,0 L (Cm) 18.439 - 24.000 73 (15)
ec3,2 K (Cm) 25.622 (2) 3.3 (7)
ec1,0 M (Cm) 36.628 - 38.956 21 (4)
ec1,0 N (Cm) 41.281 - 42.500 5.7 (12)
ec2,1 L (Cm) 74.857 - 80.410 70 (15)
ec4,3 K (Cm) 77.334 (4) 0.049 (11)
ec2,1 M (Cm) 93.046 - 95.374 20 (4)
ec2,1 N (Cm) 97.699 - 98.910 5.5 (12)
ec3,2 L (Cm) 129.337 - 134.890 36 (8)
ec3,2 M (Cm) 147.526 - 149.854 10.2 (21)
ec3,2 N (Cm) 152.179 - 153.390 2.8 (6)
ec4,3 L (Cm) 181.049 - 186.600 0.19 (4)
ec4,3 M (Cm) 199.238 - 201.566 0.053 (12)
ec4,3 N (Cm) 203.891 - 205.100 0.0147 (34)
ec9,4 K (Cm) 410.161 (16) 0.019 (6)
ec9,3 K (Cm) 615.736 (5) 3.9 (5)
ec9,3 L (Cm) 719.451 - 725.010 0.86 (11)
ec9,3 M (Cm) 737.640 - 739.968 0.21 (3)
ec9,3 N (Cm) 742.293 - 743.510 0.058 (8)
ec9,2 K (Cm) 769.599 (7) 0.34 (10)
ec9,2 L (Cm) 873.31 - 878.87 0.10 (3)
ec9,2 M (Cm) 891.50 - 893.83 0.026 (7)

β−0,9 max: 387.1 (10) 100 avg: 109.6 (3)
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4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Cm) 12.633 — 23.527 100 (10)

XKα2 (Cm) 104.59 2.2 (3) } Kα
XKα1 (Cm) 109.271 3.4 (4) }

XKβ3 (Cm) 122.304 }
XKβ1 (Cm) 123.403 } 1.29 (16) Kβ

′
1

XKβ
′′
5 (Cm) 124.124 }

XKβ2 (Cm) 126.889 }
XKβ4 (Cm) 127.352 } 0.45 (6) Kβ

′
2

XKO2,3 (Cm) 127.97 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Cm) 42.965 (10) 100 (21) E2 1050 (15) 0.096 (20)
γ2,1(Cm) 99.383 (4) 100 (22) E2 19.3 (3) 5.0 (11)
γ3,2(Cm) 153.863 (2) 72 (15) E2 2.81 (4) 19 (4)
γ4,3(Cm) 205.575 (4) 0.66 (15) E2 0.887 (13) 0.35 (8)
γ9,4(Cm) 538.402 (16) 0.69 (20) E2 0.0495 (7) 0.66 (19)
γ9,3(Cm) 743.977 (5) 71 (9) M1+0.46%E2 0.077 (5) 66 (8)
γ9,2(Cm) 897.840 (7) 28 (8) E2 0.01697 (24) 28 (8)
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R.P.Schuman, Report IN-1126 (1967) 19

(Relative gamma-ray emission probabilities)

F.P.Larkins, At. Data Nucl. Data Tables 20 (1977) 311

(Auger electron energies)

R.W.Hoff, T.von Egidy, R.W.Lougheed, D.H.White, H.G.Borner, K.Schreckenbach, G.Barreau, D.D.
Warner, Phys. Rev. C29 (1984) 618

(Relative gamma-ray emission probabilities, Multipolarities)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(KX-rays, LX-rays, Auger Electrons)

E.Schönfeld, G.Rodloff, Report PTB-6.11-98-1, Braunschweig (1998)

(Auger Electrons)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(KX-rays)

S.Raman, C.W.Nestor Jr., A.Ichihara, M.B.Trzhaskovskaya, Phys. Rev. C66 (2002) 044312
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I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

Y.A.Akovali, Nucl. Data Sheets 99 (2003) 197

(Nuclear levels)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202
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1 Half-life, Q-value and Decay mode

T1/2 : 26 (3) min
Qβ− : 1516 (3) keV
QEC : 164 (9) keV
β− : 99.964 (1) %
EC : 0.036 (1) %

2 Electron Capture Transitions

Energy Probability Nature log ft PK PL PM+

keV × 100

ε0,0 164 (9) 0.036 (1) allowed 6.37 0.24 (5) 0.53 (4) 0.168 (12)

3 β− Transitions

Energy Probability Nature log ft
keV × 100

β−0,11 410 (3) 0.35 (9) (1st forbidden non-unique) 6.8
β−0,10 432 (3) 0.56 (13) (allowed) 6.67
β−0,7 496 (3) 0.08 (2) (allowed) 7.7
β−0,6 531.1 (30) 1.36 (16) allowed 6.58
β−0,1 1473 (3) 31 (9) allowed 6.74
β−0,0 1516 (3) 67 (9) allowed 6.45

4 Electron Emissions

Energy Electrons Energy
keV per 100 disint. keV

eAL (Pu) 6.19 - 22.99 0.0124 (11)

eAK (Pu) 0.000253 (45)
KLL 75.263 - 85.357 }
KLX 92.607 - 103.729 }
KXY 109.93 - 121.78 }

eAL (Cm) 6.19 - 14.46 10.6 (23)

eAK (Cm) 0.00125 (27)
KLL 78.858 - 89.973 }
KLX 97.226 - 109.267 }
KXY 115.57 - 128.23 }

ec1,0 L (Cm) 18.439 - 23.995 23 (7)
ec1,0 M+ (Cm) 36.628 - 42.965 9 (3)
ec6,0 T (Cm) 856.66 - 984.91 1.0 (1)

β−0,11 max: 410 (3) 0.35 (9) avg: 116.9 (7)
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Energy Electrons Energy
keV per 100 disint. keV

β−0,10 max: 432 (3) 0.56 (13) avg: 123.7 (7)
β−0,7 max: 496 (3) 0.08 (2) avg: 144.0 (7)
β−0,6 max: 531.1 (30) 1.36 (16) avg: 155.7 (7)
β−0,1 max: 1473 (3) 31 (9) avg: 495.8 (9)
β−0,0 max: 1516 (3) 67 (9) avg: 512.3 (9)

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Cm) 12.633 — 23.527 12.3 (27)

XKα2 (Cm) 104.59 0.013 (4) } Kα
XKα1 (Cm) 109.271 0.020 (6) }

XKβ3 (Cm) 122.304 }
XKβ1 (Cm) 123.403 } 0.0076 (21) Kβ

′
1

XKβ
′′
5 (Cm) 124.124 }

XKβ2 (Cm) 126.889 }
XKβ4 (Cm) 127.352 } 0.0027 (8) Kβ

′
2

XKO2,3 (Cm) 127.97 }

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Cm) 42.965 (10) 32 (9) E2 1050 (15) 0.030 (9)
γ6,1(Cm) 941.95 (3) 0.36 (12) E2 0.01547 (22) 0.35 (12)
γ7,1(Cm) 977.80 (4) 0.08 (2) E0(+M1+E2)
γ6,0(Cm) 984.91 (2) 1.0 (1) E0
γ10,1(Cm) 1041.22 (3) 0.19 (6) (M1+E2) 0.19 (6)
γ11,1(Cm) 1062.95 (3) 0.30 (9) anomalous E1 0.11 (3) 0.27 (8)
γ10,0(Cm) 1084.181 (14) 0.37 (12) anomalous (E2) 0.041 (11) 0.36 (12)
γ11,0(Cm) 1105.91 (2) 0.05 (2) anomalous (E1) 0.17 (4) 0.04 (2)
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F.P.Larkins, At. Data Nucl. Data Tables 20 (1977) 311
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R.W.Hoff, T.von Egidy, R.W.Lougheed, D.H.White.H.G.Borner, K.Schreckenbach, G.Barreau, D.D.
Warner, Phys. Rev. C29 (1984) 618
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E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(K and LX-rays, Auger electrons)

E.Schönfeld, G.Rodloff, Report PTB-6.11-98-1, Braunschweig (1998)

(Auger electrons)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(KX-rays)

S.Raman, C.W.Nestor Jr., A.Ichihara, M.B.Trzhaskovskaya, Phys. Rev. C66 (2002) 044312

(Theoretical ICC)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor Jr., P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables
81 (2002) 1

(Theoretical ICC)

Y.A.Akovali, Nucl. Data Sheets 99 (2003) 197

(Nuclear levels)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
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1 Half-life, Q-value and Decay mode

T1/2 : 162.86 (8) d
Qα : 6215.56 (8) keV
α : 100 %
SF : 6.36 (14) ×10−6 %

2 α Emissions

Energy Probability
keV × 100

α0,15 4869.43 (23) 0.00000052 (14)
α0,14 4904.44 (23) 0.00000055 (15)
α0,13 5005.64 (19) 0.00000031 (10)
α0,12 5101.21 (10) 0.0000037 (10)
α0,11 5111.1 (3) ≤0.0000002
α0,10 5146.07 (12) 0.0000017 (5)
α0,9 5165.95 (16) 0.00000113 (21)
α0,8 5186.95 (12) 0.000035 (7)
α0,7 5366.22 (15) ≤0.00000022
α0,6 5462.47 (14) 0.000013 (3)
α0,5 5517.75 (11) 0.00025 (5)
α0,4 5607.76 (16) 0.00002
α0,3 5816.39 (11) 0.0046 (5)
α0,2 5969.24 (9) 0.034 (2)
α0,1 6069.37 (9) 25.94 (7)
α0,0 6112.72 (8) 74.06 (7)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pu) 6.19 - 22.99 8.99 (21)

eAK (Pu) 0.0000082 (15)
KLL 75.2 - 85.3 }
KLX 92.6 - 103.6 }
KXY 109.8 - 121.5 }

ec1,0 L (Pu) 20.98 - 26.02 18.8 (6)
ec1,0 M (Pu) 38.15 - 40.31 5.25 (15)
ec2,1 L (Pu) 78.82 - 83.86 0.0263 (16)
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4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pu) 12.12 — 23.07 9.92 (23)

XKα2 (Pu) 99.525 0.000082 (9) } Kα
XKα1 (Pu) 103.734 0.000130 (15) }

XKβ3 (Pu) 116.244 }
XKβ1 (Pu) 117.228 } 0.000048 (6) Kβ

′
1

XKβ
′′
5 (Pu) 117.918 }

XKβ2 (Pu) 120.54 }
XKβ4 (Pu) 120.969 } 0.0000165 (19) Kβ

′
2

XKO2,3 (Pu) 121.543 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pu) 44.08 (3) 26.0 (8) E2 787 (16) 0.0330 (7)
γ2,1(Pu) 101.92 (4) 0.0388 (22) E2 14.45 (21) 0.00251 (14)
γ3,2(Pu) 157.42 (9) 0.0046 (5) [E2] 2.19 (4) 0.00145 (16)
γ4,3(Pu) 210.20 (14) 0.00002052 E2 0.710 (14) 0.000012
γ8,5(Pu) 336.36 (15) 0.00000072 (31) [E1] 0.0323 (6) 0.0000007 (3)
γ9,5(Pu) 357.64 (7) 0.000000055 (11) M1+E2 0.214 (15) 0.000000045 (9)
γ7,3(Pu) 459.8 (2) 0.00000006 (3) 0.00000006 (3)
γ6,2(Pu) 515.25 (19) 0.0000046 (12) E1+M2 0.022 (3) 0.0000045 (12)
γ5,1(Pu) 561.02 (10) 0.000152 (40) E1 0.01153 (23) 0.00015 (4)
γ5,0(Pu) 605.04 (10) 0.000106 (30) E1 0.00999 (20) 0.000105 (30)
γ6,1(Pu) 617.20 (12) 0.0000080 (21) E1+M2 0.0120 (12) 0.0000079 (21)
γ7,2(Pu) 617.22 (13) 0.00000016 0.00000016
γ10,2(Pu) 837.01 (15) 0.00000019 (6) [E2] 0.0174 (3) 0.00000019 (6)
γ12,2(Pu) 882.63 (3) 0.000000068 (15) (E2) 0.0157 (3) 0.000000067 (15)
γ8,1(Pu) 897.33 (10) 0.000022 (6) (E2) 0.0152 (3) 0.000022 (6)
γ9,1(Pu) 918.7 (2) 0.00000054 (15) E1 0.00469 (9) 0.00000054 (15)
γ10,1(Pu) 938.91 (10) 0.00000097 (33) E0+E2 4.4 (4) 0.00000018 (6)
γ9,0(Pu) 962.8 (2) 0.00000053 (15) E1 0.00432 (8) 0.00000053 (15)
γ11,1(Pu) 974.5 (3) 0.0000002 0.0000002
γ13,2(Pu) 979.8 (2) 0.00000026 (8) 0.00000026 (8)
γ10,0(Pu) 983.0 (3) 0.00000051 (18) [E2] 0.01276 (25) 0.00000050 (18)
γ12,1(Pu) 984.5 (1) 0.0000020 (6) M1+E2 0.01279 (26) 0.0000020 (6)
γ12,0(Pu) 1028.5 (2) 0.0000016 (5) E2 0.01171 (23) 0.0000016 (5)
γ13,1(Pu) 1081.7 (3) 0.00000005 (2) 0.00000005 (2)
γ15,2(Pu) 1118.3 (3) 0.00000017 (9) [E2] 0.01001 (20) 0.00000017 (9)
γ14,1(Pu) 1184.6 (3) 0.00000050 (15) E2 0.00899 (18) 0.00000050 (15)
γ15,1(Pu) 1220.2 (3) 0.00000035 (11) E0+E2+(M1) 0.26 (3) 0.00000028 (9)
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H.Umezawa, Report INDC(NDS)-138, IAEA, Vienna (1982) 32
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A.G.Zelenkov, V.A.Pchelin, Yu.F.Rodionov, L.V.Chistyakov, V.S.Shiryaev, V.M.Shubko, Sov. At. Energy
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1 Half-life, Q-value and Decay mode

T1/2 : 28.9 (4) y
Qα : 6168.8 (10) keV
QEC : 7.5 (17) keV
α : 99.71 (3) %
EC : 0.29 (3) %
SF : 5.3 (9) ×10−9 %

2 Electron Capture Transitions

Energy Probability Nature log ft PK PL PM+

keV × 100

ε0,0 7.5 (17) 0.29 (3) 1st forbidden 7.2 0 (0) 0 (0) 1.000 (0)

3 α Emissions

Energy Probability
keV × 100

α0,27 5231 (15) 0.00039
α0,26 5268 (3) 0.0015
α0,25 5317 (3) 0.001
α0,24 5324 (3) 0.003
α0,23 5333 (3) 0.003
α0,22 5520.1 (11) 0.002
α0,21 5533 (3) 0.006
α0,20 5538 (3) 0.002
α0,19 5569.9 (10) 0.007
α0,18 5576 (3) 0.007
α0,17 5583.2 (10) 0.009
α0,16 5588 (3) 0.02
α0,15 5594 (3) 0.01
α0,14 5605.1 (11) ≤0.01
α0,13 5613 (3) 0.03
α0,12 5624 (5) 0.06
α0,11 5640 (3) 0.14
α0,10 5647 (3) 0.03
α0,9 5682 (1) 0.2
α0,8 5686.1 (10) 1.6 (1)
α0,7 5742.5 (10) 11.3 (2)
α0,6 5786.4 (10) 73.4 (4)
α0,5 5877.6 (14) 0.7
α0,4 5906.1 (10) 0.1
α0,3 5992.7 (10) 5.7 (2)
α0,2 6010.8 (10) 1.05 (12)
α0,1 6059.4 (10) 4.4 (2)
α0,0 6067.2 (10) 1.3 (2)
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4 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pu) 6.19 - 22.99 49.3 (15)

eAK (Pu) 1.34 (19)
KLL 75.263 - 85.357 }
KLX 92.607 - 103.729 }
KXY 109.93 - 121.78 }

ec1,0 M (Pu) 1.93 - 4.09 63.0 (45)
ec1,0 N (Pu) 6.30 - 7.44 17.4 (12)
ec3,2 M (Pu) 12.50 - 14.66 0.6 (6)
ec3,2 N (Pu) 16.87 - 18.01 0.16 (16)
ec7,6 L (Pu) 21.559 - 26.606 9.4 (16)
ec2,1 L (Pu) 26.308 - 31.355 18.4 (12)
ec2,0 L (Pu) 34.169 - 39.216 9.67 (14)
ec8,7 L (Pu) 34.2 - 39.2 1.720 (24)
ec7,6 M (Pu) 38.730 - 40.888 2.36 (49)
ec7,6 N (Pu) 43.104 - 44.239 0.66 (12)
ec2,1 M (Pu) 43.479 - 45.637 4.96 (34)
ec7,4 K (Pu) 44.60 (6) 0.079 (34)
ec3,1 L (Pu) 44.737 - 49.784 14.3 (36)
ec2,1 N (Pu) 47.853 - 48.988 1.36 (10)
ec2,0 M (Pu) 51.340 - 53.498 2.700 (42)
ec8,7 M (Pu) 51.4 - 53.5 0.419 (6)
ec8,7 N (Pu) 55.7 - 56.9 0.1142 (16)
ec2,0 N (Pu) 55.714 - 56.849 0.742 (11)
ec3,1 M (Pu) 61.908 - 64.066 4 (1)
ec4,3 L (Pu) 64.96 - 70.00 0.01633 (23)
ec3,1 N (Pu) 66.282 - 67.417 1.10 (28)
ec8,6 L (Pu) 78.86 - 83.90 0.0837 (12)
ec9,6 L (Pu) 83.021 - 88.068 0.056 (10)
ec4,2 L (Pu) 83.37 - 88.41 0.1284 (18)
ec6,3 K (Pu) 87.962 (2) 8.42 (29)
ec5,3 L (Pu) 94 - 99 0.442 (19)
ec8,6 M (Pu) 96.03 - 98.18 0.02344 (40)
ec9,6 M (Pu) 100.192 - 102.350 0.0148 (27)
ec4,2 M (Pu) 100.54 - 102.70 0.0360 (6)
ec6,2 K (Pu) 106.392 (2) 21.4 (7)
ec5,3 M (Pu) 111.2 - 113.3 0.123 (6)
ec5,3 N (Pu) 115.5 - 116.7 0.0340 (14)
ec7,3 K (Pu) 132.61 (3) 0.160 (15)
ec7,4 L (Pu) 143.29 - 148.33 0.016 (7)
ec7,2 K (Pu) 151.08 (9) 0.096 (12)
ec6,1 K (Pu) 155.808 (2) 16.0 (5)
ec6,0 K (Pu) 163.669 (2) 0.0615 (19)
ec6,3 L (Pu) 186.649 - 191.696 1.68 (6)
ec8,3 K (Pu) 189.9 (2) 0.0143 (18)
ec6,3 M (Pu) 203.820 - 205.978 0.408 (14)
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Energy Electrons
keV per 100 disint.

ec6,2 L (Pu) 205.079 - 210.126 4.27 (14)
ec6,3 N (Pu) 208.194 - 209.329 0.1112 (38)
ec6,2 M (Pu) 222.250 - 224.408 1.038 (33)
ec6,2 N (Pu) 226.624 - 227.759 0.282 (9)
ec7,3 L (Pu) 231.3 - 236.3 0.0323 (30)
ec7,2 L (Pu) 249.77 - 254.81 0.0193 (24)
ec6,1 L (Pu) 254.495 - 259.542 3.22 (11)
ec6,0 L (Pu) 262.36 - 267.40 0.0869 (27)
ec6,1 M (Pu) 271.666 - 273.824 0.784 (25)
ec6,1 N (Pu) 276.040 - 277.175 0.213 (7)
ec6,0 M (Pu) 279.53 - 281.68 0.0238 (7)

5 Photon Emissions

5.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pu) 12.1246 — 21.9844 52.1 (16)

XKα2 (Pu) 99.525 13.34 (28) } Kα
XKα1 (Pu) 103.734 21.1 (5) }

XKβ3 (Pu) 116.244 }
XKβ1 (Pu) 117.228 } 7.75 (21) Kβ

′
1

XKβ
′′
5 (Pu) 117.918 }

XKβ2 (Pu) 120.54 }
XKβ4 (Pu) 120.969 } 2.69 (8) Kβ

′
2

XKO2,3 (Pu) 121.543 }

5.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pu) 7.861 (2) 85.5 M1+E2 5700 (400) 0.015
γ3,2(Pu) 18.430 (4) 0.8 (M1+E2) 8000 (6200) 0.0001
γ7,6(Pu) 44.663 (5) 12.7 (23) M1+E2 96 (13) 0.131 (16)
γ2,1(Pu) 49.414 (2) 25.4 M1+E2 126 (8) 0.2
γ2,0(Pu) 57.273 (4) 13.38 E2 222 (4) 0.06
γ8,7(Pu) 57.30 (2) 2.368 [M1] 28.6 (4) 0.08
γ9,7(Pu) 61.460 (2) 0.0222 (19) E1 0.473 (7) 0.0151 (13)
γ3,1(Pu) 67.841 (7) 20 (5) E2 98.5 (14) 0.20 (5)
γ4,3(Pu) 88.06 (3) 0.024 M1+E2 12.26 (18) 0.0018
γ8,6(Pu) 101.96 (2) 0.123 E2 14.42 (21) 0.008
γ9,6(Pu) 106.125 (2) 0.373 (34) E1(+M2) 0.26 (4) 0.296 (25)
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Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ4,2(Pu) 106.47 (4) 0.192 E2 11.80 (17) 0.015
γ5,3(Pu) 117.1 (10) 0.7 (0) [E2] 7.6 (4) 0.08
γ7,4(Pu) 166.39 (6) 0.12 (5) M1 6.22 (9) 0.016 (7)
γ6,3(Pu) 209.753 (2) 13.95 (45) M1+E2 3.24 (5) 3.29 (10)
γ6,2(Pu) 228.183 (2) 37.7 (11) M1+E2 2.56 (4) 10.6 (3)
γ7,3(Pu) 254.40 (3) 0.314 (29) M1+E2 1.85 (3) 0.11 (1)
γ7,2(Pu) 272.87 (9) 0.201 (25) M1+E2 1.518 (22) 0.08 (1)
γ6,1(Pu) 277.599 (2) 34.3 (10) M1+E2 1.448 (21) 14.0 (4)
γ6,0(Pu) 285.460 (2) 0.910 (25) E2 0.247 (4) 0.73 (2)
γ8,3(Pu) 311.7 (2) 0.0350 (42) M1+E2 1.06 (3) 0.017 (2)
γ9,3(Pu) 315.880 (3) 0.0187 (21) E1(+M2) 0.0372 (9) 0.018 (2)
γ7,1(Pu) 322.3 (2) 0.0082 (12) [E2] 0.1699 (24) 0.007 (1)
γ9,2(Pu) 334.310 (3) 0.0248 (21) E1(+M2) 0.0329 (6) 0.024 (2)
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R.B.Ivanov, A.S.Krivokhatskii, V.G.Nedovesov, Izv. Akad. Nauk SSSR, Ser. Fiz. 26 (1962) 976
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(Gamma-ray energies)
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M.Yu.Maksimov, At. Energ. 62 (1987) 277
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(E2/M1 mixing ratios)
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(Q)
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Moxon, Nucl. Sci. Eng. 150 (2005) 336
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(Pu-239 gamma-ray intensities from Np-239 decay)
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1 Half-life, Q-value and Decay mode

T1/2 : 18.11 (3) y
Qα : 5901.74 (5) keV
α : 100 %
SF : 1.36 (8) ×10−4 %

2 α Emissions

Energy Probability
keV × 100

α0,9 4882.12 (8) 0.0000047 (11)
α0,8 4919.24 (7) 0.000050 (5)
α0,7 4958.20 (9) 0.000149 (16)
α0,6 5166.58 (7) 0.0000042 (30)
α0,5 5217.24 (7) 0.000055 (9)
α0,4 5315.3 0.00004
α0,3 5515.29 (6) 0.00352 (18)
α0,2 5665.41 (5) 0.0204 (15)
α0,1 5762.65 (5) 23.3 (4)
α0,0 5804.77 (5) 76.7 (4)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pu) 6.19 - 22.99 8.09 (20)

eAK (Pu) 0.0000061 (9)
KLL 75.263 - 85.357 }
KLX 92.607 - 103.729 }
KXY 109.93 - 121.78 }

ec1,0 L (Pu) 19.720 - 24.767 16.9 (6)
ec1,0 M (Pu) 36.891 - 39.049 4.72 (16)
ec2,1 L (Pu) 75.76 - 80.80 0.0164 (11)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pu) 12.125 — 21.984 8.92 (23)

XKα2 (Pu) 99.525 0.000061 (4) } Kα
XKα1 (Pu) 103.734 0.000097 (5) }
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Energy Photons
keV per 100 disint.

XKβ3 (Pu) 116.244 }
XKβ1 (Pu) 117.228 } 0.0000354 (20) Kβ

′
1

XKβ
′′
5 (Pu) 117.918 }

XKβ2 (Pu) 120.54 }
XKβ4 (Pu) 120.969 } 0.0000123 (7) Kβ

′
2

XKO2,3 (Pu) 121.543 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pu) 42.824 (8) 23.4 (8) E2 905 (18) 0.0258 (7)
γ2,1(Pu) 98.860 (13) 0.0239 (16) E2 16.6 (3) 0.00136 (9)
γ3,2(Pu) 152.63 (2) 0.00355 (18) (E2) 2.48 (5) 0.00102 (5)
γ4,3(Pu) 202.4 0.00004 (E2) 0.817 (16) 0.000022
γ8,6(Pu) 251.47 (6) 0.0000121 (24) (E1) 0.0606 (12) 0.0000114 (23)
γ7,5(Pu) 263.37 (8) 0.000065 (9) (E1) 0.0547 (11) 0.000062 (9)
γ9,6(Pu) 289.21 (7) 0.0000048 (48) E2+M3 7 (7) 0.0000006 (3)
γ8,5(Pu) 302.98 (6) 0.0000198 (31) (E1) 0.0405 (8) 0.000019 (3)
γ9,5(Pu) 340.72 (7) 0.0000018 (9) 0.0000018 (9)
γ6,2(Pu) 507.16 (5) 0.0000088 (28) (E1) 0.01401 (29) 0.0000087 (28)
γ5,1(Pu) 554.52 (4) 0.000088 (11) (E1) 0.01179 (24) 0.000087 (11)
γ5,0(Pu) 597.34 (4) 0.000054 (7) (E1) 0.01024 (21) 0.000053 (7)
γ6,1(Pu) 606.03 (4) 0.0000081 (14) 0.0000081 (14)
γ8,2(Pu) 758.63 (5) 0.0000141 (19) (E2) 0.0212 (4) 0.0000138 (19)
γ7,1(Pu) 817.89 (7) 0.000069 (9) (E2) 0.0182 (4) 0.000068 (9)
γ8,1(Pu) 857.50 (4) 0.0000057 (8) 0.0000057 (8)
γ7,0(Pu) 860.71 (7) 0.0000082 (20) (E0)
γ9,1(Pu) 895.24 (6) 0.0000019 (7) E1+M2 0.07 (7) 0.0000018 (6)
γ8,0(Pu) 900.32 (4) 0.0000013 (6) 0.0000013 (6)
γ9,0(Pu) 938.06 (6) 0.0000004 (4) 0.0000004 (4)
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C.M.Stevens, M.H.Studier, P.R.Fields, J.F.Mech, P.A.Sellers, A.M.Friedman, H.Diamond, J.R.Huizenga,
Phys. Rev. 94 (1954) 974

(Half-life)

J.P.Hummel, Thesis, Report UCRL-3456, Univ. California (1956)

(Alpha-transition probabilities)

W.G.Smith, J.M.Hollander, Phys. Rev. 101 (1956) 746

(Conversion electron measurements, gamma-ray multipolarities)

F.Asaro, I.Perlman, Priv. Comm. (1960)

(Alpha-transition probabilities, alpha-emission energies)
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S.Bjornholm, C.M.Lederer, F.Asaro, I.Perlman, Phys. Rev. 130 (1963) 2000

(E0 gamma and alpha transition probabilities)

B.S.Dzhelepov, R.B.Ivanov, V.G.Nedovesov, V.P.Chechev, Sov. Phys. - JETP 18 (1964) 937

(Alpha-transition probabilities, alpha-emission energies)

L.Z.Malkin, I.D Alkhazov, A.S.Krivokhatskii, K.A.Petrzhak, L.M.Belov, Sov. J. At. Energy 16 (1964)
170

(SF half-life)

D.Metta, H.Diamond, R.F.Barnes, J.Milsted, J.Gray Jr., D.J.Henderson, C.M.Stevens, J. Inorg. Nucl.
Chem. 27 (1965) 33

(SF half-life)

J.A.Bearden, Rev. Mod. Phys. 39 (1967) 78

(X-ray energies)

S.A.Baranov, Y.F.Rodionov, V.M.Kulakov, V.M.Shatinskii, Sov. J. Nucl. Phys. 4 (1967) 798

(Alpha-transition probabilities, alpha-emission energies)

R.J.Armani, R.Gold, Proc. Symp. on Standardization of Radionuclides, STI/PUB/139, IAEA, Vienna (1967)
621

(SF half-life)

W.C.Bentley, J. Inorg. Nucl. Chem. 30 (1968) 2007

(Half-life)

C.L.Duke, W.L.Talbert Jr., Phys. Rev. 173 (1968) 1125

(Conversion electron measurements, gamma-ray multipolarities)

M.R.Schmorak, et al., Int. Conf. Radioact. Nucl. Spectroc. Tech. And Appl., Nashville (1969) 22

(Gamma-ray energies and probabilities)

M.R.Schmorak, Nucl. Data Sheets B4 (1970) 661

(Gamma-ray energies and probabilities)

D.M.Barton, P.G.Koontz, J. Inorg. Nucl. Chem. 32 (1970) 769

(SF half-life)

B.Grennberg, A.Rytz, Metrologia 7 (1971) 65

(Alpha-particle energies)

H.J.Specht, J.Weber, E.Konecny, D.Heunemann, Phys. Lett. 41B (1972) 43

(Level energies)

I.Ahmad, R.F.Barnes, R.K.Sjoblom, P.R.Fields, J. Inorg. Nucl. Chem. 34 (1972) 3335

(Gamma-ray energies)

J.D.Hastings, W.W.Strohm, J. Inorg. Nucl. Chem. 34 (1972) 3597

(SF half-life)

W.J.Kerrigan, R.S.Dorsett, J. Inorg. Nucl. Chem. 34 (1972) 3603

(Half-life)

M.Schmorak, C.E.Bemis Jr., M.J.Zender, N.B.Gove, P.F.Dittner, Nucl. Phys. A178 (1972) 410

(Gamma-ray energies and probabilities)

C.M.Lederer, V.S.Shirley, E.Browne, J.M.Dairiki, R.E.Doebler, A.A.Shihab-Eldin, L.J.Jardine, J.K.Tuli,
A.B.Buyrn, Table of Isotopes, 7th Ed., John Wiley and Sons Inc., N.Y. (1978)

(Gamma-ray energies and probabilities)

C.M.Lederer, Priv. Comm. (1967), cited in C.M.Lederer et al., Table of Isotopes, 7th Ed., John Wiley and Sons
Inc., N.Y. (1978)

(Gamma-ray energies and probabilities)

J.K.Dickens, J.W.McConnell, Phys. Rev. C22 (1980) 1344

(Experimental X-ray energies)

H.-C.Hseuh, E.-M.Franz, P.E.Haustein, S.Kateoff, L.K.Peker, Phys. Rev. C23 (1981) 1217

(Gamma-ray energies and probabilities)

G.Barreau, H.G.Borner, T.von Egidy, R.W.Hoff, Z. Phys. A308 (1982) 209

(Experimental X-ray energies)

V.G.Polyukhov, G.A.Timofeev, V.V.Kalygin, P.A.Privalova, Sov. Radiochem. 24 (1982) 408

(Half-life)

P.A.Burns, P.N.Johnston, J.R.Moroney, Priv. Comm. (1984), cited in Decay Data of the Transactinium
Nuclides, Technical Reports Series No. 261, IAEA, Vienna (1984) 147

(Alpha-transition probabilities)

J.Pearcey, S.A.Woods, P.Christmas, Nucl. Instrum. Methods Phys. Res. A286 (1990) 563

(Conversion electron measurements, gamma-ray multipolarities)
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Yu.S.Popov, I.B.Makarov, D.Kh.Srurov, E.A.Erin, Cov. J. Radiochemistry 32 (1990) 425

(Experimental relative LX-ray emission probabilities)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha-emission energies)

E.A.Frolov, Appl. Radiat. Isot. 43 (1992) 211

(Alpha-emission energies)

A.K.Pandey, R.C.Sharma, P.C.Kalsi, R.H.Iyer, Nucl. Instrum. Methods Phys. Res. B82 (1993) 151

(SF half-life)

P.N.Johnston, P.A.Burns, Nucl. Instrum. Methods Phys. Res. A361 (1995) 229

(LX-ray emission probabilities)

A.M.Sanchez, P.R.Montero, F.V.Tome, Nucl. Instrum. Methods Phys. Res. A369 (1996) 593

(Alpha-transition probabilities)

C.C.Bueno, J.A.C.Goncalves, M.Damy De S.Santos, Nucl. Instrum. Methods Phys. Res. A371 (1996) 460

(Alpha-transition probabilities)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

J.Kasagi, H.Yamazaki, N.Kasajima, T.Ohtsuki, H.Yuki, J. Phys. (London) G23 (1997) 1451

(Alpha-transition probabilities)

J.Yang, J.Ni, Nucl. Instrum. Methods Phys. Res. A413 (1998) 239

(Alpha-transition probabilities)

E.Garcia-Toraño, Appl. Radiat. Isot. 49 (1998) 1325

(Alpha-transition probabilities, alpha-emission energies)

E.Schönfeld, G.Rodloff, Report PTB-6.11-1999-1, Braunschweig (1999)

(KX-energies and relative emission probabilities)

N.E.Holden, D.C.Hoffman, Pure Appl. Chem. 72 (2000) 1525

(Spontaneous fission half-life)

E.Schönfeld, H.Janssen, Appl. Radiat. Isot. 52 (2000) 595

(X-ray and Auger electron emission probabilities, EMISSION code)

F.Dayras, Nucl. Instrum. Methods Phys. Res. A490 (2002) 492

(Alpha-transition probabilities)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

F.E.Chukreev, Balraj Singh, Nucl. Data Sheets 103 (2004) 325

(Decay scheme, 240Pu level energies, gamma-ray multipolarities and probabilities)

V.P.Chechev, Phys. Atomic Nuclei 69 (2006) 1188

(244Cm decay data evaluation-2005)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2008) 202

(Theoretical ICC)
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1 Half-life, Q-value and Decay mode

T1/2 : 8250 (70) y
Qα : 5622.3 (5) keV
α : 100 %
SF : 5.9 (9) ×10−7 %

2 α Emissions

Energy Probability
keV × 100

α0,8 5152 (3) ≤0.005
α0,7 5234.4 (12) 0.32
α0,6 5303.6 (12) 5.0 (1)
α0,5 5361.8 (12) 93.2 (5)
α0,4 5371.4 (5) 0.0210 (9)
α0,3 5371.7 (5) 0.39 (22)
α0,2 5436.1 (5) 0.04
α0,1 5488.5 (5) 0.83
α0,0 5530.4 (4) 0.58

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pu) 6.19 - 22.99 50.1 (13)

eAK (Pu) 1.91 (27)
KLL 75.263 - 85.357 }
KLX 92.607 - 103.729 }
KXY 109.93 - 121.78 }

ec5,1 K (Pu) 11.290 (2) 24.7 (7)
ec6,2 K (Pu) 14.365 (9) 0.70 (14)
ec7,3 K (Pu) 18.067 (16) 0.032 (32)
ec1,0 L (Pu) 18.868 - 23.915 28.1 (16)
ec2,1 L (Pu) 30.703 - 35.750 2.43 (15)
ec6,5 L (Pu) 33.79 - 38.83 2.30 (22)
ec1,0 M (Pu) 36.039 - 38.197 7.16 (42)
ec4,0 K (Pu) 39.894 (1) 0.0135 (6)
ec1,0 N (Pu) 40.413 - 41.548 1.96 (11)
ec3,2 L (Pu) 42.431 - 47.478 0.32 (17)
ec7,6 L (Pu) 46.133 - 51.180 0.15 (9)
ec2,1 M (Pu) 47.874 - 50.032 0.615 (37)
ec6,5 M (Pu) 50.96 - 53.12 0.62 (6)
ec2,1 N (Pu) 52.248 - 53.383 0.168 (10)
ec5,0 K (Pu) 53.2613 (14) 40.0 (11)
ec6,5 N (Pu) 55.33 - 56.47 0.169 (17)
ec5,2 L (Pu) 56.169 - 61.216 1.9 (6)
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Energy Electrons
keV per 100 disint.

ec3,2 M (Pu) 59.602 - 61.760 0.081 (44)
ec7,6 M (Pu) 63.304 - 65.462 0.035 (26)
ec3,2 N (Pu) 63.976 - 65.111 0.022 (13)
ec7,6 N (Pu) 67.678 - 68.813 0.010 (7)
ec6,1 K (Pu) 68.17 (1) 0.502 (34)
ec2,0 L (Pu) 72.676 - 77.722 0.153 (32)
ec5,2 M (Pu) 73.340 - 75.498 0.52 (15)
ec5,2 N (Pu) 77.714 - 78.849 0.144 (49)
ec7,2 K (Pu) 83.602 (16) 0.013 (12)
ec2,0 M (Pu) 89.846 - 92.004 0.043 (9)
ec2,0 N (Pu) 94.220 - 95.355 0.0118 (25)
ec7,5 L (Pu) 102.99 - 108.03 0.028 (8)
ec5,1 L (Pu) 109.977 - 115.024 5.40 (16)
ec6,2 L (Pu) 113.052 - 118.099 0.231 (19)
ec7,3 L (Pu) 116.754 - 121.801 0.0160 (45)
ec5,1 M (Pu) 127.148 - 129.306 1.329 (39)
ec6,2 M (Pu) 130.223 - 132.381 0.059 (6)
ec5,1 N (Pu) 131.522 - 132.657 0.362 (10)
ec6,2 N (Pu) 134.597 - 135.732 0.0162 (17)
ec4,0 L (Pu) 138.581 - 143.628 0.0915 (41)
ec5,0 L (Pu) 151.948 - 156.995 8.40 (22)
ec4,0 M (Pu) 155.752 - 157.910 0.0256 (11)
ec6,1 L (Pu) 166.861 - 171.908 0.1357 (45)
ec5,0 M (Pu) 169.119 - 171.277 2.05 (5)
ec5,0 N (Pu) 173.493 - 174.628 0.560 (15)
ec6,1 M (Pu) 184.032 - 186.190 0.0343 (11)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pu) 12.1246 — 21.9844 51.7 (10)

XKα2 (Pu) 99.525 19.0 (5) } Kα
XKα1 (Pu) 103.734 30.1 (7) }

XKβ3 (Pu) 116.244 }
XKβ1 (Pu) 117.228 } 11.06 (30) Kβ

′
1

XKβ
′′
5 (Pu) 117.918 }

XKβ2 (Pu) 120.54 }
XKβ4 (Pu) 120.969 } 3.84 (12) Kβ

′
2

XKO2,3 (Pu) 121.543 }
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4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pu) 41.972 (1) 38.2 (22) M1+E2 102.4 (20) 0.369 (20)
γ2,1(Pu) 53.807 (1) 3.34 (20) M1+E2 44.7 (11) 0.073 (4)
γ6,5(Pu) 56.89 (3) 3.16 (17) M1+E2 87 (7) 0.0359 (21)
γ3,2(Pu) 65.535 (3) 0.45 (22) M1+E2 24 (12) 0.018 (2)
γ7,6(Pu) 69.237 (18) 0.20 (4) M1(+E2) 28 (14) 0.007 (3)
γ5,2(Pu) 79.2728 (18) 2.8 (7) M1+E2 22 (6) 0.120 (7)
γ2,0(Pu) 95.7795 (12) 0.221 (47) E2 19.3 (3) 0.0109 (23)
γ7,5(Pu) 126.09 (4) 0.046 (13) [E2] 5.59 (8) 0.007 (2)
γ5,1(Pu) 133.081 (2) 34.7 (10) M1+E2 11.36 (17) 2.81 (7)
γ6,2(Pu) 136.156 (9) 1.13 (12) M1+E2 9 (1) 0.113 (4)
γ7,3(Pu) 139.858 (16) 0.064 (33) [M1,E2] 7 (4) 0.008 (1)
γ4,0(Pu) 161.685 (1) 0.210 (9) E2 1.96 (3) 0.071 (3)
γ5,0(Pu) 175.0523 (14) 61.0 (16) M1+E2 5.21 (8) 9.83 (22)
γ6,1(Pu) 189.965 (10) 0.889 (42) M1+E2 3.36 (16) 0.204 (6)
γ7,2(Pu) 205.393 (16) 0.028 (13) [M1,E2] 2.1 (14) 0.009 (1)
γ6,0(Pu) 231.935 (9) 0.0175 (27) [E2] 0.498 (7) 0.0117 (18)
γ−1,1(Pu) 388.16 (5) 0.019 (1) 0.019 (1)
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J.P.Mize, M.E.Bunker, J. Inorg. Nucl. Chem. 1 (1955) 254
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B.S.Dzhelepov, R.B.Ivanov, V.G.Nedovesov, V.P.Chechev, Zh. Eksp. Teor. Fiz. 45 (1963) 1360
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S.A.Baranov, A.G.Zelenkov, V.M.Kulakov, Proc. Advisory Group Meeting on Transactinium Nucl. Data,
Karlsruhe, Vol.III, IAEA-186, IAEA, Vienna (1976) 249
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F.P.Larkins, At. Data Nucl. Data Tables 20 (1977) 311
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J.K.Dickens, J.W.McConnell, Phys. Rev. C22 (1980) 1344
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N.E.Holden, Pure Appl. Chem. 61 (1989) 1483

(Half-life)

Yu.S.Popov, D.Kh.Srurov, I.B.Makarov, E.A.Erin, G.A.Timofeev, Radiokhimiya 33 (1991) 3; Sov. J. Ra-
diochemistry 33 (1991) 1

(Gamma-ray energies and emission probabilities)

A.Rytz, At. Data Nucl. Data Tables 47 (1991) 205

(Alpha-particle energies and emission probabilities)

R.Daniels, Thesis, Univ. Manchester (1992)

(Gamma-ray energies and emission probabilities)

J.A.Shannon, W.R.Phillips, B.J.Varley, I.Ahmad, L.R.Morss, Nucl. Instrum. Methods Phys. Res. A339
(1994) 183

(Gamma-ray energies and emission probabilities)

E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Atomic data)

D.H.White, R.W.Hoff, H.G.Borner, K.Schreckenbach, F.Hoyler, G.Colvin, I.Ahmad, A.M.Friedman,
J.R.Erskine, Phys. Rev. C57 (1998) 1112

(Gamma-ray energies and emission probabilities)

E.Schönfeld, H.Janssen, Appl. Radiat. Isot. 52 (2000) 595

(Calculation of emission probabilities of X-rays and Auger electrons)

G.Audi, A.H.Wapstra, C.Thibault, Nucl. Phys. A729 (2003) 337

(Q)

M.J.Martin, Nucl. Data Sheets 106 (2005) 89

(245Cm alpha decay scheme, 241Pu levels, gamma-ray energies and multipolarities)

T.Kibédi, T.W.Burrows, M.B.Trzhaskovskaya, P.M.Davidson, C.W.Nestor Jr., Nucl. Instrum. Methods
Phys. Res. A589 (2007) 202

(Band-Raman ICC for gamma-ray transitions)

F.G.Kondev, M.A.Kellett, I.Ahmad, J.P.Greene, A.L.Nichols, Proc. Int. Conf. on Nuclear Data for Science
and Technology, 22-27 April 2007, Nice, France (2008)

(Half-life)

F.G.Kondev, I.Ahmad, M.P.Carpenter, C.J.Chiara, J.P.Greene, R.V.F.Janssens, M.A.Kellett, T.L.
Khoo, T.Lauritsen, C.J.Lister, E.F.Moore, A.L.Nichols, D.Seweryniak, S.Zhu, Proc. 13th Int. Sympo-
sium on Capture Gamma-Ray Spectroscopy and Related Topics, Cologne, Germany, 25-29 Aug.2008; AIP Conf.
Proc. 1090 (2009)

(Half-life)
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1 Half-life, Q-value and Decay mode

T1/2 : 4723 (27) y
Qα : 5476.7 (9) keV
α : 99.97385 (7) %
SF : 0.02615 (7) %
ν̄ : 2.948 n/fission

2 α Emissions

Energy Probability
keV × 100

α0,2 5242.5 (10) 0.020 (2)
α0,1 5343.7 (9) 20.81 (22)
α0,0 5387.5 (9) 79.17 (22)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Pu) 6.19 - 22.99 7.20 (21)

ec1,0 L (Pu) 21.441 - 26.488 15.1 (6)
ec1,0 M (Pu) 38.612 - 40.770 4.22 (17)
ec1,0 N (Pu) 42.986 - 44.121 1.161 (47)
ec2,1 L (Pu) 79.7 - 84.7 0.0135 (15)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Pu) 12.125 — 21.984 7.95 (24)

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Pu) 44.545 (9) 20.82 (22) E2 746 (22) 0.0279 (8)
γ2,1(Pu) 102.8 (1) 0.020 (2) E2 13.86 (42) 0.00134 (14)
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E.Schönfeld, H.Janssen, Nucl. Instrum. Methods Phys. Res. A369 (1996) 527

(Fluorescence yields)
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(K Auger electron energies)
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A.Artna-Cohen, Nucl. Data Sheets 84 (1998) 901
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M.-M.Bé, R.Helmer, V.Chisté, J. Nucl. Sci. Technol. (Tokyo) suppl. 2 (2002) 481

(Saisinuc and supporting software)

I.M.Band, M.B.Trzhaskovskaya, C.W.Nestor, P.O.Tikkanen, S.Raman, At. Data Nucl. Data Tables 91
(2002) 1

(ICC)

Y.A.Akovali, Nucl. Data Sheets 96 (2002) 177

(242Pu Decay scheme)

R.D.Deslattes, E.G.Kessler, P.Indelicato, L.de Billy, E.Lindroth, J.Anton, Rev. Mod. Phys. 77 (2003)
35

(K and L X-ray energies)

G.Audi, A.H.Wapstra, Nucl. Phys. A729 (2003) 337

(Q)

D.MacMahon, A.Pearce, P.Harris, Appl. Radiat. Isot. 60 (2004) 275

(Evaluation techniques)

V.P.Chechev, http://www.nucleide.org/DDEP WG/DDEPdata.htm (2006)
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1 Half-life, Q-value and Decay mode

T1/2 : 2.6470 (26) y
Qα : 6216.87 (4) keV
α : 96.914 (3) %
SF : 3.086 (8) %
ν̄ : 3.7675 (40) n/fission

2 α Emissions

Energy Probability
keV × 100

α0,3 5826.3 0.0019
α0,2 5976.6 0.23 (4)
α0,1 6075.64 (11) 15.1 (3)
α0,0 6118.1 (1) 81.7 (3)

3 Electron Emissions

Energy Electrons
keV per 100 disint.

eAL (Cm) 6.3 - 24.5 5.02 (13)

eAK (Cm) 0.0000025 (4)
KLL 78.858 - 89.973 }
KLX 97.226 - 109.267 }
KXY 115.57 - 128.23 }

ec1,0 L (Cm) 18.9 - 24.4 10.93 (33)
ec1,0 M (Cm) 37.1 - 39.4 3.08 (9)
ec1,0 N (Cm) 41.7 - 42.9 0.856 (26)
ec2,1 L (Cm) 75.7 - 81.2 0.159 (27)
ec2,1 M (Cm) 93.9 - 96.2 0.045 (8)
ec2,1 N (Cm) 98.5 - 99.7 0.0125 (21)

4 Photon Emissions

4.1 X-Ray Emissions

Energy Photons
keV per 100 disint.

XL (Cm) 12.634 — 23.319 6.07 (14)

XKα2 (Cm) 104.59 0.0000257 (7) } Kα
XKα1 (Cm) 109.271 0.0000402 (11) }

XKβ3 (Cm) 122.304 }
XKβ1 (Cm) 123.403 } 0.0000151 (5) Kβ

′
1

XKβ
′′
5 (Cm) 124.124 }
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Energy Photons
keV per 100 disint.

XKβ2 (Cm) 126.889 }
XKβ4 (Cm) 127.352 } 0.00000530 (19) Kβ

′
2

XKO2,3 (Cm) 127.97 }

4.2 Gamma Transitions and Emissions

Energy Pγ+ce Multipolarity αT Pγ

keV × 100 × 100

γ1,0(Cm) 43.399 (25) 15.2 (3) E2 1000 (15) 0.0152 (4)
γ2,1(Cm) 100.2 (4) 0.232 (39) E2 18.5 (5) 0.0119 (20)
γ3,2(Cm) 154.5 (6) 0.00192 E2 2.76 (6) 0.00051
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