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Table of Nuclear Reactions and Subsequent Radioactive
Decays Induced by 14-MeV Neutrons
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Compilation of the data on nuclear reactions and subsequent radioactive decays induced by
14-MeV neutrons is presented in tabular form for most of the isotopes available in nature and
for some of the artificially-produced isotopes, including the following items :

Nuclide (isotopic abundance), type of nuclear reaction, reaction @-value, reaction product, type

of decay, decay @Q-value, half-life of reaction product, decay product, maximum reaction cross

section, neutron energy for maximum cross section, reaction cross section for 14 MeV neutrons,
saturated radioactivity induced by irradiation of a neutron flux of 1 n/cm?sec for a mol of
atoms, and reference for the cross section.
The mass number dependence of (n, v), (n, 2n), (n, p), (n, d), (n, t), (n, *He) and (n, a) reaction
cross sections for 14-MeV neutrons is given in figures to show general trends of the cross sections.

Keywords: Nuclear Data Compilatin, 14-MeV Neutrons, Neutron-induced Nuclear Reactions,
Leaction €-velue, Reaction Product, Type of Decay, Decay @-value, Half-life, Decay Product,
Cross Section, Saturated Radioactivity.
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1. Introduction

One of the most important factors to be considered in choosing structual materials for design
of a possible nuclear fusion reactor is the nuclear reactions by 14 MeV neutrons and subsequent
radioactive decays. The nuclear data of interest from this view point are:

(1) Nuclear reaction cross sections by 14 MeV neutrons, and also by degraded neutrons due
to slowing-down in the materials,

(2) Type of the particle and its kinetic energy emitted from the nuclear reaction, and

(3) Type of decay, decay energy and half-life of the reaction product.

In this report, these data are compiled for most of the isotopes available in nature and also
for some of the artificial isotopes. The intensity of the saturated radioactivity induced by irradi-
ation of a neutron flux of 1n/cm?sec for a mol of atoms is also tabulated. From these data it
is easy to estimate the radiation level due to the residual radioactivities after some period of
irradiation and cooling. These data are also useful for the activation analysis by using the 14
MeV neutrons. Some of these data have been compiled in JAERI-M 6354 (1976)".

2. Nuclear Reaction Cross Section

Reaction cross sections by 14 MeV neutrons have hitherto been reported in a large number
of published papers. The discrepancies among the reported data are, however, very large and in
some cases much larger than the errors quoted by the authors of the papers. The cross sections,
sometimes, fluctuate by an order of magnitude or larger. It is very difficult to evaluate these
cross sections, because the origins of the discrepancies are not clear in most cases. One of the
origins may be ambiguity in decay scheme of the products. In the present compilation, plural
numbers of the data if available are presented for some cases, being quoted from the papers of
experiments, compilations, evaulations and/or theoretical estimations. In the section of References,
titles of the papers and the above classification are shown for information. Figures in the table
are limited to one or two significant digits in most cases, and any error of the cross section is not
quoted.

Most of the cross sections have been measured by using the D-T neutrons from accelerators
of 100-500keV. In this case neutron energies range from 14.5 to 158 MeV at forward angle,
and from 14.0 to 142 MeV at 90°. Energy dependence of the data between 14 and 15MeV is
neglected in the present compilation considering the scattering of the reported values.

One more remark which should be added is that, since in many measurements the activation
method is adopted, the sum of the reported cross sections to the ground state and to the isomeric
states is not necessarily equal to the total cross section of the reaction.

Type of reactions induced by the 14-MeV neutrons are mostly (n,v), (n,7’), (n, 2n), (n, p),
(n,d), (n,np), (n,2), (n,3He), (n,a) and (n, na) in addition to the elastic scattering which is ex-
cluded in the present compilation.

The (n,v), (n,2n), (n, p), (n,d) and (n, ), (n,3He) and (n, @) reaction cross sections for each
isotope are plotted with mass number A in Figs. 1 through 6, respectively. Symbols in the figures
designate respective isotopes, and, plural data for the same nuclide are plotted in the figures when
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they are available. In Fig. 1 the isotopic symbol with prime means the case of (7, v*) reaction

which leads to isomeric states. In Figs. 2,3 and 6, the isotopes with abundance of more than

atout 309% are shown by concentric circles, and a group of points for the same element are con-
g p

nected to one another with a solid line and labeled by the isotopic symbol. Here the maximum

values of the data are chosen for the connection in most cases.

The general tendencies of the cross sections with the mass number and/or the neutron energy

are as follows.

(1)

(@)

The (n,y) reaction cross sections at 14 MeV have a tendency to increase from 0.1 to 10 mb
with mass number A as seen in Fig. 1. The cross sections seem to be depressed around
neutron-magic nuclei, though scattering of the data is too large to draw any definite con-
clusion.

The (n, n’) reaction cross sections become flat above a few MeV, and their magnitudes are
of about one barn.

The (n,2n) reaction cross sections become maximum around 14 MeV, and their magnitude
amounts to a few barns. They generally increase with mass number A, and within the
same element they rapidly increase with A except for heavy nuclei as seen in Fig. 2.
The (n, p) and (n, @) reaction cross sections are less than those of the (n,27n) reactions
except for light nuclei. They decrease with A, and within the same element they rapidly
decrease with A as seen in Figs. 3 and 6. The (n, @) reaction cross sections are smaller
than those of the (n, p) reactions by a factor of 2.5. Both cross sections approximately
vary with A, atomic number Z, and neutron number N as in the followings?? :

d(n, p)=0.73 0, exp{—33 (N—-2)/ A}, (1)
and
o(n,a)=0290, exp{—33 (N—2)/A}. (2)
(Z>20)
Here,
0. =012 (AV3+1)2,
with

r,=14x10"13cm.
Eq. (1) is reported®” to predict ¢(n, p) within the limits of 20—309%. Disagreement be-
tween the observed values and the calculations by a factor of 1.5—2 is observed in only
10% of the cases. The situation for Eq. (2) is nearly the same.
The (n,d), (n,¢) and (n, 3He) reaction cross sections generally decrease with A as seen in
Figs. 4 and 5. The following (N—~Z)/A dependence of the (n,t) reaction cross sections
has been proposed for the medium and heavy target nuclei by Qaim et @l though the
dependence of the (n,¢) reactions is significantly weaker than those of the (n, ») and (n, @)
reactions.

o(n, t)=0.74 x 1040, exp{—10 (N—Z)/ A} . (3)
The cross sections of the (n, d) reactions are about ten times as large as those of the (, ¢)
reactions.
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Fig. 1 a(n,v) vs

LA

Symbols in the figure designate respective isotopes, and plural data for the same nuclide are plotted when
they are available. The symbol with prime means the case of (n,7Y*) reaction which leads to the isomeric

states.

concentric circles.

If the masses and cross sections coincide between two elements, respectively, they are shown by
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Fig. 2 o(n,2n) vs. A
Symbols in the figure designate respective isotopes, and plural data for the same nuclide are plotted when
they are available. The isotopes with abundance of more than about 309 are shown by concentric circles,
and points for the same element are connected to one another by a solid line and labeled by the isotopic symbol.
Here the maximum values among the data are chosen for the connection in most cases.



JAERI 1252 2. Nuclear Reaction Cross Section
looﬁ L) LI T L) Ik‘l.l' L) T L A I . T L} jlo.
[ ]
Ca T
In
—5 Fe W 5
Kl Cr
Mg Ti 1
. <
TRS Zn
Cl Mo Ru
T Sc Cu Se Pb Sy
Ge
_10-1 Ne P ; -1
'N Al < Mn) G3 Zr 107"
® L oo Ar“ OF Cd
LA ° Ba
0 . r Sr
~5  @Nal L A Bre oNi
. ) 4o e,
LIRS A
F . Y
B @
® o o L LI o1 9
“» . *
5
2 |10 Kr
®
E 1
= Li ¢ .
‘g °
5 Rbp °
R 4
.
?
[ ]
—10-°
-5 5]
.
_10—0 1 N 1 - " L 1 " 1 S .10‘_‘]
0 50 100 150 200
A

Fig. 3 o(n,p) vs. A

The explanation of the figure is the same as in Fig. 2.
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Symbols in the figure designate respective isotopes, and plural data for the same nuclide are plotted when
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3. Nuclear-reaction Q-valve and Kinetic Energy of an Emitted Particle

The relation between the reaction Q-value in the third column of the table and the kinetic
energy E of an emitted particle is given in the classical approximation®® as follows.

Ez(ﬁ%)z{(rj—k cos? )/ +cos 0) 2E,. (4)

Here,

(m+ MMy _ .\ 1M+ QIE),
m.m

m,: neutron mass,
M : mass of the residual nucleus,
m : mass of the emitted particle,
E, : incident neutron energy, and
@ : outgoing angle of the emitted particle in laboratory system.
If m, and m«M and 6=90°

E=(Q+E,)—m/M{Q+(1+ma/m)E.}. (5)
The forward threshold energy®¥ of the reaction is
Ethres:(1+mn/M¢)(_Q), (6)

if the Q-value is negative,
where

M, : mass of a target nucleus.

4. Induced Radioactivity of a Reaction Product

Radioactivity R of a reaction product induced by a neutron flux F after irradiation time T
is given as follows, if decrease rate of number of target atoms (Fe~") is neglected.

T
R=XSOFNoae‘“T—’)dt

=FNyw(l—e4T)
= FNyo(l —e0-693T/tus), (7)
Here,
o : relevant reaction cross section of a nucleus,
A: decay constant of the product,
t12: half life of the product, 1=0.693/¢,,,, and
No : number of the relevant nuclei per cm?.
In the case of appreciable decrease of the atoms due to the flux, a term — Flge "% {T—1/A(1 —e~7))
should be added to the right side of Eq. (7). If a mol of the atoms are irradiated by a neutron
flux of 1 n/cm?sec,
R (curie/mol) =16.28 x 10~15 g(1 — g0 693T/tu), (8)
(¢ in mb)
This formula reduces to
R (curie/mol)=1628x10-15 ¢ for ¢, T (¢ in mb)
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= Riaturateds (9)
and
R (curie/mol)=3.74 a/t,, for 12> T (10)
(6 in mb and #,,; in year)
=0.693 Reaeuratea T/t1s2.
A
A — A

X (e-A4t—e~%!), respectively. Then, in the case of irradiation of the neutron flux of 1 n/cm?sec

For the case of serial decays, the first and second product nuclei decay as e-** and

for a mol of atoms,
R[ZR
and

R,=16.28x10"15¢(1— 22 e~ AT 4 A “*T). (11)

Py A N R
Here,

Ay : decay constant of the first product,

A, : decay constant of the second product,

R, : radioactivity of the first product, and

R, : radioactivity of the second product.

5. Explanation of the Table

From the left to the right of the table, the following items are tabulated.

Nuclide (Isotopic abundance) : the natural abundance is quoted from ref. 32.

Type of nuclear reaction :

Reaction Q-value (MeV): quoted from ref. 4 and ref. 33 except for Li, Q-values of which
are quoted from ref. 12 and ref. 10.

Reaction product : suffixes g and m designate ground and metastable states, respectively.

Type of decay: the reaction product leads to the decay product via IT (isomeric transition),
B~ decay, B* decay and/or EC (electron capture) (ref. 3 and ref. 34).

Decay Q-value (MeV): level energy for IT, maximum energy for 5~ decay, and Q-value of
electron capture for 8+ decay and/or EC (ref. 3 and ref. 34).

Half-life : quoted mainly from ref. 3 and ref. 34.

Decay product: including the successive decay products, if they exist. Number in parentheses
shows the half-life of the second decay product (ref. 3).

Maximum reaction cross section (barns): plus or minus sign denotes the cross section increas-
ing or decreasing with energy around 14 MeV, respectively.

Neutron energy for the maximum cross section (MeV): “thermal” means thermal neutron
energy

Reaction cross section ¢ for the 14-MeV neutrons (barns) :

Saturated radioactivity (curie/mol.unit flux): induced after irradiation of a mol of |the
atoms by the 14-MeV neutron flux of 1n/cm?ec, which is given by Eq. 9.

Reference : for reaction cross section for the 14-MeV neutrons and, also, for the maximum

reaction cross sections in parentheses.
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Nuclide . . 1015R,ar.
(d }:22:) ;I_;};};fi ::f Reactbcilxixeeivalue %?Zfitl;g? Tg’elz‘; ;f (%)1.30:1;; Half life Decay product ’(Ti::'ns EI:(%E:,?’ g azb:fnlgev (mOI‘c:;;: ﬁux) Reference
€Li (n,7) 7.25 7Li 0.045 thermal (5)
(7.529%)
(n, n’y) —2.18 SLi + 0.020 12
(n, 2n) -3.70 SLi P 1.967 10-21s a 0.078 9
+ 0.1 5
{n, p) —-2.73 SHe I‘n 3.51 0. 8s SLi 0.038 4 0.008 130 7,12
(n, a) 4.78 t B- 0.019 12.3y 3He 3 0.25 0.025 407 5
(n, np) —4.65 5He n 0.957 ‘He 0.17 73
(n, na) —~1.47 d 0.68 6.0 0.40 12
0.3 5
nonelastic D —_ 0.78 5.0 0.53 12
(02, daog) | (@) 2.03 SLi & 2500 | o8 *Be—2a 0.035 thermal (5)
: (2x10-163)
(n,n'y) —0.48 Li 0.29 4.5 0.08 (10,11), 71
total n’ 0.42 71
(n, 2n) —7.25 SLi + 0.049 9
0. 022 10
(n, 3n) —12.92 SLi p 1. 967 10-2ts a + 0. 0002 9
(n,d) —1.76 SHe B 3.51 0.8s SLi + 0.01 160 5,10,71
(n,t) —3.42 SHe n 0.957 ‘He 0.055 73
(n, np) —10.0 SHe B- 3.51 0.8s SLi 0.105 1710 73
(n, nax) —2.47 t I 0.019 12. 3y $He 0.45 8 0.34 8500 5,10,11,71
(n, 2np) —~11.91 §He n 0. 957 a
(n, 2na) —-8.72 d + 0.033 10
nonelastic —_ — flat >8 0.47 10

2521 NAv[

§7



Nuclide - . Deca Energy for 10¥Rae.
((;.:ggg ;I;);gfioorf ReaCtER/rlleeivalue I;igﬁtulg? Tger:::l;f C()I-\X:!\;f Half life Decay product 18:;]5 ,aﬁ%;()y 4 azbifnls\;lev (m_()]c‘:::f_ﬂG;) ‘ Reference
9Be (n,7) 6.81 10Be A~ 0.555 2.7x 108y 108 0.01 thermal 1x10-¢ 0.02 1
(100%) (n, 2n) —1.66 8Be a 0.095 2x10-16s a 0.6 6 0.5 8100 5
(n, p) —12.83 oLi 5 13.61 0.17s o ¢Ben <0.004 <65 7
(n, d) —14.66 sLi B 16.002 0.84s sBewxcit—s2q1 + s 69
(@, 1) —10. 44 1Li + 0.02 1,93
(n, @) —0.60 €He B 3.510 0.8s SLi 0.11 3 0.01 160 7
nonelastic —_ _— 6 ~4 0.5 96
1B (n,7) 11.45 1B 0.5 thermal (38)
(18.5%)
(n, 2n) —8.44 ‘B p 0. 185 8x10-1% 8Be—2a 0.027 9
(n, p) 0.23 10Be B 0.555 | 2.5x106y 10B 0.003b/sr at 15° 52
(n, d) —4.36(g) | *Bes+z 4aMev (oA 67
(n, t) 0.23 8Be a 0. 095 2x10-16 a 0.102 1660
0. 060 977 ref. in 93
0. 085 1380
(n, d0+a)| 2.79 for ao "Li 3837 thermal (38)
(n, a1v) TLjexcie 0. 4774 i (39)
(n, np) —6.59 Be 0.075 73
(n, nd) —6.03 %Be a 0. 095 2x10-16g a 0.004 b/sr at 15° 52
nonelastic —_ —_ 0.56 96
(81'_?% y | @y 3.37 1B (f‘ ey ggg) 0. 0203s e 0.0055 | thermal (38)
(n, n’) total _— 0.19 68
(n, 2n) —11.46 1B 0.019 9
(n, p) —10.73 11Be B 11,51 13.65s 1B 0.03 490 7

91
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0.003 49 5
(n, d) —9.00 19Bee B 0.555 | 2.5x 105y 108 (3;??)21;’/;60 67
(n, 1) —9.56 “Be (n —1.665 %Be) + 0.015 1
(n, @) —6.63 oLj T 505 | o *Be—2a 0.03 ~14 0.03 90 |7
nonelastic —_— —_— 0.46 68
uc (n, p) 2.76 up 0.88 20
(n, @) 11.35 8Be a 0.095 2x10-16s a 0.23 18
(9&128%%) (n,7) 4.95 1C 0. 0034 thermal ®
(n,n’) total -_— 0.33 81
(n, 2n) —18.72 e B 1.981 20.3m up 0.018 33 0 0 5,7
(n, p) —12.59 1B (& 18.570 | 0.0203 1o 0.023 20
0.018 18 0.002 7
(n, @) —5.70 "Be 0.08 8.1 0. 062 5
(n, a%) 9Beescic n 0.768 — *Be—2a 0.082 5
(n, na) —7.37 sBe  [all Bosees 0.19 81
nonelastic e - 0.6 96
" “e “© (n,7) 8.18 1C IS 0.156 5730y uN 0.001 thermal 1x10-10 0 1
(n,p) —12.65 138 A 13. 437 0.019s 15C 0 0 20
(n, 1) —12.42 g 0. 0061 9%
(n, a) —3.84 10Be B 0.555 | 2.7x10%y 108 flat >10 0.13 2120 1
0.075 1220 19
18N (n,p) 3.00 15C 0.078 | 20
(n, @) ~1.06 108 0.11 19

2ser [4Avel
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Nuclide . : Deca Energy for i 10%Ryq1.
(d ‘::‘Cl:) ’rre};gfi (;1: Reactég/rllee)-value }Eiiﬁtul?? Tg'er::ea ;f C()f\:il:l\;)e Half life Decay product ’(“b‘:!;n 5 ’(“ﬁ%i,‘; o azbigngev (mol.c:lr::: ﬂux> Reference
N (n,7) 10.83 15N 0.075 thermal (5)
(99.63%)
(n,n’) total —_— 0.40 43
(v, 20) -10.5 | eN U+ i o oo | 18 500 5
(n, p) 0.63 uc B~ 0. 156 5730y UN 1.81 thermal 0.08 1300 57
0.032 521 20
(n,d) S 1C 0.049 43
(n, do) —5.33 13Ce 0. 020 40
(n, t) e 12C 0.029 43
(n, to) —4.01 12Cs 0. 0065 40
(n, t1) —8.45  [l2C4-43MeVlevel 0.021 40
(n, @) —0.16 up 2 1.4 0.1 6
0. 092 19
(n, np) —7.55 13C 0.046 73
(n, 2a) —2.62 L1 0. 032 43
nonelastic e —_ 0.72 62
0.64 43
15N (n,n’) —_— —_—
(0. 365%)
(n, p) —8.99 15C nd 9.773 2.4s 15N 0. 0031 51 20
(n,d) _7.08 1C 8- 0.1561 | 5730y uN ( j’;ﬂf’ffg't’/;go 67
(n, a) —17.63 12B B 13. 370 0.0203s ﬂBleZSa 0.018 293 19
N (n,p) 15C 8 8.00 0.74s 16Nexcit L 15N 0.016 260 9
(7. 2s)
0. 0022 35 20
(n, a) —5.24 13B B 13, 437 0.019s 13C 0.20 3260 19
150 (n, p) 3.54 15N 0.90 20
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(n,a) 8.50 12C 1.05 19
160 (n,v) 4.14 170 1.78x 104 | thermal (38)
(99.76%)
(l’l, ryt) 17(Qexcit n —4.142 160
(n,n’) total — ~14 0. 46 (0. 26) 50
(n, 2n) —15.67 150 B 2.760 124s 0.018 32 0 0 5
(n, p) —8.64 16N B~ 10. 422 7.2s 0.045 13.5 0.04 650 7
0. 08 12 0. 046 749 20
(n,d) —9.90 15N 0.16 13~14 0.15 50
(n, @) —2.22 13C 0.35 16 0.3 5
+(peak 80mb
(n, np) —12.11 1SN at 11.8MeV) 0.015 73
—11.59 12C
(n, nay) E.,=4.430MeV 12N B 17.36 0.0110s Be-ta 0.15 18 0.020 326 50
nonelastic —_— _— 0.73 62
0.65 50
+ 0.8 96
170 (n, p) —8.00 N B 8.68 4.13s 170 0.035 570 20
(0. 037%)
(n, @) 1.82 uc A- 0. 1561 5730y 4N 0.25 4070 19
180 (n,7) 3.96 190 B 4.819 295 15F 6% 10-5 at 1MeV 96
(0.204%)
16F (n, p) —13.27 15N - 13.9 0.63s 18Qexcit_, 1808 0.65 1060 20
(2ps)
(n, a) —5.04 15C B 9.773 2.4s N 0.13 2120 19
19F (n,7) 6. 60 20F 8- 7.030 11.4s 20Ne 0. 0098 thermal )
(100%)
(n, n") — 0.99 73
(n, 2n) -10.43 18 B+ EC 1.655 109. Tm 180 0.1 18 0. 047 765 7
(n, 2n%*) 18fm 138ns 0. 0027 44 7
(n, p) -4,04 130 B~ 4,819 29s 1SFm_,19F 0. 045 9 0.02 320 7
(87ns)
0.07 7.5 0.023 374 20
(n,d) —-5.77 180 0.024b/sr at 0° 52

2se1 1aav !
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Nuclide | ! . . Deca Energy for ‘ ! 10%Ra. !
i Type of Reaction Q-value] Reaction | Type of y . max. o gy ' o at 14 MeV | - :
(Abun- . ‘ Q-value | Half life Decay product max. 0 | i ( curie __) i Reference
dance) | reaction (MeV) product | decay C (MeV) | (barns) (MeV) ' (barns) | uni s ‘
19 ‘ (n,t) —17.56 e 0.010 ref. in 55
(100%)
(n, @) —1.52 16N B~ 0. 422 7.28 160 0.2~0.3 6 0.015 244 57
0.027 439 19
nonelastic _— e 0.83 96
*F (n,p) 20 (57) 3.81 14s 20Fexcic_,20Fs _, 20Ne 0.015 244 20
(11.4s)
(n, ) —2.34 7N A 8.68 4.16s 170 0.0091 148 I 19
“Ne | (n,p) —6.24 | wF - 7.030 11.4s 20Ne 0.092 1500 | 20
(90.92%) | :
| (m, a) —0.59 170 0.15 19
22Na (n, p) 3.62 22Ne 0.15 20
(n, a) 1.92 19F 0.31 19
23Na (n, ) 6.96 2¢Na B~ 5.515 15h Mg 3.5x10~4 5.7 92
(100%)
0.13 thermal 2.4x1074 3.9 (5), 74
UNas—2Mg
(0, 7%) 24Nam (i 0.473 20ms (15h) 0. 40 thermal <107 <1.6 5
B 5,988 Mg
(n, 2n) —12.42 22Na B+ EC 2.843 2.6y 22Ne ~0.1 ~19 0.025 407 1
0.043 700 23
(n, p) —3.60 23Ne B 4. 380 37. 6s 23Na ~0.1 ~10 0.04 50 7,20
(n, d) —6.57 22Ne — 0.010 64
(n, @) —3.87 uF i 7.030 11.4s “Ne ~0.2 ~14 0.12 1950 7
0. 088 1430 19
(n, np) —8.79 22Ne 0.018 73
~0. 020 52
0.12
(n, nd) —10.50 1 + at 18MeV 64
24Na (n, p) —1.67 #4Ne B~ 2.47 3.38m 24Nam —24Nas—24Mg 0.036 586 20
(0.20s) (15.0h)
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(n, @) —2.71 up - 5.68 4.4s 2INe 0.051 830 19 E
gy | 1 | g o s 2
(n,n") 1.37 uMgn IT 1.368 0.9ps uMg ~0.7 ~4 0.55 9000 5 s
(n, 2n) —16.53 1Mg A+ 4.056 12.1s 2Na 0.18 2900 29
(n, p) —4.73 2Na 8- 5.515 15.0h 2Mg 0.22 13.5 0.20 3200 2.7
(n %) 2N (}}: 0.479 20ms “N‘“‘('l's’;f;z: 0.20 14 0.20 3300 7
(n, @) —2.55 2Ne 0.063 103 19
“Mg (n, 2n) —-7.33 UMg
(10.119)
(n, p) -3.05 #Na s 3.83 60s Mg 0.04 651 5
0.05 814 7,20
(n, @) 0.48 2Ne 8+, EC 2.843 2.6y 22Ne 0.10 1630 19
®Mg | (n,7) 6.44 Mg IS 2.614 9.5m LINLIC N 0.027 thermal 2104 3.3 1,(6)
(11.17%) (0.02ns)
(n, 2n) —11.09 Mg
(0, p) ~7.92 26Na 5 8.5 1.0s 26Mgm—»26Mgs 0.02 330 5,20
(0.4ps)
0.03 490 7
(n, &) —5.42 23Ne - 4.380 37. 65 25Na - 0.084 1370 7
‘ 0.015 244 19
%A1 | (o, p) 4.80 Mg 0.26 20
(n, @) 2.95 23Na 0.54 19
7A] (n,7) 7.73 241 s 4.635 2.31s 25;m_.283]s 0.235 thermal 5.6 104 9.1 5,74
(1009%) (0.5ps)
(n,n’) total —_ 0.52 72
0.83 95
(n, 2n) —13.06 %A1 B+, EC 4.003 | 7.4x10% Mgm26Mg + 0.007 110 1
(0.4ps) s




Nuclide I . . Deca Energy for 10"R;e. }
_ Type of [Reaction Q-value| Reaction Type of 1 y . max. @ o at 14 MeV . i
(df:Eg:) reaction ! (MeV) product decay (%Mv:]\';)e Half life Decay product (barns) TICI)::'VC)I (barns) <mo[_c$;;: ﬂux> - Reference
EIN| (n, p) ) —1.83 Mg - 2.614 9.5m CINCIRONT 0.10 12.0 0.08 1300 2,7,20,92
(100%) '
0. 055 900 45
(n,d) —6.02 Mg 0.032 16 0.023 72
(n, t) —10.88 5Mg + 0.003 at 16MeV 72
0.00173 93
(n, @) —-3.13 24Na A~ 5.515 15.0h Mg 0.12 13.5 0.12 1950 2,7,92
0.10 1630 | 63
'ldNag__,ZdMgg
(n, a*) “Nam T 0.473 20ms (0.02s) 0.04 651 5
A 5.988
. ZIMgg
(n, na) —10.09 28Na + 0.05 at 16MeV 72
(n, np) —8.27 Mg 0.05 5
total
1 emission _ e 0.83 8~11 0.72 72
total
p emission 0.19 70
nonelastic _— —_ 1.1 15 1.0 i 96
#A1 | (n,p) —-1.06 %Mg 0.046 | 20
(n, &) —1.81 %Na 8- 3.83 60s Mg 0.074 1200 19
2g; (n,7) 8.47 29G] 4.5%x10-4 75
(92. 27%)
(n, 2n) —17.18 g B+ 4.810 4.2s 7A] 0 0 5
(n, p) —3.86 BA] B 4,635 2.31m 285 m 285 0.4 10 0.19 3100 1,7,20
(0.5ps)
0.18 2900 63
(n, Q) —2.65 BMg ~0.2 ~8 0.013 5
(n, a+a*) Mg ~0.3 ~8 0.03 5
(n, np) —11.59 Z7A1 0.027 73
25} (n, 2n) —8.47 2Si 0.40+0.10 16
(4.68%,) (fluctuation)

44
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(n, p) —2.90 2A] - 3.68 6.6m s; 0.39 9 0.23 3700 1
0.13 2100 7,20
(n, a) —0.03 %Mg 0.13 19
(n, 2p) —14.63 Mg 8- 1.836 21h 287 Jexeit_,28A]8,285] <5%1074 <8.1 73
(2. 30s)(2.31m)
305 (n,7) 6.59 3g; B 1.48 2.62h ip 0.11 thermal 4.8x104 7.8 (6), 74
(3.09%)
7x1074 11 1
(n, 2n) —10.61 »g;
(n, p%) (—17.76) WA|m IT 72s A J8-,308] 0.18 2900 5
(3.3s)
(n, @) —4.20 Mg 8- 2.614 9.5m 7AIm_27A LS 0.07 113 7
(0.02ns)
0. 050 810 19
anp (n,7) 7.94 up B- 1.710 14.3d 328 0.19 thermal 3.4x1074 5.5 (5),74
(1009%)
1x10-¢ 0.02 1
(n, n’) S — 0.92 95
(n, 2n) —12.31 3op B8 4.24 2.50m 3055 + 0.007 110 1
0.011 180 23
(n, p) —0.71 ASi ' 1.48 2.62h ap 0.14 8 0.09 1460 2
0.067 1090 20
(n,d) —5.07 5] 0.0145 52
(n, He) —13.08 #A] B8~ 3.68 6.6m 29Gjercit o 295]8 2.22x104 3.6 54
(0. 1ps)
<1.3x10°5 <0.21 56
(n, a) —1.94 28A] 5~ 4.635 2.31m 2Gm 2858 1.4 11 0.12 2000 1,27
(0.5ps)
0.11 1800 7
1.5 11 (19)
(n, np) —-7.30 0S¢ 0.1 5
nonelastic _ R 0.95% 96
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ide | . . Decay | Energy for 10%R.ar.
I(Zé‘?lcjg)_ ‘ };);gfi:rf Reactbovrllegivalue l;izfitulg? T(i’e%ea}?f %ﬁ:l\}l)e i Half life Decay product ?La;;ls‘; Tﬁ%if)’ g azbzlenls\siev <mo]'c$;:¢: ﬂa) Reference
225 (n,7) 8.63 | S | i j ‘ i | 5.0x10°¢ |75
(95. 018%) (n, 2n) —15.09 E ug Bt 5.44 2.7s up ‘1163)(1\}1%\‘/ at 5
(n, p) —0.93 2p A- 1.710 14.3d 23 0.4 11 0.20 3300 17,20
(n,d) —6.64 s1Pe 5 0.015 78
(n, 1) —12.69 sp B 4.24 2.50m %0; + 1.54x10~4 2.5 54
| 1x1075 0.2 5
7.2x 1078 0.12 83
(n, @) 1.53 i ~0.25 ~4 0.10 5
0.31 19
(n, np) —8.86 np 0.078 \ 73
p etrztiilion - _— 0. 400 &
nonelastic —_ — ~1.2 ~10 1.1 96
ug (n,7) 6.99 g 8- 0.1678 88d 5C) 0.26 thermal 1x10~4 1.6 I'1.(6)
(4. 125%) (n, 2n) —~11.41 35 0.16 8
(n, p) —4.32 up - 5.1 12.4s g - 0.08 1300 i 7
0.069 1120 20
' (n,q) —1.33 asg s~ 1 1.48 2.62h ap + 0.125 2030 1
‘ 0.085 1380 19
363 (n,7) 4.31 37§ B 4.8 5. 06m a7Cl 0.3 thermal 1x10¢ 1.6 1
(0. 017%) (n, 2n) ~9.89 1S - 0.1674 88d C] 0.02 320 1
0. 050 810 20
(n, p) %P 0.050 20
(n, a) —4.69 5] 0.015 19
(735521% )@ 8.58 %Cl (I@:_c g 0.712 | 3. 1x10% Wi 30 thermal 0.001 16 1,(6)

suonmnaN ARNN-¥I Kq PQOHPUI SKBOQG aAloeoIpEy 1uanbasqng PUE suonoeay 1BI[ONN JO 3|qe],

2set avrl



(n, 2n) —12.65 uCl B+ 5. 482 1.57s us 0.05 19 0.005 81 7 T~
34Sm_,S4Sg 5
(n, 20%) UCm (f{. 5621 32.0m w2 0m), + 0.005 81 1 =
(1. 56s) ﬁ
(n, p) 0.62 55 5 0. 1674 88d 5Cl 0.5 thermal 0.14 2280 1,20
(n, a) 0.94 wp - 1.710 14.3d 23 <5x10-5 | thermal 0.12 1940 1,27
0.14 2280 19
BAL 8- 0.712 BAT
© 389y (@P) 0.07 Cl (EC, 5) 0.m 3.1x 108y e 0. 60 9770 20
(n, @) 2,00 1g 0.30 19
$Ar | (n,p) —4.13 aC] 8- 4.91 37.3m $Ar 0.075, 0.11 9%
(0. 063%)
0.14 20
(n, a) —0.22 63 8- 0.1674 88d Cl 0.11 1790 19
acl | (n,7) 10.31 %Cl Is 4.91 37.5m BAL 0.56 thermal 1x10-7 0 1,(6)
(24.6%) 8 A
- 0.712 r
(n, 2n) —8.58 sC| ( B BC 0.1 3.1%10% g + 0.35 5700 1
(n, p) 1.93 s 8- 4.8 5.06m o) + 0.018 202 1
0.02 320 7
(n, ) 2,46 up 8- 5.1 12.4s ug - 0.12 1950 7
0.055 891 19
0.024 389 20
0.036 583 27
©Ar | (n,7) 6.00 “Ar - 2.491 1.83h ag 0.001 at IMeV 96
(99.6%)
(n, 20) —9.87 BAr B- 0.565 269y WK 0.57 9300 8
(n. p) —6.72 «(] B 7.5 1.4m ©Ar 0.018 200 7
0.072 1170 20
(a,d) ~10.29 %l B 3.44 55.5m AT 9K 0.0029 47 96
(269y)
(n, a) —2.49 g - 4.8 5.06m a1C] - 0.013 210 7.26
0. 031 502 21
(n, np) —12.51 39Cl B 3.44 55.5m BArIK 0.0017 28 96
(269y)

44




Nuclide . . Decay i Energy for 1015R_w :
(Abun- L’;‘Zfi;{ React&r;es;value iﬁgﬁt}g? ng;}?f Q-value Half life Decay product 'a:;‘n:) max. o a aEbzll;inIsV)IeV curie | Reference
dance) | (MeV) (MeV) mol. unit flux/
- 404
(93:'.95%% )| @) 7.80 K (éc P L34 | 1 2ex10y o ~3 thermal 9% 10-5 1.5 1,(6)
(n, 2n) —13.09 3K A+ EC 5.93 7.71m 3 Apexcit 38 A ~0. 025 ~20 0.002 33 7
0.0047 76 97
0.0035 57 1
(n, 2n*) —13.09 38K m B 6. 06 0.95s 3BAre 0.012 2.1 8x10-4 13 7
(n,p) 0.22 BAr I 0.565 2.69x10%y ®K flat >18 0.35 5700 1
0.21 3420 20
(n, t) —9.74 TAr EC 0.814 35d aCl 1.84x104 3.0 93, 96
- 0.712 36A
(. @) 1.36 %Cl (g EC 0.1 3.1x 105y o 0.16 8 0.11 1800 1,19
0.08 1300 7
(n, 2a0) —8.99 %2p A~ 1.710 14.3d 328 1.27%x104 2.1 96
(n, np) —6.38 BAr 0.18 5
(n, na) —7.22 3C1 0.03 5,85
4K (n, ) 7.53 42K 8- 3.52 12. 4h 2Ca 1 thermal 0. 005 81 !
(6.91%) “ 5
| (n,2n) ~10.10 ©K (f; 134 L asxaoy o + 0.4 6500 1
" (n 20%) “0Km 204ns 0.036 7
|
(D) 1.7 “Ar A 2. 491 1.83h “g 0.09 10 0.08 1300 1
0.11 1780 20
~10 0.05 810 7
' (n, 3He) —12.60 3C1 o 3.44 66m BAr-¥K 8.48x 104 13.8 54
( (269y)
(n, ) —0.11 38C1 8- 4.91 37.3m BAr 0.033 12 0.031 502 1,27
? 0.067 1090 119
40Ca (n,7) 8.36 41Ca EC 0.427 8x 104y 4K 5.2x104 8.5 75
(96.97%)
2 thermal 0.001 16 1

9¢
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(n, 2n) —15.63 ®Ca B+ 6.50 0.87s wK
(n, p) —0.53 40K (g: TaaT | Lax10y o 0.75 12 0.68 11000 1
0.23 3700 20
(n, 1) —12.94 %K B+, EC 5.93 7.71m WA pescit %A 18 2.7%10-5 0.44 55, 83
3.1x10- 5.1 54
(n, ) 1.75 AL EC 0.814 35.1d Cl 0.8 10 0.5 8140 1
0.55 8950 19
(n, np) —8,33 »¥K 0.20 5
(n, na) —7.04 %A 0.023 9%
nonelastic _— o 1.3 96
“Ca | (n,2n) —11.47 aCq EC 0.427 | 7.7x10% ag + 0.13 2100 1
(0.64%)
(n, p) —2.73 g 5 3.52 12. 4k ©Ca 0.17 12 0.16 2600 1
0.11 1800 15
0.18 2930 27
(n, @) 0.35 9Ar 8- 0.565 | 2.7x10% ®K ¥ 0.09 1500 1
0.30 4900 19
(0-‘2042%) (n, 2n) —7.93 42Ca 0.47 15
(n, p) —1.04 g - 1.82 22. 4h 4Ca 0.16 14 0.16 2590 1
0.097 1570 7,27
0. 085 1380 20
(n, d) —8.44 g 8- 3.52 12. 4h “Ca 0.0013 21 96
(n, ) 2.29 ©A;r 0.23 19
(n, np) —10.67 g e 3.52 12. 4h uCa + 0.02 330 1
“Ca | (n,v) 7.41 5Ca e 0. 252 1654 3¢ 0.67 thermal 0.002 33 1,(6)
(2.08%) | (n, 2q) —~11.14 “Ca 0.54 15
0.4 8
(n, p) —4.88 ug - 5.2 22m “Ca 0.041 12 0.035 569 1,20
0. 040 651 27
0.046 750 98
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Nuclide ! H 1 . Decay Energy fOr 10‘5Rm.
(Abun- Tg;gf- of Reactéﬁegjva.ue Rif)gtulg? Tge;z:ea of Q-value Half life Decay product r(nbaa);nzg max. ¢ g azbl‘i MeV ___curie | Reference
dance) reaction p ¥ (MeV) s (MeV) arns) mol. unit flux
4Ca (n, @) —-2.75 YAr B 2. 491 1.83h 4K + 0.045 732 1,19
(2.06%)
0.032 518 | 7,27
46Ca (n,7y) 7.28 47Ca B 1.979 4.53d 478¢—47Ti 0.5 thermal 0. 002 33 1
(0.0033%) (3.43d)
(n, 2n) —10.40 4Ca B~ 0.252 1.65x104d 43¢ + 0.65 10600 1,15
(n, ) SAr 0.0042 19
4Ca (n,7) 5.14 4Ca 5 5.26 8.8m 495¢c—4Ti 1 thermal 0.002 33 1
{0.0185%) (57.5m)
2.6x10°4 4,2 74
(m, 2n) —9.95 4Ca B 1.979 4.53d 47Sc—4"Ti + 0.8 13000 1
(3.434d)
(n, p) —10.67 8K 0.0052 20
(n, a) $SAr 0.00014 19
43¢ (n, ) 8.717 463¢ B 2.367 83.9d 46T jexcit 46T je 25 thermal 8x10-4 13 58
(100%)
0.003 49 5
0.0023 38 74
(n, 2n) —11.32 43¢ B+ EC 3.647 3.92h 4Ca ~0.32 ~18 0.14 2270 1,7
(n, 2n*) MGem IT 0.271 2.44d 445c8—»4Ca ~0.19 ~18 0.11 1780 1,7
(3.92h)
(n, p) 0.53 4Ca B 0.252 1. 65x10%d 458c 0.11 8 0.06 980 1,27
0.05 810 7
0.12 1980 20
(n, *He) —11.59 K A= 1.82 22.0h 43Ca 8.6x10°8 0.14 55, 56
(n, @) —0.40 2K B 3.52 12. 4h “Ca 0. 055 14 0.055 895 1,7,27
0.11 1780 19
(n, 2p) —9.65 “K IS 5.2 22, 0m 4Ca 2.1x10-4 3.4 96
4T —0. 8894 .
(7.95%) (n, n’7y) 1st (2% level 46T 0. 602 9800 47

8¢
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{n, 2n) —13.20 ST B+ EC 2.509 3.00h 4S¢ + 0.02 326 1
0.01 163 7
0. 051 830 23
(n, p) —1.58 465c 8- 2.367 84d 46Tjexcit_, 46T g 0.3 15 0.3 4900 2,7,92
{4ps)
0.27 12 0.25 4080 53
0.166 2700 98
0.22 3580 20,27
{n, p*¥) —1.73 4gcm IT 2.507 18.7s 165c8— 46T (83.9d) 0.048 780 98
(n, t) —13.19 #Gce EC 3.647 4.0h 4Cq 1.15x 10 1.87 65
(n, t*%) —13.46 4gcm EC 3.918 2.44d 4Sce_,44Ca <2x10-% <0.3 65
(4.0h)
(n, a) —0.08 “Ca 0.17 19
aIT§ (n, 2n) —8.88 4T 0.39 15
(7.75%)
(n, p) 0.18 475¢ 8 0. 600 3.43d 41T§ + 0.11 1780 2,7,27,98
0.14 11 0.12 1950 53
0.17 2750 20
(n, a*) (2.18) UCqexcit IT 1.156 4ps 4Ca 0.0016 26 17
(n, np) —10.46 #Se A 2.367 84d & Tjexcit_ 46T + 0.03 488 1
(8*,EC) 1.38
(4ps)
48T (n, ) 8.14 4T} 0.0 t 1 6
(73, 45%) 083 herma (6)
(n, n'y) —0.98 T
> 1st (2*) level ! 0.591 47
(n, 2n) —11.63 “T| 0.37 8,15
(n, p) —-3.21 43¢ 8- 3.98 44h 48T jexclt_,48Tjg 0.065 14 0. 065 1050 2,27
0.6 10000 7
0.12 1950 20, 92
0.053 860 98
0. 063 14 0.063 1030 53
(n, a) —2.03 4Ca J:n 0.252 165d 45c 0.039 635 21,27
(n, np) —11. 45 418¢ B 0. 600 3.43d 41T} + 0.01 162 1
“Ti (n, ) 10.95 50Ti 0.0019 thermal (6)
(5.51%)
(n, 2n) —8.14 4T} 0.61 15
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Nuclide , : Deca E f 10%Rat.
Type of |Reaction Q-value] Reaction Type of Y . max. ¢ nergy for |, at 14 MeV :
(Abun- ¥ MeV Q-value Half life Decay product : max. ¢ a ¢ curie Reference
dance) reaction (MeV) product decay (MeV) (barns) (MeV) (barns) (m——ol. it ﬂux)
9T} (n, p) —1.22 498¢ B~ 2.008 57.5m #Ti 0.033 15 0.033 535 1,27
(5.51%)
0.03 490 7
0.023 374 98
0.10 1600 20
(n, o) 0.23 “4Ca 0.039 640 19
(n, np) —11.35 43¢ B~ 3.98 1.83d 48T jexcit_ 48T (g + 0. 005 81 1
{3ps)
50T (n,7) 6.38 SIT A 2.46 5.8m S1yexcie  S1ye 0.004 thermal 0.003 49 5
(5.34%) (0. 2ns)
3x10-4 5 74
-1.55 .
A gst @) level | T 0.488 47
(n, 2n) —10.95 49T, 0.54 15
(n, p) —6.11 5S¢ B~ 6.5 1.72m 50T excit 80T e + 0.02 324 1,7,27
(0. 7ps) 0.012 195 98
0.040 648 20
(n, @) —3.44 Ca i 1.979 4.53d Sc—4Ti + 0.009 145 1,21
(3. 43d)
0.013 210 17,27
(n, 2p) —17.22 1Ca 8- 5.26 8.8m 49849 2% 10-4 9%
(57.5m) at 14. TMeV?
o0V {n, 2n) —-9.33 oy EC 0. 60 330d OTi + 0.54 8790 1
(0.24%)
0.074 1200 20
(n, p) 2.99 50T 0.074 20
(n, a) 0.76 471S¢ B~ 0. 600 3.43d 1T + 0. 028 454 1
0.048 778 19
LY (n,7) 7.31 52y B~ 3.97 3.76m S2Crexcit_,52Crg 4.9 thermal 0. 002 33 1,(5),97
(99.76%) (0.7ps) (0. 001 3) :
2.7x10-* 4.4 75
3.7%x10~* 6.0 74
(n, m") —~0.319 51y 0. 006 51
(n, n2) —0.929 sy 0. 006 51

0¢
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(n, ) total ay 0. 60 51,95 E
50Cr—50Cre =
_ B 1.033 (6ps) —
(n, 2n) 11.05 Y (e 2 3% | ex10ty T P Tie + 0. 65 10600 1 5
(0. 7ps) ®
0.47 7650 15
(n, p) —1.68 8T 8- 2. 46 5.8m sV excie 51V 0.037 13 0.036 583 1,7,27
(0. 2ns) 0.033 536 98
0.028 454 20
(n,d) —5.82 ®Ti 4.8 107 bisr ref. in 59
(n, *He) ~12.60 w5¢ 8- 2,008 57.5m oTj <3.3x107 <5.4 73
(a, @) —2.06 w5e 8- 3,98 1.83d A8Tjexcit_, 8T8 0.035 17 0.022 356 1,5,7
(3ps)
0.042 680 19
0.018 202 27
(8, na) —10.29 ase B 0. 600 3.43d a1y + 0. 002 33 1
0. 005 81 85
v (n, p) 52T 0.018 20
(n, @) 0.67 #55¢ 5 2,008 57.5m 49T 0. 055 895 19
®Cr | (a,7) 9.26 sicr EC 0.752 27.8d sy 13.5 thermal 0. 002 33 1,(6)
(4.319%)
(n,n") —_ 0.74 73
(n, 2n) 12,94 Cr B*, (EC) 2.56 42m OV 6Tj 0.09 20 0. 009 146 7,17
(330d) 0.024 390 o7
0. 029 470 23
50Cpm_,50Cra
- 1.
(n, p) —0.26 soy (éc 5388 | 6x10iy G - 0.36 5860 20
(0. 7ps)
0.28 4560 27
@, 1) —12.86 wy EC, 8* 4,013 16.2d @T; 6.6x10-5 1.1 55, 83
(n, @) 0.32 oTi 0.16 19
(n, np) —9.59 oy EC 0. 60 330d Tj + 0.15 2440 1
51Cr (n, p) 1.53 sy 0.29 20
(n, @) 2.70 ®T; 0.16 19

1€




Nueclide . . Decay Energy for 10%R.ar.
Type of [Reaction Q-value| Reaction Type of : max. ¢ o at 14 MeV .
(Abun- : Q-value Half life Decay product max. o __curie )| Reference
dance) reaction MeV) product decay (MeV) (barns) (MeV) (barns) mol. unit flux
52Cr (n,7) 7.94 S4Cr 9.0x104 75
(83.76%)
—1.4336 -
(n, n"y) Lst () Tovs] S2Cr ~1.0 ~3 0.724 47
(n, 2n) —~12. 04 51Cr EC 0.752 27.8d StV 0.50 18 0.25 4070 1
0.27 4400 7
0.35 5700 23
0.28 4500 88
(n, p) -3.20 52V I's 3.97 3.77m 52Cr™—S4Cre 0.13 11 0.10 1620 20, 27,97
(0. 7ps) 0.080 1300 98
0.12 1950 7,90
(n,d) —8.29 sy 0.0011 b/sr at 14° 52
(n, @) —-1.21 9Ti 0. 054 19
(n, np) -10.5 SV <0.012 52
5Cr (n, 2n) —7.94 52Cr 1.05 15
(9.55%) 0.85 8
(n, p) —2.64 sV A~ 3.4 2.0m 53Cpexcit55Crg + 0.04 648 1,97
0.044 715 90
0. 048 780 98
0. 064 1050 20
(n, 3He) —12.42 ST B~ 2.46 5.8m EAAY <3x107¢ <4.9 73
(n, a) 1.80 %Ti 0.095 19
(n, np) —11.15 sy A~ 3.97 3. 76m 82Cr 0.0071 116 90
SCr (n,7) 6.26 85Cr B 2.59 3.5m 5SMn 0.38 thermal 0.002 33 1, (6)
(2.38%) | (n, 2n) —9.72 $3Cr 1.19 15
0.76 8
(n, p) —6.22 MV I'n 7.3 55s S4Cpexcie,8MCrs 0.016 259 20, 97
(12ps)
0.0135 220 90
0.018 293 98

49
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0.044 720 27
(n,d) —10. 14 ssy 8- 3.5 2.0m sCr 4.8 t101‘5‘°b/sr ref. in 59
(n, a) —1.55 STy 8- 2.46 5.8m BIVexel_,51Va + 0.013 211 1,27, 90
(0. 2ns)
0.007 111 97
0.047 765 19
0.0125 204 90
$4Mn (n, p) 2.16 MCr 0.15 20
(n, @) 2.27 sy 0.059 19
55Mn (n,7) 7.27 56Mn 8- 3,702 2.576h S6Fe 13 thermal 7.6x1074 12 (5), 42
(100%)
0.0012 20 74
{n, n’) S 0.355 95
(,2n) —10.22 SMn (59) o 3034 S4Cpexcie,HCre 1.0 17 0.8 13000 2
) (12ps)
0.9 15000 7
0.84 13700 23
(n, p) —~1.81 5Cr B 2.59 3.5m 55Mn 0. 090 15 0.083 1340 1
0.04 650 7
0.036 583 27
(n, d) —5.82 sCr 0.043 42
3.5 104 bjsr
at 14° 52
1.4 10~ bsr
at 15° 59
(n, *He) —12.702 sy 8 3.5 2.0m 55Cr 0. 003 49 42
8.0 104 13 54
(n, @) —0.63 2y 8- 3,97 3.7Tm 82Crexcit_,52Cre 0.034 14 0.034 551 1,727
(0. 7ps)
0. 046 745 19
(n, np) —8.06 MCr <0.008 b/sr 52
at 15°
(n, t)+ 0. 0049
(n, n't) at 22.5MeV 60
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Nuclide

Decay

Energy for

1015R53L

Type of |Reaction Q-value] Reaction Type of 1 . max. ¢ o at 14 MeV :
. . - Half lif D d ; c f
(52:3:) reaction (MeV) product decay %\X:\}l)e ail lle ecay product (barns) Tﬁ’év‘)’ (barns) (m_ol E;i‘:—du—x) Relerence
Mn | op) Y 8- 7.3 555 S4Crencit ,S4Cre 2%10-¢ 3 96
(100%)
(12gs)
nonelastic  — —_ 1.6 at 8 MeV 96
56Mn (n, p) 56Cr B- 1.6 5.9m 56Mn—5Fe 0.033 537 20
(2. 576h)
(n, ) sV B 3.5 2.0m 3Cr 0.041 667 19
54Fe (n,7) 9.30 55Fe EC 0.232 2.6y 5Mn 2.5 thermal 0. 002 33 1, (6)
(5.84%)
—1. 409
(n,n"y) 1st (2*) level 5Fe 0. 480 47
(n, n’) —_— S4Fe 0.600 96
(n, 2n) —13.38 5Fe B+, (EC) 3.98 8.5m 53Mn-»5%Cr ~0.08 18 0.01 162 1,7
(2 108y)
0.014 227 23
(n, p) 0.09 54Mn EC 1. 379 303d S4Crm—54Cre 0.55 9 0.35 5700 2,7,27,92
(12ps)
0.44 7160 20
(n, t) —12.43 52Mn EC, 5+ 4,708 5.7d 52Cr=—52Cre + 5%x1075 0.81 1
(0. 7ps)
1.0x10-% 0.16 83
(n, t*) 2Mn™ B+, (EC) 5.091 2lm 52Cr™—»52Cra + 4x10-4 6.5 1,54
(0. Tps)
9.5x10-5 1.5 83
(n, a) 0.84 S1ICr EC 0.752 27.8d sy + 0.09 1470 1,7
0.11 1790 19, 27
(n, np) —8.85 58Mn EC 0.598 2x 108y 53Cr + 0.11 1790 1
55Fe (n, p) 1.00 55Mn 0.23 20
(n, @) 3.58 s2Cr 0.16 19
S6Fe (n, ) 7.65 S7Fe ~2.7 thermal (6)
(91, 68%)
(a, n'y) lst‘(g;?‘ffgel sFe 0.584 47
(n, n) — SFe 0.950 96
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(n, 2n) ~11.20 BFe EC 0.232 2.6y 5Mn + 0.34 5540 1
0.49 7980 23
(n, p) —2.92 %Mn B~ 3.702 2.58h SFe 0.12 13.5 0.12 1940 2,20, 27,
45, 85, 92
0.098 1590 98
0.11 1800 7
(n,d) —-7.97 #*Mn 5. 1>a<t101:5‘°b/sr ref. in 59
(n,t) —11.93 %Mn EC 1.379 303d 8Crls . 84Crs 4.5%x1073 0.73 65
(n, a) 0.32 SCr 0. 0023 17
0.09 19
(n, np) —10.19 SMn 0.035 73
nonelastic —_— o ~1.3 96
STFe (n, 2n) —7.65 %Fe 0.87 15
(2.17%)
(n, p) —~1.78 Mn - 2.7 1.7m $Fe 0.10 15 0.09 1460 1
0. 054 875 20, 27,98
(n, a) 2. 40 S4Cr 0. 070 19
(n, np) —10.56 *Mn B- 3.702 2.58h 56Fe + 0. 004 64 1
0. 0061 52
SFe (n,7) 6.59 SFe B 1.573 46d *Co 0.98 thermal 0.002 33 1, (6)
(0.31%)
(n, 2n) —10.04 5Fe 1.0 15
(n, p) —5.32 %Mn B- 6.5 1.1m %Fe + 0.015 243 1
0.007 111 98
0.019 308 20
(n, a) —1.39 85Cr I'n 2.59 3.5m 55Mn + 0.012 194 1
0.017 275 19
0.022 356 27
%Co (n,p) 3.09 SFe 0.14 20
(n, a) 3.54 55Mn 0. 081 19
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Nuclide . . Decay Energy for 10%Rsa.
Type of |Reaction Q-value| Reaction Type of . max. o o at 14 MeV - |
(Abun- . Q-value Half life Decay product max. ¢ curie Reference
dance) reaction MeV) product decay (MeV) (barns) (MeV) (barns) T o i
#Co (n,7) 7.49 Co B 2.819 5, 26y 60N jexcit_, 60N8 20 thermal 0.003 49 1
(100%) (10. 7ps)
(n, ") —_ 9Co 0.78 95
(n, 2n) ~10.46 #Co EC, & 2.309 71d %Fe + 0.25 4070 1
(87) 0.39
0.508 8270 63
0.65 10600 7
(n, 2n*) 58Com IT 0.025 oh 58Co%—58F¢ + 0.38 6160 1
(71. 3d)
0.85 ~18 0.42 6840 7
(n, p) —0.78 %Fe B 1.573 45d %Co S 4 0.08 1300 1
0.534 8700 63
0.072 1170 20, 27
0.06 980 7
-4
(n,d) -5.18 S8Fe 1.5 >;t1015°b/sr ref. in 59
(n, t) —8.93 57Fe + 0.0018 1
(n, 3He) —11.61 SMn B 2.7 1.7m 57Fe 6.2x10-5 1.0 54
(n, &) 0.32 5Mn A~ 3.702 2.58h 56Fe 0.029 14 0.029 470 2,7,27
0. 065 1060 93
0.053 860 19
0.026 420 63, 92
0.0011 18 17
total
p emission 0.10 70
nonelastic —_— — 1.4 96
%Co | (n,p) ®Fe D) 0.14 3x10% | 99Com-+8Cos-»8Nj 0.028 456 20
(10.5m) (5. 26y)
(n, a) 1. 44 5"Mn B 2.7 1.7Tm 57Fe 0.019 309 19
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SINi (n, p) 4.02 ¥Co EC 0.837 270d STFe 0.60 9770 20
(n, @) 5.54 “Fe 0.30 19
8N (n,7) 9.00 Ni EC 1.073 8104y %Co ~4.4 thermal 1x10-4 1.6 1,(6)
(67.76%)
(n, n'y) let (g%-l‘g o sNi 0.218 47
(n, n’) — — 0.36 96
(n, 2n) —12.20 Ni EC, g+ 3.24 36h S°Co—s57Fe + 0.023 373 1,7
(270d)
0.039 63
0.034 23
(n, p) 0.39 %Co EC, A+ 2.309 71d SFe 0.65 8 0.45 7330 1,7,92
0.122 1980 63
(n, p% S¢Com IT 0.025 9. Oh 58Cos—5Fe 0.41 11 0.37 6000 1
(71. 3d)
0.19 3100 7
(n,d) —5.95 $1Co EC 0.837 270d $7Fe 0.55 14 0.55 8950 1
(, t) 11.08 %Co EC, A* 4.57 77d S6F eexcit 56 g 9.2x10-5 1.5 65
(n, *He) —6.47 S6Fe (7es)
(n, @) 2.89 SSFe EC 0.232 2.6y $Mn 0.11 12 0.11 1790 2
0.0014 23 17
(n, a%) ssFgexcit IT 1.822 SSF(";‘(S’;S)M“ 0. 0044 72 17
(n, np) —8.18 5Co EC 0.837 270d STFe + 0.24 3910 1
0.32 5200 73
(n, na) —6.39 “Fe 0. 030 9
0.036 79
p e:r(x)it:slion - — 0.42 70
8N (n, p) 1.86 $Co 0.26 20
(n, @) 5.09 SFe 0.23 19
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Nuclide . . Decay Energy for | | 10"R.ae. |
Type of |Reaction Q-value| Reaction Type of . max. ¢ o at 14 MeV i
(Abun- . Q-value Half life Decay product max. o i curie . Reference
dance) reaction (MeV) product | decay (MeV) (barns) (MeV) (barns) ' e — ﬂu; :
60N —1.3325 . |
(26.169%)| (™1") 1st (24 level *Ni 0.515 ( 47
i
(n, 2n) —11.39 %Ni EC 1.07 8% 10%y %Co + 0.24 3910 | 1
0.36 5900 | 15
(n, p) —2.04 8Co B 2.819 5. 26y SONi 0.14 13 0.13 2120 1,7,92
0.112 1820 | 98
(n, p¥) s0Com (i;T_) 0.0586 | 10.5m 6°CE’5‘.‘§;°)Ni 0.014 13 0.013 a1 |1
0.095 1540 ' 98
0.03 500 7
(n,d) —-7.31 %Co 0. 0019 b/sr at 15° ref. in 59
(n, t) —11.51 58Co EC, 8+ 2.309 71.3d S8Fe 6.1x10"5 1.0 65
(n, &) 1.35 STFe 0.0043 17
0.091 19
(n, np) —9.53 #Co 0. 068 73
GNi | (n,2n) —17.82 60N 0.46 15
(1.25%) 0.80 8
(n, p) —0.53 81Co I’ 1.29 99m 61N 0. 096 1560 7, 98
0.088 1430 19
(n, @) 3.57 sFe 0. 0007 17
(n, a*) SBF gexcit IT 0.810 Tps 58F g 0.0011 18 17
(n, np) —9.86 s0Co B- 2.819 5. 26y sONjexcit_, 60N j + 0.0033 54 1
(0. 7ps)
(n, np*) $0Com é}_‘) 0.0586 | 10.5m °°C?;‘§°y°)N i + 0.0033 54 1
3 62N (n,7) 6.84 63N ' 0.062 92y 63Cu 20 thermal 0.003 49 1
. 66%)
(n, 2n) —10.60 SINj 0.81 15
(n, p) —4.44 52Co ' 5.22 13.9m 52N} 0.022 14 0.022 356 1,98
(n, p*) 62Com B~ 1.6m 62N 0.022 14 0.022 356 1
(n, ) —0.44 5Fe B~ 1.573 45d 59Co + 0.017 271 1,27
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0.022 358 19,21 E
(n, np) 1112 §1Co IS 1.29 99m “Ni'z;_"z’: 3\“' + 0.0036 58 1 ;
(l.s‘llglgié ) (n,7) 6.10 ®Ni 5 2.13 2.56h &Cu 1.6 thermal 0.003 49 1.(6) s
(n, 2n) —9.66 &Ni 4 0. 062 92y Cy + 1.0 16300 1
1.2 19600 15
(n, p) —6.22 84Co 7.8m + 0.002 32 1
0. 005 81 7
(n, p*) “4Com 2.0m 32.4 0. 002 32 1
(n, @) —2.43 51Fe 8- 3.8 6.0m “C(gg;:)Ni + 0. 001 16 1
0. 0045 73 19
0.005 81 7,27
(n, np) —12.54 8Co 5 3.6 52s 53N(i9—2—;;Cu + 0.0035 56 1
(G;CIL‘I%,) (n,7) 7.92 “Cu (*Z‘ EC o 12.8h o 44 thermal 0 0025 % %
(n,n’) — 0. 650 96
(n, 2n) ~10.85 &Cu B+ EC 3.98 9.8m &Nj 1.0 19 0.5 8100 2,7,85
0.535 8700 o7
0.56 9120 23
(n, p) 0.72 Ni 5 0. 067 92y §5Cu 0.12 14 0.12 1950 1,27, 98
0.077 1250 20
(n, *He) —9.51 61Co B 1.29 1.65h “I‘I(g”_g:;?“‘ + 0.0016 26 1
1.13x 104 1.8 54
(n, @) 1.72 8Co 5 2,819 5. 26y sONj 0. 050 11 0.038 619 2,7,27,92
0.0028 46 17
(n, a%) 8Com (%T_) 0-0586 | 10.5m °°C(‘;5’66;1)\“ 0.027 12 0.025 405 1
(n, np) —6.12 62Ni 0.15 5
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Nuclide . . Deca Energy for 105Rus:. 1
(d":glc’:)' ’rl;};gteigrf ReaCtEK/?e%value %’;’iﬁtu’i’? Tge’fa; f ?ﬁ:l\% Half life Decay product '(‘Laa’;;ls Tﬁ%i} c)r g azb;‘:nls\sfev (mOI.c:;:: ﬂux> ! Reference
(335_%% (n,7) 7.07 #Cuy B 2.63 5.1m %Zn 2 thermal 0.006 o7 6
{n,n’) — 0. 380 76
(n, 2n) —9.90 #Cu (g EC 0.5m 12.9h e 1.1 18 0.9 14600 2
0.97 15700 23
(. p) ~1.35 &Ni A 2.13 2.56h Cu 0.021 14 0.021 340 1,66
0.027 430 98
0.029 470 20,27
(n, 3He) —12.% Co s 3.6 52s 631‘%,‘;,5;)@“ ~0.001 ~16 5
(n, @) —0.09 %2Co B 5.22 13.9m &Nj + 0.011 178 1
0.038 14 0.038 620 66
(n, &%) 6Com A ~5 1.6m &Nj + 0.0018 29 1
(n, n) —6.77 §1Co B 1.29 1.65h SN + 0.0018 29 1
0.006 85
“Zn | (n,9) 7.98 ©Zn EC, f* 1.35 245d 5Cu 0.5 thermal 0.003 49 1
(48.39%) (n, n'y) 1ot a2 Zn 0. 451 47
st (2+) level
(n, 2n) —11.86 Zn A+, EC 3.366 38m 6Cy 0.4 18 0.125 2030 1,7
0.191 3100 23,97
(1, p) 0.21 “Cy (ﬁc g 0.o78 12.8h e 0.29 11.5 0.018 203 13,27
0.160 2450 98
0.20 3240 20
0.211 3420 97
(n,d) —5.48 Cy 0. 0026 9
(n, 1) —10.21 &Cy A*, (EC) 3.94 9.76m oNi 1.0% 104 1.6 55,96
3,410 0.54 |54
(n, @) 3.87 aINi 0. 0066 17
0.077 19
(n, np) 7.7 8Cy 0.4 5

(4
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667Zn —~1.039
(27.81%)| @ n'7) 1st (24 level *Zn 0.673 47
(n, 2n) ~11.05 7n EC, 5* 1.35 245d 65Cu + 0.53 8630 1
0.74 12000 23
0.8 13000 7
(n, p) —~1.85 SCu B 2.63 5. 1m 5Zn 0.076 13 0.076 1230 1,7,27,97
0.072 1170 98
0.078 1260 5,20
(n, a) 2.27 63N B 0.067 92y 3Cu + 0.043 700 1
0.025 407 19
(n, np) —8.92 85Cu 0.05 5
§7Zn (n, 2n) —17.05 $6Zn 0.91 15
(4.11%)
1.0 8
(0, p) 0.21 Cu B 0.57 59h 7Zn 0.58 14 0.058 940 1
0.065 1050 20
0.140 2280 97
0.042 680 27
(n,a) 4.88 SNi 0.032 19
(n, np) —8.91 6Cu B 2.63 5.1m 86Zn + 0.01 162 1
88Zn (n, ) 6.48 69Zn B 0.90 57m 9Ga 0.1 thermal 0.003 48 1
(18.56%)
? 1.0 thermal (5)
(n,7%) ®Zam IT 0. 439 13.8h 692‘(‘2‘;;9)&' 0.01 thermal 3 10-4 5 1
0.1 thermal (5)
—1.078
(n,n'7) 1st (2) level *Zn 0. 440 47
(n, 2n) —-10.20 S7Zn 1.0 15
0.73 8
(n, p) —3.80 8Cu B 4.6 30s 68Zn 0.025 405 5,20
0.011 179 97
0.017 275 27
0.0098 159 98
(n, a) 0.78 S5Ni B~ 2.13 2.56h $4Cu 4 0.010 162 13,27, 97
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Nuclide J . . Decay | Energy for 10'5R 4.
Type of IReaction Q-value] Reaction Type of . , max. ¢ ¢ at 14 MeV .
(Abun- | - Q-value Half life Decay product | max. o curie Reference
dance) ( reaction (MeV) product decay (MeV) | (barns) (MeV) | (barns) ool unit fox
Zn (n, &) 0.78 65Nj 8- 2.13 2.56h 55Cu 1 : 0.0078 126 19
(18.569) 5
1 (n, np) —9.99 §1Cy B 0.57 50h 1Zn T 53 1074 8 1
7Zn (n,7) 5.84 nZn A" 2.61 2.4m NGa 0.1 thermal 0.002 32 1,5
(0. 62%)
> (n,2n) —9.22 Zn 8- 0.901 57m #Ga + 0.3 4860 1
1.3 21100 7
697 ne_,69Gas
(n, 2n%) 97Zam IT 0. 439 13.8h ‘257m) a 0.9 14600 1
0.61 18 0.57 9280 13
(n, p) —5.067 Cy 0.0070 20
R 67(C 1 .67
(n, @) —o.71 TN s 4.1 50s C(“Sgh)zn + 0. 0095 154 1
0.0017 27 19
(n, na) ~5.93 56N 5 0.20 55h “C(gl"nfizn + 8x 104 13 1
8.9x 1074 73
(63962‘3% y | @) 7.65 1Ga ( ﬂﬁI_EC) oo, 21.1m 1Ge 2 thermal 0.002 32 1,5
(n, 2n) —10.31 8Ga g+, EC 2.920 68.3m 8Zn 1.2 17 0.9 14600 1,7
0.82 13300 97
0.10 1620 23
(n, p) —~0.12 $9Zn 8- 0.901 57m %Ga 0.046 12 0.043 697 1
0.017 275 7
0.036 583 27
(n, p% Znm IT 0.439 13.8h ”Z'Z;;f)ca' 0. 046 12 0.043 696 1,85
0.026 422 98
0.021 340 7
(n, a) 2.58 65Cu 8- 2.63 5.1m 66Zn 0.018 292 7,27
NGa ) (n,7) 6.52 2Ga B~ 4.00 14. 1h 2Ge 5 thermal 0.002 32 1,5
(39.8%
(n, 2n) ~9.30 1Ga ( ﬂﬁEC) o, 21.1m 70Ge + 0.9 14600 |1

cr
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1.1 17800 23
(n, p) —2.02 1Zn & 2.61 2.4m 1Ga 0.033 13 0.032 518 1
0.008 130 98
0.005 81 7
(n, p¥) —2.15 nzam 5 2.9 4.0h Ga 0.021 13 0.020 324 1
0.0125 203 98
0.01 162 7
59N .59
(n, *He) —11.04 ®Cu B*, (EC) 4.8 3m (815?) (gx;( 10‘%" 6.610-5 1.1 54
(n, @) 0.93 Cu B 4.6 30s #Zn 0.06 972 7
(n, na) —5.26 ¥Cu B 0.57 59h Zn n 0.004 64 1
%Ge | (n,v) 7.42 nGe EC 0.23 11.4d 7Ga 3.4 thermal 0.003 48 1,5
(20.55%)
—1.040
(n,n’y) 1t (2*) level 0Ge 0.80 47
(n, 2n) —11.53 8Ge EC, * 2.225 3gh ®Ga 0.9 18 0.54 8750 1,7
0.575 9350 97
0.65 10500 23
B B 1.66
(n, p) 0.87 Ga &) 186 21.1m %Ge 0.17 10 0.10 1620 1,20
0.077 1250 27
(n, 1) —10.48 %Ge 8+ EC 2.920 68m s8Zn 41075 0.7 55,83
7Ge —0.835
@1.31%)| (®0'Y) 1st (2*) level "*Ge 0.42 47
(n, 2n) ~10.75 nGe EC 0.234 11.4d Ga + 0.73 11800 1
0.84 13600 15
(n, p) —3.21 7Ga 5 4.00 14. 1h 7Ge 0.068 13 0. 065 1050 1
0.031 553 98
0.04 650 7,21
0.042 682 97
(n, @) 1.48 Zn 5 0.901 57m #Gas 0. 008 14 0.008 130 1
(n, a%) $Znm IT 0. 439 13.8h SQZ‘(‘;;;?)GE" 0.008 14 0.008 130 1
0.011 179 o7
3Ge (n, 2n) —6.78 Ge 1.2 8
(7.76%)
1.05 15
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Nuclide . - Decay Energy for 1015Rm.
Type of |Reaction Q-value] Reaction Type of . max. 0 o at 14 MeV -
(Abun- . Q-value Half life Decay product max. ¢ curie Reference
dance) reaction (MeV) product decay (MeV) (barns) (MeV) (barns) ol it flux
"Ge - B3Gem—73Ges
(7.7805) | (%P —-0.77 73Ga A 1.55 4.9h . 239) 0.02 320 7,27
0.027 439 98
0.030 486 20
0.016 260 97
(n, @) 3.91 7Zn 0. 00012 18
HGe | (n,7) 6. 49 5Ge 5 1.20 82.0m 5As 0.5 thermal 0.003 48 1,5
(96.74%) (n, n'7) —.0.5960 HGe 0.477 47
' 1st (2*) level :
(n, 2n) —10.20 3Ge 1.13 15
(n, p) —4.72 HGa 8- 5.5 7.9m "Ge 0.01 162 7,20, 27
0.012 105 a7
72Gg—»72
(n, *He) ~12.15 770 B 0.45 46.5h %’1 1}5"’ <1%10° <1.6 73
(n, ) —0.44 nZn B 2,61 2.4m nGa + 0.015 243 1
(n, a*%) nzZpm 8- 2.91 4.0h 1Ga + 0.0035 56 1
0.020 325 o7
7 m_,7 8
(n, np) —10.87 3Ga B 1.55 4.9h SGE’-O. 53:)Ge 6.7x10-4 11 96
7 1TA5—T1S
(7_63‘3%) (n,7) 6.02 Ge B 2.75 1.3h (358_ 7h)e 0.1 thermal 0. 001 16 1,5
—0.5632
(n,n’y) 1st (2*) level %Ge 0.204 47
(n, 2n) —9.44 5Ge 5 1.20 82m 75As 1.3 15 1.2 19400 1,7
5 ak—»75
(n, 20%) BGem IT 0.139 48s § G‘ZQZm)AS 1.1 15 1.0 16200 7
(n,p) —5.94 7%Ga B ~7 32s %Ge 0. 0049 79.4 20
0.0031 50. 4 97
1203 a T2
(n, na) —7.51 7Zn A 0.45 46.5h %"‘4' lh?e + 7% 1074 11.3 1
0.0010 16 96
75 -
(10’(’)‘% y | @ 7.33 A5 ( ﬂ*BEC) y a 26.5h 7Se 5 thermal 0.003 48 1,6
(n, n'y) — 5pA5m 1T 0.304 17ms 5As 0.13 2110 5,57
+ 7
(n, 2n) ~10.24 T4As (g_ EC 2564 17.9d T 1.2 17 1.1 17900 1,7
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1.02 16600 88
111 18100 23
(n, p) —0.41 5Ge g 1.20 82m 5As 0.02 14 0.02 324 1,7,27
0.029 472 98
(n, p*) 75Gem IT 0.139 485 75G§§5;;A5 0.02 14 0.018 201 7
(n, *He) —10.148 73Ga 5 1.35 4.9h "G(e(; gg:fe’ 5.78 % 104 9.4 54
3,510 0.06 | 55,56
(n, @) 1.20 1Ga A 4.00 14.1h 7Ge 0.012 15 0.011 178 1,7,27
(n, 2p) —11.62 MGa A 5. 60 7.9m HGe 0.51 8300 96
07‘85760 (n,7) 8.02 5Se EC 0.865 120d 75As 30 thermal 0. 003 48 1,6
(0-87%) T3 A5 73Gem—T3Ges
(n, 2n) —12.07 735e EC, g+ 2.75 7.1h (80.3) (0,555 ~0.6 ~18 0.26 4210 1,7
(n, 2n%) 735em EC, * 2.8 42m "‘&'—B";;?ez"ofggge‘ + 0.035 569 1
0.2 3240 7
(n,p) —0.57 #As (gf EC 2. %04 17.9d e 0.1 ~14 0.1 1600 1,7
0.13 2090 20,27, 98
765¢ —0.5503
(9.029) | (™n7) 1st (2*) level "*Se 0.483 47
(n, 2n) —11.16 Se EC 0. 865 120d 5As + 0.73 5970 1
(n, p) —2.19 e ( Bﬁ"p_c) g- gg 26.5h 76Se 0.06 14 0.06 970 1
0.059 960 20,27
0.075 1220 98
7Se (n, 2n) —7.42 765e 0.93 15
(7.58%)
(n, p) 0.10 "As 8- 0.68 38.7h 71Se 0.04 650 7
0.055 891 20
0.036 583 27,98
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Nuclide Type of IReaction Q-value| Reaction Type of Decay . Energy for } 10%R e
(Abun- . yp Q-value Half life Decay product max. ¢ o at 14 MeV | uri
dance) reaction (MeV) product decay (MeV) y produc (barns) Tﬁt\/(; (barns) : (Flcu;u(:ﬂ:—() i Reference
(2;%;%) (n,7) 6.98 3¢ B 0.154 | 6.5x10% 9By 0.06 thermal Tx 1074 11 1
(n, 7%) 795em IT 0. 096 3.9m (2%‘_*;;’;13{;) 0.4 thermal 0. 002 32 1,5
o | o | e "
(n, 2n%) (—10.50) T15em IT 0. 161 17. 55 7Se 1.2 16 0.8 13000 7
1.0 16200 15
(1, p) ~3.49 1AS 8- 4.3 91m 73e 0,021 340 1,27
0.017 276 9%
0.031 502 20
(n, p*) 78Ag= 6m + 8x10-4 13 1
(n, @) 0.46 BGe B 1.20 82m As + 0.006 97 1
(n, a*) 0.46 5Gem IT 0.139 485 ”G(%"Z‘I:)SAS 0. 0076 123 7
“ use w“ (®,7) 6.70 81Se B 1.58 1.86m uBr 0.53 thermal 0.002 32 L5
(n,n"y) Ist (2_,,?'153312 80Se 0. 444 47
(n, 2n) —9.90 795e 8 0.154 | 6.5x10%y 9By + 0.27 4400 1
1.2 19500 15
(n, 20%) 795em IT 0.006 3.9m ”(%‘?'5‘;(’;13{;) + 0.09 1460 1
1.4 15 0.8 13000 7
(n, p) —5.22 B0As A~ 6.0 15. 3s 80Se 0.016 259 7
0. 0081 131 20
(n, @) —0.95 TGe B 2.75 1.3h 77(%3?7},7)86 + 0.037 599 1
0. 006 97 7
(n, a*) "Ger (/IST 2o 54s v 0. 006 97 7
(38.7h)
+EE: ‘r?p ) s %A 5 2.2 9.0m (;%en:‘ )‘Ezsg'g;’ ’1%2; ) <8x1074 <13 52

9%
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82G0

g
3Br o 83K m_,
©.109%) | @7 5.93 ®Se s 3.6 25m | Lo | 0-004 thermal 2% 104 6 |1 E
83 m_, It
(n, 7% #3gem B 3.82 70s “B(rz 4_"1{3’(1_ ;;I){" 0.05 thermal 0. 002 32 1 S
(n, 2n) —9.27 sSe B 1.58 18.6m "By + 0.09 1460 1
0.3 4860 7
(n, 20%) Bgem IT 0.103 57m ”(ng_;;?' + 1.45 23500 1
B + 80
(50.539) | (@) 7.88 "By ECE) 1 38 | 17.6m e 10 thermal 0.001 6 |15
(n, 7%) 0B m IT 0.086 4.38h ( :B);z{‘:ﬁls(i 2.7 thermal 0. 001 16 1,5
17.6m
- 76
(n, 2n) —10.69 7By /3935)(; 9 6.5m Toar 0.77 12500 1
0.90 14600 7
0. 955 15500 97
1.07 17400 23
* 7 m 795ef—79Br#
(n, p%) (0. 64) %Se IT 0.096 3.9m (<0 5 1009) 0.01 160 7
(n, Q) 1.86 As 5 2.97 26.5h %Se 0.0135 14.5 0.013 211 1,7,27
(4;2{3% (n,7) 7.60 #p; B 3.092 35.3h K 0.26 thermal 3% 104 5 1,5,97
. 48%
(n,7%) 82Brm IT 0.046 6. 1m "gg';f;ff 3.0 thermal 0.003 50 1,5
_ % (EC, B*) 1.87 nge
(n, 2n) 10.16 Br ! 187 17.6m g + 0.44 7200 1,89
(n, 2n%) %0Bm IT 0.086 4.38h wpre 28 0.8 16 0.7 11000 1,7,89
(17.6m)
(n,p) —0.81 uSe B 1.58 18.6m #Br + 0.022 360 1
(n, p¥) —0.90 Bigem IT 0.103 57m 8'%5;‘62? + 0.022 360 1
0.0153 249 98
(n, @) 0.43 A5 5 4.3 91m 78Se + 0.007 110 1,27
(n, na) —6.48 7As 5 0.68 38.7h 7Se + 0. 005 81 1

P



Nuclide . . Decay ' Energy for 3 10"5R,a¢ :
Type of [Reaction Q-value| Reaction Type of . max. o y o at 14 MeV . !
(Abun- : Q-value Half life Decay product \ max. ¢ ; curie " Reference
dance) reaction (MeV) o product decay (MeV) (barns) (MeV) (barns) | ol umic ﬂux) ‘!
78K 1 _ . T7"Br—=7Se I
(0. 354%) (n, 2n) 11.98 7Kr B+, EC 2.9 1.2h (57h) 0.245 | 3990 96
+ EC 3.57 785,
(n, p) 0.09 79B; 5( 5 N 6.5m i 0.072 1170 20
(2“21’{72/) (n, 2n) —11.53 79Kre EC, 5+ 1.62 34.9h Br 0.810 13200 96
Lo 0
. m 79K r8—.79Br
(n, 2n%*) Kr IT 0.127 55s (34. 9h) 0.415 6760 7
(n, p%) ~1.23 80w IT 0.086 4.4h " goB;z(’_iﬁge’ 0.055 895 7
.6m
0.037 602 20
#Kr aT), 8~ 0.97 4.4h 0.10
56.9%) | ™7 711 ¥Kr 5 0. 67 10. 76y *Rb ~0. 06 thermal ®)
(n, 2n) —10.52 89K 1.1 15
(n, p) —-3.92 8By 8- 4.7 31.8m 8Ky 0.009 150 7
0.0073 118 20
82Kr - 81K rs—,81Br8
(11.56%) (n, 2n) —10.98 81Ky 1T 0.190 13s (2. 1% 10%) 0.160 2600 7
(n, p) —2.31 #2Brs 8- 3.092 35, 4h 82K pexcit 82K 1 0.023 374 9%
(1’;619?’;?) (n, 2n) —9.86 8Kr B 0.67 10. 76y 8Rb 1.3 21200 15
. )
- 85Rb»—8Rb
(n, 20n*) Ko (’3 0.97 4.4k 85K e 8Rb 0.35 5700 7
IT 0.305 (10y)
- 83Br—8Krm—8Kr
- 83
(n, @) 2.18 Se B 3.6 25m (2. 41h) (1. 86h) 0.0012 19 7
85Rb B~ 1.78 -
(72.15%) (n,7) 8.65 8Rb (EC) 0,54 18.7d 8Sr 2 5x1074 0.002 32 1,6
(n,v*) #Rbn IT 0.56 1.04m “R‘(’;g’d;GS’ 0.2 5% 1074 2%10-4 3 1
_ EC, 5+ 2.680 MKr
(n, 2n) 10. 48 “Rb ( i 2 33d sy ~1.2 16 1.0 16300 7
0.7 11000 1
0.62 10100 88

8y
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(n, 20%) 8Rpm IT 0. 464 20m BRbe BT + 0.7 11000 1
(33d) M™Sr
0.34 5500 88
0.5 18 0.35 7
(n, p* 85K ym B 0.97 85 aﬁREs
. p% ~0.20 Kr £ P 4.4h Kro—®Rb 0.005 15.5 0. 004 64 7
) (10y) 0. 0047 76 98
(n, @) 0.99 B (IIEQC) 3.002 35.3h 2Ky + 0.06 970 1
0.01 18 0.007 113 7,21
IT 0. 046 82Bre_, 2K 1
L 82Rpm
(a, a®) Br 7 9.0% 6.1m o + 0.06 972 1
"Rb | (a,9) 6.08 #Rb g 5.2 17.8m 85y 0.12 thermal 5104 8 1,6
(27.85%) 5 1.78
(n, 2n) ~9.93 %Rb &c) L8 18.7d sy + 0.58 9440 1
1.2 16 1.1 17900 7
(n, 20%) #Rbm IT 0.56 1.04m “R‘(’;;d;“S' + 0.58 9400 1
) Rb-+#7Sre
— 87
(a, p) 3.11 Kr B 3.89 76m S 000y + 0. 0048 78 1
0.012 195 98
0. 0019 30 20
(n, @) —121 “B; 5 4.7 31.8m “Kr + 0.023 373 1
0.002 32 7
(n, &%) UBrm 8- ~0.5 6m 8Ky + 0.023 373 1
0. 002 32 7
_ GSKrm_,saKru
(08455% (@, ) 8.53 855y EC 111 64d 8Rb 0.4 thermal 0. 001 16 1,5
. 56% 85Sre_,
(n, 7% #55cm (Ec 0.231 70m (56‘;1) o 0.65 thermal 0. 001 16 1,5
(n, 2n) —12.01 95y EC, 8* 2.21 32.4h ”R‘(’QSK' + 0.13 2110 1
1.5 18 0.9 15000 7
B FC, §* 2,680 8Ky
(n, p) 0.10 “Rb ( o o e 34.5d gy 0.096 1560 98
(n, p*) —0.57 8Rpm IT 0. 464 21m sRpe / LKT 0. 047 764 %8

(34.54) "'

rArAR CA Y
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Nuclide . : Decay Energy for 10%Rya..
Type of |Reaction Q-value] Reaction Type of . max. 0 o at 14 MeV :
(d[zgg:)- reaction (MeV) product decay C’Eﬁ:l\l;f Half life Decay product (barns) Tﬁ’;\,‘; (barns) (_l curf: a ) Reference
mol. unit flux
(9868561./) (n, v*) (8.43) 875rm IT 0. 388 2.83h 87Sr 0.8 thermal 0.002 32 1,5
[+)
> (n,2n) —11.49 oS¢ EC L11 64d #Rb + 0.34 5500 1
0.75 17 0.55 8500 7
(n, 20%) #55m ({ETC 0.237 70m “(Sﬁixﬁﬁﬁg + 0.34 5510 1
7
(n, p) —0.99 8Rb B- 1.78 18. 66d 86Sr + 0.02 324 1
0.044 716 98
0.04 650 7
* 86T Tam 86Rbe—86Sr
(n, p*) Rb IT 0.56 1.04m (18, 664) + 0.02 324 1
0.009 146 7
E7Sr9/) (n,n’) e 87Srm= IT 0.388 2.8y 87Sr 0.33 5 0.1 1620 1
(7.02%
r n, "y . T = . 8 1 therma . 1
( 885, ) ( ) 6.36 89S; B 1.463 52d 89y h 1 0.002 32
82.56%
0.005 thermal (6)
—1.8362
(n, n'y) 1st (2*) level $Sr 0.84 47
Sy
(n, 20%) (—~11.11) 875pm (IETC) 0.388 2.83h S7Rb—¥1Sy 0.28 17 0.20 3240 1,7
(5% 1010y)
(n,p) —4.52 8Rb B 5.2 17.8m 88Sr + 0.018 299 1,7,27
0.0135 220 98
0. 0037 60 20
(n, t) —12.05 86Rb B 1.78 18.7d 865r 6.3%x10°5 1.0 65
(n, @) —0.79 85Kr B- 0.67 10. 8y 85Rbe + 0.2 3300 1
0. 087 1420 36
(n, a*) K= IT 0.305 4.4h ”KHS’;;R” + 0.065 1050 1
( ‘(’)9819/) (n, ) 6. 86 90y A 2.27 64h 907 rs 1.28 thermal 0.002 32 1
100%
0.0014 24 58, 74

0g
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L
(n,7*) oy= IT 0.685 3.1h e 0.001 | thermal 51074 8 |1 &
(n, n'y) —0.91 wym IT 0.91 16. 1s Ye 0. 40 6510 57,76 5
[N
0. 497 8090 7
(n, 2n) —11.47 sy EC, 8+ 3.621 108d #5; 1.2 17 0.75 12200 1,7
1.06 17300 23
(n, p) —0.71 #5; B 1.463 52d sye 0.023 14.5 0.023 374 1,7
0.026 422 20,27
875re
(n, t¥) —10.20 875m IT 0.388 2.83h 7Rbe—s Sy 3.8%x10-¢ 0.06 83
(EC) (5% 101%)
1.5% 1076 0.02 54
- 1.78
(n, @) 0.70 Rb Eey 1 18.7d 865y + 0. 0025 40 1
0.0035 57 7
(n,a*) #Rba IT 0.56 1.04m “R?;g(’i?sr + 0.0025 40 1
(n, 2p) ~11.59 ®#Rb 3 5.2 17.8m 85; 4%10-¢ 6.5 9%
nonelastic —_— —_— <1.05 76
®Zr | (n,p) 3.64 sy 0.46 20
%Zr | (n,7) 7.20 nzr 0. 064 4.5%107 )
(51. 469%)) .
| (n,2n) —11.98 ®Zr EC, g* 2,834 78. 4h W(lss;w 1.2 18 0.56 9120 1,7
W IT 0.588 87 rs_a8y
(n, 20%) wZr (EC 9.58 4.18m G oy + 0.06 980 1
(n, p) —1.51 0y g 2.27 64.2h %Zra + 0.033 535 1
0. 045 730 7
(n, p%) 0y= IT 0. 685 3.1h °°Y(;:}:;Zr + 0.011 178 1
flat 0.012 195 7,82
(n, ) —11.38 sy EC, g* 3.621 108d 885 pexcit_,855 e 3.1x10° 0.50 |55
4.1x10° 0.67 |65
(n, a*) (1.75) 875 IT 0.388 2.8h #1Sr + 0. 0032 92 1

19




49

Nuclide ‘ . . | Deca "E f : 10%Rsar.
Type of [Reaction Q-value] Reaction ' Type of y . max. ¢ . CREIBYIOT 4 5 gt 14 MeV . !
(Abun- f v Q-value Half life Decay product LV i max. g ey curie . Reference
danc?) “ -reactlon (MeV) product decay (MeV) (barns) } (MeV) (barns) }(m—-—ol. unitﬂ&)
90Zr (n, np) —8.10 89Y ' 0.041 73
(51. 46%)
(n, np*) 89ym IT 0.91 16. 1s 8Ys 0. 027 440 48
uZr (n, 2n) —7.20 %07r 1.4 8, 14
(11.23%)
1.3 15
(n, p) —0.76 ay 8- 1.545 59d 9178 0. 034 554 27
+ 0.05 810 1
. ave ‘ NYs_917r8
(n, p%) 1y IT ) 0.551 50m (58d) 0.05 810 1
0.018 202 7
(n, np) —9 0y 8- 2.27 64. 2h 07 re + 0. 004 64 1
(n, np*) aym IT 0. 685 3.1h 9°Y‘(‘g;;°)z" + 0.004 64 1
927 r ! 93N h™—»93Nbe
(17.11%) (n,7) 6.76 9Zr B~ 0.090 | 1.5x10% (13. 6y) 0.2 thermal 0.003 48 1
(n, 2n) —8.64 NZr ' 1.3 8
1.4 14
1.5 15
(m, p) —2.84 97y B 3.63 3.53h 9271 0.019 308 ¢ 22,27
+ 0.022 356 1
0.024 389 20
(n, @) 3.39 893r 8- 1.463 50. 4d oY 0.01 16 0. 009 47 1,7,27
(n, np) —9.40 any A" 1.545 59d NZre + 5%10-4 8 1
(n, np*) aym IT 0. 551 50m mYES‘;;)Z’“ + 0. 002 33 1
947 _,95
ar 300 | @) 6.48 *7r I 1.121 65d N 0.08 thermal 0.004 8 |15
(n, 2n) —8.19 97r 8- 0.090 | 1.5x10% ”N(blg‘g:f)“b’ 1.4 22800 14
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+ 15 24400 1
1.8 20300 15
(n, p) —4.22 wy B 5.0 20.3m uz; + 0. 005 81 1
0. 0085 137 20
0.01 162 7,21
~ 93Zr_,93me_>93Nbg _
(n,d) —8.32 sy B 2,89 1020 | e ey 9 10-¢ 15 9
(n, *He) —11.14 9257 A 1.9 2.71h ’g g’;g’ <4x10-4 <6.5 ref. in 56
(n, @) 2,07 ngy B 2,67 9.7h 9’}{55';)' Zr 0. 0065 16 0. 0046 74 1,727
0. 0050 81 22
i 937 93N bm 93N be
{n, np) —10.30 sy B 2.89 10.2h ) 5 108y) (13. 6y) t+ 0 0 1
<8104 <13 73
(;820’% y| @m 5.58 w7z B- 2.67 17h "szl‘r;’;l‘%’g’;;M° 0.05 thermal 0. 004 65 L5
(n, 2n) ~7.83 %Zr B 1.12 65d ”N&’SW 1.3 14 1.6 26000 1,14
1.46 23800 23
(n, p) —6.02 %y B 6.9 ’ 2.3m %Zy + 0.012 194 1
(n, He) —13.47 %45y B 35 | 1.35m 9(‘2%‘;:5’ 1,36 1074 2.21 54
(n, @) 0.17 235y B- 4.8 8m sza'giz)r*iﬁ?&"bg + 0. 0035 57 1
| 0.0026 42 L 27
(n, na) —4.78 2Nb 8- 1.9 ’ 2.71h ’g;a’gf 0.0026 42 ; 9
“Nb | (n,p) 2.72 77; 0.44 20
(n, 3n) 9ND EC, g+ 6. 11 14, 6h 907 rexcit 907 r€ 0.18 at 19 Mev 35
(n, pn) —5.93 nZzr 0.336 35

AR ICA-A)
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I(\Ijgglige Type of “Reaction Q-value| Reaction Type of CI))eczlly Half 1if D duct max. ¢ J Energy for 1‘ o at 14 MeV IOlSR."" Ref
un- - -value alf life ecay produc : ! max. o curie . Reference
t MeV duct -] |
dance) reaction e ) produc decay (MeV) (barns) i (MeV) (barns) (mol. i ﬂux)
(:31(\)1‘; | (®,7) 7.23 Nb B 2.06 2104 %Mo 0.1 thermal 5x10-3 0.8 |1
(1]
4.4x10-4 7.2 73
. . IT 0. 0407 9Nbs-9Mo .
(n, v*) Nb ) 9.04 6.3m 210 1 thermal 5x 104 8 1
(n, n') - 9N IT 0. 0304 13. 6y 93Nbs 1.2 8 0.3 5000 1
0.90 15000 95
(n, 2n +2n%) (—8.83) 2Npe+m 1.24 20200 35
(n, 2n%) 92N bm E(Cﬁ‘; ' 2.1 10. 16d 927 0.41 14 0.41 6640 1,7
(, p) 0.72 97, A 0.090 | 1.5x106y | Nb7-#Nbs 0. 040 651 26
(13. 6y)
0. 045 14 0. 045 732 1
(n, 3He) —7.72 a1ys B 1.545 58. 8d 9Zre 3x10- 0.05 55
3.1%10-8 0.050 |56
(n, *He®) —8.27 s1ym IT 0.551 50. 3m 91‘({5'5’895" 1.79% 1075 0.29 54
(n, 2p) _8.88 2y B 3.63 3.53h 927; <5%107¢ <8 5
(n,a) 4.91 oy 5 2.27 64. 2h 0Zrs 0. 009 15 0. 009 146 1,7,27
(n, a*) soym IT 0. 685 3.1h ”Y(‘;:}:;Z" + 0. 005 81 1,22,82
0. 01 15 0. 006 98 7
_ . 0. 0042
(n, t)+(n, nt) at 22.5 Mev 60
(n, na*) (—1.95) sym IT 0.91 165 mYs 0. 0025 40 5
nonelastic _ _ 2.0 96
“Nb | (n,p) 1.72 9z 0.025 i 20
M .
° | mp 5.20 %INb S 1.2 o NGz 0.90 14700 20
M| () 8.07 M EC PNbe - Nbs
(15.86%) | (™7 : ° 0.42 >100y () 0.3 thermal 0.002 33 1
9Nbs (15%)

129
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L
93
(0, 7%) %Mon IT 2. 428 6.9h |sMor{ gnDr onu | 0.006 thermal 3%10-5 0.48 1 &
(>100y) (13. 6y) 2
IINH_n 9! I®
(n, 2n) —12.69 Mo B+, (EC) 4.46 15.5m I‘g}’on g)Z‘ + 0.145 2350 1 §
0. 158 2560 28
0.15 2400 57
~1.0 ~20 0.1 1600 7
. 9INh—91Zr
(n, 20%) aMom (FTC A > aa3 665 NMos—IINb—91Z 1 + 0.0145 235 1
(15. 5m) (long)
(n, p¥) (0.43) sNpe | EGET | 218 10. 16d et + 0.06 o2 |1
0.15 2430 20
(n, 1) ~11.26 %Nb EC, p* 6. 11 14. 6h %Zr 5.0 1075 0.81 55,83
(0, @) 3.69 ®7r EC, 8* 2,834 78. 4h ”YE'I‘G’:; Ys + 0.016 259 1
0.019 308 22
89 LY m_,
(n, a*) #Zm (gc g 0.588 4.2m ZE;& 413) oty + 0. 0054 87 1
0. 0094 152 22
81 90
(n, np*) (=7.47) ANb~ (EE:) 0. 1045 62d (Il\itr):g) it + 0.038 619 1
0.112 1820 73
(n, t)+(n, nt) —_ —_— 0. 2(34;2 5 MeV 60
Mo | (np) 1.26 %Nb 0.095 20
%Mo _ 93 9INh=™—9IINbs
o.129%) | (™2n) 9.67 Mo EC 0.42 >100y (13. 6y) ®*Nbs + 0.56 9120 1
(n, 20%) “Monm IT 2,428 6.9h  [#Mos] poNEr NP 0.56 9120 1
(>100y)
0.003 48 7
(n, p) ~1.26 %Nb [ 2.06 2x10¢ M 0
, : (EC) 0.92 y 0 + 0. 0054 89 1
(n, p¥) %Nbm IT 0.0407 | 6.3m “g*)’:l‘(;f;l‘)“ + 0. 0054 87 1
(n, @) 5.13 nzy (0. 05) 31

g¢




!

Nuclide . . Decay Energy for 10"5Rear.
Type of |[Reaction Q-value, Reaction Type of . max. ¢ o at 14 MeV . i
(Abun- - Q-value Half life Decay product max. o curie Reference
dance) reaction (MeV) product decay (MeV) (barns) (MeV) (barns) = anit fax :
9sM ,2 ~7.38 UM 1.2 11
(15. 7%%) (m 20) ’ ° | ' ]I °
(n, p) —0.14 %Nb 8- 0.925 35d Mo + 0.024 30 |1
|
1
| (n, p*) Nbm IT 0.235 90h *#*Nbe—~#Mo + 0. 024 390 1
(35d)
(n, a) 6.39 92Zr (0.0018) 31
(n, np) —8.64 94Nb I’ 2.06 2x 104y Mo + 0. 003 49 1
| (n,np%) #Nbe IT 0.0407 | 6.3m S Toee + 0.0025 CERE
%Mo (n, 2n) —-9.15 Mo 1.4 15
(16.509,)
(n, p) —2.41 9Nb B 3.15 23. 4h %Mo 0.016 359 28
+ 0.024 389 [
0. 021 340 22,27
N b 93N he
(n, @) 3.99 %7y B 0.090 | 1.5x106y (II;.bGy) AL ¥ 0.01 160 |1
(n, np) —9.30 95Nb B- 0.925 35d %Mo + 0. 002 33 1
(n, np*) ssNbm IT 0.235 90h gsN‘z;;;;W + 5x10-¢ I
TMo (n, 2n) —6.82 %Mo 1.5 | 15
9.45%) \
(n, p) —1.15 97Nb B8 1.93 T2m 9"Mo + 0.07 1130 | 1
[ 0.016 260 7,22,27,28
|
! . . 7Nb#—»9"Mo r
(n, p*) 9"Nb IT 0. 747 1.0m (72m) + 0. 007 113 1
(n, @) 5.37 uzr
(n, np) —9.22 %Nb 8- 3.15 23. 4h %Mo + 8x 1074 13 1
%Mo - 9T c—¥Ru _
(23.75%) (n,7) 5.92 Mo B 1.37 67h (2% 10%) 4.0 1.2x107¢ 0. 005 81 1,5
(n, 2n) —8.64 Mo 1.66 15
(n, p) —3.82 9BNb B 4.6 51.5m %Mo 0. 0067 109 28
+ 0.01 162 1
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0.0094 152 20
95Nbs—3Mo
(n, @) 3.20 Zr 4 1.121 650 | ssnpm_iSondssMo 0. 0081 132 22
(90h) (35d)
(8, np) —9.44 Nb s 1.93 72m Mo + 1%10-¢ 1.6 1
. N Nbs—9"Mo 1%x10~¢
(n, np*) "Nb! IT 0.747 1m (72m) + 1.6 1
09 o9 - 10s BMo—-¥Tc—¥Ru
Mo | (np) Nb B 3.1 20 (6T (2. 13 105 0. 0075 122 20
100
©0.6000) | ) 5.39 191Mo B 2.82 14.6m BT 2.0 4x10-¢ 0.006 o7 |15
(n, 2n) —8.30 %Mo 5 1.37 67h °g§<‘1'8951;)“ 2.3 14 2.3 37300 1
1.4 22800 7,28
1.7 27500 23
(n, @) 2.39 Zr B 2,67 17h ”N?;z‘r’;’ ;M° + 0.011 178 1
0.025 405 7,28
#Tc (n,7) 10T¢ B 3.4 17s 100R 0. 009 147 96
(n,n'7) ®Tc 8 0.202 | 2.12x10%y %Ry 0.0413 672 73
(n, 2n) *Tc A" 1.7 1.5x 108y 100R yexcit_, 100R & 1.23 20000 96
(n,p) Mo 8- 1.37 67h (29'5;;9;}}5‘;) 0.0071 116 20
(n, *He) 9Nb B 1.93 74m Mo <7x10-8 <0.11 55
(n, @) *Nb B 3.15 23. 4h %Mo 0. 002 33 73
(n, 2p) #Nb 8- 4.6 <5f$ %Mo 1.4%104 2.3 96
(n, na) *Nb 8- 0.925 35d 95Moex<it—95Mos 0. 0011 18 96
96’
6% | @D 8.04 Ry EC 1.2 2.9d ntiny 0.2 thermal 0.002 2 |1
(n, 2n) —10.69 SRy EC, A+ 2.35 1.7h °‘T°(“23;5)M° 1.0 17 0.63 10200 1
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Nuclide | I . | . Decay i Energy for | 104R,a1.
- | Type of Reaction Q-value, Reaction Type of val | Half I; D duct max. ¢ | o at 14 MeV - |
(dﬁglé:) ! reaction (MeV) ‘ product ; decay %\Xz\l;f i alt life ecay procuc { (barns) 'Fﬁ’év‘)’ ! (barns) (mOLC;:;: ﬂux) ! Referenca
%Ru | (n,2n) —10.69 ‘ %Ru EC, i+ 2.35 \ 1.7h 95T(c;&-19)5Mo | 0.75 15500 7
(5.7%) , l
’ l i ‘
! | 1 i 0.64 10400 23
; 0.57 | !
" (n,p) E %Tc (%c) 5% | 434 %Mo | + 0.062 1000 1
|
; % 0.15 2430 7,22, 27
!
e %Tcm IT 0.0344 | 52m “T(Cj‘é;s)m + 0. 062 1000 1
i .
! (n,np) ~7.35 %Tc EC 1.66 20h Mo , + 0.45 7330 1
i
0.48 7810 22
(n, np*) 95 Tcm EC, 8+ 1.70 61d %Mo + 0.052 847 11,22
%8Ry M Te—-"Mo
(2.200) | (m20) ~10.25 SRy EC 1.2 2.9d (2 108y) + 0.9 14600 1
1.17 19000 23
- 98
(n, p) —0.92 9T (EC{; . L7 1.5 106y Y 0. 024 390 20
%Ry (n,p) 0. 49 #Tc 8- 0.292 | 2.12x10% %Ry + 0.015 243 1
(12.8%;
9T c8—+9R
(n, p*) 9T em IT 0. 1427 6h (2§< 105},)“ + 0.015 243 1
10Ry (n, 2n) —9.67 9%Ru 1.2 15
(12.7%) -
(n, ) —2.59 10T (EC) >3 17s 19Ry 0. 0074 120 |20
0.015 244 73
10IRu (n, 2n) —6.81 100Ru 1.3 15
(17.0%)
(n,p) —0.85 100 Te B 1.63 14m 101R Y + 0.035 569 1
| 0. 0082 133 120
|
102Ry 03 _ 103Rhm . 103Rh
@13%) | @7 6.23 1035R y 8 0.74 39.6d 57m) 1.44 thermal 0. 005 79 1,6
(n, 2n) —9,22 101Ry 1.5 15
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(1, p) —3.72 102 ¢ 3 4.4 5s 107Ry 0. 002 32 7
(n, p*) 102Tcm B~ ~4.6 4.5m 102Ry + 0. 0057 92 1
(n, @) 2.50 %Mo 3 1.37 67h 9"'(12';‘1’;?;;‘ 0. 0021 34 37
(;gf};:%) (n,7) 5.91 105Ry B 1.87 4. 44h 105Rp —+105Pd 0.211 thermal 0.008 130 1,5
0. 0025 41 73
(n, 2n) —8.91 105Ry g 0.74 39.6d 103Rh + 2.3 31400 1
2.5 40700 73
1.5 15 1.4 22700 7,23
(n, p) —4.52 14T ¢ < 5.8 18m 10Ry + 0. 0063 102 1
0.0072 117 27
(n, ) 1.06 191Mo B 2.82 14.6m et + 0.0025 40 1,27
(;‘EORQ y | e 7.00 104R (ﬁ&) 241 43s oigo 320 1.3x10- 0.010 162 5
0.014 228 74
(n,7%) 194Rpe o 9:4290 | 4 41m R e ipd 30 1.3x10° | 0.003 8 |1
(n,n') — 13Rpm IT 0. 0400 57m 13Rh 1.4 6.5 0.3 4860 2
0.20 3250 44
(n, 2n) ~9.31 192R ECAT 2.32 206d WS + 0.38 6190 |1
0.65 15 0.65 10600 7
(n, 2n%) 10ZRpm E%_ﬁ T e 2.9y Jny 0.55 18 0.38 6190 L7
(n,p) 0.02 103Ry B 0.74 39. 6d 103RK + 0.015 244 1
0. 011 179 45
0.017 278 22,27
0. 0093 152 20
(n,d) —4.05 1Ry >0.0089 52
(n, 1) —6.94 101Ry 7.3%10-4 93

gser avil

6§



Nuclide : : Decay Energy for 10*5R,ee.
Type of |Reaction Q-value| Reaction Type of . max. 0 ¢ at 14 MeV .
(Abun- . Q-value Half life Decay product max. ¢ curie  \ | Reference
dance) reaction (MeV) product decay (MeV) (barns) (MeV) (barns) ol unit fiun
103Rh | (n,?He) —8.55 10T - 1.63 14m 10IRy 1.6x10-5 0.26 54
(100%) 0.03 9
2.0%10-6 . 1
(n, a) 3.48 100T¢ 8- 3.4 17s 100Ry 0.01 160 7,27
(n, 2p) —9.93 102T¢ 8- 4.4 i 102Ry 3%10-3 0.5 96
7x10-6 0.11 91
(n, na) -3.11 ®Tc 8- 0.202 | 2.12x10% %Ry 1.08x 1074 1.76 73
I 0.1427 9T cas N
(n, na%) s9Tcm ( ﬂ? 0.142 6.0h T Ru 6.5x 107 1.06 91
02 m_, 10
(8' g’;i y | @ 7.61 105pq EC 0.56 17d ‘°3R(h57m; "Rhs 4.8 thermal 0.003 49 1
(n, 2n) ~10.59 101Pd EC, 8* 1.99 8. 4h g:lgg;(igigg,_,m% 1.2 16 1.05 17000 1
' 1.2 16 1.23 20000 99
0.9 15000 7
0.64 10400 23
: . 8- 1.15 2.9y 102pg
(n, p) 0.37 102R (EC, o+ e oy g 0.046 749 20
104Rd _ 03 103R m —103R h&
©.59) | @2 10.02 1035pg EC 0.56 17d ) n 1.3 21200 1
11 17900 15
- 2.47 104pg
(n, p) —1.69 14Rh (ﬁc) 2.47 43s it 0.003 48 7
0.0027 43 94
(n, p*) 1R IT 0.129 4.41m "&%h)s(:}zgi 0.13 14 0.13 2110 1
S
0.03 490 7
0.031 501 94
JPd |, 2n) —7.07 104pq 1.2 15
(22. 23%)

09
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(n, p) 0.22 105R B 0.565 35.9h 105pg 0.05 810 7
0.028 460 94
0.037 600 22
(n,p* 105Rpym IT 0. 1204 455 wSR(}S’;‘;}:;Pd 0.023 373 7
10pd | (n, ) 6.54 107Pd 5 0.035 | 7x10% 1074 ge 0. 292 thermal )
(27.2%)
(n, 2n) —9.56 105pg 1.3 15
(n,p) _2.76 106Rh B 3.54 30 10pd 0.016 259 7
0.014 228 94
0. 024 389 22,27
(n, p*) - 106Rp= B 3.63 130m 106Pg + 0. 0057 82 1
(n, @) 3.00 105Ry g 0.74 39.5d 19Rh 0. 0056 91 7,22
0. 0055 90 27
10pd | (n,7) 6.15 109pg P 1.115 13.5h 19Ag 10 thermal 0. 006 o7 1
(26. 8%) 109 109 109
(n, 7% 105pgm IT 0.188 4.7m P‘g;g;,) Ag( 00 AgY 0.3 thermal 2x10-4 33 1
(n, 20%) (—9.23) 107pgm IT 0.21 225 ‘°’1(’7b;—1’(‘)‘:’y‘;*g' 0.5 8100 7
(n, p) _3.72 18R b 4.5 17 108pg 0.008 130 7
0. 0083 134 22
(n, d) —7.713 107R Y 5 1.51 22m '°?7°‘3<‘1'(’;;‘;‘3 + 0.0018 29 1
(n, @) 2.05 105Ry 5 1.87 4. 44h 10551114—‘;:;% + 0. 0025 40 1
0.0027 43 27
0.0023 37 94
(n, np) —9.95 1R B 1.51 22m Pd—TAg + 0.0035 56 1

(7x108y)
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Nuclide . . Decay Energy for 10%5R,a:.
Type of IReaction Q-value| Reaction Type of . max. @ o at 14 MeV :
(Abun- . Q-value Half life Decay product max. d curie Reference
dance) reaction ! (MeV) product decay (MeV) (barns) (MeV) (barns) | o, T
llOpd _ lllA m_,lllA g
(13.5%) | (@) 5.76 mpq ] 2.2 22m (TdiCd 0.3 thermal 0.002 33 1
JHPdC_,IHAg_,HICd
(n, 7%) 11pgm (}; 917 5.5h (?,%Xg_fﬂ',g‘;) 0.03 thermal 3% 104 5 1
(7.5d)
(n, 2n) —8.81 109pg 8- 1.115 13.5h 105A g 1.9 30800 1
1.5 14 1.46 23800 99
1.8 17 1.5 24400 7
(0, 20%) 105pgm IT 0.188 4.7m %P ‘(1;51’]’)””‘3 0.95 15400 1
0.5 16 0.5 8100 7
0.46 7500 99
_ ]07Rh_,lO7Pd-_,107Ag
(n, ) 1.02 107Ry B 3.2 4.2m (52m) (7 1009} 0.014 227 7
0. 003 50 5
0.0012 19 27
107 + 108
(51, 3A5%A )| @ 7.27 wspg | (B vﬁ?C) 192 2.42m o 35 thermal 0. 005 81 1,5
108Pd (909;)
(n, ¥*) 1084 gm (’f% 2.0 >0.5y 1084 ga_,168C( 1 thermal 2%10-4 3.3 1
. (2.42m)
(n,n’) — 1077 gm IT 0. 0931 44.3s 1077 ga 0.312 5080 77
(n, 2n) ~9.55 1064 g (/};:c) A 5.9 24m 106pq 0.72 15 0.79 12000 1
0.70 11400 97
0. 664 10800 77
1.0 16200 7
(n, 20%) wagn | EGH 3.3 8.4d 108pg + 0.49 7940 |1
0.4 6500 7
. 107pgm 17Pde—17Ag
(n, p*) (0.75) Pd IT 0.21 22s (T 10%) 0.015 243 7
0. 030 486 20
(n, @) 4.18 4R (gé) f: ‘lig 43s 14pg 0. 0035 ~12 0.0030 49 18
(n, na*) —2.82 13R pm IT 0. 040 57m 103R s + 0.0018 29 1
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(n, 3n) ~17.47 1057 g EC 1.3 d0d 105pq at 1o e MeV 912 9
097 g B~ 2.98

(48 655y @7 (6.81) oA gm o 2.98 253d 1ocd 3.5 thermal 25 10-4 3.3 1,5
(n,n') — 1097 gm IT 0. 0877 40.0s 1057 g 0.419 6820 7

(n, 2n) ~9.19 wAg (EC‘;_’9+ 1.92 2. 42m ore + 0.75 12200 7

0.9 14600 1

1.186 19300 7

(n, 2n%) 1084 g EC 2.03 5 s AgeA0Cd + 0.027 439 1

' g aT) 0.110 >5y g :
(2m)

(n, p) —-0.33 109pg B 1.115 13.5h ’°’A8?;3;;’°A8' flat  around 17 0. 0068 110 1

0.013 220 7

(, p¥) 105pgm IT 0.188 4.7m mpd('l‘s’l;;gAg + 0. 0068 110 1

0. 0001 150 7

107Pd 107

(n, *He) —8.72 1R I 1.51 21.7m (17"; e 2,.3%10° 0.37 |54
(n, a%) (3.29) 106Rpm 5 3.63 130m 106pd + 0.023 374 1,5

(n, na) —3.30 1R B 0.565 35.9h 105pg + 5x10-4 8 1

106Cd 1074 gm_,107A gg

(L215%)| @7 7.93 074 EC, 8* 1.417 6.5h Baae)  © 1 thermal 0. 005 81 1,6

(n, 2n) —10.92 105Cq B+ EC 2.8 55m ‘°5A(%é’)° °Pd 1.3 16 0.9 15000 7

0.7 11000 1

1.36 22100 88

0.89 14500 23

(n, 2n%) 105Cq 0.85 14 0.85 7

(n,p) 0.58 106A g (EC) Ch 2.9 24m 106pg + 0.038 616 1

flat ~18 0.08 1300 7

(n, p%) wepgm | EC.B* 3.3 8.4d 106pg + 0.038 616 1

(87 0.5
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Nuclide - . Decay Energy for ; 10"*Ruar. 1
(Abun- ’rl;};gfi;f Reactéﬁe%}ivalue %ﬁiﬁtulg? ng;;f Q-value Half life Decay product r(r;;’;'ns max. ¢ g azbifngev ! curie i Reference
dance) (MeV) (MeV) i \mol. unit fux \
\mol.
loBCd l09A m_,109Agg .
0 87805) | (M) 7.36 109C4 EC 0.168 453d e 2 thermal 0.006 | % LS
|
(n, 2n) —10.33 10Cd EC, 8+ 1.417 6.5h ’°7Ag(":§sl)°7Ag’ T 1.2 19400 ‘ 1
| ‘
0.50 | 8100 21
0.87 { 14100 23
- 8
(n, p) —0.86 108p g (Ecﬁ, a4 .62 2.42m -y 0.030 186 20
|
conocd | (n,y%) (6.98) mCgm IT 0.396 48.6m mCds 0.1 thermal 2% 10-4 3.3 1,5
12,399
( A)) 109Agm_,109Agl
(n, 2n) —9.88 1094 EC 0.17 453d 100 n 1.45 23600 1
1.32 21500 23
(n, p) —2.11 1A g 8- 2.87 24. 4s noCq 0.008 130 7
0.0173 281 80
0.014 227 20
(n, p%) oA g, (fT‘) 29 253d nocg + 0.02 320 1
0.027 440 21
, mcd ) (n,n') _— mCgm IT 0.396 48.6m mCds 0.33 4 0.15 2430 1
12.75%
>| (n,2n) —6.98 nocd 1.3 21100 15
(n, p) —0.25 mAg Ie 1.05 7.5d meg + 0.013 211 1
0.014 227 21
0.022 358 7
0.016 259 20
(n, p%) nipgm IT 0.07 74s uu?%-g:)u + 0.013 211 1
(2;120d (0, 7*) (6.54) 13 dm - 0.57 14y sy 5x10~* | thermal 231074 3.3 1
.07%)
(n, 20%) (—9.40) mCdm IT 0.396 48.6m mCds 0.82 15 0.82 13300 1
0.7 15 0.675 11000 99

»9
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(n, p) —3.22 n2pg I 4.01 3.2h n2cq ¥ 0.011 178 1,21 =
0.015 243 22,27 2
(n, @) 2.68 105pd p- 1.115 13.5h '°’ASE"4‘O’S‘)° "Ag + 0.0013 21 1 &
0.0025 40 7,21
(n, a®) 109Pgm IT 0.188 4.7m ’°°1<°1d§_74’;°}:3“3 + 0.0013 21 1
(1;32%1%) (n,n') — 13Cgm A 0.57 14y 1w, 0.58 4 0.17 2770 1
(n, 2n) —6.54 12Cq 1.5 24400 15
(n p) ~1.23 wAg B 2,00 5.3h nscg + 0.008 130 1,20, 21
0.013 211 27
(2;‘_‘%1%) (n,7) 6.15 15Cq B 1.45 53.5h “51‘(‘2‘5’};‘)5(15;‘1’8ﬁ§‘)‘ 0.3 thermal 0.005 81 1,5
(n, 7%) 115Cm 5 1.65 43d "fé‘;:;ai:;s)“ 0.14 thermal 0.001 16 1,6
(n, 2n%) (—9.04) 15Cgm B 0.57 14y nsly + 0.86 14000 1
(n, p) —4.22 wAg & 46 4.5s nacg 0.003 8 7,20
0.005 81 80
(n, @) 1.66 mpg B 2.2 22m mAgaZ'sl)”A?;._ég)lCd + 5104 8 1,21
(n, a®) U1Pgm (/13'1_" 2_‘ ‘147 5.5h lllpéginzﬁigi;u + 1.3x 104 2.1 1
(7. 5d) 2% 10-4 3.3 21
(7'_’;%,1/0) (n, ) 5.77 m1cg 5 2.52 2.4h ”71(‘;;;’1')75“ 2 thermal 0. 005 81 1,6
(n, v%) 11Cga B 2.65 3.4h “71(‘;;;:)75“ 0.05 thermal 1x 104 2 1
(a, 2n) —8.70 nsCq g 1.45 53.5h ”51"(2_‘5;:;1(‘;2;')'53“ 0.83 14 0.83 13400 1
0.86 14000 21
(n, 20%) nsCgm g 1.65 43d “(sé‘;'l‘(;ﬁz,s)“ 0.83 15.5 0.82 13300 1
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Nuclide . . Deca Energy for 10%Rar. !
Type of [Reaction Q-value| Reaction Type of y : max. 0 cIEy g at 14 MeV -
(Abun- . Q-value Half life Decay product max. o a curie Reference
dance) reaction (MeV) product decay (MeV) (barns) (MeV) (barns) <m>
11 - 1150 dm - 115[ne_. 11550
o ;%% ) (n, 2n%) sCd 8 1.65 43d (6 10145) 0.73 11900 21
(n. p) —5.52 n6Ag 8- 6.1 2.5m necq 0.005 81 7
0.0014 22 20
2x10-4 3 21
(n, @) 0. 905 n3pg 5 ~3.5 1.4m ""’zg_‘g}‘l';c“ 5% 104 8 21
0.0011 17 27
IISI +
4.23%) | @D 7.31 Wy (E%'_ﬂ ) L 72s egs 3 thermal 0.001 16 1,5
4] e, 1148
IT 0.1916
, * lllI m .
(n, %) n (EC) 163 50d (72.=;)“cd 8.1 thermal 0.003 49 1,5
(n,n’) —_ ms[pm IT 0.393 100m 13]ns 1 5 0.33 5350 1
_ EC, 8* 2.59 n2cq
(n, 2n) 9.42 n2py ( 4 & oe 14m 126 0.79 12800 1
12 ~15 0.2 3300 7,89
(n, 20%) nzpym IT 0.156 20. 7m nzppe {20 0.79 12800 1
(725) N o0
0.7 15 0.7 11000 7,89
(n, p) 0. 49 n3cq 0.51 8300 20
(9;571;1% (n, v*) (6.78) uepm 8- 3.39 54m 1650 157 thermal 0.002 33 1,5
. ()
0. 0021 34 49
15[ 18,1165
(n,n’) S 1s[p= (};) 9.335 4.5h (6 101y) 0.33 6 0.06 972 2, 46,92
. llESn (5%)
(n, 2n) —9.03 ] (E% £*) L 1.2m g0 0.38 14.5 0.38 6180 1,7
IT 4] g, 114G
(n, 2n%) MIgm (EC) 0.1916 50d 6x 10“38d 1.55 14.5 1.5 24400 1,7
114
(n, p) —0.67 1sCd - 1.45 53.5h "SIIEZ};;(IQ;‘I’(’)’lif,‘)‘ + 0.007 113 1
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0.015 244 7
_ 1158, 115G
(n,p%) usCdm B 1.65 43d (6x1014y) + 0.007 110 1
130 J 113
(n, He) —9.34 wAg p- 2.00 5.3h (gdlolsy)ln 3.3x10-5 0.54 54
<7x10-6 <0.11 56
(n, @) 2.68 Ag B 4 3.2h 1eCg + 0.0025 40 1,27
nonelastic —_— _ <2.0 76
m_,J113
©.055) | @) 7.74 1135 EC 1.02 115 o ™ 0.9 thermal 0. 004 65 1,5
. (]
113Sn§_.“.91n
IT 0.079
x 113 m
(n, v*) Sn (EC) 110 20m (1151?1)SInlI 0.4 thermal 0.002 33 1,5
. 1394 PR I To¥ LINRETQF |
(n, 2n) -10.80 11 EC, B8 2.52 35m (2.81d) (48. 6m) 1.35 21900 1
13 16 1.11 18000 7,88
1.49 24300 23
+ 2
(n, p) 0.12 n2ly (ESA 2.59 14m 1izg o + 0.12 1940 1
(n, p*) 12y, IT 0.156 20.7m (llliln;(':ﬁgr‘f + 0.12 1940 1
m
n, —5. n . . .
d 29 g EC 1.1 2.81d mcd 0.19 3000 9
(n, @) 5.54 109Cd EC 0.16 453d ’°9A3(:6;3°9A3' + 0. 0026 2 1
148y 113]pm_, 18] 8
0 635 | (20 ~10.32 1135y EC 1.02 115d o) + 0.35 5700 1
1.5 24400 7
1.55 25200 23
113Sn1_’1131n
(n, 20%) nsgpm (gc) (1’: ‘1’(7)9 20m (115dl)laI . + 1.05 17100 1
¥18
(n, p) ~1.20 mn (Ecﬁ'_ﬁ’) L 1.2m ga 0.058 944 20

26821 193V[
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. ! 15
o | Tl P Rugior | Teol | QR warite | Dewseke | RS R | Sl | () Ree
wse Tmy | (6.98) 1gnm IT 0.317 14d 175 0.006 thermal 1.5x1074 2.4 16
(n, 2n) —9.57 158 1.3 15
(n, p) _2.49 nelq 4 3.33 14s 1630 0.011 178 7
(n, p*) né[pm - 3.4 54m 16Sy + 0.0095 154 1
0.011 179 80
(n, a%) (3.17) nacgm - 0.27 14y 19 + 0.0027 4 1
(7f157§3},) (n, n') — nrgm IT 0.317 14.0d n18n 0.30 4880 76
(n, 2n) —6.94 1168 1.4 15
(n, p) —0.68 MIn A 1.47 44m 178n + 0.013 211 1
0.016 259 22,27
0.0098 160 80
0. 024 389 20
(n, p¥ n7gm (Iﬂ{. A 1.93h 1171(54%“;7511 + 0. 0065 105 1
(n, @) 5.27 1cq 0. 0039 64 80
nonelastic —_ —_ <2.0 76
nesn | (n,7%) (6. 49) nsgpm IT 0. 089 250d 198 0.01 thermal 6x10-5 1.0 1,6
(24.01%) (n, 2n*) (—9.33) mgym IT 0.317 14d 1178 1.2 19400 1
(n, p¥ (—3.42) ng[ym - 4.3 4.4m negy 0.0075 122 1
0. 0054 88 80
(n, a) 2.09 uscg 8- 1.45 53.5h “"’In"‘<:zls::__ussng + 8.5x 1074 13.8 1,7
(4.50m) ™ G X ooy
(n, a%) 15 gm 8- 1.63 43d ”;é‘;';g:i;s)““ + 8.5x 104 13.8 1
3% 104 5 7
(n, np) —10.01 Wy - 1.47 44m 178y + 7.5% 104 12.2 1
(n, np*) Wpm (Iﬁl: 0314 1.93h “71?;4:;):2: + 4% 104 6 1
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wsn | (n, 2n) —6.94 1850 1.8 8
(8. 58%)
1.6 15
(1, p) ~1.57 1]y B 2.5 2.1m 1195y + 0. 0065 105 1,27
0. 003 49 7
(n, p*) H9Tnm {n =8 18m (‘;Ilr::g—%?"?n + 0. 0065 105 |1
.1m) (5%)
0.003 49 7
(n, np*) (—9.90) us]pe B 4.3 4.4m 185y + 0.009 146 1
0.005 81 5
Sy | (n,v) 6.18 mgn 8- 0.383 27h 1215he 0.14 thermal 0.003 49 1,6
(32.97%) I
(0, v*) mgym B 0.45 T6y 5 o) 0. 001 thermal 41075 0.8 1,6
(n, 20%) (—9.10) 195 m IT 0. 089 250d 1950 + 1.4 22800 1
(. ) _4.82 120]p B 5.3 465 1205 0. 004 65 7,21
0. 0031 51 80
(0, p%) 120]ym A 5.6 3.2 1205 ~0. 001 ~16 5
0.0014 23 80
(n, @) 0.96 n1cd g 2.52 Z.4h “’I(Z;;:)’s"
@Sy | (n,v) 5. 95 1235, 5 1.42 125 1235h 0. 001 thermal Tx 1075 1.1 1,6
(4. 71%) (n, 7*) 1235m 8- 1.45 40m 1235} 0.16 thermal 0. 003 48 1,6
(n, 2n) —8.80 1215 8- 0.383 27h 1215, + 0.9 14600 1
(n, 2n*) 1215 ind 0.45 76y 1215h + 0.9 14600 1
(1, p) —5.92 1221 B 6.7 7.55 18y 0. 00106 17.3 80
(5,”522/0 y | @ 5.73 12550 B 2.34 9.4d “55(%_"7’;5)“ 0. 004 thermal 8%10-5 1.3 1,6
(0, 7%) 125G m B~ 2.36 9.7m ”55(2}’;;“ 0.2 thermal 0. 002 33 1,6
(n, 20) —8.49 1235, B- 1.42 125d 1235h 0.92 14 0.92 15000 1
(n, 2n%) 1235m B 1.45 40m 1235h 0. 92 14 0.92 15000 1
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Nuclide . . Deca | Energy for | | 10%Rsar. |
Type of ‘Reaction Q-value| Reaction Type of Y . max. ¢ o at 14 MeV ! . .
(Abun- . Q-value Half life Decay product max. 0 | : curie ' Reference
dance) reaction (MeV) product decay (MeV) (barns) (MeV) | (barns) : m“ﬂuk) }
121 + 22 1 -—_
oS @ 6. 81 1226}, (EG, 67 162 2.8d o 6.5 thermal 0. 003 8 11,5
(n, y* 122Q1m 12261 7 225N -5
%) Sb 1T 0. 162 4.2m Sgl\lzzTe 0. 055 thermal 3x10 0.5 1,5
(2. 8d)
(n, 2n) —9.25 1205h (gfs EC 5.0 15.9m o 1.1 15 1.1 17800 1
0.94 15300 88
(n, 2n*) 1205w EC ~3.4 5.8d 1208 + 1.1 17800 1
0.61 9900 88
0.7 17 0.5 8100 7
(n, p) 0.40 12180 8- 0.383 27h 1215h 0.0022 35 7,94
123 -
42 7oy | () 6.47 1245h - 2.916 60d 124Te 3 thermal 0.003 9 |1
0.015 244 74
- 124Te
(0, v*) 1245pm (fT 2.0 93s 1245ha o 1#Te 0.035 thermal 2x10-5 0.32 1,5
: (60d)
(n, 2n) —8.97 1225 (E%_ﬁ+) Le 2.8d e 1.4 16 1.3 21100 1,7
0.92 15000 88
(n, 20%) 122G ]ym IT 0. 162 4.2m (212&5)3;(:1:2%‘; + 1.3 21100 1
0.55 8950 88
0.6 9700 7
(n, p) —0.63 1238 8- 1.42 125d 1238} 0. 0046 75 27
0.0028 46 94
0.0018 29 7
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wTe | (n,7) 7.26 11T EC 1.29 17d 1215h 2.0 thermal 4 1,5
(0. 089%) erma 0. 00 65 s
121Te8—121Sh
IT 0.2939
* 12 m —.
(n, v#) \Te (Ec, 44 e 154d (17d1)215b 0.34 thermal 8x10~4 13 1,5
(n, 2n) ~10.29 15Te EC, B* 2.294 15.9h ”’Sé’sgg;"s“ + 0.8 13000 1
. o 19Gh 119G
(n, 20%) Te EC 2.5 41d o) + 0.8 13000 1
122Te 123T @8 —128
2 40%) | @7 (6.93) 23T en IT 0.2475 | 117d Ao 1 thermal 0. 001 6 |1
(n, 2n) —9.79 121 e EC 1.29 17d 1215h + 0.32 5200 1
0.7 11000 7
121T e 1215}
IT 0. 2939
,2 * 121 m
(n, 20%) Te (Ec, 3 0.2 154d (), o + 1.3 21000 1
0.7 11000 7
- 12: - 1.972 12Te
(n, p) 1.20 2Sh o) 197 2, 684 o 0.014 227 7,27, 94
0. 0106 173 80
(4123) (n, v (6.58) 125 Tem IT 0. 1449 58d 125 es 0.04 thermal 1%10-4 1.6 1,5
. o
(n, 2n%) (—9.42) 123Tem EC 0.06 117d 123T g8 + 0.87 14200 1
(n, p) —2.12 1245} (ﬁa) 2.916 60 d 124Te + 0.14 2300 1,5
0. 0080 130 80
0. 009 150 7,21
124QL8 . 124Te
(n, p%) 1245hm (fGT_ 9 9%0 1.55m (60d) + 0. 0043 70 1,5
. lZITe
<6x 104 <9.7 7
(n, @) 434 gy 5 0.383 27h 1n1gh + 0.0032 52 1,5
7.6%10-4 12.3 7
(n, a%) 1218nm 8- 0.45 76y 1218} + 0. 0032 52 1
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Nuclide . . Deca Energy for 105Rar.
((ﬁg‘é\g)- ‘ 3;?;%;)‘5 Reactég/rlleejvalue ]})izfﬁig? ng)cea;f ?ﬁ:l\‘/};)e Half life Decay product \ '&aa’:}ls‘; Tﬁgiﬁ g aEbalenIsv)[ev (;gl_c;:::ﬂux) Reference
126Te | (n,7) 6.30 121 s 0.69 9. 4h 127] 0.9 " thermal 0. 003 49 1,5
(18.71%) 1T et u?7] \ i
(n, 7% 127 em IT 0. 0887 109d s 0.135 | thermal 2% 104 3 1,5
(n, 2n%) (~9.11) 125 gm IT 0. 1449 58d 125T s + 0.9 15000 1
(n, p) —2.95 1263h B 3.7 12.4d 126T¢ 0.0016 26 7,94
6.0% 104 9.8 80
(n, p% 126ghem ({3{) ~3.7 19m 126Te 0. 0045 73 7,94
0.0027 44 80
(n, @) 3.39 sy - 1.42 1254 135, + 4.8x 104 7.8 1
0.0011 18 o
(n, a%) 1235 B- 1.45 40m 1235 + 4.8%10-4 7.8 1
0.0010 16 04
(3:%?%) (m,7) 6.09 125Te B 1.48 69m (15917‘;(‘?0}5;) 0.155 thermal 0.002 32 1,5
(n, 7% 129 gm A 1.58 34d 129] 129 0.014 thermal 2% 1074 3 1,5
(n, 2n) ~8.77 121 4 0.69 9. 4h 127] 0.8 13 0.79 12800 1
0.9 15 0.85 13800 |7
(n, 2n%) 127 m IT 0. 0887 109d ”’%’;ﬁ”l 0.8 13 0.79 12800 1
0.9 14 0.9 15000 7
(n, p) ~3.50 1283}, - 4.3 oh 126Te + 0.0023 37 1,27
0.00108 17.6 80
0.0013 21 7,94
(n, p¥) 120ghm B- 4.4 11m 126Te + 0.065 1050 1
0. 00108 17.6 80
0. 001 16 | 7,94
(n, @) 2.55 12580 B~ 2,34 9.4d 1255 125Te 0.42 14 0.42 6800 1

(2.7y)
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5.3 %104 8.6 94
0.0011 17 27
(n, a®) 1255 m B 2.36 9.7m ”55("{'7’;5)“ 0.42 14 0.42 6800 1
(n, np) —9.57 1275h s 1.6 93h 1 Te—~1"1 + 2. 4%10-4 3.9 1
(9. 4h)
6.9 104 11.2 94
19T e _ 131] 131X e
(34.49%) | (™) 5.92 1Te B 2.28 25m ) 0.22 thermal 0.002 32 1,5
(@, 7% 1Tem 8 2.46 30h ”‘%g&;"xe 0.04 thermal 3x10-4 5 1
_ " _ 129] 129X e
(n, 2n) 8.41 "Te B 1.48 69m L In10 0.6 14 0.60 9770 1
0.8 14 0.8 13000 7
. 29T am _ 1] 129K e
(n, 2n%) 9Te 8 1.58 34d L Tn 100, 0.6 14 0.60 9770 1
1.0 14 1.0 16000 7
(a,p) —4.22 1305h 8 ~5 33m 10Te + 0. 0024 39 1,5
6104 10 7,94
8.1x104 13.2 80
(n, p*) 105pm J: ~5 Tm 10T + 0.014 228 1,5
8.8 104 14 80
610+ 10 7,94
(n, *He) ~10.80 1285 B 1.3 59. Om '2"5(‘1’;; ;aTe 1.5x10-5 0.24 54
1 127 ~ 127G 177 Te —127] _
(n, a) 81 Sn B 3.1 2.1h (93h) (9. 4h) + 3.0x10™4 4.8 1
3.9% 104 6.4 94
* 121G m - 127S§h 127 T e 127] _
(n, a*) Sn B 3.1 4m (93h) (9. 4h) + 3.0x10-¢ 4.8 1
—10. 129 _ 129T o ,129] ,129% o _
(n, np) 0.04 Sb B 2.5 4.3h (69m)(1. 7 x 107y) + 1.5%x104 2.4 1
6.7% 104 10.9 94
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; . . Decay Energy for 10'5R,a..
I(\TAuglulge Type of ReachK/rI) \Q/-value Reagtxo? Tg&z of Q-value | Half life Decay product r(r;};.ns(g Ay @ o a;bignls/)IeV (__;,C,urie ) Reference
dance) reaction (MeV) produc Y (MeV) | (MeV) mol. unit flux
R \ i
(1000) | (1) 6.83 28] EGH 1 pR 1 e 60 3.6X10%  0.0071 16 |96
° l \ 0.0012 20 75
EC, 5+ 2.150 126T¢
(n, 2n) ~9.14 12e] (®% et |13 - 1.5 16 1.3 21100 [1,2,7
1.66 26900 23
(n. p) 0.09 127Te 8- 0.69 9.4h 127] + 0.016 259 1,7
d HiTes— 0.016 250 |1
(n, p%) 0. 008 127 em IT 0.0887 | 100 (0. 4n) + .01 5
0.008 130 98
0.005 81 7
(n, d) —3.98 126Te 9x10-4 “ 96
(n, ) 4.28 1243h - 2.916 60d 124Te + 5.5% 1074 9.0 |1
0.0015 24 | 7,27
124Gh . 124Te
IT 0.010 -
24ghm . 60d 6.3x 104 10.2 1
(n, a¥) 1245 ( o > 926 1.55m 60d), + x |
IT 0.035 20m 1245 124Te 0.0015 24 } 7
(60d) ;
(n, np) -6.25 126Te 0.0013 52
' |
(n, na) -2.19 123gh + 2% 1075 | 96
125 am_,125T g8 0.040 at :
(n, 3n) —16.25 125 EC 0.149 60d (1.605) 14.7 MeV? 96
nonelastic — —_— 2.0 ! 96
3] 123Te
124Xe - 123 EC, 8* 2.8 2.1h . 1.13 18400 7,96
(0.0969%) | (™20 1.02 Xe A (13.3h)
5] 125 e
126X e - 125X 8 c 1.9 16.8h . 1.36 22100 7,96
(0. 090%) (n, 2n) 1.01 Xe E (60d)
125 og_,125] ,125Te
(n, 2n*) 125 em IT ~0.2 55s (16. 8h) (60d) ) 0.70 11400 7
128Xe | (n,2n) —9.61 127X e8 EC 0.44 36.4d 127] 1.53 24900 7,96
(1.919%) 127 127
(n,2n% 127 em IT ~0.3 708 ()3(ng&) I 0.84 13700 7
|
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e | @209 (—9.26) 125X em IT 0.2361 | 8.0d 129X s 144 23100 |7
(n, p) —2.21 1] I 2.99 12.3h 19X e 0.0067 100 |96

e | (@20 (—8.94) 13Xem IT 0.16398 | 11.8d 131 Xes 0.77 12500 |7
(n, p) ~2.80 137 4 3.56 2.3h 1:2Xe 0.0025 0 |7

0.0067 109 |27

oXe | @ —0.19 ] A 0.970 | 8.05d 13Xe 0.0053 86 |9
e | () —8.54 139 s p- 0.427 | 5.65d 19Cs 2.36 38400 | 7,9
(n, 2n%) 135K e IT 0.238 | 5.2d R 0.665 10800 |7

(n, ) ~3.37 18] B- 4.2 52m 13Xe 0.0022 36 |9

@ 875 | (m20) —8.00 135X s p- 1.16 9.15h Tt 1.70 21700 | 9%
(n, 20%) 155X e IT 0.527 | 15.6m |6 o Gxi0ne 0.75 12200 |7

1005y | @) 6.89 14Cs £y 2962 2.0y 14Ba 90 6%1078 0.002 3 |15
0.0071 116 |86

(n,7%) 14Csn IT 0.138 9.2h vy 10 610~ 2% 10+ 33 |1

0. 00182 80 |86

(n,2n) -8.98 152Cs &5 2.09 6.5d NS 1.45 15 1.4 22700 [ 1,7

1.3 21200 |85

1.57 25400 | 23

1.62 26400 | 86

(n, p) 0.36 155X e p- 0.427 | 5.21d 13Cs + 0.0085 138 |1

0.0105 71 |86

0.015 a7

199K e8—s135Cs
(n, p% 135X g IT 0.2328 | 2.26d (5d) + 0.0085 138 |1
0.0048 78 |86
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Nuclide . . Decay Energy for 10%R;at.
Type of [Reaction Q-value| Reaction Type of . max. o 8y o at 14 MeV ;
(Abun- . Q-value Half life Decay product max. O curie Reference
dance) reaction (MeV) product decay (MeV) (barns) (MeV) (barns) ~—anit flox ﬂux>
Ii;’(():‘; ) (n,d) —3.87 132Xe 9x10-4 96
\ ()
(n, *He) —7.50 131} B 0.970 8.05d WmYe 3.2%x10°¢ 0.05 55, 86
(n, @) 4.45 130 8- 2.99 12. 4h 'S n 0.0012 19 1
0.002 32 22,21
(n, a*) 130]= 9.2m 130X e 5.4x104 8.8 86
(n, np) —6.10 12Xe 0. 003 49 5
0.0013 21 52
(n, na) —2.01 129 I 0,189 1.7x10%y 129X e 2x10-5 0.3 96
(,2p) —8.90 17] B 3.56 2.3h WY, 210~ 3.3 96
<1.2x10°% <0.20 86
(n, 3n) —16.17 181Cg 0. 66 at 19. 5MeV| 96
130Bg s 181Cg 191X e
(0.10%) (n,7) 7.49 131Bg EC 1.16 124 9.7d) 1.1 thermal 0. 002 32 1,5
. ahem 13183, 11Cg 131X e _
(n, v*) 131Bg IT 0.18 15m (12d) (9.70d) 2.52 thermal 5x104 8 1,5
(n, 2n) —10.22 125Bg EC, A* 2.45 2.5h "’0(53‘2’}:;”“ + 1.6 25900 1
1.37 22200 23
(0 1:;937&9/) (n, ) 7.19 133Bg EC 0.488 7.2y 135Cs 8.5 thermal 0.002 32 1,5
. o
(n,7*) 133Bgm IT 0. 288 38.6h ’”B?;;’)”’CS 0.3 thermal 8x10-5 1.3 1
(n, 2n) —9.80 1918, EC 1.16 12d m‘ig‘;’;;xe + 0.89 14400 1
0.16 2590 7
. _ IR 1318, 131Cg 131X e
(n, 20%) 9.80 Ba IT 0.18 15m Gi2) (@.70d) 0.89 14400 1
(218;13; ) (n, 7% (6.98) 15Bgm IT 0.268 28.7h 135Bgs 0.16 thermal 5% 10 0.81 1,5
. 0
(n, 2n) —9.46 133Ba EC 0. 488 7.2y 133Cg + 0.85 13800 1
(n, 2n%) 135B,m IT 0.288 38.9h ”’B(%“z’y‘;’cs + 0.85 13800 1
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(n,p) 1.28 134Cs B- 2.059 2.05y 134Ba + 0.03 490 1
(n,p*% 14Cem IT 0,138 2.9h mcg;mBa + 0.03 490 1
1%5Ba (n, 2n) —6.95 134Ba 1.62 15
(7’32?2/) (n, 7% (6. 90) 137Bg™ 1T 0.6616 2.55m 137B48 0.012 thermal 5x10-% 0.81 1,5
. (]
(n, 2n*) (—9.11) 135Bgm IT 0. 268 28.7h 155Bas + 0. 68 11000 1
(n, p) —-1.77 136Cg B- 2.54 13d 136B4 + 0.042 680 1
0.008 130 27
(n, ) 4.40 189 8- 0.427 5.27d 1995
137Bg (n,n’) e 137Bgm 1T 0.6616 2.55m 137Bag 0.60 3.5 0.30 4860 1
(11.32%)
(n, 2n) —6.90 136B4 1.74 15
137Bam_,lS7Bal
(n, p) —0.39 18Cg B 1.176 30y (2.6h) + 0.06 980 1
137Bag
13883 (n,7) 4,72 1988, - 2.30 82.9m 1391, 0.5 th 1 1x10-6 0. 02 1,5
(71, 86%) B a erma ,
0.35 thermal 0.0013 21 5
(n, 2n*) (—8.61) 137Bgm™ IT 0.6616 2.55m 137Ba8 + 1.2 19400 1
(n, p) —4.62 138Cg B 4.83 32.2m 138B,y + 0. 0019 30 1
0.0038 82 22,27
135 _ 135Cg 1388,
(n, a) 3.88 Xe B 1.16 9.2h (3% 106) + 0. 0125 202 1
0.0036 58 7
0.0020 32 22
. e 135K o8, 135C 5 13%6B5
(n, a¥®) Xe IT 0. 527 15. 6m (9h) (3 x 106y) + 0.0125 203 1
5.5x10 89 |72
1383 (n, 2n) —-7.32 1374 EC 0.5 6 x 104y 137Bg 1.95 14.5 1.95 31700 1

(0. 0089%)
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Nuclide , . D 105R
N Type of [Reaction Q-value| Reaction Type of ecay . Energy for et
%‘:}:g:) reaction (MeV) product decay Q(I-\)l'a{;\)e Half life Decay product r(%ifhs(; max, ¢ ’ azb:‘:ny)[ev <—_cur1e ) Reference
e (MeV}) mol. unit lux
(991;911_1%) (n,7) 5.16 T 8- 3.760 40.22h 10Ce 8.2 thermal 0. 002 33 1,5
0. 0014 23 74
- 0.99 1
(n, 2n) —8.78 138] 5 (éc 0.9 |1azxiony it 1.7 27700 15
(n, p) —1.48 13Ba B~ 2.30 82.9m 13913 + 0. 0033 53 1
0.0048 78 27
(n, t%) —7.12 137Bg= IT 0. 6616 2.5m 137Bas 2.1x10-5 0.34 83
(n, @) 4.82 13%Cs B- 2.54 13d 136B, + 0. 002 32 1,27
136Ce R 137] 4,197
(0.193%) (n,7) 7.64 137Ce EC,(8") 1.2 Sh (é'; 10‘58 8 thermal 0.002 33 1
. " 137CeB_,137] g, 137
(n, 7% WICe IT 0.255 34.4h Ce(‘gh) é; m‘y%a 1 thermal 2x10-4 3 1,5
(n, 2n) —10.01 15Ce EC 2.1 17. 2h ’”L(‘;g;:)” Ba + 1.7 27600 1
1.32 21400 23
(olzséi)ey) {n,7) 7.45 139Ce EC 0.27 1404 139] 5 1.1 thermal 0. 002 33 1,5
. 0
137 37
(n, 2n) —9.57 137Ce EC, (8%) 1.2 9h (Igf(‘l'(;‘y?a + 0.90 14600 1
2n® S 137C e84 137] 5., 137Bg
(n, 2n%) Ce T 0.255 34. 4h (9B (6% 10y) + 0.90 14600 1
(8;058%/) {n,7) 5.43 MiCe 8- 0.581 33d 11py 0.6 thermal 0.003 49 1,5
. (1]
(n, 2n) —9.20 135Ce EC 0.27 140d 139] + 2.5 41000 1
1.8 20000 88
0.4 6500 7
139Cag_, 13
(n, 20%) 1w en IT 0.746 555 C(eﬁoé)u 1.4 13.5 1.2 19400 7
(n, p) —2.98 1oL 4 8- 3,769 40. 22h 1oCe 0. 0095 154 1
(n, a*) (5.34) 137Bgm IT 0. 6616 2.55m 137Bas + 0. 0095 154 1
0.013 211 7
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(1;2&3% )| @m 5.18 14Ce B 1.4 33h ‘“I'(’l';é‘;)Nd 0.95 thermal 0.008 130 1,5
(n, 2n) —7.16 11Ce B- 0.58 33d wpy 2.05 12.5 1.8 29300 1,23
1.7 14 1.7 27700 7,88
(n, p) —3.74 14 g 4.51 92m 12Ce + 0. 006 o7 1
(n, @) 6. 09 19Bg s 2.30 82.9m 19Lq + 0. 0065 105 1
0. 0060 97.7 22
(n, np) —8.81 il g e 2.43 3.9h "‘C(esgj; ‘Pr + 8.5% 104 13.8 1
(;&)E;) (n,7) 5.84 2Py <§_C) 218 19. 2h 12Ng 12 thermal 0.0033 54 1,5,74
(]
9.8 104 16 58
(n, 2n) —9.40 140y EC, * 3.34 3.39m 10Ce 1.9 15 1.75 24500 1,23
1.5 25400 o7
1.7 15 1.61 26200 7,88
(1, p) 0.20 141Ce 5 0.581 33d 1py + 0.010 160 27
0.0033 54 1
0. 0063 103 22
(n, 1) —5.79 199Ce EC 0.27 140d ”’L(al“_’g;‘ :;La' 5.0%10-5 0.81 65
3,0%10° 0. 49 55
(n, @) 6.15 138 (E_C 178 | L12xiony e 0.003 49 5
(n, 2p) _8.211 0] B 3,769 40.22h 10Ce 8. 4x 104 13 9%
(n. 3n) ~17.33 139Pr EC, §* 2.1 4.5h e 0082 %
142Nd (n, ) 6.13 43Nd ~18 thermal (6)
(21 13%) (n, 2n) —9.81 INd EC, p* 1.80 2.5h 1Py + 2.2 35600 5
1.7 17 15 24400 7
(n, 2n%) 1INgm IT 0. 755 1.05m "'I‘(’g'gl’:)"P‘ + 0.65 10500 1
(n, p) _1.38 1Py B 2.16 19. 2h 12Nd + 0.011 178 1
(n, ) 6. 64 135Ce EC 0.27 140d 19T + 0. 002 32 5
(0, a% 199Cem IT 0. 746 555 ’”ng‘;n; “)"La 0.01 160 5
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Nuclide . . Deca Energy for 10%R,ae.
(d‘::g:) ;I;};gfi;f Reactéﬂegjvalue 1})?2322? Tg(iea;f Q(ﬁ:{;)e Half life Decay product '(‘LZ’:_'HS Tﬁ%i;), 1 a azblgngev mOI.c;:;t: = ' Reference
1ONd | (n,2n) —6.13 1eNd 15 s
(12. 20%) |
(n, p) ~0.15 13py 8- 0.933 13.6d 19Nd + l 0.01 160 1
wNd | () 5.76 1sNd ~5.0 thermal (6)
(23.87%) (n, 2n) —7.82 19Nd 1.7 15
(n, p) —2.21 14py 8- 2. 989 17.3m 14Nd 0.0098 159 27
(n, @) 7.33 19Ce g 0. 581 33d 1Py + 0.013 212 1
wNd | (n, 20) ~5.76 14Nd a 1.90 | 2.4x10%y 1oCe 1.81 20500 15
(8 30%) 1.77 28800 23
(n, p) —1.02 1spy - 1.80 5.98h 1sNd 0. 0069 112 27
wNd | () 5.30 uINg 5 0.90 11.1d WPy 1.8 thermal 0. 006 97 1,6
(7. 18%) (n, 2n) ~17.57 usNd 2.0 15
(n, p) ~3.30 uspy - 42 24.0m 146Nd 0. 0053 86 27
(n, @) 6.34 15Ce B 144 33h “31?{5_’23“ + 0. 004 64 1
(5’.‘;12"% y | 5.07 1usNd 5 1.67 1.8h “°P’(f}5§’h’;’5m 3 thermal 0.003 48 1,5
(n, 2n) —7.32 17Nd 8 0.90 11.1d ‘2’21.’(’5“2;’)“’%}3 3.1 12 2.6 42100 1
1.6 25900 7
1.95 31600 23
(n, p) —4.12 1sp; 5 4.5 2m usNd + 0. 0026 42 1
(n, *He) —8.53 ueCe B 1.0 14m “6%’2{;0‘:11)“‘* (6~8)x 104 11 ref. in 54
(n, @) 5.37 15Ce B 2.6 3m ”SP’(E;]')' "Nd + 0. 0040 65 1
(5’_52181%) (n,7) 5.31 191Nd - 2.4 12m ”’P’z‘zgg;‘%:g;‘;)‘h 1.8 thermal 0. 005 81 1,5
(n, 2n) 7.3 1sNd 8- 1.67 1.8h “gp'?sggggsm 3.1 12 2.7 43900 1
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1.7 27500 7
2.01 32600 23
Pm
l“S 145 — 145
3105 | @) 6.76 155m EC 0.65 340d e 0.7 thermal 0.002 3 |15
(n, 2n) —10.55 1ISm EC, g+ 3.3 8.9m HPm—>1"Nd n 0.68 11000 1,89
(0.73y)
1.37 22300 88
1.8 18 1.3 21200 7,07
m 14asm‘—>1‘3pm—’l‘3Nd
(n, 2n) —10.554 1S IT 0.748 64s o) (0 79) + 0.68 11000 1,89
(n, @) 7.92 wiNd | EC,(8*) 1.80 2.5h 11py 0.011 178 7
WSm | (n,2n) —6.37 usSm 1.3 15
(15.07%)
_ WIS,
(n, p) 0.56 WIS B 0.225 2. 62y (@ o) " 0.012 195 1
Sm | (n.2n) —8.14 WS a 2.314 | 1.05%107y uINg 1.52 24700 15
(11.27%)
1.62 26400 23
(n, p) —1.68 48Pm A 2.48 5.4d usgm 0.0143 233 73
Sm | (n,2n) —5.87 1485m 1.64 15
(13.8%)
1.59 23
15m | (n,7) 5.50 1515m 5 0.076 87y Sy 102 thermal 0.008 130 1,5
(7. 47%)
(n, 2n) —7.99 185 1.8 15
25m | (n,7) 5.87 1535m E 0.801 47h 183Ey 210 thermal 0.009 146 1,5
(26.63%)
(1, 2n) —g8.27 1$15m 5 0.076 87y 1By 2.05 14 2.05 33400 1
(n, p) —2.62 18P B 3.5 6m 1928 m + 0. 003 49 1
(n, @) 5.28 1sNd 5 1.67 1.8h “’P“(‘S‘gj}’l‘)’sm + 0.008 130 1
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Nuclide ‘ : . Decay Energy for 10"Rsar.
Type of (Reaction Q-value| Reaction Type of . max. ¢ o at 14 MeV :
(d’zgg:)' reaction (MeV) product decay (‘%\le\';; Half life Decay product (barns) 183(};'\/()7 (barns) (—fl—gﬂffffﬂ *) Reference
mol. unt ux
55
(zgfgg"% )| @ 5.81 1555 m B 1.65 23m ' %f.g;’)scd 5.5 thermal 0.008 130 1,6
(3~8)x 104 5~15 97
(n, 2n) —7.98 1835 5 0.801 47h 183Ky 2.1 13.5 2.0 32400 1
1.63 26400 23
(0, p) —3.22 18P B ~2.2 2.5m 1945 m + 0.0028 45 1
_ 151D 151§ 151 Ey
(n, @) 4.10 151Nd B 2.4 12m Coh)  7y) + 0.0075 122 1
15IEy 1528m
@.77%) | (n,v) 6.31 126y EC, 8+ 1.857 12y 182Gd 6000 thermal 0.005 81 1
3 1.82
: (1.1x104y) (@)
(n, 7% 6.31 182E ym (E%_ﬂ+ 1% 9.3h o 3100 thermal 0. 002 33 5
(n, 20) —7.08 10E EC ~2.3 5y 1805 0.61 14 0.61 9900 1
. ISOSm
(n,2n% 10Eym (E%_ﬂ 225 12.6h 150G 0.61 14 0.61 9900 1
: (a emitter)
(n, a*) (7.87) 18P ym (}; 0. 1372 42d 165 m 0.019 300 7
153Ey (n,7) 6. 44 14Eqy B- 1.978 16y 154Gd 390 thermal 0. 009 147 1,5
(52. 23%) E . 152§ m
(n, 2n) —8.56 12Ey ( Cﬂ'_ﬂ 1.857 12y 152Gd + 0.76 12300 1
: (a emitter)
i EC, B* 1.90 1525
(0. 2% 126y ( L e 9.3h s + 0.76 12300 1
(n, p) —0.02 1895 - 0.80 47h 183Ey + 0. 0065 106 1
(n, @) 5.83 150pm B 3.43 2.7h 10Gm + 0.0075 122 1
(omGd) (n,7) 6.49 185Gd EC 0.243 242d 183Ey 100 thermal 0.008 130 1,5
. 20%
1 (n,2n) —8.60 181Gd EC 0.4 120d BIEy 2.0 14 2.0 32600 1
1.3 21200 15
14Gd | (n,2n) ~8.66 183G EC 0.243 2424 183E 2.05 14 2.05 33400 1
(2.15%)
1.90 30900 23
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1%5Cd | (n, 2n) _6.45 194Gd 2.1 8
(14.73%) Ly -
(n, p) 0. 54 18Ey 5 0.248 1.8ly 1955Gd + 0.012 195 1
15Gd | (n,7) 6.37 157Gd 1.5 thermal (5)
(20.47%) (n, 2n) —8.53 155G 2.1 8
2.0 15
(0, p) —1.67 1%Ey 5 2.45 154 156Gd
(n, @) 5.67 1935 m B 0.801 47h 18Ey + 0. 0029 47 1
0.0085 128 7
9Gd | (n,2n) —6.37 1%6Gd 2.1 8
(15. 68%) b i
(n, p) —0.58 57Ey 5 1.34 15.2h 157Gd 0. 0095 154 1
18Gd | (n,7) 5.95 19Gd B 0.95 18h 89T 3.5 thermal 0. 004 64 1,5
(24.87%) (n, 2n) —~7.93 157G 2.2 8,15
(n, p) _2.65 18Ey B 3.5 46m 188Gd 0.0015 24 26
(n, @) 5.16 1955m B 1.64 23m lssﬁ‘fg;’y";'cd 0. 0024 39 7
(ng‘f%) (n,7) 5.63 16Gd B~ 2,0 3.7m ‘°‘T(gf5:)‘DY 0.77 thermal 0.010 162 1,5
(4~10)x 104 7~16 o7
(n, 20) —7.45 199Gd B 0.95 18h 19Th 2.2 12.5 1.9 30800 1
1.53 24800 23
(n, @) 4.63 1975 m B 2.83 ) 157E‘(’1‘5‘]‘15)7Gd + 0.0017 27 1
19Th | (n,7) 6.38 19Tb 5 1.827 72.1d 10Dy 50 thermal 0.01 160 1
o
Hee (n, 20) —8.14 185Th E? 120 1.2x10% I:ig‘yl + 0.26 4230 1
(n, 20%) 158 Tym IT 0.110 is m’rbsiiiﬂg‘; 0.16 2590 5
(1x10%)
(n, p) —0.17 189Gd 5 0.95 18h 19T + 0.00185 30,1 1

262t 19AV[
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Nuclide . . i Decay Energy for 10%Raac. [
(Abun- 1);2200'{ Reactég/r[lceivalue %ﬁggtul?? Tgfepcca;f Q-value Half life Decay product 12/{)2’:!']5 max. o a aEbints\;lcv ___curie \ ' Reference
dance) | : (MeV) | (MeV) mol. unit Aux/ |
I i - 7' .
15Th (n, *He) —6.90 157Ey 8- 1.34 15.2s 157Gd 9%10-6 0.15 55
(100%)
(n, @) 6.22 156Ey 8- 2.45 15d 156G + 0. 00185 30. 1 1
I
(n,2p) | —8.76 188E 8- 3.5 46m 158Gd 8104 13 9
156Dy 157Th—157Gd .
(0. 052405 (™) 6.98 157Dy EC 1.1 8.1h (1504) 0.01 163 ref.in 75
(n, 2n) —9.44 155Dy EC 0.9 10. 2h ISST(g‘é:;Gd + 1.8 29300 1
| 1.1 17800 ' 15
| | 1.9 30800 7
155Dy | (n, %) 6.83 155Dy EC 0.38 144d 19T 9 thermal 0.01 160 1,5
0. 09029
( © 2 9.06 157D EC 1.1 8. 1h H#TTh—1%Gds 2.0 32400 1
(n, 2n) —9. y . . (150y) + .
(2‘52‘7193y ) (n, 2n) —~8.58 159Dy EC 0.38 144d 159T} 2.1 14.5 2.1 34200 1
. 2949
2. 06 33500 23
9Dy | (n,2n) —6.45 180Dy 2.2 |8
(18. 889%) ;
2.0 115
( 162Dy ) (n, ) 6.27 163Dy 160 thermal (5)
25, 53%
| (n,2n) —8.19 161Dy 2.1 8,15
(n, @) 6.05 199Gd 8- 0.95 18h 19T + 0. 003 49 1
(24, 97% ); (n,7) 7.65 14Dy 125 thermal )
. (o}
| (n,2n) —6.27 182Dy 2.2 8
|
2.1 l 15
(n, p) —0.90 163Th I 1.68 6.5h 183Dy + 0. 0024 39 | 1
(n, p*) 163 pm 4- ~1.7 7m 163Dy + 0. 0024 39 1
{
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(2‘85.‘]138)('% ) (0, 7) 5.72 165Dy Iﬁl: 1.30 139. 2m 5 185Ho 600 thermal 0.010 162 1,5 >
(n,v®) 165Dy - 0.10816 | 1. 26m e e 2200 thermal 0.001 6 |15 =
(n, 2n) ~17.65 16Dy 2.2 8 g
2.3 15
(n, @) 5.21 161Gd 8- 2.0 3.7m R e + 0.0036 58 |1
Ho | (n, ) 6.24 18610 B 1.847 26.9h 166E 64 thermal 9. 4104 15.3 58
(100%) 0. 009 150 15
0. 0088 143 74
(n, 2n) ~7.99 18Ho (%_C L1 37m el 2.3 37300 1
0.7 14 0.7 11000 7
(n, 20%) i64Fom 24m 1.0 14 1.0 16200 7
1.78 29000 88
(0 p) —0.51 165Dy g 1.30 139. 2m 165K + 0.04 648 1,24
(n, p¥) 165Dym (%T_) 0.108 1.26m wsggg_‘;ﬁ)m + 0. 001 16 1
(@, a) 6.46 16T} 8- 2.8 7.5m 12Dy 0. 0012 19.5 7
(0_’6123%‘%) (n, ) 6.91 163E 1 EC, B* 1.21 75m (;;513‘;) 10 10-4 0.010 162 1
(n, 2n) —9.21 1 Er EC, 8* 2.4 3.1h “‘H(g_g;f)‘DY 2.05 14.5 2.05 33200 1
1.95 31600 23
wEr | ) 6.66 165E EC 0.37 10.3h 165H o8 10 10-4 0.010 162 1
(1.56%) (n, 2n) —8.86 163E s EC, 8* 1.2 75m 163Hos 2.1 14.5 2.1 34000 1
(33‘?541::11%) (n,7) 6. 44 167E 45 thermal (5)
(n,v*% 167Erm IT 0.2078 2.3s 167k 15 thermal (5)
(n, 2n) —8.47 165K EC 0.37 10.3h 165H o8 + 0.96 15600 1
2.0 32400 7,23
(n, p) —1.08 186Ho B 1.847 26.9h 166E 0.011 179 26
(n, ) 7.09 163Dy

s8
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Nuclide . . ; i Decay Energy for 10'*Ree. !
Type of [Reaction Q-value| Reaction | Type of | . Max. ¢ g at 14 MeV -
(Abun- . : Q-value Half life Decay product max. ¢ ~ curie \. Reference
dance) | reaction (MeV) product | decay ! (MeV) (barns) (MeV) (barns) mol. unit flux “
167Er (n,7) 7.71 188Er 650 thermal (5)
(22, 949,
| (n,2n) —6. 44 165E r 2.0 15
(n, p) —0.19 167Ho 8- 1.0 3.1h 167E + 0. 0024 39 1,27
168Er (n, ) 6.00 169 ¢ I’ 0. 340 9.4d 169Tm 5 10— 0.010 162 1
(27.07%)
"1 (n,20% (=7.77) 167Em IT 0.20780 |  2.3s 167F s 1.0 14 1.0 16200 7
0.19 3080 5
(n, p) ~1.99 1880 8- 3.3 3.3m 168Er + 0.0017 27 1
(n, @) 6. 26 165Dy I 1.3 139.2m 165Ho + 5x10-4 8 1
(n, a®) 155Dym (E_) 0-10816 | 1. 26m ‘nggg‘;;f)m + 9% 10-¢ 14 1
170E _ l7lT _.171'Yb
(14880 | D 5.68 nE; 8 1. 490 7.52h o2y) 10 thermal 0.010 162 1,5
(8~9) x 104 13~15 97
(n, 2n) -7.26 169F 1 8- 0.34 9,4d 169T 2.2 12.5 2.0 32400 1
1.86 30100 23
(n, p) —2.92 170H, - 4.2 455 110E 0.0018 29 5,27
(n, @) 5.73 Dy B~ 3.3 4.4m e + 9104 14 1,27
(’IGSOT;‘) (n,7) 6.59 10T m (59 0.0 130d ot 130 thermal 0.010 162 1,6
) (¢ .
(n, 2n) —8.06 188T'm EC 1.72 85d 168E ~1.0 ~14 1.0 16200 1,7
2.05 33400 23
(n, p) 0.43 169E 8- 0.340 9.4d 16T 0.010 162 2
168Y'h (n,7) 6. 87 169Y'h EC 1.2 32d 169Tm 5500 thermal 0.010 162 1
(0. 140%,)
(n,2n) ~9.06 167yh EC, * 1.96 B | ed) ey | 22 14 2.2 35600 1
1.5 24300 15
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g
(317°Yb) (n, 2n) —8.47 189 EC 1.2 32d 19T m 16 14 16 26000 1 2
. 03% o
169 hg_, 169 o
(n, 20%) 1697 b IT 0.0243 465 Y‘Egz ) Tm 0.54 14 0.54 8730 1 5
oo
mYb | (n,2n) —6.62 10y} 19 15
(14.31%)
wyh | (n,2n) —8.02 1yl 2.0 15
(21.829%)
(a, p) —1.09 12T m 5 1.88 63.6h 1my} 0. 0063 102 30
173Yb | (n,2n) —6.37 172y} 2.1 15
(16.13%)
(n, p) —0.54 13T B 1.32 8.2h 1757} 0. 0042 68 30
(3"4g4b/) (n,7) 5.82 sy g 0. 467 101h 5Ly 55 thermal 0.01 162 1,5
1. 849,
(n, 2n) —7.47 13y} 2.2 15
(n, p) —2.28 14T 5 2.5 5.5m — 0.002 32 26,30
71T 171
(n, ) 6.41 MEr B 1.490 7.52h lgf‘gzy)Yb 8. 2% 104 13.3 30
176 _—
1z 2| ) 5.56 7Y B 1.40 1.9h e 20 thermal 0.009 146 | 1,5
(3~10)x 104 5~16 97
(n, 2n) —6.88 115y} s 0. 467 101h 115y 2.1 13 1.75 28400 1
1.78 28800 23
(n, p) —3.36 176Tm 5 4.2 1.5m 176} 5.5 104 8.9 30
(n, @) 5.58 3E B 2.5 1.4m mT(’g‘z';l’;Yb 3.3% 104 5.3 30
(9;75‘{‘0‘1,/) (n, 7% (6. 29) 16y 5- 1.31 3.7h 1S 23 thermal 0. 002 32 1,5
-40%
(n, 2n) —7.66 Ly EC 15 3.6y 17yh 16 14.5 1.6 26000 1
ITle
(n, 2n*) 4L ym (IETC (1) 708 140d 1ML yE174Yh 1.6 14.5 1.6 26000 1
’ (3.6y)
0.65 10600 7
(n, p) 0.31 175y} B 0. 467 101h 15Ty + 0.002 32 1
(n, a) 7.87 172Tm B~ 1.88 63. 6h 12y,

28



Nuclid . | . i Decay \ Energy for 10'5Rsa. ‘
(chnin? | Type of |Reaction Q-value Reagtxon Tg'pe of Qvalue | Half life Decay product 1(\/11)ax. g max o | © atb14 N)ieV curie ‘ Reference
dance) | reaction (MeV) product ecay (MeV) ! arns (MeV) (barns ol unit flox |
Ly | (n,7) .07 | "Ly -1 0,497 6.7d THE 2100 thermal 0.01 162 1,5
(2.60%) ; ! 127 e L ITTHE 1
 (n,7¥) e (/3‘ 1.467 155d (6.7d) 1 thermal 1% 10-5 0z s
(o, IT 0. 9702 . : L
" (n,n) — 176 ym - 1a 3.7h 1761 0.29 4 0.08 1300 |1
| | i
i (n, 2n) —6.29 175Ly ‘ 2.3 '8
" (n,3n) ~13.95 4Ly EC ‘ 1.5 . 3.6y 174y n 0.15 2440 1
3 | |
‘ i i 174y}
(n, 30%) L ipge Byl | 140 MLye171Yh + 0.15 2440 |1
! | (3.6) i
174Hf (n,7) 6.85 175H { EC 0.59 71d 1751y 390 thermal 0.01 162 1,5
(0.18%) 173] 118y ‘
n,zn —0. N .
(n, 2n) 8.59 173Hf EC >2 23.6h (1. 4y) + 1.6 25900 1
0.86 13900 57
176Hf (n, 2n) —8.09 175H{ EC 0.59 70d 175y 2.2 14 2.2 35800 1
(5.159
%) 2.27 37000 | 23
2 32000 5
WHE | (n,2n) —6.38 1761 2.3 8
18. 399
( %) 1.9 | 15
178H{ (n,7) (6.10) 179 fm IT 0.378 18. 6s 17SHfe 50 thermal (5)
(27.08%)
> (n,2n) ~7.63 He 2.3 8
2.1 15
(n, p) —1.47 8Ly 8- 2.25 30m 178Hfe 0.0017 27 37
(n, p%) 178 ym B 2.65 20m ”“Hf("‘;}:; Hfs 0.0010 16 37
(n, a) 7.91 175Yb 8- 0. 467 101h 5Ly + 0. 0016 26 1
0. 002 32 5
ISHE | (n,7%) (7.39) 180 fm IT 1.1422 5.5h 180H fe 0.34 thermal 1x10-4 1.6 1,5
(13.789
%) (n, 2n%*) (—6.10) 178Hfm IT 1.148 4.3s 178Hfs 0.9 15000 7
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|
(31530?4{)/ ) (n,7) 5.69 T, B 1.023 42.5d 1815 12.6 thermal 0.008 130 1,5 >
. o
(n, n") — 180 4m IT 1.1422 5.5h 180 s 0.07 5 0.02 320 1 =
[\
(n, 20%) (—7.39) 118 fm IT 0.378 18. 65 175K e 0.6 9720 7 3
(n, p) —2.52 180y B 3.3 2.5m 180§ 0.0014 22 26
(n, @) 6.86 1TY B 1.40 1.9h 1’7L(‘éf;g)7Hf + 0. 0021 34 1
0. 0022 35 5
180T (n,n’) _— 3.5 5 1.0 1
(n, 2n) —9.44 119T4 EC 0.115 600d 179Hif 2.3 12 2.25 36600 1
(IEOT(;) (n,7) 6.06 18274 5 1.811 1154 oW 2000 3.8x10° 1
(1]
(n, n’) E— 0.48 95
(n, 2n) (—17.64) 180 gm (EC 0% 8.1h e 1.1 13 1.1 17800 1,88
- 19 30900 7
(n, 30) —14.22 179Tq EC 0.115 600d 1194 + 0.2 3300 1,7
(n, p) ~0.24 g 5 1.023 42.5d 181, + 0.002 32 1,27
0.005 81 a1
(n, *He) —6.56 119y B 1.34 4.6h 194§ 3.4%10-¢ 0.06 55, 56
(n, @) 7.41 18]y 5 2.25 30m 178Hfx + 0. 001 16 1
0.0003 4.8 37
(0, o) 1By 5- 2.6 20m WHHSSBH“ + 0.0012 19 7,18
0.00014 2.2 37
(n, t)+ 0. 0045 at 60
(n, nt) 22.5MeV
(n, a)+
A% — 0. 002 a1
0 1;°;gf(y) (n,7) 6.65 181w EC 0.19 140d 181 20 thermal 0. 009 146 1
. (]
(n, 2n) —8.44 11y EC 1.2 38m ”gT(ga(’):i’; Hi + 1.3 21100 1
1.87 30400 87

68
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Ukbud: | Typeof Resction Qualue Reaction | Typeof | QUolle | i lfe | Decay product | TS € | et o7 | 7 at 16 Mev <_13R> Reference
dance) (MeV) (MeV) mol. unit flux
(of“f;’;%) (n, 2n%) 179w IT 0.2218 5.2m "“"gg’r:ﬁgo‘o’;’)% n 0.42 6800 1
0. 49 7980 87
(n, p*) (0. 06) 180T gm (EC 02 8. 1h ok 0. 0096 156 87
182 (n,7) 6.19 183 20 thermal (5)
(26.4%) (n, 2n) —8.05 oW EC 0.19 140d 18T, 2.3 14 2.3 37000 1
2,17 35300 87
2.23 36300 23
(n, D) —1.02 19T, A 1.811 115d 12w 0.0023 37 7
0. 0059 9 87
(0, p*) (—1.54) 182Tgm IT 0.503 16m ‘"T(al'l‘S’d';zW 1.2%10~ 2.0 87
(n, @) 7.39 179K fm 18. 65 1.2x107 2.0 87
wwW | (n,7) 7.41 184 1x10° 8x10-6 | (96)
(14:4%) (n, 2n) —6.19 182w 2.35 '8
2.0 |15
(n, 30) —14.25 18W EC 0.19 140d 181, + 0.4 6500 | 1
(n, p) —0.29 18T g A 1.07 5.1d 18w + 0. 0028 45 1
0. 0041 67 87
(n, a*) (—7.18) 180 fm IT 1.1422 5.5h 1804 2.2 104 3.6 87
(n, np) ~1.21 1825 B 1.811 115d 182y 0.0013 21 87
(3;84&' (@, 7) 5.75 185 B 0. 429 75d 185Re 1.8 thermal 0.005 81 15
© (0, v*) 185 m IT 0.368 1.6m ‘35V\/(;r—5:;)55Re 0.02 thermal 3%10-5 0.5 1,5
(n, 2n%) (—7.41) 183Wm IT 0. 309 5.3s 18Wa 1.6 13.5 1.6 26000 7
(n, p) —2.25 18T, A 2.75 8.7h 18w + 0. 0056 91 1
0. 0029 47 87
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(n, @) 7.37 1uHf 5 1,023 42.5d 19T, + 0. 0034 55 1 E
0. 0015 16 87 =
(n, d+pn) - 18Tg B 1.07 5.1d 18 0.0018 29 5 3
6.5 104 10.6 87
(2188.6}1};,) (n,7) 5. 47 187W B 1.31 23.9h 187Re 38 thermal 0. 005 81 1,5
(4~11)x 10~ 7~18 o7
(n, 2n) —7.58 18w B 0. 429 754 185Re 1.1 12 0.8 13000 1
2.3 37000 7,87
(n, 20%) 185 Wm IT 0. 368 1.6m '“V‘é;gé‘)“Re 1.1 12 0.8 13000 1
0.64 10400 87
0.5 8100 7
(n, p) _3.12 186T5 5 3.7 10m 186 + 0. 0014 22 1,87
~0. 025 ~20 0. 001 16 7
(n, @) 6.39 a5 5 2.2 65m 18T g 183 + 0. 0012 20 1
514 5.5% 1074 9.0 87
(n, np) —8.43 185Tq g 2.0 50m “SVZ’EC;;SR"' + 3% 10-4 5 1
2.5 104 4.1 87
(37‘.“0%?%) (5, 7) 6.18 19Re (E_C) e 90k e 105 thermal 0. 008 130 1,5
(n, 2n) ~17.79 1Re EC 1.6 38d 180w 2.25 12 2.25 36600 1
1,91 31100 5
154W
(n, 2n*) 1R em (iETC 0. 1880 169d 1R e84 0. 047 12 0.046 749 1
(38d)
0.26 4200 7
(n, 2n0*% 184Rem 2.2d 1.1 17800 5
(n, @) 8.28 12T, s 1.811 1154 102y Omb Rl
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Nuclide . . Decay Energy for 10%*R,ar.
Type of Reaction Q-value] Reaction Type of . max. o gy o at 14 MeV :
(Abun- . ' Q-value Half life Decay product max. g curie Reference
dance) reactxcirii (MeV) produc decay (MeV) (brans) (MeV) (barns) 1 onit ﬂux)
(621879%%/) (n,7) 5. 87 18Re A~ 2.116 16.7h 18805 73 thermal 0. 005 81 1,5
. 0
(n, 7% 18R em 1T 0.172 18. 7Tm 188Re#—188Qg 1.3 thermal 3x10-4 5 1,5
_ Iy 1.071 18605
(n, 2n) 7.37 186Re (EC) 0 o4 90h 1860 1.7 13 1.7 27500 1
1.43 23200 23
(n, p) —0.59 1w el 1.31 23.9h 187Re + 0.0033 53 1
0. 0039 63 5,27
(n, *He) —6.600 15T 8- 2.0 50m 185 4x10- 0.1 54
(n, ) 7.10 18T, 8- 2.75 8.7h 1Yy + 9.2x10-4 14 1
9.4x10°4 15 5,27
© ‘;‘1%%/) (n,7) 6. 67 1850g EC 0.982 94d 185Re 200 thermal 0. 008 130 1
- (1)
(n, 2n) —8.86 19905 EC 2.0 12h R + 1.3 21100 1
183)g _»183R o, 183
(n, 2n%) 1830gm (fETC 9.1707 9.9h (2 () + 0.43 7000 1
(71d)
18605 (n, 2n) —8.27 1850s EC 0.982 94d 185Re 2.25 14 2.25 36600 1
(1.59%)
4 Lol 1560 1.8 29000 15
(n, p) —0.32 186Re (EC) O: 54 90. 6h 186 %7 0. 0055 90 98
18705 (n, 2n) —6.30 18505 1.9 15
(1.64%)
128805 | (n, 7% (5.92) 1890gm IT 0. 03081 5.7h 18908 0.9 10~ 5% 104 8 1
(13.3%) | (n, 2n) —7.99 18705 2.0 15
(n, p) —1.34 188Re B 2.116 16. 7h 1880g + 0. 0042 68 1
0.0074 120 98
N - 188R o8, 1880
(n, p®) 188Re 1T 0.1720 18.7m (16.7h) + 0. 0042 68 1
12;9005 (n, Y% (7.79) 190Qgm 1T 1,706 9.9m 1900)s8 0.01 10-¢ 5x10-6 0.08 1
(16-19%) | (n, 0y — 18905m IT 0.03081 | 5.7h 18908 3.5 4 1.0 16200 1
(n, 2n) —5.92 1880 2.1 15
(n, p) —0.22 189Re B 1. 00 24.3h 1890g 0. 005 80 98
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(n, p%) (—2.23) 18R em 2.8k 0. 002 32 7
19Qg (n,7) 5.76 1910g B 0.310 15d 191 6 thermal 0. 003 48 1,5
(26. 49)
(a, 7% 1910gm IT 0. 0742 13h ”'0(5;53’)““ 8.5 thermal 0.003 48 1,5
(n,n’) — 1900gm IT 1.706 9.9m 19008 0.0175 5 0. 005 81 1
(n, 2n%) (—7.79) 1850gm IT 0. 0308 5.7h 18058 1.15 13 1.15 18600 1
(n, p) —2.40 190Re B 3.1 2.8m 1900g 0. 0020 32 27
(n, ) 6.84 18T 5 1.31 23.9h ”&Rj;&zgs n 4.7%104 7.6 1,27
1920g (n, ) 5.59 1930s B 1.132 31h 193] 1.6 thermal 0. 005 81 1,6
(41.09%)
(n, 2n) —7.56 19105 5 0.310 15d e 1.15 14 1.15 18600 1
1.26 20500 99
2.2 14 2 33000 7
(, 20%) 1mQ0gm IT 0.0742 13h 19105(;;; Ir 1.15 14 1.15 18600 1
1.07 17400 99
(n, p) —3.09 192Re B- 3.1 6s 1920s Tx10-4 11 26
9
(38“ ‘51;,)) (n,7) 6.20 192] (}ﬁ:c e, 74, 24 oo 300 thermal 0. 002 32 1,5
(n, 7% 192] IT 0. 0580 1.4m mlrsc;jgt 610 thermal 0.002 32 1,5
(74d) s
(n, 2n) —8.12 1901 EC 2.1 11d 19905 2.0 14 2.0 32000 1
(n, 20%) 190] pm IT 0.0263 1.2h '°°I’(‘IT£°OS 0.37 ~15 0.37 6000 1
(n, p) 0.47 1910s B 0.310 15d 191]p 0. 0048 78 98
(n, @) 7.96 18R 5 2.116 16. 7h 18505 + 0.0018 29 1
(n, a*) 188Rem IT 0.1720 18.7m 18811;;:}-;:;05 + 2x10-4 3 1
Wl | (a,9) 6.07 194] 5 2.24 17. 4h 194p¢ 110 thermal 0. 005 81 1,5
(61.5%)
(n,n’) — 193] IT 0. 0802 12d 193] 18 1.15 5 0.3 4860 1
(n, 2n) . 1921 (E_C 12 74.5d DS 1.15 14 1.15 18700 1
2.1 34000 7
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Nuclide

N Type of |Reaction Q-value| Reaction Type of Decay . max. ¢ Energy for t 14 MeV lolsR.""
%Aﬂgg:) reaction (MeV) product decay Q(I-\X:{}l)e Half life Decay product (ba);hs) ?ﬁt\’g g a(bamﬁ/)le <mo‘ cu:tte - x) Reference
. unt u
193Ir - 192,
(61.5%) | (™2n% 192]y IT 0.161 >5y 2972256”195 0.59 14 0.59 9600 1
(n, p) —0.35 19305 B 1.132 31h 193] + 0. 0027 44 1,27
0. 0049 80 98
190p¢ (n, ) 6. 45 181p¢ EC 0.8 3.0d 191]
(0. 012%) r 200 thermal 0. 008 130 1
(n, 2n) ~8.81 1994 EC 1.6 10.9d e 2.25 14 2.25 36400 |1
1.7 27500 15
192p¢ (n, ) 6.25 193p¢ EC 0.05 500 193
(0.78%) <500y Ir 10 thermal 0.003 48 1
. 193P¢g_,. 193
(n,7%) 193py IT 0. 1481 4.3d (P<‘500y)1r 10 thermal 0.003 a8 1
(n, 2n) —8. 66 191p¢ EC 0.8 3.0d 191 2.3 ~15 2.3 37300 1
2.0 32600 25
194P (n, 7% (6.12) 195ptm IT 0.2593 4.1d 195 ~4 -
(32, 695) Pts 0.2 10 5x10-¢ 8 1
(n, 2n) —8,37 193p¢ EC 0.05 <500y 193]r + 1.15 18700 1
n,2n* 193ptm . 195P e 199y
(n, 20%) IT 0. 1481 4.3d (<5009} + 1.15 18700 1
(n, p) —~1.46 1]y B 2.24 17. 4h 194P¢ 0. 0034 55 1
0. 0039 63 98
0.0043 70 25
(n, a) 7.28 1910g A 0.310 15d 19 5x10-4 8 1
(n, %) 1mQgm IT 0.0742 13h m(?f“g:;)’ Ir 5x 104 8 1
195P¢ (n,7) 7.92 196P¢
(33 79) 27 thermal (6)
(n,n’) —_ 195P¢m IT 0. 2593 4.1d 195P¢g 0.29 4 0.08 1300 1
(n, 2n) —6.12 194py 2.4 8
2.1 15
(n, p) —0.15 195 A 1.0 4.2h 195P¢ + 0. 0026 42 1
0. 0029 47 5,27
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0.0013 21 98 E
18Pt | (n,7) 5.85 107py - 0.75 18h 197 Ay 1 thermal 0.003 @ 1 2
(25. 4%) B
IT 0.399 Pt VAU ®
(n, Y% 197pgm (8% 115 80m (18h‘)97A 0.06 thermal 3x10-4 5 1
* u
(n, 2n%) (=7.92) 195p e IT 0.2503 41d 195P e 1.2 ~15 1.2 19400 1
0.46 7450 7
(n, p) —2.39 196 B 3.40 120m 196p¢ 0.0011 17 25,98
(n, @) 6.38 19305 B 1,132 31h 3] + 5. 2% 104 8.4 1,27
(7ng;6) (n, 7) 5.58 199py B 1.68 30m '”""(‘g_"zg;Hg 5 thermal 0. 002 32 1
(n, 2n) —7.56 197p¢ B 0.75 18h 1Ay 2.8 14 2.8 45400 1
1.2 15 11 17800 7
) AR
IT 0. 2503
» 1 m
(n, 2n% ”py ) 0.25 80m ash) 1.4 14 1.4 22700 1
1.2 14 1.2 19500 7
1.0 16200 25
(;"(;6"‘9‘;) (2,7) 6.51 1987y (ﬁé) a3 2.7d 198Hg 26000 5x10-¢ 0. 0020 32.5 (1,5), 49
I (En'=9~ 197A ym 197
(n, n’) 14MeV) Au IT 0. 4095 7.2s Aur 0.2 3300 1
0.3 4600 9%
(n, 2n) —8.08 1984y (E%_ﬂ * e, 6.18d :::EIZ 2.25 14 2.25 36500 1
(n, 2n*) 1967 ym IT 0. 5055 9.7h N(Aég;( :’.':fl‘g 0.17 16 0.15 2430 1,25
(n, p) 0.04 197py = 0.75 18h 197Ay + 0.0018 29 1
0.006 18 0.0015 24 7
157P8_, 197 A 8
(n, p*) 7pg= - 0.9 80m A aBh) A 1.8x10-4 29 |1
(7. 2s)
(8, t) —5.38 19pym IT 0. 2593 41d 195p¢ <6x10-¢ <0.10 83
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Nuclide . . Decay Energy for 10'*R ¢
Type of Reaction Q-value| Reaction Type of . max. ¢ o at 14 MeV .
Abun- . Q-value Half life Decay product max. o curie Reference
(dance) reaction (MeV) product decay (MeV) (barns) (MeV) (barns) ol unit Ao .
197Ay (n, 3He) —6.03 195] ¢ B- 1.0 4.2h 195p¢ 2x10-% 0.8 ref. in 54
100%)
(100% (n, &) 6.98 4y 8- 2.24 17. 4h 194py + 2.5x10-4 40 1
5x10-4 8 18, 27
3%10-4 5 7
(n, 3n) —14.75 1957 EC 0.226 183d 195py 0.071 96
(n, na) 0.91 193] 4x10- 96
(n, t)+(n, nt) S _ 0. 0039 60
nonelastic — —_— 2.8 5 2.4 96
wHg | (n,7) 6.98 wHg EC 0.42 65h WAy 2000 thermal 0. 005 81 1,5
(0. 1469%,) 107
Hg!_.lWAuz
(n, 7% 197 gm G‘:’I(‘; g 3393 24h 197 A ym_ 197 A e 125 thermal 2x10-4 3 1,5
(7.2s)
195A 1, 195P¢
(n, 2n) —8.75 15Hg EC 1.5 9.5h (;‘83(1) + 0.58 9400 1
0.36 5830 25
EC L7 195 A 195D
(n, 2n%) 195 gm (IT o 76 40h 195 ga_. 196 y— 195P¢ + 1.75 28400 1,25
: (9.7h) (183d)
Hg | (n,v% (6.65) 19Hgm IT 0.533 43m 199 gs 0.2 10-4 4x10-4 6 1
(10. 02%)
| (n 2n) —8.30 1Hg EC 0.42 65h 19744 + 0.47 7610 1
1.0 16200 7,25
197 gs 197 A ys
(n, 20%) 197Hgm (};E 0. 2998 24h 1977 B A e + 1.9 30800 1
(7.2s)
0.90 14600 7,25
(n, p) —0.59 1987y B 1.374 2.70d " 1Hg 0. 0046 75 7,25, 27
wHg | (n,n) — 199 gm IT 0.533 43m 19} gs 0.25 3 0.20 3240 1
(16. 84%)
0.13 2110 25
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(n, 2n) —6.65 198H g 2.0 15 ;
(n, p) 0.32 19Ay B 0.46 3.15d 199Hg 0.0023 37 25 =
wHg | (n,) 6.23 wHg <60 thermal (6) 8
(23.13%) S
(n, 20%) (—8.03) 199 gm IT 0.533 43m 199 g + 1.2 19400 1
0.79 12800 25
(n, p) ~1.42 20py B 2.2 48, 4m 20Hg + 0.0038 61 1,27
(n, @) 6.55 7Py IS 0.75 18h 197 Ay + 0.0018 29 1,27
2x10-4 3 7
197Pte_197A ys
IT 0.399
(n, a*) TP (ﬂ' 1. ?g 80m 197 Aum—»197A 48 0.0018 ® 1
(7. 2s)
20Hg (n, 2n) —6.23 10H g 2.2 15
(13.12%)
(n, p) —0.72 01Ay B 1.5 26m WHg + 0.0019 31 1,27
wHg | (n,v) 5. 99 23 g 5 0. 492 46.9d 209T] 45 thermal 0. 003 48 1,5
(29.80%)
(n, 2n) —-7.76 M Hg 2.3 15
(n, a) 5.71 199p¢ 8 1.68 31m "#Au—~""Hg 0. 001 16 7,21
(3. 2d)
24dHg ) (n,7) 5.67 25Hg ' 1.6 5.5m 208T] 0.5 thermal 2x10-4 3 1
(6.85%
Y (@ 2n) —7.49 23 b~ 0. 492 46.9d 203T] 2.4 14 2.4 39000 1
2.0 14 2.0 33000 7
2.18 35500 23
2,08 33900 25
_ 204
o] @ 6.66 20ey & 0.765 3.8y ity 20 2.5x10 | 0.003 8 |15
(n, 2n) ~7.72 2027 EC 1.22 12d 202Hg 1.35 14 1.35 21900 1
1.75 28400 23,25
(n, p) 0.29 03Hg 8- 0. 492 46.9d 2037 + 0.027 440 1
0. 0042 68 98
(0, @) 7.20 204y 8- 2.2 48. 4m Mg 0. 0022 35 7,25
3.7x10-¢ 6.0 5
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Nuclide . . Decay Energy for 10"Rus.
(Abun- 1’;&&0015 ReaCt('ﬁie\Q/)'value Riiﬁgg:‘ Tﬁg:a(’f Q-value Half life Decay product r(ri:;'ns max. ¢ g a(tbal;inI;/)IeV curie Reference
dance) P Y (MeV) (MeV) mol. unit flux
203T] (n, 3n) —14. 65 201T] EC 0.41 73h 0Hg 0.01 96
(29.50%)
(n, na) 0.20 19Ay B~ 0. 46 3.15d 19Hg <1.2x10°% <0.20 73
1.2x104 2.0 96
205T] (n, ) 6. 50 206T] B 1.524 4. 19m 206pPp 0.5 3x10-? 0. 002 3 1,5
(70.509%,) 204p
(n, 2n) —7.54 2047 (§C) g: 765 3.9y mHt; 2.5 14 2.45 39900 1
1.93 31400 23
(n, p) —~0.75 il g 8- 1.6 5.5m 205T)] + 0.0025 40 1
0. 0019 31 08
5.7x10°% 0.93 25
(n, 3He) —7.90 2037y 5 2.1 555 2035%3;:;1“ 1 <1x10° <0.16 73
(n, a) 5. 68 202Aq1 B- 3.5 29s 202Hg 0.001 16 7
( 204P} ) (n, ) 6.73 205pp EC 0.035 3x10% 205T] 0.8 thermal 0.003 50 1
1.48%
(n, n’) _ 204ppm IT 2. 186 66. 9m 204Phe 0.27 8 0.18 2920 1
0. 051 826 25
(n, 2n) —8.40 203pp EC 0.96 52. 1h 203T] 1.8 14~17 1.8 29200 1,7,25
(n, 20%) 203ppm IT 0.8252 6.1s #Pba—200T1 1.3 14.5 1.2 19400 7
(52. 1h)
(n, t) —5.86 202T] EC 1.22 12, 4d 02H g 3.2x10°% 0.52 65
2P | (n,¥) 6.74 7P}, 0.038 1.7x10-2 (5)
(23.6%)
(n, 2n) —8.08 205P} EC 0. 035 3x10%y 25T + 2.4 39000 1
2.7 44000 21
(n, 2n*) 205ppm IT 1.0138 4ms 205Phe 1.1 17800 7
(n, a) 7.14 203Hg B 0. 492 46. 9d 203T] + 0.0023 37 1
nonelastic —_— e 2.5 5
27Pb (n, ) 7.37 28pPh 0. 709 thermal (5)
(22.6%)
(n, n’y) —_ 207ppm IT 1.6331 0.8s 207Pp 0.20 3300 57
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—6.74

(n, 2n) 26Ph 2.5 8
2.2 15
208P, _ 2098} .
(52.9%) | @7 3.94 2P 8 0. 64 3.3h (>2x10y) (@) | ©-008 10~ 0. 003 50 1
0.001 16 74
(n, 2n*) (—17.37) 207ppm IT 1.633 0.80s 207Pbs 1.8 15 1.5 24400 7
(n, p) —4.21 208T] B~ 4. 994 3.1m 208ph + 9.5x10-4 15.4 1
4.6x1014 7.4 25
(n, @) 6.19 WHg 8- 1.6 5.5m 25T} 0. 0015 24 24
nonelastic _— _— 2.6 5
2098, . 8- 1. 160 210Pg -
(1005 | @) 4.60 20B; &) 5 05 5.01d (& emitrer) 0.06 10-2 0.0015 24 |1
0. 0012 20 74
(n, 7*) 210B;m 3 332 | sx1y pe 0.06 102 0.0015 2 1
(n, ") o) awpjerce 0.14 2300 |5
0.17 2800 96
(n, 2n) —17.45 8B, EC 2.87 3. 7x10% 208Pp 2.5 13.5 2.5 41000 1
2.2 36000 23
(n, p) 0.14 209Ph B~ 0.64 3. 30h 209B; 0. 001 16 7
(n, @) 9.63 26T I'n 1.524 4.19m 206pPh 0. 001 16 7,18
(n, t)+ - 0.0037 at
(n, nt) 22.5MeV 60
: flat
nonelastic  — _— 6~15MeV 2.5 5

Po, At, Em, Fr, Ra, Ac
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(n, 2n) —6.74 26p 2.5 8
2.2 15
208p, 209 " 29Bi -
(52. 39%) (n,7) 3.94 Pb B 0. 64 3.3h (>2x101%y) (@) 0.008 102 0. 003 50 1
0. 001 16 74
(n, 2n%) (—17.37) 27Pha IT 1.633 0. 80s 207Phe 1.8 15 1.5 24400 7
(n, p) —4.21 28T B 4,994 3.1m 28pY, + 9.5x10~4 15.4 1
4.6x10~4 7.4 25
(n, a) 6.19 wsHg B 16 5.5m 26T] 0. 0015 24 24
nonelastic _ _— 2.6 5
29B; . B 1.160 2P _
(1009%) | @7 4.60 210B; (@ 5 044 5.01d (@ emitter) 0.06 10-2 0. 0015 24 1
0. 0012 20 74
. . 312 _
(n, 7% 210Bjm & 232 | sx1o0y ope 0.06 10~ 0.0015 24 1
(n, ") (E‘l‘;ﬁg) 2sBjexcit 0.14 2300 5
0.17 2800 9%
(n, 2n) —7.45 eR; EC 2.87 3. 7x10%y 8pp 2.5 13.5 2.5 41000 1
2.2 36000 23
(n, p) 0.14 29P}, B 0.64 3.30h 29B; 0. 001 16 7
(n, ) 9.63 26T 8- 1.524 4.19m 24P 0. 001 16 7,18
(n, t)+ - _ 0. 0037 at 60
(n, nt) 22.5MeV
nonelastic e _ 3215 MeV 2.5 5

Po, At, Em, Fr, Ra, Ac
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Nuclide . . Deca Energy for 10"Ree.
Type of |Reaction Q-value| Reaction Type of y : max. ¢ g ¢ at 14 MeV :
(Abun- . MeV od i Q-value Half life Decay product bar max. bar curie Reference
dance) reaction (MeV) product ecay (MeV) (barns) (MeV) (barns) —oL unit fux
2
(13@;) (n,7) 479 3Th s 1.246 22, 2m 2”1?2‘7:1’; *U 1000 2% 104 0.005 81 1
- 3Py
(n, 2n) —6.43 231Th B 0.38 25.5h (3. 25 10%y) () 1.85 10 1.5 24300 1
1.16 18800 23
1.9 10 1.3 21000 7
(n, a) 8.08 229Ra 0. 0046 75 73
(. 3n) —11.56 20T 0.85 13800 96
nonelastic —_— B 2.8 96
Pa
238
(99, 289)| ®7) 4.80 9y A 1.28 23.5m N 10000 8x107¢ 0.001 6 |1
. _ _ 27Np
(n, 2n) 6. 14 2wy B 0.517 6.75d (2. 14 x 10%y) (@) 1.65 10 0.9 14600 1
0.70 11300 23
(n, p) -3.18 238Pg 0. 0015 24 96
- 26 J82Th - :
(n, t) —5.10 23%Pg B 2.9 12m (2. 39 % 107y) () 2x10-5 0.33 ref. in 55
(n, a) 9.07 25Th 0. 0015 24 73
(n, 3n) —~11.27 2% a 4.573 2.39 x 107y 22Th 0.50(1.1) 8140 96
(n, np) ~7.66 27pg B 2.30 39m ’?g;;;NP(aemi“e’) 2.3% 1074 3.7 9
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