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Summary: Relative intensities and intensities per decays of gamma

rays for 21 nuclides were evaluated. For some of them intensities per

decays are nearly 100 % and the source strengths can be accurately

determined by the g-y or X-y coincidence method. These gamma-ray

intensities are almost independent of the gamma-ray intensity measure-

ment. Therefore, these gamma rays are the best basic standards and

are listed in the following table of the primary standards.

Intensities of other gamma rays which were in requests of the nuclear

fuel investigation are evaluated by using observed intensities.

Half-lives of eight nuclides were also evaluated in Appendix.

Table 1 Gamma-ray intensities of primary standards

Nuclide

"Na
*4Na

"Sc

•»Sc

"V

"Mn

"Co

«»Co

"Sr
"»Y
"Nb

IO«mAg

m C s

l u C e

»»Hg

-07Bi

Energy
(keV)

1275
1368.6

2754

889

1120

983

1037

1312

983

1312

834
122.06

1173

1332
514.0

1836

766
434.0

614.4

723.0

605

796

165.85

279

569.7

Relative intensity

(%)

100.0000

99.8836+0.0035

99.9953 ±0.0020

100.0000

99.9968 ±0.0015

97.53 ±0.16

100.0000

100.00

97.22 ±0.33

99.91 ±0.02

100.00

99.36 ±0.09

99.88 10.04

100.00

100.00

87.26 ±0.43

Intensity per decay

<%)

99.94 ±0.02

99.9922 ± 0.0010

99.8758 + O.OO34

99.9829±0.0017

99.9875±O.OOll

99.9876±0.O012
97.52 ±0.16

99.9908±0.0009

99.9826±O.O013

97.20 ±0.33

99.976 ±0.003
85.4 ,0 .6

99.89 ±0.02

99.98I3±0.00I5
99.0 ±0.3
99.24 • 0.07

99.80 ±0.02
90.6 +0.6

91.1 10.6

91.2 ±0.6

97.50 ±0.07

85.08 ±0.42

79.83 +0.20

81.48 ±0.08

97.71 ±0.03
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Table 2 Other gamma-ray intensities

Nuclide

"Na

"Co

»»Y

"Zr

i o « R u

' "Cs

1!7Cs

•"Ce

i4«P r

!°'Bi

Energy
(keV)

511

1275
14.41

122.06
136.47
898.0

1836

724
757

512

616

622

874

1050
1128
1562
242

326

475

563

569
605

796

802

1038
1168
1365
662

80.12
133.53
696.5

1489
2186

569.7
1064

Relative intensity
(%)

178.6 ±0.1
100.0 ±0.02

10.64 ±0.22
100.0
12.6 ±0.6
95.0±0.5

100.0
80.6 ±0.8

100.00
100

3.64 ±0.23
48.1 ±1.1

2.10 ±0.06
7.36 ±0.21
1.94 ±0.05
0.772±0.023
0.020 ±0.010
0.020±0.010
1.56 ±0.06
8.88 ±0.29

15.7 ±0.5
100.0 ±3.2
89.1 ±2.7
9.03 ±0.33
1.04 ±0.04
1.97 ±0.04
3.36 ±0.10

15.0 ±1.0
100
100

20.0 + 0.6
5O.2±1.3

100.0
76.8 ±2.0

Intensity per decay
<%)

178.5 ±0.1
99.94 ±0.02

9.09+0.18
85.4 10.6
10.8 ±0.5
94.3 i 0.5
99.24 ±0.07

44.04 ±0.24
54.62 ±0.24
20.5 ±0.6
0.75 ±0.05
9.85 ±0.31
0.431 ±0.017
1.51 ±0.06
0.398 ±0.015
0.158 ±0.007
0.020 ±0.010
0.020±0.010
1.52 ±0.08
8.48 ±0.33

15.3 ±0.7
97.50 ±0.07
85.08 ±0.42
8.81 ±0.43
1.01 ±0.05
1.92 ±0.07
3.28 ±0.14

85.2 ±0.4

1.5 +0.1

10.1 LJ 0.7
1.51 ±0.06
0.30:* 0.05
0.76 + 0.04

97.71 , 0.63
75.0 .: 2.0

(4)
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1.2

b T Table 1.1 It

24Na, 108mAg /j: if Table 1. 2

Ge(Li)

2, 3

7Be, 51Cr, 65Zn, U 7 Cs

, AlC«t

Table I.I Primary standards for in-
tensities per decays

Table 1.2 Primary standards for relative
intensities. Cascade gamma rays

Nuclidc

"Co
1;)3Ce
203H g*

85Sr
207Bi

' " C s *

"••Nb*
M M n *
46Sc*
4GSc*

"°Co*
22Na*
6°Co*

140Ba
S"Y

Half-life

270 d

140 d

46.59 d

64.5 d

38 y

2.06 y

35.1 d

312.5 d

84 d

84 d

5.26 y

2.60 y
5.26 y

13 d

107 d

Gamma-ray
energy (keV)

122

166

279

514

570

605

766

835

889

1121

1173

1275

1332

1596

1836

Nuclide

24Na

<8Sc*

"Mo

nAg

Half-life

15.00 h

1.8 d

6.85 h

127 y

2.2 h

5.5 h

Gamma-ray
energy (keV)

1369
2754

983
1037
1312

685
1477

434
614
722

214
326
427

215
333

- 2 -



J A E R I - M 7 5 6 7

1.3 I ? f f £ &
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10GRu, 134Cr, 137Cs

#£LTitt»)±tf
o 1 0 < R U , l 3 4 c s

a)

, x-e

Ctlli,

or*f, aL Ji Hager and Seltzer (68HaSe) *; iCX Trusov (72Tr) © « [ * L/MNO li Dragoun (75Dr)

1.3MeV
-ettti*.

60Co

Rose (49Ro) fci!^ Jaeger and Hulme (34JaHu) *ffll>yt0 E2 $K&0x*;u=p-0ffil,»£ C

(Er-1.02)

fr, "Cu

Weisskopf unit i enchancement

5**,
d)

±J/2
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596X-,

796keV © ,
, gSliai&Utffi*»^© 605keV

, iii

, -tffll

o.

fA* 5

, 796 keV i 605 keV

1.4

(I A.-R, «

1 = 1 ©it,

J l i " = v v - £ l

IV, - I »

/ y< v — f\"

-• x,h",

I
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©WJSi, ^ f i f t ^ S b T u s t ^ x - i i n S i t l i wi = l/ef £Jfc;litfJ:ir»#, —lftlc»il3£1if[©ffij£j&i*£O

_i-.»f, w<=i 4

UT,

rt

,, ttz,

yt

rv

t

1.5 IS

run

r'u rl

2)

Nuclear Data Sheet

References

34JaHu J. C. Jaeger and H. R. Hulme, Proc. Roy. Soc. 148 (1935) 708
49Ro M.E.Rose, Phys. Rev. 76 (1949) 678
68HaSe R. S. Hager and E. C. Seltzer, Nuclear Data A4 (1968) 1
72Tr V. F. Trusov, Nuclear Data Tables 10 (1972) 477
75DrBr O. Dragoun and V. Brabec, Atomic Data and Nuclear Data Tables 15 (1975) 49

2. 22Na

"Na til^'iU-r-flijaJ^LTlOO^ICiir^ 1275keV <D rWLZI&lWtZ, tfz, W>'<\11-friftM. LT 511 keV r

r
a) JfHKlf£i&'^<Dm>Pte&<D$Lmt Wright 0SU^ Lfc fc©*i "ffc-T&S (Table 2.6).

1275keV u^;^©Hi; r41i ! !®I t l3 , 3 OCDimi^fiK '̂* f) (Table 2.1)

b) i f f , 1275keV r^Oflffiififlft^^^-S/c^iC, »«if-*KeP4 1275 kcV U ^ ^ C V l i fMffiOlt 6«/(/3,

+W cDiiiij/k'tt^fciic, mmkm^ommi'^^t, m+ffiW'Dit e./ys, ©pjiaftw (7OM3) T
T 1275keV u^^^raRft i f iT-f t^ t , 'lE^fflffiCJt e«//9i ***5>^ (Table 2.6)O

c) 1275kcV

- 5 -
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(Table 2.!i) <D f-J!j|fi&R! -r> tz,

Table 2.6

l .lift f|i'(£ Hrttfer and Seltzer

- f t l i . i l > # , z ^ i
t

e) 1275keV « ?

T l i , 3 J

»3 ^'JiiJlli 0.02.%' W W7S;

2 .60y

1275

ioNe12

Fig. 2.1 Decay scheme of " N a

Table 2.1 Experimental values of electron
capture to positron emission ratio

s-J{S\-\-fi>) Reference

0.1041 ±0.0007'
0.1048 ±0.0007
0.1042 ±0.0010

r>4WiO4
67LeO7
68Val3

a) Quadratic sum of statistical error
(0.45%) and systematic error (0.5%)

Table 2.2 Average values of electron capture to positron emission ratio

Average

value

0.1044

Table

0.
0.

M ' = l / £ 2

Error

Int.

0.0004

2.3 Theoretical

a)

II38 ±0.0025
I118±O.OO25

Ext.

0.0002

values of electron (

£2/^2

b)

Average

value

0.1044*

;aplurc to positron

0.100 ±0.006
0.0974

H' - 1

Error

Int.

0.0005*

emission ratio

Reference

67Le07
68Val3

Ext.

0.0002

a) Omitting the electron exchange corrections
b) Including the electron exchange corrections

- 6 -
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Gamma-ray
energy
(keV)

1274.51

Table

Table 2

2.4

.5

Theoretical

Multipolarily

E2

Experimental

values

values

of internal

6.3x10"

of internal

conversion

G

conversion

coefficients

K/L

12

coefficients

n

6.8x10"°

Gamma-ray
energy
(keV)

: x l O "

Learner, Hinman
54Le

Nakayama, Hirata
63 N a

1274.51 6.7410.67 6.77 ±0.45

Table 2.6 Evaluation of intensities per decay

Item

PJP*
si//?i (Theoretical)

3j- decay

Annihilation in flight

Annihilation radiation

Value

0.1044 ±0.0005

0.0006 I 0.0002

0.0023

0.1045 ±0.0005" >

(6.76±0.37) IO'

0.25 x 10-4

0.27%"'

0.99%'"

178.5±O.I%e>

99.94 ±0.02% f>

Reference

53WM3
70Ma

a)
b)
c)
d)
e)
f)

Obtained from the equation £2//S2 = {£2/(^i + /92)}
Weighted average of the two values in Table 2.5 (M-= 1/S2)
Cross section ratio of 3y to 2y decay (67 Ka)
Ratio of annihilation in flight to total annihilation in copper (67 Ka)
Ambiguities of annihilation in flight and 3^ decay are not included.
Obtained from the equation },(H «!-! / ' ] ) I-/3H £j -100

Table 2.7 Evaluated values of beta branch

Beta branch Branching ratio

£2

0.05 ±0.02

90.49 ±0.04

< 0.0002

9.46 ±0.05

References

53Wrl3 B. T. Wright, Phys. Rev. 90 (1953) 159
54Le R. D. Learner and G. W. Hinman, Phys. Rev. 96 (1954) 1607
63Na Y. Nakayama and H. Hirata, Nucl. Phys. 40 (1963) 396

- 7 -
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64WiO4 A.Williams, Nucl. Phys. 52 (1964) 324
67LeO7 H. Leut7 and H. Wenninhcr, Nucl. I'hys. A99 (1967) 55
67Ka W. R. Kane and M. A. Mariscotti, Nucl. Instr. Meth. 56 (1967) 189
68Val3 E. Vatai, D. Varga and J. Uchrin, Nucl. Phys. Al 16 (1968) 637
70Ma M. J. Martin and P. H. Blichert-toft, Nuclear Data Tables, A8 (1970) 18

3. 4f'Sc

4GSc (Di

2 * © r

a) "Tiwffiiij

b) rt^&^l^
1120keV (D

>, 889keV t 1120keV

IC* S (Table :5.1)o JJi 2 tt^i^J*^ ^ , MtMl&

(Table 3.2)O 1120UeV Ofe^lCO(,>Tli|^i'fI5VliY-^?6/J-:(C J;

Hager and Seltzer ©ffi^- Z3 K i t ^ J f -5 fc»i LT, ^ffild J;

8/. d

^ S c
2 5 \ \

3 2010

, CO)

fc.. -Si

i . 889 keV

Fig. 3.1 Decay scheme of 4(1Sc

Table 3.1 Experimental values of beta-ray branching ratios

Beta ray
Maximum

energy
(keV)

Branching ratio

\ /a)

Reference

1475

357

0.0036±0.00O7*
0.096 ±0.001

^0.1
0.05

<0.06

56Wo09
54KeO4
53WhO6
50So57
50Mo62

Table 3.2

Gamma-ray energy
(MeV)

1.67<£"r<2.22
0.05 <Er< 2.00

Upper limit of crossover gamma ray

Intensity
(%)

1.2x10-=*
<2

Reference

48F105
63Ba40

- 8 -
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Table 3.3 Theoretical values of internal conversion coefficients

Gamma-ray energy
(keV)

889.19

1120.49

xlO4

1.55

0.80

KjL

10.8

10.8

MNO/L

0.14

0.14

a
XlO4

1.71*

0.88*

Table 3.4 Experimental values of internal conversion coefficients

Gamma-ray energy
(keV)

889.19

1120.49

a
xlO4

1.74 ±0.08
1.9
1.86±0.25*>
2.60±0.50b>
1.55±0.16
0.98 ±0.05
0.88
1.00±0.06«>
1.34±O.15h)

0.82 ±0.08

Reference

50Mo62
53Wh06
54StO8
54StO8
54Ke28
50Mo62
53WhO6
54StO8
54StO8
54Ke28

b)
Beta-ray spectrometer
Compton electron method

Table 3.5 Evaluation of intensities per decay

Jtem Value Reference

(Theoretical)

(Theoretical)

(Theoretical)

0.0036 ±0.0007%

1.2x10-=%

1.71 xlO"4

0.88 xlO"4

0.4 xlO"6

99.9829 ±0.0017%"'

99.9875 ±0.0011%"'

56Wo09

48K105

a) Obtained from the equation ySj = 7-1(1 + « ( )
b) Obtained from the equation j9i±?-s(l + a 2 + r 2 ) f ? - 3 - - 100

References

49FI05 R. G. Fluharty and M. Deutsch, Phys. Rev. 76 (1948) 182
50Mo62 M. L. Moon, M. A. Waggoner and A. Roberts, Phys. Rev. 79 (1950) 905
50So57 B. N. Sorensen, B. M. Dale and J. D. Kurbatov, Phys. Rev. 79 (1950) 1007
53Wh06 J. A. Whalen, F. T. Porter and C. S. Cook, Phys. Rev. 89 (1953) 902
54StO8 E. E. Sturcken, Z. O'Friel, O. F. M., and A. H. Weber, Phys. Rev. 93 (1954) 1053
54Ke04 G. L. Keister and F. H. Schmidt, Phys. Rev. 93 (1954) 140
54Ke28 G. L. Keister, Phys. Rev. 96 (1954) 855
56Wo09 J. L. Wolfson, Can. J. Phys. 34 (1956) 256
63Ba4O A. A. Barllett, J. R. Keith and W. D. King, Bull. Am. Phys. Soc. 8 (1963) 482

- 9 -
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4. 48Sc, 4"V

"Sc tt 984keV, 1038keV, 1312keV ©

4Sv i i , ^

, 2

a) 48Sc ©^ftffili, NaIIC«tS3«5£liKtfttf, Table 4.1 IC/J^I" 3 O©'*
b) "Sc O984keV i 1312keV O r ^ l C o l i T I i , f*J SB ̂ f-fft-tfe Sfc CD M JK (Table 4. 6, Table4.7)

fcu 1038keV O r ^ l C o C ^ T I i , 1213keV © r *ftiC© r

c) 48V Table 4. 2 IC^

d) 48V © 983 keV © r , 2422keV

14, 0.

*8Sc
6+ 4 4 h

Pi

3507
3332

f \ , 2295

2" v , 983

h
0+ >̂  0

100

(3.4)

©

481

162d

Fig. 4.1 Decay scheme of Fig. 4.2 Decay scheme of 48V

Table 4.1 Experimental values of relative intensities in the decay of 48Sc

Gamma-ray
energy
(keV)

175

983
1037

1213

1312

Singh*
et al.

72Si37

7.8±0.8

100

95 ± 4

2.5±0.3

100

Eisele*
Larson
70F.i07

6 ±1
100

98 ±2
2.2±0.5

100

Konijn*
et al.

67Ko0l

9.4±0.5
100

98 ±3
2.5±0.2

100 ±3

- 10 -
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Table 4.2 Experimental values of branching ratios in the decay of 4"Se

Branch

Pi

Pt

Level
energy
(keV)

3333

3508

Singh
et al.
72Si37

89.4

10.6

Branching ratio (%)

FZisele
Larson
7OEiO7

95-93

5~ 7

Konijn
ct al.

67Ko01

88

11.9

Table 4.3 Evaluated values of relative intensity in the decay of l8Sc

Gamma ray

n
r-i

Ti

Energy

(keV)

175

983

1037

1213

1312

iv

Evaluated

value

8.50

100

97.6
2.47

100

Error

Int.

0.39
—

1.5

0.16

1.5

Ext.

0.88
—

0.8

0.06

0

w •-••

Evaluated

value

7.73

100

97.0

2.40

100

1 orO

Error

Int.

0.46
—

1.8
0.21

1.8

Ext.

0.98
.—

1.0

0.10

0

Table 4.4 Evaluated values in the decay of i3Sc

Gamma ray

J'I

r-i

r-i

?•«

r.-.

Energy
(keV)

175

983

1037

1213

1312

Relative
intensity

(%)

8.49 ±0.39

99.9968 ±0.0015

97.53 ±0.16

2.47 ±0.16

100.0000

Intensity
per decay

<%)

8.49 ±0.39

99.9876±O.OOI2

97.52 ±0.16' '

2.47 ±0.16

99.9908 ±0.0009'°

a) Beta-ray feeding to the 2295 keV level is estimated to be less than 0.003 % since logft
value of a second-forbidden transition is assumed to be larger than 10.

b) Beta-ray feeding to the 983 keV level is neglected.

Table 4.5 Experimental values of conversion coefficients in the decay of 48Sc and 48V

Gamma-ray
energy
(keV)

929

945

983
1037

1312

2255

Konijn
et al.

67Ko01

4 8 y

n,:W

2.0 ±1.01

1.25 + 0.11

1.23 ±0.06

0.59 ±0.09

"Sc
a :: 104

J.24 ±0.12

1.06 ±0.07

0.69 ±0.09

Nooijen
et al.

57Vo08

4 8 y

a X 101

1.26 ±0.04

0.63 ±0.02

0.151 ±0.017

11
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Table 4.6 Theoretical values of conversion coefficients'11 in 4sTi

Gamma-ray
energy
(kcV)

175

983
1037

1213

1312

E2

"A:

x 10'

3180
11.2

9.8

6.5

5.5

conversion coefficients
K/L

10.5

10.8

10.8

10.8

10.8

MNOIL

0.14

0.14

0.14

0.14

0.14

xlO5

3530

12.4

10.8

7.2

6.1

Ml

»K

xlO5

377

5.6

conversion coefficients
KjL MNOIL a

x 105

10.5 0.14 418

10.8 0.14 6.2

a) These values are obtained from ref. 68HaSe.

Table 4.7 Theoretical values of internal pair*' formation in 48Ti

Gamma-ray
energy
(keV)

1037

1213

1312

Multi-
polarity

E2

E2

Ml
E2

Internal pair formation
coefficient

/ ' x ! 0 n

0.011

1.3
9

3.1

a) These values are obtained from ref. 34 JaHu and 52Br.

Table 4.8 Experimental values of relative intensities in the decay of 48V

Gamma-ray
energy
(keV)

Annihilation

929

945

983

1312

1338

1385 '̂

1438

2240

2376

2255

2422

2650

Ardisson"1

Ythier
69Ar03

98

< 0.1

0.11 ±0.04
2.4 ±0.3
0.010 ±0.003*

0.005 ±0.002*

Konijn*
et al.

67Ko01

98 ±3
1.2 ±0.2
8.0 ±0.5

100

99 ±4
0.06 ±0.06

0.13 ±0.06
2.5 ±0.3

< 0.2

0.06 ±0.03

Ristinen
et al.

63Ri0I

122 ±4

9.8 ±0.9">
100

98.0 ±6.0

2.6 ±0.8

0.04 ±0.02

a) Intensity of the 1311 keV gamma ray is normalized to 98 by ref. 69ArO3.
b) This value is obtained from external conversion measurement.
c) Uncertain
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Table 4.9 Experimental values of branching ratios in the decay of 48V

Branch

fit
Pi
«2

Pi
st

£ 5

fig

«7

Level
energy
(keV)

983
2295

2421
3224
3239
3359
3633

Metskhvarishvili
et al.
74Me

0.086 ±0.012
49.6

0.1

Branching ratios (

Ardisson
Ythier
69Ar03

49.8
38.5

< 0.11
3.6
8.0
0.01

%)

Konijn
et al.

67KoOI

48.5
47.5

3.7
8.0

0.3

Ristinen
et al.

61
26

2.9
9.8

Table 4.10 Adopted values of relative intensity in the decay of

Gamma ray

7\
7%
7t

7i

7s

7e

7i

7s

To
7n
rn
?'12

Energy
(keV)

Annihilation
929
945
983

1312
1338
1385
1438
2240
2255
2376
2422
2650

Adopted value'0

98 ± 3
1.1 ±0.2
8.0 ±0.5

100
99 ± 4
0.06 ±0.06

< 0.1
0.13 ±0.06
2.5 ±0.3

< 0.2
0.0l0±0.003''>
0.005 ±0.002' '
0.06 ±0.03

a) Data are taken from ref. 67Ko01
b) These values are taken from ref. 69ArO3

Table 4.11 Evaluated values in the decay of 48V

Gamma ray

T\

7*

7i

7A

7a

Energy
(keV)

929

945

983

1312

2240

Relative
intensity

(O/\

1.2 ±0.2
8.0±0.5

100.00
97.22±0.33
2.5 ±0.3

Intensity
per decay

\ /of

1.2 ±0.2

8.0 ±0.5

99.9826 ±0.0013"'

97.20 ±O.33b>

2.5 ±0.3

a) These values are obtained from the 983 keV and 2422 keV gamma transition inten-
sities.

b) These values are obtained from five gamma transition intensities of the 1311, 1438, 2240,
2376 and 2650 keV, and beta feeding to the first excited state.

- 13 -
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5. s4Mn

834keV 0) T

a) &ffi£1&iaie>z-**'¥-m*ft-T-1g*$itfiLto?±ilZ 1022keV.ia.k
o Berenyietal (68Be01) It J;

2 gibfe*? (unique second forbidden) ,
logit>12 il»-5te*IJfcoifct)H,>0

 10Be ttif-«W»2^jhK»Olog// = 12 •?*«*»&, J:R
fry>, ftW-Ztltz «i<lx20"5 £ £! = (O.5±O.5)X1O-5 t

b) 834keV T WL<DH%W&VkVL<Dm%\t'Pt5.^1fi, ffl»«t
It <xK ffi Z» ICJtffjf S t LT, Hager and Seltzer (68HaSe) £*f.jf Lfc fe©T*«. C ©ffili Trusov

c) 54Cr © 1375keV

2* 834

• 2 5 M n
3 1 2 . 5 d

0+ w 0 ±

24 Cr
Fig. 5.1 Decay scheme of 5 tMn
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Author

Berenyi et al.
Wapstra, Gove

Table 5.1

<8xlO- 7

Beta transition

logft

>12.0

to the ground state

Q. (keV)

1374.9 ±3.6
>lxlO"5*

Ref.

68Be01
71Wa

Table 5.2 Internal conversion coefficients

Author
KjL

xlO5
a

XlO5 Ref.

Katoh et al.
Rao

Hamilton et al.
Theoretical

22.4 ±1.0
20.9

8.5±0.7

10

20 ±5
25.1±1.1
23.0*

58Ka34
63Ra21
66Ha07

Table 5.3 Evaluation or the 834 keV gamma-
ray intensity

Item Value

« (theoretical)
(0.5 ±0.5) x 10-=
(23.O±2.3)xlO-
99.976 ±0.003%

References

58Ka34 T. Katoh, M. Nozawa, Y. Yoshizawa and Y. Koh, J. Phys. Soc. Japan 13 (1958) 1419
63Ra21 G. N. Rao, Nuovo Cimento 30 (1963) 507
66Ha07 J. H. Hamilton, S. R. Amtey, B. van Nooijen, A. V. Ramayya and J. J. Pinajian, Phys. Letters

19(1966)682
68Be01 D. Berenyi, D. Varga, B. Vasvari and E. Brucher, Nucl. Phys. A106 (1968) 248
71Wa A. H. Wapstra and N. B. Gove, Nucl. Data Tables 9 (1971) 265

6. 60Co
60Co li/S , 1173keV t 1332keV O

a) 'M
mS. (Table 6.3), 3+ m

6.2)

b) gS 1, tR 2

(Table 6.1) fc J: ?>' 00Cu (Table

Pi, fa 1173keV t 1332keV

L T 1173keV t 1332keV

c) 1173keV Oi*i2£
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y? 2626

0*

Yi

\ : * \

>3 Y4 N

/

' \

/

\

/ \

7 9 Yio 2506

\ /

/

^ 1 228S

I 2159

1333

0

Fig. 6.1 Decay scheme of C0Co

Table 6.1 Experimental values of beta-ray branching ratios

Branch Maximum energy

(keV)

Branching ratios Reference

490

663

316

196

0.15
0.01 ±0.002

0.12

0.08 ±0.02*

<1O.5xlO-3*a>

O.18±O.O3

< 0.022

<O.OO63b»

<0.012

<0.01
99.74±0.05

99.862

< 6 x l 0 ~ 4

<0.01*

54KeO4
56Wo09

61CaO5

68HaO3
55Wo44

68HaO3

69Ra23

69Va2O

70Ri20

70Di01

68Ha03

69Va20

69Va20

70Di01

a) This upper limit is obtained from the value of (9.0±1.5) x 10"3 in Table 6.3.
b) Hise (69Va20) calculated this branching ratio using his gamma-ray intensity y%=0.0055.

We reevaluated this ratio using his y% value and the transition branching ratio of yK> in
Table 6.3.
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Table 6.2 Values of internal conversion coefficients, internal pair formation coefficients
and branching ratios of transition intensities

Gamma
ray

n
Tt

Ts

Ti

rs
Te

Tr

r%
r»
rio

Energy

(keV)

1173.3
1332.5
826.4

2158.9
120.5
467.3

J 293.7
2626.2
346.8

2505.7
2284.9

Theoretical

«A(E2)

72Tr

1.53x10"*
1.16x10"*
3.30x10"*
4.47 xlO"5

2.9 xlO"1

1.15xlO-3

1.24x10"*

a*:(Ml)
72Tr

2.59x10"*

3.3 xlO"2

7.74x10"*
1.09x10"*

Experimental

r65SpO8

(0.15 ±0.05) xlO-*
(0.47±0.07)xl0-*

1.83
1.75
3.63
4.92
3.2
1.27
1.36

X

X

X

X

X

X

X

r
io-*
io-4

]0-4b)

10"5

,0-n.)
IQ-31')
jO-4h)

From the decay

ft
69RaO7

24.7 ±1.2
3.8 ±0.2
0.22±0.02
4.0 ±0.2
2.1 ±0.2

<O.O2C»

of60Cu

(%)

86.7

13.3

4.5
62.6

32.9

<0.31

a) j-' indicates the branching ratio of the transition intensity, r'=r"U •+ <H-/ ') .

b) Pure E2 Multipole is assumed.

c) Our estimation from F. Rauch et al. (69Ra07).

Table 6.3 Evaluated values of beta-ray branching ratios per decay

Branch :ranching ratio (%)

0.08 ±0.02

(9.0 ±1.5)xlO-3»> i

/
99.91 ±0.03 f.

<0.01

Estimation (%)

4=(1.2±O.2)x IO"n

l!=10O--/5i-^-/3,/r<

<6xlO"*
<0.01

Ref.

68HaO8
55Wo44

69Va20
70Di01

a) This value is obtained from gamma-ray intensity jrt by assuming no gamma-ray feeding
to this initial level.

Table 6.4 Evaluated values of intensities per decay

Gamma-ray Intensity per decay (%) Estimation"1

r%
r%
TK

Ti

Te

Ti

r*
r%
rio

99.89 ±0.02
99.9813 ±0.0015
0.0078 ±0.0013
0.0012 ±0.0002

< 0.00045
< 0.0063
<O.OO33
< 0.000031

0.0078
neglected

( 1 0 0 - r 7 - r 3 - r 4 - / 3 , ) / ( l + a +

55Wo44

neglected

69Va20
T1/2(E4, W. u.) = 3x l0"*s
T1 / 2(E2,Exp)<3.5ps

r ,0<(3.5 x 10"12)/(3 x 10"*) x 100= 1.2 x 10"6

Beta-ray branch is unique fourth forbidden,
no gamma ray was observed.

a) f' indicates the branching ratio of the transition intensity, r ' =
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Table 6.5 Evaluated values

Gamma-ray Energy Intensity per decay
(keV) (%)

Relative intensities

n 1173 99.89 ±0.02

1332 99.9813 ±0.0015

99.91 ±0.02

100.00

Estimation

a)

b)

a) These values are obtained from intensities of three transitions to the first excited state
(826 keV, 1173 keV and 1294 keV).
The error of 0.02 is mainly deduced from the beta-ray intensity to the first excited state.

b) These values are evaluated from intensities of the 1332 keV and the 2159 keV transi-
tion. Other gamma transitions to the ground state are neglected.

Phys. Rev. 123 (1961) 241

Nucl. Phys. 63(1965)353
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7. 'J5Zr, " N b

'J5Zr , 724keV

5Mo It ,3

757keV © 2 # © & l » Y

o
 05Nb 12 35 B t ' 9 5 M o

95Zr

U5Nb

.6 B©

724keV t 7 5 7 k e V © r & ©

5M0

a)

b)

c) 0i in
d) 95Nb

t),

(Table 7.1) t , T

724keV i 757keV

ififitti 3
562keV

766 keV

(Table 7. 2).

, * A:, tB 3
766keV ©

- 18 -



J A E R I - M 7 5 6 7

->+ 65.5 d

786
"766"

Fig. 7.1 Decay scheme of 95Zr

Table 7.1 Experimental values of beta-ray branching ratios

Beta ray

ft

ft

ft

ft

Maximum energy
(keV)

1120

887

398

366

Branching ratio
(O/\

\/a)

0.4

0.10±0.03*

0.9

1.2 ±0.5

1.0 ±0.1
1.1 ±0.1*

44.7 ±0.7

44.2 ±0.5

54.1 ±0.8

54.6 ±0.5

Reference

54Za05

74An22

54Za05

69Fo01
69Br29

74An22

69Fo01

69Br29

69Fo01

69Br29

Table 7.2 Experimental values of beta-ray branching ratios from 05mNb

Beta ray Maximum energy
(keV)

Branching ratio Reference

ft
ft
ft

1160
956

371

5.5±0.4
1.7 ±0.4
0.7±0.3

74An22
72ErO8

72ErO8
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Table 7.3 Experimental values of relative intensities

Gamma ray

i'i

r-i

Energy
(keV)

756.74
724.23
234.70

Foin et al.

69FoOI

100

82.5.-1:1.6
0.6:J 0.2

Brahamvar
Hamilton
69Br29

100

81.0 i 1.0
0.34 ± 0.03

Erten et al.

72 E i-08

100

77.0:L2.0
0.4:1 0.1

Suzuki el a l . °

72Su

100

80.7 ± 1.0

a) Obtained from intensities per decay (54.5 J.0.5: 43.9:1 0.4)

Table 7.4 Average values of relative intensities

Gamma ray

n

Energy

(keV)

756.74
724.23
234.70

Average

value

100
80.63*

0.35

i--l/£ =

Error

Int.

0.62
0.03

Ext.

0.78*
0.02

Average

value

100
80.30
0.45

Error

Int.

0.73
0.08

Ext.

1.17

0.08

Table 7.5 Theoretical values of internal conversion coefficients

Item

Atomic number
Energy (keV)
Mult ipolarity

Conversion
coefficients

Gamma branch

Z

'"11

"l.l

' f / . J

«l.

K/L

MNOjL
a

I / ( H it)

756

M l

1.20 (-3)
1.29 (-4)
2.72 (-6)
1.22 (-6)
1.33 (-4)
8.99
0.2.1
1.36 ( - 3 ) *
0.999

.74

E2

1.24 (-3)

1.30 (-4)
5.66 (-6)
4.82 (-6)
1.41 (-4)
8.81
0.20

1.41 (-3)
0.999

1

1

3

1

1

8

0

1

0

Value

41

724.
M l

.32 ( -3 )

.43 ( -4 )

.09 ( -6 )

.36 ( -6 )

.47 ( -4 )

.98

.21

.50 ( -3 ) *

.999

23

E2

1.39 ( -3 )
1.46 ( -4)
6.68 ( -6 )
5.70 ( -6 )
1.58 ( -4 )

8.78
0.20
1.58 ( -3 )
0.998

234.70
M4

2.30 ( 0)
3.14 ( -1 )
5.21 ( -2 )
9.50 ( -2 )
4.61 ( -1 )
4.99
0.21
2.86
0.259

Gamma-ray

(keV)

Table 7.(i Experimental

69Br29

values of internal

69Fo01

conversion coefficients

K/L

69Fo01

a

69FoOI

756.74

724.23

234.70

( 1 . 4 5 I L 0 . 1 5 ) : < I 0 - 3

(l.56±0.14)x!0- : 1

2.21 ±0.27 2.35 J0.20 4.6 | 0.1 2.85 J. 0.25
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Table 7.7 Evaluation of intensities per decay

Pi

"l

« 2

ri
rt
Ti

Tt

Item

(Theoretical)

(Theoretical)

(Theoretical)

(Adopted)

Value

0.10±0.03%

I.I ± 0 . 1 %

0.00136a>

0.00152">

2.86

94.0 ± 0 . 5 %

80.6 ± 0 . 8 %

54.62 ±0.24 %''>

44.04±0.24%"»

0.27±0.02%<->

Reference

74An22

74An22

74An22

a) Pure Ml transition is assumed.

b) Obtained from the equation ^H-/9 2 + ^,(l f «,) + ra(l-l "2) 100

c) Obtained from the equation 7"3 = ?'3(l + a-3), while j - 3 equals to

0.19±0.12 and 0.25±0.06 for »v = l / s 2 and w-\, respectively

by using relative intensities in Table 7.4.

9/2+ 35

766

95

Fig. 7.2 Decay scheme of D5Nb

Table 7.8 Experimental values of beta-ray branching ratios

Beta ray Maximum energy
(keV)

Branching ratio Reference

925

721

160

< 0.075
0.030 ±0.005*

0.017 ±0.011

> 99.92

99.95

63La06
74An22

74An22

63La06

74An22
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Table 7.'

Gamma

?-

9 Experimental values

ray Energy
(keV)

756.8
204.1
561.7

of relative intensities of

Conversion electron
intensity
74An22

100
1.0 ±0.3
0.025 ±0.005

conversion electrons

aK x 10"

1.28"'
46h>
2.9"'

and gamma rays

Gamma-ray
intensity

(%)

100
0.028 ±0.008
0.011 ±0.003

a) Theoretical value
b) Obtained from the decay of 95Tc (72MeHo)

Table 7.10 Theoretical values of internal conversion coefficients

Item

Atomic number
Energy (keV)
Multipolarity

Conversion
coefficients

Gamma branch

Z

"K

«!.->

KjL

MNOjL

1/d 1 n)

Value

42

765.8
M l

1.28 ( -3 )
1.38 ( -4 )
3.05 ( -6 )
1.32 ( -6 )
1.43 ( -4 )
8.97
0.21

O.OOI45*
0.999

Table 7.11 Experimental values of internal conversion coefficient

Gamma-ray energy
(keV)

Reference

765.8 0.0011
0.00126 ±0.00025

0.00132 ±0.00013

63LaO6

67EiO3

69Br29

Table 7.12 Evaluation of intensity per decay

Pi
r'2
<"l

n

Item

(Theoretical)

Value

0.030 ±0.005%

0.028 ±0.008

1 . 4 5 x 1 0 - ' •••»

99.80±0.02"»

Reference

74An22

a) Pure Ml transition is assumed.
b) Obtained from the equation ^i
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8. 106Ru

1 0 0 R u l 2 r 6Rh (Fig. 8.1)o
 106Rh

512 keV 7 UFifa \ 96U\^t$(D\i.7 ~fcLfrniK Ctli> 7 #(D V
a) WUT'% 5a«Jt '¥iJi , 10|ft©fllW!S!Jfl: (Table 8. 1) t •]•:<£ S 3 * « 1'

I))

fc 0 WSfejSE (Table 8. 2)

. 8.2)O ttz, $i

- * f>

368 d^ 3Q s

3321

Fig. 8.1 Decay scheme of 10CRu
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4 II I<nr- 9 ii«ktf 3 , m « r - * KIJH L T f-KjWi£fc£aMttxL*: (Fin. 8.:«,. Ws

4 flUDf - * (75()k, 71Gc2'l, 69StU3, G7Rall) © i-fc]tfi£J*Jll L £ (Table 8.4)O

Table 8.1 Experimental values of relative intensities

Author / 1
511.9

?2
616.1 621.9 873.5 1050.4

Te
1128.1 1562.2 Reference

Okano et al.

Gehrke

Marsol et al.
Azuma and
Sato
Odru

Strutz et al.
Hattula and
Luikkonen
Forest ct al.

Rao and Fink

Vrzal et al.

100

100

100

100

100

100

100

100

100

100

3.59iO.72 47.7±2.4 2.O9±O.I3 7.27 ±0.44

4.1 ±0.4 48.8±3.O 2.2O±O.I5 7.6 ±0.5

3.8 47.6 2.5 7.35

1.6 45.3 1.8 6.4

3.2 ±0.2 47.7±0.5 2.3 ±0.1 7.35±O.3O

3.37±0.27 47.611.5 2.021:0.08 7.06f 0.28

3.5 ±0.7 48.0rl-1.0 l.90±0.l2 7.2 ±0.4

5 ±1 47.3,1-6.0 1.8010.25 6.3 ±1.0

3.5 10.3 48.5 ! 1.0 2.1 I 0.1 7.5 I 0.4

3.4 10.4 48.5! 1.0 2.0 ±0.1 8.0 ±0.5

1.92±0.04 O.766±O.OI5 75Ok

1.98±0.15 0.80 ±0.05 72Ge24

1.93 0.74 72Ma71

1.8 0.7 71Az02

2.15±0.10 0.78 ±0.04 69Od01

1.87 10.08 0.71 -10.03 69StO3

1.9 ±0.2 0.86 ±0.10 68Ha35

1.60.1 0.25 0.72 -I 0.08 67F:o

2.0 1 0.1 0.81 ! 0.05 67Rall

2.06 0.80 67Vr05

a
c

0)
GL
X
LU
o
o

-4—'

a

1.2

1.1

I 1.0

0.9

0.8

o
a
A
0

u
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©
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72Ma71
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690d01
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68Ha35
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67VrO5
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Fig. 8.2 Comparison of experimental values of relative intensities.
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T51050

J L I l I I

72 74 7.6
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Fig. 8.3 Comparison of average values of relative intensities. The numbers
6, 5, 5', 4 and 3 mean the numbers of used data. The adopted
values are indicated with closed circles.
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Table 8.2 Experimental values of intensities per decay

Gamma ray
Oduru

69Od0l

Ovechkin
el al

66Ov0l

Kahn
Lyon

53Ka47

7\ 20.6 ±0.6

10.6 ±0.3

2l.0±2.0

IO.O±I.O

20.5 ± 2.0" >

10.4 ± 1.0" >

a) Errors are estimated by us.

Table 8.3 Average values of intensities per decay

Gamma ray •

7\

w

Intensity

20.70

10.33

31.03

Error

Int.

0.96

0.48

1.1

Ext.

0.15

0.18

0.09

Intensity

20.62

10.54

31.16

1/c2

Error

Int.

0.55

0.28

0.64

Ext.

0.08

0.12

0.07

w

Intensity

20.68

10.40

31.08

= 1,2"'

Error

Int.

0.77

0.38

0.85

Ext.

0.06

0.14

0.06

a) Weights for 69Od0l, 66Ov01 and 53Ka47 arc 2, I and I, respectively.

Table 8.4 Evaluated values

Gamma ray

n
r-i

r-i

Y\

1'i

?'6

'n

Energy
(keV)

511.9

616.1

621.9

873.5

1050.4

1128.1

1562.2

Relative intensity

100

3.64 ±0.23

48.1 ±1.1

2.10 ±0.06
7.36 ±0.21

1.94 ±0.05

0.772 ±0.023

Intensity per decay
(%)

20.5 ±0.6

0.75 ±0.05

9.85 ±0.31

0.431 ±0.017

1.51 ±0.06

0.398 ±0.015

0.158 ±0.007
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Table 9.1 Experimental values of relative intensities

1
I

©

1

Energy
(keV)

106
200
202
204
206

396
458
472
475
478

505
563
569
581
605

796
802
909
924
962

1038
1168
1365
1402
1567

1580
1644
1770
1846
1971

Nagpal

68Nal 1

1.67 +0.11

8.83 ±0.46
13.61 ±0.70

100±3

89.25 ±4.47
8.12 ±0.42

1.06 ±0.06
2.06 ±0.14
3.55 ±0.19

0.025 ±0.003

Bashaindy
Abd El-Haliem

66Ba57

0.039±0.016
O.O22±O.O1O
0.028 ±0.010
0.018 ±0.007

0.88 ±0.12
0.67 ±0.10
0.39 ±0.07
0.31 ±0.05
0.44 ±0.07

0.90 ±0.13
8.86 ±0.83

14.18 ±1.12
0.52 ±0.08

100

48.08 ±3.55
1.43 ±0.25
3.93 ±0.40
2.68 ±0.29
1.36 ±0.32

1.55 ±0.21
2.31 ±0.30
4.76 ±0.52
2.28 ±0.33
3.33 ±0.40

2.92 ±0.32
3.05 ±0.33
4.88 ±0.62
4.89 ±0.51

Brown
Ewan

65Br20

1.54±0.8

8.5 ±0.8
14.6 ±1.4

100±5

90±9
9.0 ±1.5

1.06 ±0.10
1.99±0.17
3.46±0.30

0.01

Segaert
et al.

63SeO9

1.4 ±0.04

20±5

100

91 ±10

1.5 ±0.3
2.4 ±0.05
3.5 ±0.07

0.13 ±0.08

Yamamoto

6OYaO3

1.72

12.2
26.3

100

46.55
4.85

0.36
0.44
0.57

Girgis
et al.

59Gi49

1.3 ±0.4

24±4

100

92±7

1.5 ±0.3
2.2 ±0.3
3.3 ±0.5

0.12 ±0.05

Keister
et al.

55KeO4

1.8±0.5

9 ± 2
13±2

100

91 ±4
18±4

0.9±0.2
3.0±0.4
4.6±0.3

Verhaeghe
eta).

54Ve09

4
>

15 V
20 S

On

100

100
15

4
4
4
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Table 9.2 Experimental values of intensities per decay

Gamma-ray
energy
(keV)

Hofmann*
et al.

70Ho06

Abdul-Malek*
Naumann
68AbOl

Nagpal

68Nall

Raeside*
et al.

67RalO

Brown
Ewan

65Br20

242
326
475
563
569
605
796
802

1038
1168
1365
1580

<0.08
<0.08

1.57±O.O8
8.86±0.45

16.0 ±1.0
98.1 ±6.0
86.0 ±4.3
8.70±0.44
0.99 ±0.06
1.86±0.10
3.23+0.17

1.4±0.2
8.7±1.0

15.0±1.6
98.0
88.4±9.1
9.2±1.0
1.1 ±0.6
1.9±0.2
3.3±0.3

1.62
8.60

13.30
97.50
87.00
7.90

±0.11
±0.46
±0.70
±3.0
±4.47
±0.42

1.04 ±0.06
2.01 ±0.14
3.47 ±0.19
0.025 ±0.003b»

0.02 ±0.01"'
0.02 ±0.01»'
1.51 ±0.16
8.96±0.84

15.81±1.1
98.04
87.79±6.6
8.94 ±0.8
1.02 ±0.08
1.96±0.22
3.25 ±0.32

1.5
8.3

14.2
97.5
87.8
8.8

±0.15
±0.8
±1.4

±9
±1.5

1.03 ±0.1
1.94±0.15
3.37±O.3O

a) Intensities are measured with the bend-crystal spectrometer.
b) No gamma ray was found (69Si 16).

Table 9.3 Experimental values of conversion electron intensities

Gamma-ray
energy
(keV)

Nagpal

68Nall
xlO3

Abdul-Malek
Naurnann

68Ab01
Rel. Int.

Brown
Ewan

65Br20
xlO4

Van Wijngaaden
Connor
64VaO6

Int. per decay

Trehan
et al.

63TrO5
«h x I03

Keister
et al.

55Ke04
Rel. Int.

475
563
569
605
796
802

1038
1168

15.97± 3.2
55.00± 5.50

117.00± 11.70
494.00 ±49.40
252.10±25.21
21.90± 4.4

1.75± 0.18
2.11± 0.20

l0.5±0.7
22.4±l.2
98.0
51.4±2.0
4.5±1.0

1.41
4.65

11.62
47.3
21.6

2.26

±0.06
±0.2
±0.5
±1.0
±0.8
±0.1

4.69x10-=

0.167±0.009 (1.82±0.18)x10"5

0.204±0.010 (1.82±0.18)xJ0"5

8.28 ±1
5.5 ±0.4

2.6 ±0.3
1.53 ±0.2
0.9 ±0.2

3 ±1
11.9±0.6
26 ± 1

100.
44 ±1
3.9±0.5
0.43 ±0.08
0.49±0.08

1365

Gamma-ray
energy
(keV)

2.75± 0.27

Table 9.4

Hofmann*
et al.

70Ho06

0.241 ±0

Relative intensities

Abdul-Malek*
Naumann
68AbOl

.010 (2.30±0.20)x 10-5 0.7

obtained from intensities per

Nagpal

68Nall

Raeside*
et al.

67RalO

±0.15

decay

0.49 ±0.08

Brown*
Ewan

65Br20

242
326
475
563
569
605
796
802

1038
1168
1365

< 0.082
< 0.082

1.60±0.082
9.03 ±0.46

16.3 ±1.0
100 ±6.1
87.7 ±4.4
8.87 ±0.45
1.01 ±0.06
1.90±0.10
3.29±0.17

1.43 ±0.18
8.88±0.79

15.31 ± 1 . 1 9
100 ±7.3b)

90.2 ±6.6
9.39±0.76
1.12±0.61
1.94±0.15
3.37±0.18

1.66±0.11
8.82±0.47

13.64±0.72
100 ±3.1
89.2 ±4.6
8.10±0.43
1.07 ±0.06
2.06 ±0.14
3.56±0.20

O.O2O4±O.O1O*>
0.020
1.54
9.14

16.13
100
89.6

9.12
1.04
2.00
3.31

4 ±0.010"'
±0.14
±0.71
±0.72
±5.3 b )

±4.8
±0.66
±0.06
±0.20
±0.27

1.54±0.15
8.5 ±0.8

14.6 ±1.4
100 ±7.5
90. ± 9
9.0 ±1.5
1.06±0.10
1.99±0.17
3.46±O.3O

a) See footnote a) of Table 9.2.
b) Errors are our estimation.
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Table 9.5 Average values of relative intensities

Gamma-ray

energy

(keV)

242
326
475
563
569
605
796
802

1038
1168
1365

Average

value

O.O2O4

0.0204

1.558
8.88

15.7
100
89.0

9.03
1.035
1.971
3.363

M'=l/£2

Error

Int.

0.010s)

0.010">
0.057
0.29
0.46
3.2
2.6
0.33
0.036
0.042
0.096

Ext.

0.029
0.14
0.40
0
0.62
0.11
0.012
0.020
0.039

Average

value

1.528
8.89

15.58
100
89.4
9.10
1.06
1.958
3.36

w=l or 0

Error

Int.

0.067
0.32
0.50
3.3
2.8
0.44
0.16
0.069
0.10

Ext.

0.035
0.14
0.40
0
0.58
0.11
0.023
0.023
0.038

a) See footnote a) of Table 9.2.

Table 9.6 Experimental values of relative conversion electron intensities

Gamma-ray
energy
(keV)

475
563
569
605
796
802

1038
1168
1365

Nagpal*

68Nal 1

3.23 ±0.65
11.1 ±1.1
23.7 ±2.4

100 ±10
51.0 ±5.1
4.43 ±0.89
0.35 ±0.036
0.43 ±0.041
0.56±0.055

Abdul-Malek*
Naumann
68Ab01

10.71 ±0.71
22.9 ±1.2

100 ±4»»
52.5 ±2.0
4.6 ±1.0

Brown*
Ewan

65Br20

2.98 ±0.13
9.83 ±0.42

24.6 ±1.1
100 ±2.1
45.7 ±1.7
4.78 ±0.21
O.353±O.O19
0.431 ±0.021
O.51O±O.O21

Keister*
et al.

55Ke04

3 ±1
11.9 ±0.6
26 ±1

100 ± 4 "
44 ±lc>

3.9 ±0.5
0.43 ±0.08
0.49 ±0.08
0.49 ±0.08

a) Errors are our estimation

Table 9.7 Evaluated values of relative conversion electron intensities

Gamma-ray

energy

(keV)

475
563
569
605
796
802

1038
1168
1365

Evaluated

value

2.99
10.59
24.61

100
45.77
4.64
0.356
0.433
0.515

H'=l/£2

Int.

0.12
0.30
0.60
1.7
0.78
0.19
0.017
0.018
0.019

Error

Ext.

0.034
0.50
0.71
0
1.75
0.18
0.011
0.009
0.012

Evaluated

value

3.07
10.89
24.28

100
48.3
4.43
0.379
0.449
0.519

H>=1 or 0

Int.

0.40
0.38
0.76
2.9
1.5
0.37
0.030
0.031
0.033

Error

Ext.

0.081
0.43
0.67
0
2.0
0.19
0.026
0.020
0.020
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Table 9.8 Theoretical values of conversion coefficients"'

Gamma-ray

energy
(keV)

475
563
569
605
796
802

1038
1168
1365

xlO3

9.52
6.04
5.88
5.03
2.58
2.54
1.43
1.12
0.819

E2 conversion coefficients

af.
xlO3

1.45
0.88
0.85
0.72
0.35
0.34
0.19
0.14
0.104

KjL

6.54
6.86
6.88
6.98
7.38
7.39
7.69
7.80
7.91

MNO/L

0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25

a

XlO3

11.3
7.14
6.94
5.93
3.02
2.97
1.67
1.30
0.949

xlO3

13.0
8.54
8.32

2.00

Ml conversion

«/.
xlO3

1.67
1.09
1.06

0.25

KjL

7.77
7.83
7.83

7.97

coefficients

MNO/L

0.26
0.26
0.26

0.26

a

XlO3

15.1
9.91
9.65

2.32

a) These values are taken from ref. 68HaSe and the ratios of MNOjL are taken from ref. 75Dr.

Table 9.9 Adopted values of conversion
coefficients

Gamma-ray
energy
(keV)

Conversion
coefficient"y

aK xlO3

Table 9.10 Evaluated values of beta-ray
branching ratios

Branch Maximum energy Branching ratio
475
563
569
605
796
802

1038
1168

1365

9.65±0.53
6.7 ±0.35
7.90±0.33
5.03
2.58
2.54
1.73±O.1O
1.12

8.19

ft
ft
ft
ft
ft

a) These

(keV)

1454

891

658

416

89

values are

0
Wo)

<0.005">

< 0.045"'

69.9 ±0.7
2.5 ±0.1

27.6±0.6

taken from ref.
a) Conversion coefficients with errors are

experimental values. These values are
normalised to the theoretical values of
5.03 xlO"2 at 605 keV. Others are
theoretical values obtained from ref.
68HaSe.

64VaO6.

Table 9.11 Evaluated values

Gamma ray

n

r*

r*
Ti

7s

no

Energy
(keV)

242
326
475
563
569
605
796
802

1038
1168
1365

Relative
intensity

0.020, ±0.010"'
0.0204 ±0.010"'
1.56 ±0.06
8.88 ±0.29

15.7 ±0.5
100.0 ±3.2
89.1 ±2.7
9.03 ±0.33
1.04 ±0.04
1.97 ±0.04
3.36 ±0.10

Intensity
per decay

0.020 ±0.010
0.020±0.010
1.52 ±0.08
8.48 ±0.33

15.3 ±0.7
97.50 ±0.07
85.08 ±0.42
8.81 ±0.43
1.01 ±0.05
1.92 ±0.07
3.28 ±0.14

a) See footnote a) of Table 9.2.
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Gamma ray

Te

Table 9.12

Energy
(keV)

605

796

Evaluated values for

Intensity
per decay

(%)

97.50±0.07

85.08 ±0.42

primary standard

Relative
intensity

(%)

100.00

87.26±0.43

Estimation

a)

b)

a) Beta transition to the first excited state is neglected. These values are
obtained from the 605 keV and 1168 keV gamma-ray intensities.

b) These values are obtained from the four gamma transition intensities to
the first excited stated such as the 563 keV, 796 keV, 1038 keV and 1365
keV gamma rays. In the error estimation of the relative intensity the reror
of the 1168 keV gamma ray is not included.
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Fig. 10.1 Decay scheme of 137Cs

Table 10.1 Experimental values of the
gamma-ray intensity per decay

Author intensity per decay Reference
%

Table 10.2 Average values of the intensity
per decay

RICCI

Yoshizawa

Daniel, Schmitt

Merritt, Taylor

Hsue et al.

Zarnowiecki

Hansen et al.

84.3±2.1
81.4±0.9

82.8±0.3

85.7±0.9*

82.3 ±0.8

84.6±0.6

85.1 ±0.4*

57Ri41
58Yo01

62Da05

65MeO3

66Hs02

67Za

69Ha05

Average Error

value Int. Ext.

Average Error

value Int. Ext.

85.2* 0.4* 0.2 85.4 0.5 0.3

Table 10.3 Experimental values of conversion coefficients

Author

Kelly

Maerker, BirkhofF

Yoshizawa

Daniel, Schmitt

Geiger et al.

Merritt, Taylor

Hsue et al.

Kartashov et al.

Baldinger, Haller

Hansen et al.

Planskoy

Legrand et al.

0.097 ±0.005

0.093 ±0.003

O.0907±O.O010

0.101 ±0.007

0.0916 ±0.0004

0.0901 ±0.0011

K\L

5.66±0.04

5.21 ±0.04t

5.29 ±0.23

5.25 ±0.30

KjLMN

4.57±0.05

4.52±0.07

4.41 ±0.04

4.35 ±0.04

a

0.1100±0.0011

0.1124 ±0.0006

0.1105±0.0010

Ref.

52Ke02

53Mal4

58Yo01

62DaO5

62Ge09

65Me03

66Hs02

67Ka24

69Ba53

69HaO5

69P108

73Le3O

t Calculated from the values of AT= I ±0.02 1'L=0.192±0.006.
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Table 10.4 Theoretical values of conver-
sion coefficients

Item

Atomic

Energy

Multipolarity

Conversion

coefficients

Gamma branch

Z

keV

IT/. 2

«/.

K/L
MNO/L

a
1/(1+or)

Value

56

661.64
M4

9.26 (-2)
1.33 (-2)

1.88 (-3)
1.54(-3)
1.67 (-2)
5.55
0.27
0.114
0.898

Table 10.5 Evaluated value

Intensity
Gamma ray Energy per decay Estimation

(keV) (%)

n 662 85.2±0.4 a)

a) This value is obtained from ref. 65MeO3
and ref. 68Ha05.

References

52Ke02 W. C. Kelly, Phys. Rev. 85 (1952) 101
53Mal4 R. E. Maerker and R. D. Birkhoff, Phys. Rev. 89 (1953) 1159
57Ri41 R. A. Ricci, Physica 23 (1957) 693
58Yo01 Y. Yoshizawa, Nucl. Phys. 5 (1958) 122
62Da05 H. Daniel and H. Schmitt, Z. Phys. 168 (1962) 292
62GeO9 J. S. Geiger, R. L. Graham and F. Brown, Can. J. Phys. 40 (1962) 1258
63Ku09 T. J. Kurey, Jr. and R. R. Roy, Nucl. Phys. 44 (1963) 670
65Me03 J. S. Merritt and J. G. V. Taylor, Anal. Chem. 37 (1965) 351
66Hs02 S. T. Hsue, L. M. Langer and S. M. Tang, Nucl. Phys. 86 (1966) 47
66Ve01 L. J. Velinsky, M. A. Velinsky and S. K. Haynes, Proc. Intern. Conf. Internal Conversion

Process, Nashville, Tenne. (1965)
67Ka24 V. M. Kartashov, O. V. Stakhov, A. G. Troitskaya and G. A. Shevelev, Soviet J. Nucl.

Phys. 6 (1968) 656
67Za K. Zarnowiecki, Nucl. Instr. Methods 55 (1967) 329
68HaSe R. S. Hager and E. C. Seltzer, Nuclear Data A4 (1968) 1
69Ba53 E. Baldinger and E. Haller, Helv. Phys. Acta 49 (1969) 949
69HaO5 H. H. Hansen, G. Lowenthal, A. Spernol, W. van der Eijk and R. Vaninbroukx, Z. Phys.

218 (1969)25
69P108 B. Planskoy, Nucl. Instr. Methods 73 (1969) 205
73Le30 J. Legrand, J. P. Brenthon and F. Lagoutine, CEA-R-4428 (1973)
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b)

(64Hel9, 74Ha29)o

L,, L,,, L,,,f

, penetration effect

. E2/M1 jg£-J£lil.32±O.
r

Ml t E2 CD

279keV

?"$&/£ ©&IF.ICH($bttl,> % 12 Night et al (58Ni28), Croft et al (6Crl4), Herrander and

Graham (64Hel9) Hiiifih^, Ctl^Offi l i — f i b T l » 5 o C© 3 rxDiM^^-i^tiHi, « A = 0 . 1 6 3

±0.002 bt£Z><, CtliC Herrlander and Graham © «/., aL, a,,,, a,v+c ZQiiT, ^t + ajf+ «.vo =

0.0637±0.0007 ^rtoX-tlli, «=0.227±0.002 ^ ^ . 5 . itifi© Hansen and Mouchel (74Ha29)

Walz et at ©

b T , Taylor, Walz et al <t Hansen and Mouchel ©
f), Hansen andMouckel ©

203

279

203
81 Tl

Fig. 11.1 Decay scheme of 203Hg

Table 11.1

Author

Marty

Wolfson

Beta transition

Branch

Pi

to the ground

Intensity
\ /o)

<4xlO-3

<3xlO"2

state (unique

logft

<12

1st forbidden)

Ref.

55Ma4O

56Wo09
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Table 11.2 Internal conversion coefficients for 203Hg 279 keV gamma ray

Author

Saxon
Slatis, Siegbahn
Wilson, Curran
Heath, Bell
Johansson
Burford
Metzger
Thulin, Nybo
Wapstra et al
Marty
Azuma
Doerner, Weber
Bell, Skarsgard
Nordling et al
O'Friel, Weber
Wapstra, Nijgh
Wolfson
Nejgh et al
Peelle
Ramaswamy, Jastram
Stockendal
Hurley. Ferguson
Subba Rao
Sujkowski
Taylor
Burmeister et al
Croft et al
Herrlander et al
Taylor
Walther et al
Rao Jnanananda
Bosch et al
Andersen
Walz et al
Walz et al
Hansen, Mouchel

fl,

x 103

180

185
230 ±10
210 ±10
158 ± 3
163 ± 6
154 ±15
141 ±15
205 ±20
160
147 ± 2
140
159 ± 4
150 ±10
164 ± 5
130 ±10
163 ± 3
163 ± 6
195 ±14
160 ±15
175 + 4
150 ±20
164 ± 4
163.3± 1.7
168 ± 8
162 ± 3
163 ± 3
164.2 ± 2.1

158 ±24
140 ±30
127

I65.3± 1.7

K/L

3
3

3.5

3.34±0.10
3.15±0.15

3.29

3.24±0.05
3.2
3.35 ±0.05

3.39±O.O6

3.1
3.65 ±0.26

3.37±O.O8

3.28 ±0.13

3.48±0.12

KfLMN

3.71

2.59±0.04

2.78 ±0.20
2.55 ±0.05

2.75
2.60±0.06

2.75±0.19

2.56 ±0.06

2.4 ±0.3

2.64 ±0.03

L/MNO

>12
< I 2

3.2

3.5 ±0.3
4.5 +1.5
2.80

3.28±O.1O

3.09 ±0.21

3.16 ±0.08

3.26+0.26

3.14±0.12

a

xlO3

247

(219 ±4)

(226 ±4)

(224 ± 4)
226.2 ± 1.9

(226.7± 3)
227.3 ± 2.4*
222 ±15
210 ±30

226.7 ± 0.7*
224.0 ± 0.9
227.9± 2.4*

Ref.

48Sa30
49S116
51Wi22
52Hel8
52Jo23
53Bu79
54MeO8
54Thl7
54Wal2
55Ma4O
55Az54
55Dol2 >
56Be97 rn
56No26 *
56Of03 i
56Wa s

56Wo09
58Ni28
60Pe22 "
60Ra04
60S121
61Hul5
6ISu05
6ISul0
62TaO6
63BuO9
63Crl4
64Hel9
64Hel9
65Wal3
65Ral2
67 Bo
69An
71 Wa
71 Wa
74Ha29
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Table 11.3 Theoretical internal conversion coefficients

Item

Atomic number

Energy (keV)

Multipolarity

Conversion

coefficients

Gamma branch

Z

«/.!

»Li

K/L

MNO/L

a

l/(H-«)

Ml

4.06 ( -1)

6.21 ( -2)

6.21 ( -3 )

4.68 ( -4 )

6.88 ( -2)
5.91

0.31

0.497

0.668

Value

81

279.19

E2

7.67 ( -2)

1.07 ( -2)

2.40 ( -2)

1.23 ( -2)

4.70 ( -2)

1.63

0.32

0.139

0.878

Table 11.4 Average values of the total internal conversion
coefficient. These values are obtained from
three data of Taylor (62Ta06, 64Hel9), Walz
et al. (71Wa) and Hansen and Mouchel (73Ha29).

H > = l M ' - I / S *

Error Error

Int. Ext. Int. Ext.

0.2273 0.0003 0.0012 0.2268 0.0006 0.0004

Table 11.5 Evaluation of gamma-ray intensity per decay

ValueItem

Other gamma ray

Adopted value of a

Adopted value of fl

neglect

neglect

0.2273 ±0.0012

81.48 ±0.08%

References

48Sa30 D.Saxon, Phys. Rev. 74 (1948) 849
49S116 H. Slatis and K. Siegbahn, Phys. Rev. 75 (1949) 318
51Wi22 H. W. Wilson and S. C. Curran, Phil. Mag. 42 (1951) 762
52Hel8 R. L. Heath and P. R. Bell, Phys. Rev. 87 (1952) 176A
52Jo23 S. A. E. Johansson, Ark. Fys. 3 (1952) 533
53Bu79 A. O. Burford, Thesis Vanderbilt University, TID 15. 684 (1953)
54Me08 F. R. Melzger, Private communication (1954)
54Thl7 S. Thulin and K. Niibo, Ark. Fys. 7 (1954) 289
54Wal2 A. H. Wapstra, D. Maeder, G. J. Nijgh and L. Th. M. Ornslcin, Physica 20 (1954) 169
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55Az54 T. Azuma, Bull. Naniwa University 3A (1955) 327
55 Do 12 R. K. Doerner and A. H. Weber, Phys. Rev. 99 (1956) 672
55Ma4O N. Marty, Compt. rend. 240 (1955) 291
56Be97 R. E. Bell and H. M. Skargard, Can. J. Phys. 34 (1956) 745
56No26 C. Nordling, K. Siegbahn, E. Sokolowski and A. H. Wapstra, Nucl. Phys. I (1956) 326
56Of03 Z. O'Friel and A. H. Weber, Phys. Rev. 101 (1956) 1076
56Wa A. H. Wapstra and G. J. Nijgh, Nucl. Phys. 1 (1956) 245
56Wo09 J. L. Wolfson, Can. J. Phys. 34 (1956) 256
58Ni28 G. J. Nijgh, A. H. Wapstra, L. Th. M. Ornstein, N. Salomons-Grobben, J. R. Huisenga and

O. Almen, Nucl. Phys. 9 (1958) 528 & 545
60Pe22 R. W. Peelle, ORNL-3016 (1960) p. 116
60Ra04 M. K. Ramaswamy and P. S. Jastram, Nucl. Phys. 15 (1960) 510
60S121 R. Stockendal, Ark. Fys. 17 (1960) 579
6IHul5 J. P. Hurley and J. M. Ferguson, Nucl. Phys. 27 (1961) 75
6ISuO5 B. N. Subba Rao, Proc. Ind. Acad. Sci. Sec. A53 (1961) 244
61Sul0 Z. Sujkowski, Ark. Fys. 20 (1961) 243
62Ta06 J. G. V. Taylor, Can. J. Phys. 40 (1962) 383
63Bu09 R. Burmeister, H. Graber, J. Schintlmister and R. Weibrecht, Nucl. Phys. 42 (1963) 56
63Crl4 W. L. Croft, B.-G. Pettersson and J. H. Hamilton, Nucl. Phys. 48 (1963) 267
64Hel9 C. J. Herrlander and R. L. Graham, Nucl. Phys. 58 (1964) 544
65Ral2 M. Raja Rao and S. Jnanananda, Nucl. Inst. Meth. 36 (1965) 261
65Wal3 A. Walther, E. Baumgartner and P. Huber, Helv. Phys. Acta 38 (1965) 514
67Bo H. E. Bosch, E. Szichman, A. Baseggio and R. Dolinkue, Nucl. Inst. Meth. 52 (1967) 289
69An V. Andersen, Riso report no. 195 (1969)
71Wa K.-F. Walz, H. M. Weiss and E. Funck, Jahresbericht der PTB (1971) p. 150
74Ha29 H. H. Hansen and D. Mouchel, Z. Physik 267 (1974) 371

12. -W'a

uNali ,3 Hij&l, 1369keV i - i y 2754keV © r &

a) -1Na<D;iilttl-CffllJ'/l£5n-C^i^»'-> 7 U\Z 3867keV £ 4239keV -c

ftfc&f 5236keV i- J: V 4239keV 0 i e t t & h mi iSHZ> 'M

2)o *i.-( ->4Mg ©ift i Miteikm^coffiv* .3 u&nm&anxvi

bi l369keVi-J:r/2754keV© j- U%~2\1. rt«B3E««» J: "J rtlWi

ti, MNa(/>, r)81xMg £ £ ' »

filiHil t U t ^ i (Table 12.

o !:.C r,, i *-iifUfHit \Hi%'<\L (•*\
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5236

i i

! I

• I

\ \ r, r2
£239

1369

Fig. 12.1 Decay scheme of 2JNa

Table 12.1 Experimental values of relative intensiiies

Gamma ray (te\)

y, 1368.6

y, 2754

7,. 3867

i : 4123

;•, 4239

;-., 5236

a) y- and ; s are not

Artamonova
et al.
60 A r

(100)

100

0.09
i 0.02

0.0015
0.0005

2 10-"

resolved.

Monahan
et al.
62 Mo

(100)

100

0.075
: 0.020

i

1 0.008 ! 0.003'

7 10 '

VanKlinken
et al.

68VaO6

(100)

100

0.063
0.006

Lcbov\ ]\i
e( al.

7OLel2

(100)

100

0.0489
0.0025*

0.0033

Raman
ct al.

72Ra2l

(100)

100

0.00084
- 0.00010

Table 12.2 Experimental vakies of gamma-ray branching ratios in nuclear reactions and

in Ihe decay of - 'A l

Level energy G a m m a p a y

(keV)

4239

5236

Enertiv
(keV)'

2871.0

4238.9

996.6

I I 13.2

3867.2

5236

Batchelor
et a!.
60Ba

1.0

2.9 0.5

Cohen
Cookson

62Co

1.00

3.44 0.50
3

92
5

Mever
ei al.

72Me09

23 '• 2

77 : "|11

1.0 0.5*

1

99.0 0.5*

8

Delra/

72Dc28

1.4 0.4

3.6 0.4

a) The values of j - , • ' ; - , , are 3.35 0.38 and 2.6 L 0.S for Meyer et al. and Delra/.. ixspeclively.
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Table 12.3 Average values of gamma-ray branching ratio

Gamma ray

/'b

Average

1.00

3.19*

W=-l/s«

Int.

0.25*

Error

Ext.

0.16

Average

1.00

3.07

M ' • 1

Int.

0.28

Error

Ext.

0.39

Table 12.4 Theoretical values of internal conversion coefficients and internal pair forma-

tion coefficients

Item

Atomic number
Energy (keV)
Mullipolarity

Conversion
coefficient

Pair formation
coefficient

Gamma branch

Z

"K

'*r.

KL

MIL

a

r

i/(i i« n

1369
E2

9.43( -6)

0.6l7(-6)

15.2

-0.05

I0.K-6)

0.3( 4)

0.99996

Value

12
2754
E2

2.58( 6)

0.169( 6)

15.3

-0.05

2.76( 6)

6.9(-4)

0.99931

Table 12.5 Experimental values of internal pair formation coefficients

Author

Rae

Minis et al.

Cleland et al.

Slatis and
Siegbahn

Bloom

Spring

/ • : • •

1369 keV

0.30

0.6 _-. 0.1 *

0.4 ,J
:0.3

I04

2754

11.6

7.6 :

8.25;

6.7

8.0

7.1

6.6

keV

1.0

T. 1.9

L 1.05

l:1.0

: 0.5

0.2*

.'0.7

Remarks

Ann./decay

Ann./decay

Ann./decay
e+::i

Triple coinc.

Reference

49Ra

50Mi

50Mi

51CI

52SI

52BI

65SpO8
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Table 12.6 Evaluation of intensities per decay and relative intensities

Item

j S . ' . S . •

r'

y!
j ,

y.

T i

/ " _ •

Value

3 v I0 " :

99.9470 .-.; 0.0027';,,

99.99916-10.00010%

99.9922 0.0010%

99.8758 .; 0.0034%

100.0000

99.8836 r 0.0035%

51Tu

; • : . ' • ( ! 4 - , , ,

i -

r.

Remarks

. . + , - . . : • , ... + •

+ • ' . . i - J - ( : . . • • ! - ! ) ! > :•

+ / ' .)

a) The error is estimated to be I lO'"'.

References

49R.n E. R. Rae, Phil. Mag. 40(1949) 1155
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5ICI M. R. Cleland, J. Townsend and A. L. Hughes. Phys. Rev. 84 (1951) 298
51Tu J. F. Turner and P. E. Cavanagh. Phil. Mag. 42 (1951) 636
52BI S. D. Bloom. Phys. Rev. 88 (1952) 312
52SI H. Slatis and K. Siegbahn, Ark. Fys. 4 (1952) 485
60Ar K. P. Artamonova. L. V. Gustova, Yu. N. Podkopaev and O. V. Chubinskii .IETP 12 (1961)

1109

60Ba R. Batchelor, A. J. Ferguson. H. E. Go\e and A. E. Litherland, Nucl. Phys. 16 (1960) 38
62Co A. V. Cohen and .». A. Cookson, Nucl. Phys. 29 (1962) 604
62Mo J. E. .Monahan. S. Raboy and C. C. Trail, Nucl. Phys. 33 (1962) 633
65SpO8 E. Spring, Phys. Lett. 18 (1965) 132
68VaO6 J. VanKlinken. F. Pleiter and H. T. Dijkstra, Nucl. Phys. AI12 (1968) 372
7OLel2 J. Lebowitz. A. R. Sayrcs, C. C. Trail and B. Weber, Nuovo Cim. A65 (1970) 675
72De28 C. Detra?, Nucl. Phys. A188 (1972) 513
72Me09 M. A. Meyer, J. P. L. Reinecke and D. Reitmann. Nucl. Phys. AI85 (1972) 625
72Ra21 S. Raman. N. B. Gove. J. K. Dickens and T. A. Walkiewicz. Phys. Lett. 40B (1972) 89
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5/2-

27^u30
7/2- 270d

Fig. 13.1 Decay scheme of !7Co

Table 13.1 Experimental values of relative intensities

Gamma
ray

?'i

7i

r»
7*

?•.'•

J'li

?':

/'»

Gamma
ray

/ !

/ -

'it

y i

? •

i'n

? :

/ ' • :

1 '•'

i ' l •

Energy
(keV)

14.4!

122.06

136.47

230.2

339.7

352.5

366.8

570.1

692.1

706.6

Fiebiger
el al.

62Fi05

100 ,

Thomas
et al.

63ThO4

900-20
100

1.24:1:0.20

Table 13.2

Enerey
(keV)

14.41

122.06

1 36.4"

230.2

339.7

352.5

366.8

570.1

692.1

706.6

Experimental

Kistner
Sunyar
65KiO3

0.0005

0.0042

0.0032

0.0006

0.0132

0.137

0.0057

Kistner
Sunyav
65Ki03

800 n 50

100

Mathiesen
Hurley

65Ma38

10°

(9.98 ±0.10) 10"'
(1.20 j 0.01) 10

2d-2

29d 3

20 L 2
7 : ' - |

l6Od:IO

1880_; 50

55 ± 6

values of intensities pei- decay

Sprouse
Hanna
65SpO6

8.370

85.310

10.740

0.0005

0.0048

0.0037

0.0007

0.0144

0.159

0.0067

Zarnouiecki

67Za

10.7, 0.3

85.3^ 1.5

8.4 0.5

Konijn
Lingcman
71Kol9

114101; 500

10-

13000 j 400

0.5 i 0.5

4.5 J 0.4

3.7 40.4

1.5d-0.4

19.411.1

183J 11

6.2 [ 0.6

Konijn
Lingeman

7IKol9

9.71 0.4

85.2 ;.0.4

I L L ; 0.3

0.0004 a 0.0004

O.OO38-O.OOO3

0.0032 r 0.0001

0.001310.0003

0.016510.0009

0.156 ;j 0.009

0.0053 0.0005
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Table 13.3 Experimental values of conversion coefficients

Aulhor

Alburger
Grace

Lemmer
et al.

Cork
el al.

Bel Heard
Moussa

Thomas
et al.

Muir et al.

Hanna
Preston

Nussbaum
Housley

Kistner
Sunyar

Kistner
Sunyar

Moreau
Ambrosino

Isaak
Isaak

Hall
Albridge

Mukerji
et al.

Rubinson
Gopinathan

14.4 keV

KILMN <

15

8.05 : O.I4'

9.94

9.5

8.9

9.0

8.9

9.0

8.5

9.2

10.2

8.17

i

4 0.60

^0.5

.-! 0.7*

4 0.4*

: 0.6*

d 0.5*

• i.o*

0.5*

0.9

;0.26'

72
122 keV

aK KJLMN

8.2:10.8

9.5: 1 0 '

6.7 - 0.6

9.5 : 0.3

0.02144 0.0012 8.3 10.6

0.0245 4 0.0030

136 keV

K/L

7.7

10

8.2

10.0

0.122 ' 0.013 8.4

0.151 i.0.018

.MS

0.8

. 1 . 0 '

0.5

0.3

0.4

Ref.

54A106

55Le3O

55Co31

57Be45

63ThO4

63Mu02

65Ha34

65Nu01

65KiO3

65KiO3

65Mo22

65Is02

67HaO6

67Mu02

68RuO4

a) Errors are estimated by us.
b) Obtained from the values of K!L 8.93 - 0.14 and LiM 9.1 •: 0.5.

Table 13.4 Experimental values of E2/M1 mixing ratio for the 122 keV gamma ray

Author

Fox et al.

Schoeters e

Gamma-ray
energy
(keV)

122.06

136.47

570.1

692.1

tal.

Table 13.5

" A

IOa

18.8

14.1

0.458

0.302

"•(E2/MI)

0.120 i 0.002

0.1164 0.001

Theoretical values

M l

KiL MNOiL

10.1 0.15

10.1 0.15

1.04 0.15

1.04 0.15

of con

(X

10'

20.9*

15.7

0.964

0.636

E2(%)

1.42 i 0.05

1.33 0.02

version coefficients

" A

10:t

206

134

* 0.819

* 0.464

for Z

K L

9.53

9.64

10.3

10.4

Ref.

72Fo05

73Scl5

26

E2

,\f,\O L
10'

0.15 231*

0.15 150*

0.15 0.910

0.15 0.515
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Table 13.6 Estimated errors for relative intensities

Gamma

ri
Ti

7-'.
r<
;•-.
?•«

?'s

/ 'J

Tin

Energy
(keV)

14.41
122.06
136.47
230.2
339.7
352.5
366.8
570.1
692.1
706.6

Mathiesen*
Hurley
65Ma38

832±54
IOO±6.5

0.0017 ±0.0017
0.024 ± 0.003
0.017 i 0.002
0.0058 ± 0.0008
0.133 t 0.017
1.57 ±0.17
0.046 ;i. 0.006

Sprouse"1*
Hanna
65SpO6

77.9 45.1
794152
1004 6.5

0.045 -0.005
0.034 ±0.004
0.0065 ± 0.0007
0.134 :h0.015
1.48 ±0.16
0.062 ±0.007

Konijn*
Lingeman

71Kol9

87.8 4 3.9
769 ±42"'

1OO.O±5.5»>
0.0038;-0.0033
0.035 :- 0.003
0.028 ± 0.003
0.012 ±0.003
0.149 ±0.009
1.41 ±0.09
0.048 ±0.005

a) Errors are estimated by us.

Table 13.7 Average values of relative intensities

Gamma-ray
energv
(keVi

14.41
122.06
136.47

230.2
339.7

352.5
366.8

570.1

692.1
706.6

Average*
value

84.2*
793*
100.0*

0.0320*
0.0232*

0.0063*
0.1436*

1.446*

0.0504*

I I ' \ ; S 2

Int.

3.1
28*

3.5*

0.0020
0.0016

0.0005
0.0068'
0.069*

0.0032

[Error
Ext.

4.7*

18
0

0.0052*
0.0052*
0.0007*

' 0.0053

0.042
0.0046*

Average
value

82.9

798
100.0

0.0038-'*
0.0345
0.0265
0.0080
0.1389

1.485
0.0520

ir 1

Int.

3.2
29

3.6

O.OO381

0.0022
0.00 IS

0.0011
0.0081

0.084

0.0034

Error
Lxt.

4.9

18
0

0.0059
0.0052

0.0018
0.0052

0.046

0.0052

a) This value is adopted from Table 13.6 (7IKol9).

Table 13.8 Average values of the conversion coefficient and the mixing ratio

Gamma-rav
energv
(keV)

14.41

122.06

(t

<}

Average
value

S.63*

0.117

ir 1 /=

Inl.

0.17

0.001

Error
hxt.

0.17*

0.016

Average
value

8.81

0.118*'

.<• 1

Int.

0.23

0.001

Error
Ext.

0.13

0.002*

Table 13.9 Adopted values of conversion irueflTicicnts

Gamma
ray

n .
i -

t • ;

Energy
(keV)

14.41

122.06

136.47

Multi-
polarity

M l • L2

M l ! E2

E2

10'

21.4

134

KL

10.02

9.64

MNOIL

0.15

0.15

IX

10'

8630 ±170

23.8

150
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Gamma ray

Table 13.10 Evaluated values

Energy
(keV)

n

7*

14.41

122.06

136.47

Gamma-ray
intensity
per decay

9.09 ±0.18

85.4 - 0 . 6

10.8 -0 .5
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14. "Sr

8r'Sr ii'.liHBffiKJ: . 5l4keV S iJRM

a) 514keVr »

b) * j f r

c) 5l4keV r

log/i

? , 514keV r

I»i1-C M 2

E3 fflft

;1,1 (7lBuO8)

:i , 869keV

Table 15.4 K/T«"f «fc 0 K 8 . 0 - 1 1 . WJKtt "5Kr -v:Rb O
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(9/21* 64.93d

Fig. 14.1 Decayscheme of 8SSr

Table 14.1 Experimental values of relative intensities

Gamma
ray

Energy
(keV)

514.0
356

869 j

880 !

Sattler

62Sal2

100
0.002

I 0.017

Vartanov
et al.

66Val6

100

1 0.010 j 0.002

Bubb
et al.

71DuO8

100

no

0.018

- 0.006

Vatai
et al.

74Va02

100

io- *

0.014 ±0.002*

no

Table 14.2 Experimental values of internal conversion coefficients for the 514 keV transi-
tion

Author

Emmerich, Kurbatov

Sunyar et al.

Alvager et al.

10' K,L

12:1.3

8.4

10* Ref.

8 t V

52EmO2

52Su29

62A1I1

Table 14.3 Theoretical values of internal conversion coefficients for the 514 keV transition

Item

Atomic number
Energy (keV)
Multipolarity

Conversion

coefficients

Gamma branch

Z

"li

>tl.:\

«t.

KjL

MNO\L

a

1/(1 a)

M2

6.3O(-3)

6.73( - 4 )

2.60(-5)

9.85(-6)

7.09(-4)

8.88

0.18

7.I3C —3)

0.993

Value

37
514.0

E3

7.92(-3)

8.02( -4)

l.01(-4)

6.66(-5)

9.69( - 4)

8.17

0.18

9.06(-3)

0.991
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Table 14.4 Log// values of the unique first forbidden transition for neighbouring nuclei

Parent

7 ! 1Se
s ' K r

r 'Kr
v'Sr

rxt)
MRb
sliRb
an v

•'"Y

Nucleus

Daughter

" B r
slBr
"5Rb
M i y

•"Zr
M K r
MSr
"Sr
S0Sr
;>0Zr

/-

7/2-'

7/24
9/2' !-

5/24
I/2--
2 -

2 -
•7 _ .

4 -
2 —

Spin-parity

' /

3/2-
V2-
5/2-
1/2-
5/2-
0 1

0
0
2 ••

0-i

log ft

<IO.8
11.6
9.1
8.6

8.5
8.7
9.0

8.5
9.2

8.0

Table 14.5 Evaluation of intensity per decay

Item

a (exp.)

Value

0.8 LO.I
O.O14±O.OO2
0.2 |0.2

99.0 ri; 0.3

Rcf.

52Su29
74VaO2
Estimated
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15.

"Y , 898keV I 1836keV o r

a) 1 &m*l\t l~Ci!!iz.Z><Dli 1836keV r WC^> 0, 898keV r

b, 1836keV r iftOlMi!|5!Efli««OM/i:ifi7l** «9 . VmiftZ. >) 17

I; , «/. (DM&{&&%<.*CD?, Hager and Seltzer

cj Jĵ v̂  r *StO 9 t . , 1836keV ;-

3219keVr

d) ttift«!K^
L t "K i s* ! ; , log// !i"K-

», W.JftliftO <»*• ( i Trusov

K L -£
:AW L - t . ' j< i '^ ; , ,!f d)!ifnV

2734keV

4 n K- »<nAr

- 49 -



J A E R I - M 7 5 6 7

I

3 '

3585
r6 Tt 3220

2*

Ts I

1

i 2734/

h 1836j

0

(4") 106.61 d

88Sr
Fig. 15.1 Decay scheme of 88Y

Table 15.1 Experimental values of intensities

Gamma
ray

n
rt

r»
r*
r->
r«

Energy
(keV)

898.0

1836

850.6

1382

2734

3219

Peelle

6OPc23

94.0 ±0.7

100

Relative intensity

Shastry
et al.

64Shl6

91

100

3
0.97

0.03

Sakai
et al.

66SaO8

100

0.63 ±0.04
0.0095 ±0.003

Zarno-
wiecki
67Za

92

100

0.63 ±0.4

Intensity per decay

Schatzig Ardisson
et al. et al.

73Sc4O 74Arl2

94.3 ±0.5* 91.4±0.7

99.4 ±0.1

0.066 ±0.013

0.021 ±0.006
0.72 ±0.07*

0.0071 ±0.0020*

Table 15.2 Experimental values of internal conversion coefficients

Gamma-ray
energy
(keV)

898.0

1836

2734

aK x 10*

KILMN
oxlO4

aK X I04

K/LMN
rrxlO4

r. \o*
I1 10'

Peacock
Jones

Pe

2.7

1.3

Metzger
Amacher
52Me50

3.4i.0.7

1.7 ±0.4

Hamilton
et al.

66Ha07

3.01 ±0.21
7.0 ±0.5
3.45 ±0.24

Allan
7IAI06

2.5 ±0.3
8.0 ±0.2
2.8 ±0.3
I.24±0.16
7.8 ±0.3
1.40 ±0.16*
2.3 ±0.3*
3.3 ±0.5
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Table 15.3 Theoretical values of internal conversion coefficients

Item

Atomic number
Energy (keV)
Multipolarity

Conversion

coefficients

Gamma branch

Z

« A

"l.-i

"1.2

«1.Z

" j .

KjL

MNOiL
a

1/(1- »)

898.0
El

2.73<-4)
2.79(-5)

3.23(-7)

6.12(-7)

2.89(-5)

9.45

0.18

3.07( 4)

0.99969

Value

38
1836
E2

l.45( 4)

9.23

0.19

1.64(- 4)

0.99984

Table 15.4 Evaluation of intensities

Item

/ ' , 10'

Value

a) y, ( I -y, f\)

0.72 ±0.07

0.007: 0.002

1.40 :r0.16

2.3 ; 0.3

99.24 ±0.07

94.3 j.0.5

95.0 ±0.5

Reference

74Arl2

74Arl2

71AI06

71Ai0ft

a)

73Sc4O

References

Pe W. C. Peacock and J. W. Jones, A. E. C. Report AECD-1812
52Me5O F. R. Metzgcr and H. C. Amacher, Phys. Rev. 88 (1952) 147
6OPe23 P. W. Peclle, ORNL-3016 (1960) p. 110
64Shl6 S. Shastry and R. Bhallacharyya, Nucl. Phys. 55 (1964) 397
66Ha07 J. H. Hamilton, S. R. Amtey, B. van Nooijen, A. V. Ramayya and J. J. Pinajian. Phys. Letters

19(1966)682
66SaO8 M. Sakai, T. Yamazaki and J. M. Hollander, Nucl. Phys. 84 (1966) 302

67Za K. Zarnowiecki. Nucl. Inst. Meth. 55 (1967) 329
71AI06 C . J . A l l a n , Nucl . Inst. Meth. 91 (1971) 117
73Sc4O U. Schbtzig, K. Debertin and H. M. Weiss, PTB Miltcilungen 81 (1973) 307
74Arl2 G. Ardisson, S. Laribi and C. Marsol. Nucl. Phys. A223 (1974) 616

- 51 -



J A E R I - M 7 5 6 7

16. """"Ag

1 0 8 A g

3*© r »a)

b)

keV r »©rta«*iS»;rii^*ffi*Kffl

108Pd ir.SPffiJI I , 723keV, 614keV t i t f 434keV CO 3

K J: £ r
434keV r »Kl i

! i , 434keV r
!bZ>ii<nt 79keV r

108m

\ Ti2 U73

Cd

108Pd
Hg. 16.1 Decay scheme of 101nlAg

633keV r 1ft

: o 79
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Table 16.1 Experimental values of relative

Gamma Energy
rav <keV>

M 79.2
406

r, 434.0

T: 614.4
;-, 632.9

}•„, 723.0

;•„ 837

1020

Wahlgren
Meinke
60Wal0

5.9

100

100

100

Kistner
Sunyar
66Ki03

7.3 d 0.8

100

103 ;i 3

102 h3

intensities of gamma

Kracikova
Kracik
68KrO4

8.3 d 0.9
0.8 ;: 0.4

100

105 • 10
O.lSd; 0.07

102 d 10
0.06- 0.04
1.0 T 0.5

rays in the decay of 106inAg

Hamilton et al.
71Hal7

Vanderbilt ORNL

0.012

100

98.8

0.16

97.8

0.01

0.004

0.011

100

•-2.8 99.3 ±2.0

0.02 0.15 ±0.01

2.8 100.4 2.0

0.005 0.003

0.003

Table 16.2 Experimental values of relative intensities of internal conversion electrons
in the decay of l08mAg

Transition Energy
(keV)

Wahlgren
Meinkc
60Wal0

Kistner*
Sunyar
66Ki03

79.2

434.0

614.4

723.0

K
L

M

K

K

Li

K

L-i

, A'

M

M

M

\

I

I

I

I00

A\

•> i

204 ±
25

6.1 :

100

14.8 d

37 d

5.1 ±
25.0 ±

4.6 d

10
->

1.3

2.3

3

1.6

1.2

0.8

Table 16.3 Experimental values of electron capture and beta branching in (he decay of
108 Ag

Branch
Perl man

et al.
53Pe16

97.3

0.8

0.14

1.5

0.06

0.22

Wahlgren
Meinke
60Wal0

93.8

1.90

0.36

3.35

0.18

0.42

Frevert
62FrO2

95.0 -A 0.3

1.73dO.IO

-0.02

0.28 ±0.02

2.49-j 0.25

O.I9d0.03

0.26 d0.03

Frevert*
65FrOI

95.9 -0 .3

1.75:1:0.10

-0 .02

0.28; 0.02

1.73:10.12

0.19d: 0.03

0.27-0.03
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Table 16.4 Experimental values of relative intensities of gamma rays in the decay of
108Ag

Gamma
ray

rt

?•»

;•-,

r»
?•>

Ti

i i i

Tu

J'i.

(" i i i

/ ' i :

/ ' i s

Rnergy
(keV)

383
389

434.0
497

510h;

618.9
632.9

841
880

931
1007

1106

1441
1540

Johnson
et al.

71Jo07

26.6
0.07

25.7

14.6

100
^0.04

0.12
0.025

0.79
0.13

0.14
0.040

10.06
1 0.04
iO.6'-;

•L 0.4

:<• 0 .02

4 0.012

10.08
1 0.01

10.02

• 0 . 0 1 5

Johnson'1'
et al.

71Jo07

100
0.26

54.9
375.9
<0.15

0.45
0.094
2.97
0.49

0.53

0.15

: 0.15

: 1.6
. S.5

L0.08
4 0.045

• 0.33
; 0.04

0.08
-0.06

Okano
et al.

71Ok0l

0.2

100

0.25

54.1

355.1
0.1

0.65
0.091
2.71

0.26
0.56

0.20

0.09

:!. 2.4
! 14.9

1 0.03
1 0.016

1 0.11

:L 0.02

:!. 0.04
0.02

Singhal
et al.

73SiO2

0.181
0.37 '-

100
0.45 :

0.7"'
52.4 ;r.

349.6 '

0.641
0 . 1 1 •!-.-

2.791

0.33-1
0.61 T

o . : i • ;•

0.06
0.12

0.11

2.6
17.5

0.05
0.01
0.14

0.03
0.04
0.02

a) Normalized at the 434 keV gamma ray intensity.

b) Energies of 510.8 keV and 510.1 keV are reported by Johnson ct ;tl. and by Singb.al et al.,
respectively.

c) Possible composite of annihilation radiation and a weak gamma ray.
d) Derived from intensity balance.

Table 16.5 Average values of relative intensities of yanima rays in the decay of ' s As;

walls'- if !

Gamma Encruv r —- - - -—
...... (i-,.\>\ Error Lnv i Remarks

dy ' " L ' Intensity : Intensity -
Int. Ext. Int. E M .

>-, 79.2 7.74 0.60 0.50 7.80* 0.60 0.71* ^SKrtM

Ti 434.0 100 100

y.j 632.9 0.152 0.009 0.004 0.155* 0.011* 0.007 71Hal7

Table 16.6 Theoretical values of internal conversion coefficients

Atomic number Z 46 47 48

Transition energy k c V 7 ^ ^ A 7 2 3 . O " ~ " 79.2 632.9
Multipolarity E2 E2 L2 El E2

>tK 7.87(-3) 2.92( 3) l.91( 3) 0.271 3.0K 3)

a,A 8.35(-4) 3.15(-4) 2.07< - 4) 2.59f-2) 3.29( - 4)
«,., 9.94(-5) 2.47( 5) l .33(-5) 3.08( -3) 2.84( 5)

»,.., 8.37( 5) ! .95(-5) I.O3(-5) 4.62( - 3 ) 2.l4(-5)
a,. I.O2(-3) 3.59( 4) 2.3W 4) 3.36(-2) 3.79(-4)
KL 1.13 8.12 8.28 8.08 7.95
\!\O,L 0.22 0.22 0.22 0.23 0.23

,t 9 .1K-3 ) 3.36(-3) 2.19( 3) 0.312 3.4S( - 3)
1(1 a) 0.99097* 0.99665* 0.99781* 0.7622 0.99653*
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Table 16.7 Evaluated values of internal conversion coefficients

Atomic number

Transition energy
Multipolarity

KjLMN

it

1/(1 »)

Z

keV 434.0
E2

7.87(-3)°>
6.8 ±1.0

46

614.4
E2

7.3 ±2.3

723.0
E2

5.4 ±1.0

47

79.2
El

0.206 ±0.030
6.56 ±0.60
0.237 ±0.034
0.808+0.022*

a) Theoretical value.

Table 16.8 Average values of relative intensities of gamma rays in the decay of in*Ag

Gamma r;iy

7*

r*
7s

7*

f u

7u

ris

7\<.

7i~

TIS

Energy
(keV)

434.0
497

618.9

632.9

880

931
1007

1106

1441

1540

Intensity

100

0.32

54.2

367.6

0.629

0.104

2.76
0.312 .

0.579

0.202

W= 1 / 6 *

Int.

0.06
1.2

6.8

0.025

0.008

0.08

0.015
0.027

0.014

Error

Ext.

0.07

0.7

7.9

0.041
0.006

0.05

0.056

0.021

0.009

Intensity

100*
0.32

53.8

360.2*

0.580

0.098*

2.82

0.360
0.567*

0.187*

t . = l

Int.

0.07

1.3

8.2*

0.033

0.016*

0.12

0.018

0.033*

0.022*

Error

Ext.

0.07

0.7

8.0

0.065

0.006

0.08

0.068

0.023
0.019

Table 16.9 Evaluated values of intensities per decay of two gamma rays
in the decay of 108Ag

Gamma ray Energy
(keV)

Intensity per decay"
%

434.0

632.9

0.48 ±0.07

1.73;-_ 0.25
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Table 16.10 Evaluation of intensities per decay and relative intensities of gamma rays
in the decay of IO8mAg

Item Value Remarks

h

r«(I08mAg)

r7(108mAg)

no(lo3mAg)

rfo(108mAg)

0.090±0.014

0.096 ±0.007

0.095 ±0.007

8.6 ±0.6%

90.6±0.6%

91.1 ±0.6%

91.2±0.6%

99.36 ±0.09%

99.88 ±0.04%

100.00

Weighted average of hi and ht

(i-f)l(\+at)+frt(g)

a) Ratio of the isomeric transition intensity to the 434 keV gamma-ray intensity.
b) Isomeric transition branching.
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73SiO2 N. C. Singhal, N. R. Johnson, E. Eichler and J. H. Hamilton, Phys. Rev. C7 (1973) 774

17. m C e

139Ce (i'(E

a) 139La

CD ) 37

b)

c)

i L , 166keV <D r

O \ogft frl2. , log ft =12 t
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3/2* 1375d

S/2*

/El

7/2* y 0 j

1 3 9 i .

Fig. 17.1 Decay scheme of 139Ce

Table 17.1 Experimental values of conversion coefficients

Author

Pruett, Wilkinson
Mitchell, Hebb
Nussbaum, Van Lieshout
Kettelle et al.
Dzhelepov et al.
Jastrzebski
Taylor, Merritt
Geiger et al.
Hansen, Delabaye
Aristov, Bazhenov
Legrand et al.
Morinaga, Hisatake

aK X 10s

0.20 ±0.05
0.22
0.20 ±0.01
0.22 ±0.01

0.209±0.027

0.207 ±0.009

Table 17.2 Theoretical values

Item

Atomic number
Energy (keV)
Multipolarity

Conversion
coefficients

Gamma branch

Z

«K

aLl

aLt

aLi

a i.

K\L
MNOjL
a

1/d+«)

Table 17.3 Average values of the

w=\

Average '.

Int.

0.2527* 0.0031*

Error

Ext.

0.0013

K/LMN

6.6 ±0.3
7.0 ±0.3

8.1 ±0.5
6.7

5.86±0.13

a x 10s Ref.

54Pr3l
54Mi56
54Nul2
56Ke23
58Dzl0
6OJaO2

0.25I4±0.0011* 62TaO3
65Ge04
67Ha45

0.254 ±0.006* 71Ar43
0.2446±0.0012 73Le27

75Mol2

of internal conversion coefficients

Ml

2.26(-l)
2.79(-2)
1.93(-3)
4.10(-4)
3.03(-2)
7.46
0.26
0.264
0.791

Value

57
165.85

E2

2.51(-I)
2.48(-2)
2.30(-2)
2.21(-2)
6.98(-2)
3.60
0.26
0.339
0.747

total internal conversion coefficient

Average

0.2515

Error

Int. Ext.

0.0011 0.0005
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Table 17.4 Experimental values of E2/M1 mixing ratio

Author

Knipper
Grace et al.
Haag et al.

o(E2/Ml)

-0.06

;<)|<o.O2
0.34 ±0.34

Table 17.5 Evaluatior

Item

£i

Adopted value of a
Adopted value of ri

E2(%)

0.36
< 0.040

0.12±0.12

) of the intensity per decay

Value

neglect
0.2527 ±0.0031

79.83 ±0.20%

References

Reference

61 KnO2
62Grl7

63Ha07, 64Ha20

54Mi56 A. C. G. Milchell and E. Hebb, Phys. Rev. 95 (1954) 727
54Nul2 R. H. Nussbaum and R. van Lieshout, Physica 20 (1954) 440
54Pr3l C. H. Pruett and R. G. Wilkinson, Phys. Rev. 96 (1954) 1340
56Ke23 B. H. Ketelle, H. Thomas and A. R. Brosi, Phys. Rev. 103 (1956) 190
58DzlO B. S. Dzhelepov, B. K. Preobrazhenskii, I. M. Rogachev and P. A. Tishkin, lzv. Akad. Nauk

SSSR, Scr. Fiz. 22(1958)931
6OJaO2 J. Jastrzebski, J. Phys. Radium 21 (1960) 12
61KnO2 A. Knipper, Ann. Phys. 6 (1961) 211
62Grl7 M. A. Grace, C. E. Johnson, R. G. Scurlock and R. T. Taylor, Phil. Mag. 7 (1962) 1087
62Ta03 J. G. V. Taylor and J. S. Merritt, Bull. Am. Phys. Soc. 7 (1962) 352, XA4
63Ha07 J. N. Haag, D. A. Shirley and D. H. Templeton, Phys. Rev. 129 (1963) 1601
64Ha20 J. N. Haag, Phys. Rev. 134 (1964) B509
65GeO4 J. S. Gciger, R. L. Graham, I. Bergstrom and F. Brown, Nucl. Phys. 68 (1965) 352
67Ha45 H. H. Hansen and M. Delabaye, Intern. At. Energy Agency. Vienna (1967) 361: CONF

661012(1967)
71 Ar43 E. A. Aristov and V. A. Bazhenov, Meas. Tech. (USSR) 14 (1971) 1883
73Le27 J. Legrand, M. Blondel and P. Magnier, Nucl. Instr. Methods 112 (1973) 101
75Mo12 A. Morinaga and K. Hisatake, J. Phys. Soc. Japan 38 (1975) 322

18. l u Ce, 114Pr

u 4Ce iiVAZ UiP
m P r It H4Nd IZ

133keV, 80keV © x

696keV, 1489keV, 2185keV © 7

b " 4Nd K

£«, ifc "4Pr
l u Ce © 2 ^

a) U 4 C e © r

b) I44Pr

c) 141Pr

, MNOJL
u ' N d -N.© P IMm&fttkii Fasching (7OFaO3)

^ Li*n^©tr,

, 0.05±0.03?b-C

IMNd

(Table 18.
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ii)o te?-
2186keV r I t , fc «t S 2

(Table 18.12), 696keV t

tW L.

133

21S5

R i N d
F-ig. 18.1 Decay scheme of " 'Ce

Table 18.1 Experimental values of bela-ruy branching ratios

Beta ray
Maximum

energy
(keV)

316

236

182

150

Emmerich
et al.

54£inO9

70.5' 5.0

Pullman
Axel

56Pu24

76+5

24±5

Brandling ratio

llickok
et al.

5SHi76

65 : l 5

5-12

30:1.5

\ .'0'

Freeman

59Fr54

60
5

23

12

Daniel
Kaschl
66DaO4

75.7 ± 0.8*

4.6i0.3

I9.7J.-O.5

Table 18.2 Experimental values of relative intensities

Gamma ray

Ti

Tt

r%
r*
r.-.
Tr,

Cnercy
(kcV)

33.57

40.93

53.41

59.03
80.12

99.95

133.53

Potnis
et al.

70Po09

2.3 - 0 . 2

5 J:4

1.1 iO.I

16 4 1
0.3910.04

100 16

Antlila
Piiparinen
70Anl5

2.010.5
4.411.5
1.2-10.2

«0.0l
14.811.0
0.3610.05
100 15

Fashing
et al."

70Fa03

1.410.5
4.6+ .1.3
0.8 0.4

(not observed)
I4.311.21'1

0.3510.04
10015"'

Rao
Rao
75Ra

a)
7.210.4
0.710.1

0.03:: 0.02
15.010.4
0.610.1
10011

a) Combined peak with X rays.
b) The error is estimated by us.
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Table 18.3 Average values of relative intensities

nma ray

y..

7z

7;

7t

r?

Energy
(keV)

40.93

53.41

80.12

99.95

133.53

Average
value

4.5:"

0.9

15.1

O.37;'

100

K'" 1/V

Int.

1.2

0.1

0.3

0.02

3

Error

Ext.

0.1

0.04

0.2

0.01

0

Average
value

4.7*;'

1.0

15.0*

0.37*

100

M' I

Error

Int.

1.6*

0.1

0.5*

0.03*

3

Ext.

0.6

0.1

0.5

0.01

0

a) The weight for 75Ra is taken to be zero.

Table 18.4 Experimental values of internal conversion coefficients

Gamma-ray

(keV)

33.57

40.93

53.41

59.03

81.12

99.95

133.53

KiL

54Em09

1

5

8

L\M

54Em09

3

11

9

£ 4

58Hi76

1.4 0.24

0.76 ±0.15

7OAnl5

6.6 ±0.5

2.5 ±0.5*

1.4 ±0.5

0.54 ±0.12*

«,.

7OAnl5

4.5 ±1.2

1.8 ±0.6

0.98 ±0.10

==610

0.31 ±0.04*

0.82 ±0.30

0.075 ±0.015*

Table 18.5 Theoretical values of internal conversion coefficients

Item

Atomic number
Energy (keV)
Multipolarity

Conversion

coefficients

Gamma branch

Z

"1A

"1.2

»L3

»l.

KjL

MNO/L

a

1/(H a)

80.12
M l

2.12

2.67(-l)

2.13(-2)

4.29(-3)

2.92(-l)

7.24

0.27*

2.49

0.287

Value

59
133.53

Ml

4.93(-l)

6.21 ( -2)

4.62( -3)

9.20<-4)

6.77(^2)

7.29

0.27*

0.579

0.633

- 60 -



J A E R I - M 7 5 6 7

Table 18.6 Evaluation of intensities per decay

Item

Pi
r t (Adopted)

rt (Adopted)

rt (Adopted)

r-

Value

75.7 ±0.8%

4.7 ±1.6%

15.0 ±1.0%

0.37 ±0.03%

3.7 ±0.5"'

0.64±0.12al

10.1 ±0.7%b>

1.5 ±0.1%':>

Reference

66DaO4

a) The value is obtained from the adopted values of nk-, nL in Table 18.4 and
MNOjL in Table 18.5.

b) r7=(i-0i) / ( ( i+«7)+rt+rJ( i+«5)+rS)
c) The value is obtained from the relative intensity y\.

0" 17.28m

Fig. 18.2 Decay scheme of 14<Pr

Table 18.7 Experimental values of beta-ray branching ratios

Beta ray Maximum energy
(keV)

2996

2300

810

Branching

Emmerich et al.
54Em09

95.5 ±2.0

1.7±1.0

2.8 ±1.0

ratio (%)

Hickok et al.
58Hi76

95 + 4

3±2

2±1
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Table 18.8 Experimental values of relative intensities

iamma ray

n

r*

re

r-.
r*
ro

J'lO

7n

r iz

Tit

Yu

Energy
(keV)

609

624.7

675.0

696.5

814.2

864.5

1388

1421

1489

1562

2114

2186

2655

2802

Raman

68Ra0l

0.15^0.04

0.23 i 0.06

100

0.29 ±0.07

0.26;L0.07

0.45 J 0.11

20.2 r 2.0

0.03 ±0.008

49.5 : 5.0

Mangal
Trehan
69Ma24

100

22 ±2

64 4 6

Fashing
et al.

7OFa23

0.045 ±0.02
0.172 ±0.017

100

0.228 ±0.022
0.156 ±0.015
0.42 ±0.042

19.5 ±1.4

.0.016
49.5 ±3.5
0.011 ±0.003

Behar
Grabowski

74BeO9

0.085 ±0.015
0.207 \ 0.015
100

0.245 ±0.013
0.193 ±0.012
0.445 } 0.016

20.3 ±0.7
= 0.017

52.2 ±2.0
0.014 1,0.002

Rao
Rao
75Ra

0.06 ±0.02
0.09 ±0.02
0.23 ; 0.01
100

0.23 ±0.01
0.19 ±0.01
0.39 ±0.03
0.03 ±0.01
20.0 ±0.4
0.11 ±0.01
0.03 ,; 0.01
49.9 ±1.0
0.01 Izi 0.002
0.004 ±0.002

Table 18.9 Average values of relative intensities'"

Gamma ray

r>
Tit

Energy
(keV)

696.5

1489

2186

Average
value

100
20.0
50.3

» = !/««

Int.

0.3

0.6

Error

Ext.

0.1

0.1

Average
value

100
20.0*
50.2*

Error

Int.

0.6*

1.3*

Ext.

0.2

0.6

a) The weight for 69Ma24 is taken to be zero.

Table 18.10 Theoretical values of internal conversion coefficients

Item

Atomic number
Energy (keV)
Multipolarity

Conversion
coefficients

Gamma branch

Z

" A -

<<Lt

ffj.s

"L

K/L

MNOiL

1/d r r r )

696.49
E2

4.27(-3)
5.08(-4)
7.93(-5)
4.52(-5)
6.32(-4)
6.75
0.27
O.OO5O7*

0.995

Value

60
1489.15

El

3.96(-4)
4.66(-5)
I . IK- 6)
1.55(^6)
4.92(- 5)
0.805
0.27

0.000459
0.9995

- 62 -



J A E R I - M 7 5 6 7

Table 18.J 1 Calculation of intensities per decay from rela-
tive intensities and the beta-ray branching

Item Value

r% (Adopted)
rtt (Adopted)
at (Theoretical)

r*

Tit

95.4±2.0%»>

20.0±0.6%

50.2 ±1 .3%

0.00507

3.1 ±1.3%"'
o.6±o.i%e>
1.6+0.4 %c)

a) The weighted average of the values of 54EmO9 and
58Hi76.

b) Obtained from the equation, r< =(1 — /9i)/(l -f at ! ;•,%).
c) Obtained from the relative intensity.

Table 18.12 Experimental values of intensities per decay by means of 4TC^-J- coincidence
measurements

Gamma ray Energy
(keV)

Porter, Day
59Po77

Mclsaac
64Mc23

r*

Tit

696.5
1489

2186

1.49 ±0.09%
0.29 ±0.03%

0.68 ±0.10% 0.77 ±0.04%

Table 18.13 Evaluation of the intensity per decay in the decay of I44Pr

Item

r«

rU (Adopted)

/

Value

1.49 ±0.09%

0.77 ±0.04%

50.2 ±1 .3%

0.0151 ±0.0006

Reference

59Po77

64Mc23

a)

a) Conversion factor / from the relative intensity to the intensity per decay. This
value is the weighted average of yt and ris/rJi-

Table 18.14 Evaluated values of m P r

Gamma ray Energy
(keV)

Relative intensity
(%

r»

696.5
1489
2186

100

20.0 ±0.6

50.2 ±1.3

Intensity per decay"'
(%)

1.51 ±0.06

O.3O±O.O5

0.76 ±0.04

a) Obtained from j , =•-/, ro^frt and
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19. " 7 B i

- o ; B i I t . l i t

a) -07Bi

570keV r

Lfz 4©(i Miller i, (59Mil9) CO 4,

1064keV © y h.

b) 570keVr

c) 1064keVr

Anderson b (68AnO4)

>), ?:<Di&liO.5%>

ltz
570keV

7/2 '

!3/2"

3/2"

s '

1/2"

2339

r3 1633

h 897
r- 569

1 o

9/2" 38 y

207pb

Fig. 19.1 Decay scheme of 207Bi

Table 19.1 Experimental values of relative intensities

Gamma ray

Tx

r*

i'4

/ ' • .

Energy
(keV)

569.7

897.3

1064

1442

1770

Alburger
Sunyar
55AI26

100

0.16

87

0.16

8

Monahan

6IMo09

100

76 i 6

Donnely
et al.

67Do09

100

78.4:; .2.4

7.07 + 0.35

Hedin
Backlin
69Hel9

100 4 2.0

74.0 ; 2.0

Rao
el al.

69Ral3

100

O.15O±O.O15

78.7 ±4.0

O.15O±O.OI5

7.5 40.4
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Table 19.2 Average values of relative intensities"

Gamma ray Energy
w •••= I

(keV) Average
value

Error

Int. Ext.

Average
value

Error

Int. Ext.

569.7

1064

100.0

76.8 1.6 1.2

100.0

76.8* 2.0* 1.1

a) The weight for 55AI26 is taken to be zero. Relative intensities of the 569 keV and
1064 keV gamma rays by Hedin et al. (69Hel9) are estimated to be 100 and 74.2±2.8,
respectively.

Table 19.3 Experimental values of /^-conversion coefficients

nK x 10s

Gamma-
ray Alburger Kleinheinz Nooijen Sen Anderson Baldinger Hedin

energy Sunyar et al. Krugten Rizvi Christensen Hallen Backlin
(keV) 55A126 67KI02 67Va25 67Sel5 68AnO4 69Ba53 69Hel9

569.7

897

1064

1442

1770

1.56 j 0.07 1.59±0.06 1.64-0.1 I.56±O.O5

2.44 I

(5 ±2)
x 10"1

(2.5±0.5)
xlO"1

9.0 -0 .9 8.5±0.5 8.40-!-0.5"'

1.5 ±0.3

9.5 ±1.4

1.55
±0.05

9.6
±0.3

a) The error is estimated by us.

Table 19.4 Experimental values of KjL ratios and total conversion coefficients

Gamma-ray
energy
(keV)

569.7

1064

Sen
Rizvi

67Sel5

3.26 ±0.09

3.64±0.10

K/L

Anderson
Christensen

68AnO4

3.45 ±0.35

Baldinger
Hallen
69Ba53

3.OO±O.15

3.20 ±0.15

a

Anderson
Christensen

68An04

0.0219 ±0.0003*

0.1085

Table 19.5 Average values of/(-conversion coefficients in the unit of IO~S

Gamma-ray -
energy
(keV)

569.7

1064

Average
value

1.57

8.57

Int.

0.03

0.32

Error

Ext.

0.01

0.17

Average
value

1.56

8.85

w- 1

Error

Int.

0.06

0.90

Ext.

0.02

0.25
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Table 19.6 Theoretical values of internal conversion coefficients

Item

Atomic number
Energy (keV)
Multipolarity

Conversion

coefficients

Gamma branch

Table 19.7

Item

r\
•fl (Adopted)

« i

7\

7-t

Z

«-/.*

KIL

MNOjL

(X

1 / ( 1 r < r )

Evaluation

569.67
E2

1.58(-2)

2.34<-3)

l.57(-3)
5.42(-4)

4.45(-3)

3.55

0.33

2.17(-2)
0.979

of intensities per decay

Value

0.150
76.8
0.0219

97.71

75.0

±0.0X5%

±2.0%
±0.000.1

1:0.03%"'

•*-2.0%bl

Value

82
1063.62

M4

9.70(-2)

l.89(-2)

3.84(-3)

1.72(-3)
2.45(-2)

3.96

0.33
l.30(-!)

0.885

Reference

69Ral3

68An04

55AI26
59Mil9
61Mo09
67Do09

67K102

67Va25
67Sel5
68AnO4
69Ba53
69Hel9
69Ral3

a) ri =) ri W ( i + r i )
b) Obtained from the relative intensity j-J.
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A.

K B , ffl&JNIS], * .

chem

mass

ic

pc

GM

scin

Chemical separation

Mass separation

Ionuation counter

Proportional counter

Geiger-Miiller counter

Scintillation counter

Table A.I Half-life of "Na

Author

Wyatt et al

Anspach ct

Anspach et

Anspach et

Anspach et

Endt et al.

al.

al.

al.

al.

Half-life
(y)

2.62 :.i: 0.2

2.602;! 0.0! 1*

2.603 ,0.001 *

2.613.f 0.011*

2.591 ±0.003*

2.602^0.002

Table A.

Weigh i

1

No. T1/2

followed

1.5

0.5

1.2

0.5

2.6

6lWyOI.

2 Evaluation

Average
(y)

2.602

2.602*

Production. Separation

Mg(//, a) chem

65An07

for the half-life of " N a

Error (y)

Int.

0.004

0.001

Table A.3 Half-life of u'Sc

Method

ic

47iyic

4-;-ic

Ext.

0.004

0.002*

Fief.

6IWyOI

65An07

65AnO7

65An07

65An07

73 En

Author h l a | d j ' f e followed Production, Separation Method Ref.

Schumanetal. 84.1 J 0.3* 8 i4BiTi(>/, p) chem pc 56Sc87

Geiger 83.89 0.12* "ScOi, ;•) ic 57GeO7

Wright e ta l . 84.2 ) 0.2* 3.8 4'Sc(w, ;•) ic 57Wr37

Hontzeaset al. 8 4 . 0 - 0 . 9 * : : i"V(g84.V/£-l />) chem 63Hol7

Anspach e ta l . 83.8040.03* 2.8 4,t r ic 65An07

Table A.4 Evaluation for the half-life of 16Sc

Error (d)
Weight Average

(d) Int. Ext.

I 84.00 0.19 0.07

1 , ^ 83.82* 0.03 0.03*
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Table A.5 Half-life o f ^ M n

Author

Wyatt et al.

Anspach et al.

Taylor ct al.

Boulanger

Anspach et al.

Lagoutine et al.

Zimmer et al.

Martin et al.

Half-life
(d)

313.5 ±0.7

311.9 ±0.2

312.4 4.0.6*

312.2 -0.6*

312.1 ±0.3*
312.2 ±0 .9* '

312.99-f 0.10*'•

312.5 ! 0.5

No. r1 / 8

followed

2.0

1.5

1.3

2.4

1.3
6.2

61Wy01,

68ZJ01

Production, Separation

;•'*; Fe(/j, /;) chem

'nFe(rt, p) chem

chem

; 'Fe(«, />) chem
l4Cr(c/, n) chem

54Fe(«, p) chem

65An07, 65Tal0, 68An0l.

Method

ic

4,-j-ic

ic

ic

ic pc scin;

scin;-

68 La 10,

Ref.

6IWy01
65An07

65Tal0

66Bo33

68An01

68 La 10

68ZiOI

70MaBI

a) The uncertainty means the 99.7";; confidence level.

b) The uncertainty means the 95% confidence level.

Table A.6 Evaluation for the half-life of

Weight

1

Average
(d)

312.38*
312.94

Error (d)

Int.

0.16
0.10

Ext.

0.18*
0.05

Table A.7 Half-life of 6UCo

Author Half-life
(y)

Tobailem

Kastner et al.

Evans

Lockett et al.

Perry et al.
Geiger

Brosi et al.

Keene et al.

Loftus et al.

Seliger et al.

Gorbics et al.

Anspach et al.

Anspach et al.
Lagoutine et al.

Merritt et al.

Walzet al.

Rylz

Martin et al.

5.27

5.21

5.28

5.20

5.25

5.24

5.29

5.33
5.29

5.26

5.263

5.242

5.259

5.27

5.297

5.2719

5.270

5.26

10.07

-0.04

4 0.03

+ 0.03

±0.04

±0.03

±0.03

±0.04

±0.02

±0.03

-i 0.003
•0.008

±0.003
L0.02

.: 0.008

±0.001

±0.003

0.01

foMowed P r o d u c t i o n ' Separation

0.02

1.0

Method Ref.

Grinberg el al. 5.2721 L0.0024";

1.2

1.2

0.2

0.23

0.61
I
1.0

yjCo(;/, ;-)

y'Co(n, r)

•°Co(«, r)

ic

ic

ic

electroscope

ic

ic

ic

electroscope

ic

4r; ic

ic

ic pc scin;

4-;ic

51To25

53Ka21

56Evl8

56Lo3l
56Pe52
57GeO7

58BI92

58Ke26

58Lo6l

58Se53

63Go03

65An07

68An0l

68La 10

69Me

70Wa 19

73Ry

51To25, 53Ka21, 56Evl8, 56Lo3l. 56Pe52, 70MaBI

57GeO7, 58B192, 58Ke26, 58Lo6l. 58Se53,

63Go03, 68AnOI,68LalO

68 La 10. 69Me, 70Wa 19, 73 Ry 74G r

a) This value is adopted.
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Table A.8 Half-life of 85Sr

Author

Herrmann efal.

Wright et al.

Sattler

Anspach et al.

Gleason

Grotheer et al.

Lagoutine et al.

Martin et al.

Half-life
(d)

65.0 J 0.7

64.0 ±0.2
63.90 ;i_ 0.27

65.l9i0.13*

64.93 ±0.22*

66.6 i^0.6

64.68 ±0.23*

64.5 ±0.5

No. Tut
followed

3.3

4

1.4

0.8

3

56He77,

Production, Separation

U(«, / ) chem
84Sr(n, ;) chem
81Sr(n, r)

Sr(/;, ;)

"Sr(//, ;)

57Wr37, 62Sal2, 65An07,

Method

scin;-

scinj-

4;rj-ic

scinj

scin;

pc

67G105

Ref.

56He77

57Wr37

62Sal2
65AnO7

67GIO5

69Grl2

72LaI4

70MaBI

Table A.9 Evaluation for the half-life of S5Sr

Weight

1

Average
(d)

64.93*
65.04

Int.

0.11
0.10

Error (d)

Ext.

0.15*
0.14

Author

Wyatt et al.
Anspach et al.
Anspach et al.
Anspach et al.
Grotheer et al.

Martin et al.
Bunting et al.

Half-life
(d)

108.1 0.3
106.52 ±0.03
106.67 ±0.03
106.61 ±0.02'
108.4 ±0.9

107 ± 1
106.60 ±0.04

Table A. 10

No. Tl/2
followed

3.1
2.6
2.7
4.3
0.5

6IWy0l
65AnO7

HalMife of xiY

Production, !

Sr(p, a)

Reparation

chem
chem
chem
chem

, 65An07, 68An0l
, 68An01

Method

ic
4.Tj-ic
4;rfic
4;r;'ic
scin;-

Ref.

6IWyOI
65An07
65An07
68An01
69Grl2

70MaBI
76Bu

a) This value is adopted.
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Author

Merritt e( al.

Geiger

Bayly

Edwards

Eastcrday et al.

Wyatt

Diel2 et al.

Flynn

Lagoutine et al.

Diet/ et al.

Hashizume et al.

Table

Half-life
(y)

2.19

2.07

2.15

2.26

2.05

2.07

:i 0.02

: 0.02

0.08
0.04

: 0.05

10.02

±0.02

2.046 ±0.004

1.99

2.058

2.05

2.062

2.056

•0.02

L 0.012

1-0.02

-: 0.005"

0.008

A . l l Half-life of 1;i4Cs

No. T1/t
followed

2.3

3

1.5

4.9

57Me, '.
6IWy01

Production, Separation

Cs(n, y)

Cs(«, T)

Cs(//, y)

'••'sCs(*f, r)

mass chem

Method

4-pc

ic

mass-spec(.

ic

ic

pc

4-,Spc

ion-
counting

570607, 58Ba, 58Ed, 60Ea,

[.65FI02, 72Lal4, 73IA, 73DiOI

Ref.

57Me

57GeO7

58 Ba

58Ed

60Ea

61WyOI

63Di

65FI02

72Lal4

731A

73DiOI

73Ha

a) This value is adopted. The uncertainty means the 99"', confidence level.

Table A. 12 Half-life of 20;1Hg

Author

Wilson et al.

Cork et al.

Eichholz et al.

Thiry

Wright el al.

Cali et al.

Taylor

Anspach et al.

Anspach et al.

Gleason

Anspach et al.

Lagouline et al.

Martin et al.

Half-life
(d)

45.9

47.9

46.91

47.1

45.4

47.2

46.8

46.56

46.577

46.64

46.600

47.0

46.59

-j0.2

i 0.2
1 0.14

J 0.2

bO.5

;0.7

0.2*

J 0.02

i 0.008

10.27*

i 0.010*

0.1

i 0.05

No. Tu,
followed

2

1

5

3

4

2 - 6
~>

4.8

5.1
-i

J

51Wi22,

59Cal2.
68Lal0

Production, Separation

Hg(w, r)
UiHg(«, 7-)

Hg(/r, r)
Hg(«, r)

Hg(«, r)

Hg(«, T)
uSHg(n, T)

Hg(/i, r)
Hg(», r)

Hg(.'i, ;•)

Hg(«, j )

52Co01, 56Eil4,

62Ta06, 65An07,

chem

chem

chem

chem

57Th l l ,

, 67GIO5,

Method

PC

ic

GM

ic

PC

scin/- pc,5

4rr;-ic

4^j-ic

scin;

ic

ic pc scin;-

57Wr37.

68An01.

Ref.

5IWi22

52Co01

56Eil4

57Thl l

57Wr37

59Cal2

62TaO6

65An07

65An07

67G105

68AnOI

68La 10

70MaBI
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Fable A. 13

Weight

1

Evaluation
-"3Hg

Average —
(d)

46.68*
46.601

for the half-life of

Error (d)

Int.

0.11*
0.010

Ext.

0.06
0.007

Table A. 14 Adopted values of half-lives

Nuclide

" N a

"Sc
5JMn
'•"Co

"Sr

«Y

'•4Cs

-OiiHg

Half-life

2.602

83.82

312.38

5.2721

64.93

106.61

2.062

46.68

±0.002

r!0.03

10.18

± 0.0024

J 0.15

J 0.02

-0.005

•0.11

y
d

d

y
d

d

y
d

CD

o
X

2.2
y

2.1

2.0

d

LI

-

-

-

-

-

1

1

<

1

T

i

M
)

I

\

CP

t

\

o *

1

134
Cs

203
Hg

4

1950 1960 1970
Age

Fig. A.I Comparison of half-lives. Solid circles and triangles indicate
the adopted and evaluated values, respectively.
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51 NeO2

51To25

5IWi22

52CoOI
53Ka2!
56Eil4
56Evl8
56He77
56Lo3l
56Pe52
56Sc87

57GeO7

57Me
57Thl l
57Wr37

58 Ba
58BI92
58Ed
58Ke26
58Lo6l
58Se53
59Cal2
59Ha20
59Sol2
60Ea
61ApOI
6IWy01

62Sal2
62TaO6
63 Di
63 Ho 17
63Go03
65AnO7

65F1O2
65TalO
66Bo33
67GIO5
68AnOI

68LalO

68Z1OI

69GH2
69 Me
70MaBI
7OWal9

72Lal4

Phys. Rev. 85 (1952) 386

J. lnorg. Nucl. Chcm. 3 (1956) 160

Nucl. Sci. and

References

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

J. Tobeilem, Comp. rend. 233 (1951) 1360

H. W. Wilson and S. C. Curran, Phil. Mag. 42 (1951) 762
J. M. Cork, D. W. Martin, J. M. LeBlanc and C. E. Branyan,

.1. Kastncr and G. N. VVhytc, Phys. Rev. 91 (1953) 332
G. G. Eichholz and .1. V. Krzyzewski. Can. J. Phys. 34 (1956) 1167
R. D. Evans. Priv. Comm. (1956)

G. Herrmann and F. Strassmann, Z. Naturforsch. I la (1956) 946
E. E. Lockett and R. H. Thomas, Nucleonics 14, No. 11 (1956) 127
W. E. Perry and J. W. Dale, Quoted by 56Lo3l
R. P. Schuman, M. F.. Jones and A. C Mewherter.

K. VV. Geiger, Phys. Rev. 105 (1957) 1539
W. F. Merritt et al.. Can. J. Phys. 35 (1957) 16

H. Thiry. Bull. soc. roy. sci. Liege 26 (1957) 29
H. W. Wright. E. I. Wyatt, S. A. Reynolds, W. S. Lyon and T. H. Handley,
Eng. 2 (1957)427

J. G. Bayly, J. Inorg. Nucl. Chem. 5 (1958) 259
A. R. Brosi and B. H. Ketelle. Priv. Comm. (1958)
J. E. Edwrds, J. Inorg. Nucl. Chem. 7 (1958) 336
J. P. Keene, L. A. Mackenzie and C. W. Gilbert, Phys. In Med. Biol. 2 (1958) 360
T. P. Loflus and R. M. Lee, Priv. Comm. (January 1958)
H. H. Seliger and L. M. Cavallo, Priv. Comm. (January 1958)
J. P. Cali and L. F. Lowe, Nucleonics 17, No. 10 (1959) 86
G. Harbottle, J. Inorg. Nucl. Chem. 12 (1959) 6
J. Sosniak and R. E. Bell, Can. J. Phys. 37 (1959) I

H. T. Easterday et al., Nucl. Phys. 20 (I960) 155
E. H. Appelman, Phys. Rev. 121 (1961) 253
E. I. Wyatt, S. A. Reynolds, T. H. Handley, W. S. Lyon and H A . Parker,
Eng. I I (1961) 74

A. R. Sattler, Phys. Rev. 127 (1962) 854
J. G. V. Taylor, Can. J. Phys. 40 (1962) 383
L. A. Dietz, C. F. Pachucki and G. A. Land, Analyt. Chem. 35 (1963) 797

S. Hontzeas and L. Yaffe, Can. J. Chem. 41 (1963) 2194
S. G. Gorbics, \V. F. Kunz and A. E. Nash, Nucleonics 21, No. I (1963) 63
S. C. Anspach, L. M. Cavallo, S. B. Garfinkel, J. M. R. Hutchinson and C. N. Smith,

Bur. Stand. Misc. Publ. 260-9 (1965)
K. F. Flynn, L. E. Glcndenin and E. P. Steinberg, Nucl. Sci. and Eng. 22 (1965) 416
J. G. V. Taylor and J. S. Merrilt, AECL 250 (1965) 26
J. P. Boulanger, CEA-R-2991 (1966); UCRL-Trans-10293 (1968)

G. 1. Gleason, Priv. Comm. (December 1967)
S. C. Anspach, L. M. Cavallo, S. B. Garnnkel, J. M. R. Hutchinson and C. N. Smith. Priv.
Comm. (January 1968)
F. Lagouline, Y. Le Gallic and J. Legrand, Int. J. Appl. Rad. Iso. 19 (1968) 475
W. H. Zimmer and R. E. Dahl, Nucl. Sci. and Eng. 32 (1968) 132

.1 . H. Grotheer, J. W. Hammer and K. \V. Hoffmann, Z. Physik 225 (1969) 293
J S. Merritt and J. G. V. Tavlor. — AFCL — 3333 (1969) 32

M J. Martin and P. H. P'iJiert. Nm;l. Data Tables A8 (1970) 149
K. I . Walz and H. M. Woss, Z. Naturlbi^-h : \ . (1970) 921
F. l.ui'outinc. .1. Legriind, C Permt. J. P. Bruthon an I .1 V TOI , Int. J. A,"pl. Radial. Isolop.

Nucl. Sci. and

Natl.

- 72 -



J A E R I - M 7 5 6 7

23(1972)219
73DiOI L. A. Dietz and C. F. Pachucki, J. Inorg. Nucl. Chem. 35 (1973) 1769
73F.n P. M. Endt and C. Vandcr Leun, Nucl. Phys. 214 (1973) 42
73Ha A. Hashizume and H. Kawakami,
73Ry A. Ryt/. Proces verbaux des seanees du Comite International des Poids et Mesures (1973) 40
73IA IAEA/SM 170/12
74Gr B. Grinberg, J. P. Brethon, F. Lagouline; Y. Le Gallic. J. Legrand, A. H. Wapstra, H. M.

Weiss, W. Bambynek, E. De Roost, H. H. Hansen and A. Spernol, Atomic Energy Journal
(1974) 516

76Bu R. L. Bunting and J. J. Kraushaar, Nucl. Data Sheets 18 (1976) 87

- 73 -




