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Neutron Absorption Cross Section of Fission Product
(Report of FP Working Group No.2)

Shungo Iuma
Nippon Atomic Industry Group Co., Ltd.

Takatoshi Kosavasui

Mitsubishi Atomic Power Industries, Inc.

Hajime Saxata*

Japan Atomic Energy Research Institute

Summary

Present report describes the results of compilation and evaluation of thermal neut-
ron absorption cross sections and resonance integrals of approximately 190 fission
product nuclides ranging from Z=32 to 68. The calculated resonance integrals were
compared with measured ones to determine the preferred values of resonance integrals.
For the thermal neutron cross section values (2,200 m/sec) and their energy dependence
were obtaind. In addition, the multi-group cross section set was constructed for each
fission products, with the group structure of MUFT type (54 group) in fast energy
region and THERMOS type (30 group) in thermal region. :

These cross sections are stored as library data for the programs of FP CHAIN and
FPPARA, which calculate the build up of fission products on burn-up process and
produce a multi-group cross section set for pseude fission products, respectively. The
work has been performed as the activity of FP working group in Reactor Constant
Subcommittee, Japanese Nuclear Data Committee. :

* present address, Power Reactor and Nuclear Fuel Development Corporation
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TABLE 3 Statistical level parameters in unresolved resonance region

(Symbol)
Z : Atomic number
N : Neutron number
A : Mass number
I" : Target nucleus spin (I) and parity (x)
Dy, : Observed level spacing (eV)
So : Neutron s-wave strength function (10-31/eV/eV)
S, : Neutron p-wave strength function (10-31/eV/eV)
I, : Average radiation width (mV)
S, : I',/D, radiative strength function (10~%V/eV)
R : Nuclear radius (Fermi)

A N A I Do So S r, S, R
Ge 32 40 72 ot 2300 0.07 0.09 370 0.16 5.18
42 74 o+ 2600 0. 06 0.1 350 0.135 5.23
44 76 0+ 2300 0.12 0.12 340 0.148 5.27
As 33 42 75 -3/2 84 0.17 0.11 340 4.05 5.25
Se 34 40 74 o+ 2300 0.18 0.1 320 0. 139 5.23
42 76 o+ 2300 0.16 0.12 340 0.148 5. 27
43 77 -1/2 180 0.16 0.13 330 1.83 5.29
44 78 o+ 2000 0. 09 0.14 . 320 0.160 5.31
46 80 o+ 1800 0.12 0.16 300 0. 167 5. 355
48 82 0+ 4000 0. 10 0.20 270 0. 0675 5. 40
Br 35 44 79 3/2- 40 0.15 0.15 310 7.75 5.335
46 81 3/2- 75 0.13 0.20 280 3.73 5. 38
Kr 36 44 80 0+ 1000 0.12 0.15 400 0.40 5.355
46 82 o+ 1000 0. 09 0.20 275 0.275 5. 40
48 84 o+ 6868 0. 066 0.25 180 0. 0262 5. 44
Rb 37 48 85 5/2- 2500 0. 05 0.30 250 0.10 5. 46
50 87 3/2- 4500 0. 24 0.30 240 0. 0533 5. 50
Sr 38 48 86 o+ 1250 0.10 0.37 240 0.192 5.48
49 87 9/2- 300 0. 036 0.41 240 0.80 5.50
50 88 ot 10000 0. 09 0.50 240 0. 024 5.515
Y 39 50 89 1/2- 5000 0.04 0.54 245 0. 049 5.535
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TABLE 3 Continue (1)
z N A 1 Dgys ; S ! S, r, S, R
Zr 40 50 90 0+ 1000 0. 085 0.60 [ 250 0. 250 5. 55
51 91 5/2+ 400 0.05 0.70 ! 250 0. 625 5.57
52 92 0+ 6000 0. 04 0.80 270 0. 045 5. 59
54 94 o+ 6000 0.05 0.70 ' 300 0. 050 5.63
56 96 0+ 8000 0.09 0.50 | 300 0. 0375 5.67
Nb 41 52 93 9/2+ 1600 0. 04 0.73 . 260 0.169 5.61
Mo 42 50 92 o+ 900 0.10 0.73 260 0.289 5.59
52 94 o+ 800 0.05 0.85 280 0. 350 5.63
53 95 5/2+ 80 0. 055 0.50 260 3.25 5.65
54 96 0+ 800 0.08 0.45 260 0.325 5.67
55 97 5/2+ 80 0.06 0.45 260 3.25 5.68
56 98 o+ 800 0.08 0.40 300 0.375 5.70
58 100 o+ 1400 0.09 0.30 240 0.171 5.74
Tc 43 56 99 9/2+ 21 0.044 0.50 180 8.57 5.72
Ru 44 55 99 110 0.05 0.88 300 2.73 5.72
57 101 5/2+ 26 0.04 0.30 240 9.23 5.76
58 102 o+ 200 0.04 0.30 200 1.00 5.77
Rh 45 58 103 1/2- 35 0.043 0.60 180 5.14 6.43
Pd 46 58 104 o+ 200 0.036 0.40 140 0.70 5.80
59 105 5/2* 44 0.035 0.40 160 3.64 5.825
60 106 o+ 339 0.024 0.25 140 0.413 5.843
62 108 o+ 150 0.04 0.50 140 0.933 5.88
|64 110 o+ 150 0.046 0.20 140 0.933 5.91
Ag | 47 1 60 107 1/2- 32 0. 04 0.43 150 4,69 5. 86
‘ 62 109 1/2- 18 0. 08 0. 60 130 7.22 5. 89
cd | 48 62 110 0+ 140 0. 036 0.33 130 0. 929 5.91
‘ } 63 111 1/2% 20 0. 044 0. 60 100 5. 00 5.93
\ C 64 112 300 0.033 0. 60 100 0. 333 5.94
i |65 113 1/2+ 30 0. 032 0. 60 100 3.33 5. 96
i 66 114 0+ 400 0. 06 0.60 | 100 0. 250 5.98
In ‘ 49 64 113 | +9/2 6 0. 058 0.22 80 13.33 5.96
66 115 9/2+ 6. 0.03 0.20 100 14.7 5.99
Sn 50 | 62 112 0+ 140 0.05 0.27 115 0.821 5.94
L 64 114 0+ 200 0.07 0.21 100 0.50 5.98
l 65 115 1/2+ 28 0.03 0.20 98 3.50 5.99
i 66 116 o+ 220 0.05 0.18 95 0.432 6.01
6T 117 1/2¢ 33 0. 020 0.16 91 2.76 6.02
68 118 0o+ 300 0.04 0.17 . 110 0. 367 6. 04
6Y 119 1/2+ 37 0. 008 014 | 86 2.32 6.06
t70 120 0+ 350 0.015 0.13 85 0.243 6.07
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Tasle 3 Continue (2 )
z N A I Doy S, ! S, r, S, R
] i }
Sn 50 72 122 ot 380 | 0.03 0.11 83 0.218 6.10
74 124 ot 380 0017 | 0.10 83 0.218 6.13
Sb 51 70 121 | 5/2r 4 0.045 | 0.12 84 6. 00 6.09
72 123 7/2+ 16 0.06 | 0.10 82 5.13 6.12
Te 52 70 122 380 0.035 0.11 83 0.218 6.10
71 123 1/2+ 40 0.11 0.10 82 2.05 6.12
72 124 400 0.045 0.10 100 0. 250 6.13
73 125 1/2+ 42 0.029 0.09 84 2.00 6.15
74 126 500 0.04 0.30 90 0.180 6.17
78 130 1000 0.08 0.10 110 0.110 6.23
I 53 74 127 5/2+ 14 0.06 0.30 90 6.43 6.18
76 129 7/2+ 20 0.04 0.10 100 5. 00 6.21
Xe 54 70 124 ot | 300 0.045 0.11 90 0.30 6.13
75 129 1/2 45 | 0. 066 0.08 90 2,00 6.21
i
77 131 3/2 36 0.07 0.07 85 2.36 6.24
81 135 7/2+ 40 0.08 0.06 90 2.25 6.30
Cs 55 78 133 20 0.07 0.05 110 5.50 6.27
Ba 56 74 130 290 0.32 0.07 94 0.324 6.23
78 134 230 0.07 0.06 110 0.478 6.29
79 135 3/2+ 40 0.08 0.06 110 2.75 6.30
80 136 o+ 210 0.09 0. 055 120 0.571 6.31
81 137 3/2* 40 | 0.034 0.05 120 3.00 6.33
82 138 36000 0.18 0.0 150 0. 00417 6.34
|
La 57 gl | 138 5* 40 | 010 0.05 130 3.25 6.34
! :
82 139 7/2+ 800 0.08 ' 0.01 | 150 0.188 6.36
Pr 59 82 141 5/2+ 100 021 | 0.0l 150 1.50 6.39
i ! ! i
) |
Nd 60 83 i 143 7/2- 40 0.37 0.01 | 90 2.25 6.41
|
8 | 145 7/2- | 25 0.45 0.01 50 2.00 6.44
Pm 61 86 147 4.5 0. 40 0.04 80 17.8 6. 47
i
Sm 62 85 ‘ 147 2 6 0.42 |  0.03 ’ 60 10.0 6.47
H |
87 ’ 149 7)2~ [ 2.2 0.30 | 0.03 | 60 27.3 6.50
8 | 150 ‘ 90 ' 0.37 003 | 70 0.778 6.51
89 151 5/2 L3 02 0.03 ; 62 47.7 6.52
0 | 1z [0 [ 10 | 03 ‘ 0.03 | 80 0.80 6.54
Eu 63 88 1 151 | 5[zt 2.3 i 0.24 0.03 ! 74 32.2 6.52
| | ! | '
% | 153 | 5/2+ | 0.7 . 0.22 | o.o1 | 90 129 6.55
| ] i ; i
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2. LA OHEA 9

TasLle 3 Continue (3)

oz N | 4 I Do
I S
ci | e ‘ 01 155 3/2 1.7
| o 156 0* 100
93 157 3/2 7
| Y 158 0" 100
Tb | 6 . 94 . 159 3/2! 2.6
Dy | e | o5 | 161 s 2.8
I S T 90
P97 ‘ 163 | 5/2 » 3.2
98 1 164 ot 88
Ho 67 | 98 | 165 | 72+ . 5.7
Er 68 1 94 162 0+ 90
% | 164 | o 88
| e | 16 , 0t | &
99 167 7/2+ 2.7
100 168 | o 110
102 170 80

B ESOMEE YRS D & L AX B I 2 ETRT
W, EREORBEE LUHCEEAELLD LAE g,
(2,200 m/sec) DPETH 5. Z OHESHPHTHERE
1y BRI DR Z L% <, BIEEO BrimfKih
BAEBECHEDT 5 LABETHo7. O,
108Rh, 13Cd, 129], 135Xe, 142Nd, 49Sm }s L O 5!Sm ¢
H5B. KEOCHPMTIERY Lo T, JEEOE
ER MR TEER T, 0.(2,200m/sec) DAMRPE I
TUWHRRTIL 1/v BIARER S5 &/l o,

T T
10+~ N
N
{ \
8 by
A
- 1
1 6t L 4 '/\\
- t“ 1 / X
.E' { A|. oy ~
>, EWE
v VA
(Y Y [y
II's \/ \-
/! N \
2 o
—®
// - . ~ o\-
4 \\
-o"‘{o ~ \;F—.‘ gy
0 e &TZTITTT
50 100 150
A
— & Duke, © USSR, & Saclay,
® Columbia, D Harwell, 4 Karlsruhe
===~ Optical model calculation by Jain
—-— Compilation by Garrison and Roos
Fig. 4 p-wave strength function. compiled by

NEWSON,

S S o, S R
0.26 0.03 100 58.8 6.58
0.19 0.03 100 1.00 6.59
0.16 0.03 100 14.3 6. 60
0.22 0.03 100 1. 00 6.62
0.16 003 | 130 50. 0 6.63
0.18 | 0.3 L 130 a6 6.65
0.20 | 0.03 125 | 1.39 6.67
0.20 | 0.0 120 37.5 6.68
020 | 003 110 1.25 6.69
0.19 | 0.04 98 17.2 6.71
0.20 | 0.03 | 125 | 139 6. 67
020 | 00 | 10 | 125 669
0.19 . 0.04 0  1m | 672
0.10 | 0.04 | 8 | 326 673
0.10 0.04 | 88 | 0.8 6.75
0.10 | o004 88 1.10 6.77

FRoOFEFECHE ST, 4% FP RS WTIkg
BAER LOREFEROLHERLHEAT 50 DHE
a— F FPRI 2MERR & Wiz, ZOAATF—# R I0H
HF— 2 D—fFl% TaBe 1, 2 &R L. AAF—4T
#~— FEEH 100 B L, OX SHEEROIE 5 2 —
%, 200 BT ELBEEIRD sk LU p-PusktT At
BR5 2 —2%E2 T5E, HAF—7 CloBEER T
— RN ARDOBERMC L v Rl RI1, SELE
R CTRDIAER RI2 TH 5. FicFemBEFROILE
BOMEL RIS 4 ©, 205 s L AfEN RI 3,
P-EC L BEN RI4 THBH., ThBOMHEIXFET R AFY
—# 4% TlRDdHR S LFRC, IS
RI' % RI1, RI2 %X RI34 ofafur L TE#%
WWRINTW 5,

2.2 HECERLEET—%

= 2 X —fEokmEiitIEs L T BNL-
325 v ) — %X Off v, GA-2451 (II), GA-2451
(II), GA-2113, ENDF/B 4,6t L7, @R X —
Wi EhER T BNL-325 v ) — X & Rju 1o,

SRR LRV 5 2 —FfHiIZE L L T BNL-325,
2nd ed. Suppl. No. 2 Dffixv, ZThicV =z FZh
T Aizik BNL-325 o U BRofE% £ & L,
ENDF/B °HsE@mX/cEnb bl Lik.
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108 10¢ T

. even —even
108 ° ;
& . .
T v wl .
£ o s :
= 10l . E * R .
. e e . :
- : . '-- o .~
102 - 102} , ot N
. . % .
) " A T
1% T I E— * T
A
o L A — 5260"
* even Z A
108k . odd N Fig. & Average radiation widths. (from GARRISON
‘e s & Ro0s)
2 e
3 ."_'.-,.. . . Nf,lv;*g?N” ¥ L O Garrison and Roos® m#4:, I'y &
A ol .o : Doys (. Garrison and Roos D6 o2 A L
. ) . BRI 2.1 TR~ X 51T Jaw ORRD %/
1t A . Wis, Tase 3 ihhbh A G R T A — & OfF
) AR LT, 7oL TABLE 3 OfEC R ic 0 W Tk
0.1 T RiBoN ef al” DERXBEA L, Mo ® RfLmHEITOWT
4 FREEO RIS EET —~ 2 C—BTD L5, A5 2
10° —Z HTRBE LI, o REED RIS EE & HEE L O
°. odd Z RFH I LB T Is o T 7,

UL . even N Fig. 31X SETH Ik % A=70~170 T s-J stre-
- S ngth function #fE% 7wy FLEb DT, Hi
210t . ) 7 — 5 BIFEAE LI AN IR % AT 75 5 1odicBlv e b
;ﬁ . . * DTH5.

102 . . Fig. 4 (¥ Newson &, Garrison and Roos i k%

o ) p-¥ strength function OF#HE%L A=60~160 D

lor “ e BTRLAEL DT, WO ® JaN 1 X 2 RERINE
N AR DOHFBENC & % FHERRLRRHC R Lz, Garrison

15~ oo 200 and Roos DfEIX A=100 © p-JoK X feItMB o
A Tix WestoN 7258 (Fig. 4 @ Duke o5 — %) @ old

fig. 5 Average level spacings. (from GARRISON value [Z3FE <, NEwsoN DL O LWF—4 Tt A=

& R00S)

BHEIV L5 2 —20D 5 %, s-3 strength func-

tion (¥ Setn DOHFEL,

p-#& strength function it

100 ©o» strength function A2 kX,
Fig. 5,6 1Z GarrisoN and Roos iZ &2 Dy B IO
Iy OfREEYEHBT 5.
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3 HMWMAEORE

M&ic Z=32~68 D 200 &z >\ T, TE{EH,
WM, WESHE LV <R, BPHETRIEE, SR
ORAEME, FOEROLAOHEME, BEMED L ixfh
DOWEFC & 2FMIE, L h HOHBIT & b AR
HTHIE LIEL R,

s 7RI BNL-325 & b i - 72t BNL-
B LEBINTVDH L5, ThLOEESTLY
2,200 m/sec TOETIL/EL, BFF2 X7 MrEiik
BUERA X7 PNV LI BEHETHDH L HDH. £LD
FP it 1/v Blico ¢, £ OFI[EI o\ 23,
,>10 barn OPSITIIEZTELENRS B,

FLEFE S ORUEME L 19654 ¥ T D §, D it Drake?®
CEAMBEABRHLTHS. Ch bz r¥ —
% 0.5eV ik I h, X b ¥YAu, ¥Co niE#E
WY R AR A S A R E LR T b T
5. L LHPHEFR Y PAROWCTIIEEIR T /e
. Drake OFREMFELA O RIEELMO HBES R L0
CINDA 72 b5 LcREEQHEAME LIS, hb
OFTERL LT b TRALD T X TH 5.

MERLDOKROZ ENRBHLRE.

(1) Lo L THB A5 2 — 7 ORELTRZEL
T2, EE LAV ORIEED H 2R LTt
Nhh OFF BB OB FE OFFEE & B LU TR
L <—&%LT5,

(2) BB EAEME S ORI, LIE LISHRED IR

NG A~ ENBITEBELIC LT EDREWL W
HEUARBAS.

(3) WEEEEEE LTk, ¥k, MEE
M3 B LIEL XN AR AEENS 5.
ZOX5HRBROT BN I RETH BN,
BRESY (RI) OEZRED B, KO L5 nEEL I

7.
(1) FEME & BIRMEA 72D X B LT BRuLE
Hiix s 5.
(2) FHEME & WEES VB STV AR, FERY
CELOCREE, ¥ REEOBMTEY D,
fetil, WEEAVNE L, 2OFHEEE OThA
BEOKWE T 2 — &5 BIIER LIS WEEILE
Hifx s 5.
(8) FEMFAIREEDOThD LHIWIFEILES
hees.
() BpME-TETEE (2, 200 m/sec)ED i Ths
BRI 1o BE LT RI R 5.
(5) 7=72L, EBED A, Z %D RI fEr HHEi LT
(8), WOBRVAEEEEZ 2 LR HRRTITIEHEO
O RICiHER LS.

(6) FEEZ®ERIFE, BPEFHEROKE VKT
FESPHT RS OMEEORCEEETS.
FROREREIREE L DT L, ST BESRIRC

I EH/EVHEARLI
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15 ZA A R O v YTl T B

4 FPEFHEET—5

Koy FP OB = 3 v X — % T OWiEfi
/v ROz 2 X — K E Rice b, 0.0253eV
(2,200 m/sec) It % RINNTERE O A EHEC LTT
BEOxXNX BT BH 0,(E) ZRDTVB,. La
L 0.(2,200m/sec) DfEDOAE VWL DL 1/v LD Th
TWARENY S S L B0 T, ThEhokiEc
DWTHEEO = 2 VX —REFEERD I,

#IEHED 0,(2,200 m/sec) DfEIx iz BNL-325 2nd.
ed. Suppl. No.2 oA IR TWT, R ELED
BhTW5h, ULl 0,(2,200m/sec) &z b T T
b, TOTINE—~KEHOF -2 3L T LIBORT
Wighs, #o Thhbhid FP OFEERYES 5 2 ©F

13Cq, 129], 135Xe, M3N{, 145Nd,

JAERI 1206

149Gm 151§, 18Ry,

BGd XUt 5'Gd 2k 1/v B paExhis, Thb
=R 5 — %1% BNL-325, ENDF/A, ENDF/B, GA-
2451 (m), (I,

7o,

B I GA-2113 /&
Fig. 7~17 i Zh COBED 75 7 %7K L1,

N}, 3ok oF e

B XX —~FEROMEE T — 7 »ME b h o
193 CH Y, Exbhb FP 0¥ { bRTHESTH
5. WMEEI RO THIEERE (A) LRTER (2) 0
B LT, #0 (A, Z) OFBC kX KEEHEY Lo

LR H T,

IO (A, Z) OO WEHKx 1000

barn L{RETBHELHS. Lo L, bhisiii®E barn
Tithb I OB X H5PEFORNYERT S 2 2T

CEELBLhIBEBECERE LT, 207 -2 OfEY L. LW LEBEABBIEEALYEZDRTWSEE
Tinotc., EELEET, BCHEY ShT\b FP# zZbhb.
BOREF = 1 v OB fFER» LBEEIh, %Rh,

Rh—103 _

5 | l ' ] ] 5f ]
£ | | y £ 1 . © :BNL—325 ('58) -
104 I ! i < . - GA—2415 ()

g | ! 3 3 g 10F e
S ! . E R ]
g S ' , ] S 5 \ 1
[} o -]
2 : ) » ! b
: | P N
@ 102 : ] : 1 :
2 F ! ] 5 °F ; o ) E
A I T :
L i i i ! T
10 ! ""'“'i N bttt il Lt 1t 2 ....:..I Loy vy Gov oy e
0.001 5 0.01 5 0.1 .5' ™ 1 0.001 5 0.01 5 ) 0.1 5 1.0
Neutron energy (eV) Neutron energy (eV)
Fig. 7 Thermal cross section for 1%Rh. Fig. 9 Thermal cross section for !%9].
10¢ a3 107 - e 18
5t 5f | 1 ]

L = 4

2 5 | |
] - : |
104k — E10° e ‘
s I 3t : ! 1
3 5 & S . ; :
O 2 i ]
3 £ g
g © ;
: 10°% g 105: - B
5 a _F b
s 5 x L 3 9 1
S 0 10 [ a

102 PR N R W N N W 1 1 1|||A|J‘ Aot LAt e 10‘ Lo a sk Fu— xAuuL PR SN S\ CR N Lot 1l

0.001 5 001 5 01 5 1 5 0.001 5 0.01 5 01
Neutron energy (eV) Neutron energy (eV)
Fig. 8 Thermal cross section for 3Cd, Fig. 10 Thermal cross section for **Xe,
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Nd—143

4
10 e EERL —T Ty T — T

T T

1L rai

3.

108

4.1 1101

I _

102

Capture cross section (barn)

Ll gp01t

\\_

100.001| 1 lllluo'Oll 1 |é|1\|0.1 1"l l5 l1
Neutron energy (eV)
Fig. 11 Thermal cross section for *43Nd.
Nd—145
108 p——r—r T T
5F ‘ ]
i A

—
<

Capture cross section (barn)

o
T TV TIT
Lol

T
1

NIRRT [ R R Lot s t1ts [ R ET]

1 1

0.001 0.01 5 01 5 1
Neutron energy (eV)
Fig. 12 Thermal cross section for 4°Nd
108 e Sn-18.
5 E } ]
= | | ]
50t | ]
= |
g 1010 — y
5| f ]
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g | 1
A (13 SN — —
2 | ]
Q - i :
3 5 \ ]
L : ]
102 i 14 1)) l\ 1 L L 11 1 1daud
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Neutron ene;'gy (eV)

Fig. 13 Thermal cross section for “°Sm.
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§ ng E
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Fig- 14 Thermal cross section for 53Sm.
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Fig. 15 Thermal cross section for '%5Gd.
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Fig. 16 Thermal cross section for %Eu
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5. » & H &

BB OHBCHER Lic T A—2 D 5B T, FEH
BESEIR D v =T 2 — &, B <I't/D> offiicoun
THAFWRICANS L, OFEROIRFEIECTITN
DOBRENTEINRTWELELIhA. L Lbhbiik
bt PR RS E LT FP OEEOEREIT -1
DT, COBEIHFRINBHLOLEL TS, HE
o FP OWiE#YE 2 2B IBE i <[r/D> o
SENSETH S, FRESOERECOVCTLT
TR 5, FORECABTLLE L 5.8
AT, SR BO I E bbb BRI RS
7o BRI I RO BETH 5.

EHRERPEEOREEN L DI LT, ThbD
WERCE T2 F— 2 0o, AREHCELD
72 F =2 BT LL U 5 SAMRL DT, Lrd
COEMIABES HOPRTELDLAILLDOTHY,
FOBDTF —# BT HLEEXYETLIHRLIBDD. L
B LBvhE IR O FPIFERAERT 5 1o DT
—x2 F LTRVABETE Ly 5 SABEOEEEE
ExioborBbhs, #t-7T 0,(2,200m/sec) &
RI 3N ECHEREI N HEHEOBREF = 1 v OB

BHBa— FOANTF—% & LT, ikl EE
FNE RO SHOMNERM Y v MIBEELRERD D
FEBERDOANT —4# & LTHV RT3,
AEEHECRNDR O AEZECEL, REEK (B
32) B LOEBHRLWEK (MAPD 2oy 7/ ~HREER
LOBBREOH LB L BHEHTE.
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Appendix Table of thermal crose sections

and resonance integrals for

fission product nuclides.

17

Exsample_
35Kf '
(1 i 2) - (3) (4) (5} (6) (7) (8)
At ﬁgffng'nfgr o (M“.'ﬁ'-"fwa'i"sé’;‘é‘?‘“’) RI Unrospivod Emalsurrodd Rl RI
: . . g9y cal cal valuate
Nat (43.5)
82 11.56 45 15 i (0.04) 190.1 13.7 180% 210.4
83 11.65 205 l_@ 2 (0.03-0.23) 154.8 t5.4 :gg:** 245.3
84 56.90 - 0.16 2 (0.5-0.58) 3.47 0.34 33¥% 3.54
5.5 2**
85 9.4y 15 29 29** 81
. 81 a
*  Walker, CRRP-913 (‘60)
#% Garrlson 8 Roos, N.S.E. 12 115 (‘62)
»#x% Walker, Parls Conf I 521 (‘66)
4 Cook, Parls Conf. I 549 (‘66)
(1) A: Mass number
(2) Abundance (%) for stable nuclide or Half-life for unstable nuclide
(3) O",h: Thermal heutron (2200m/sec) cross section (barn), The value 45 15 maans 45 + 15 barns. The
cross sections marked by + and ++ stand for the datu obtuined by activation exporiment and measured
in reactor spectrum, respectively.
{4) Numbor of resonance levels (Min.-~ Max. resonance cnargies, keV)
(5) Rlyg -t Calculated value of total resonance .integral. (Uncorrected for thermdl tall, barn)
(6) .Unresolved RI. ;¢ Calculated value of resonance integral In' unresolved region

(7) Moosured and evaluated valuss of resonance intégrals {(Upmarked data are taken from Drake*s compllation, barn)
(8) RI: Total resonance Intégral used iIn the present work { barn}
320€
. Abund. or th Mo. of Resonance Unresolved Measured and
A | Half=ife " |iMin~Max. Energy ) | Rlcal Rlcal Evaluated RI RI
Nat,| 342 35% (0.14) 3529
69
70 20.55 3.68 18 (4.3 ~38)
71
72 27.37 098 8 10 (4.5 ~40) 0.ze7 0.070 0.71
73 7.67 {14 1 6.3
74 36.74 0.45 Z0 2( 5~22) 0.185 0.091 0.36
75 82 m
76 T.67 036 7 4( 5-293) 0.132 0.068 0.30
33AS
APbund. or th. No. of Resonance Unresolved Measured and
A Half ~ life Ca (Min~Max. Energy) Rlgal Rlcal Evaluated RI RI
‘Nat,
T4
75 100 4.3 2 | 10{0.047~-92.7) 57.8 1,59 36.1, 40.3, 81* 60
76 26.4 h:

% J.W. Rogers

and J.J. Scoville, Trans. Am. Nucl. Soc. 10 259 (‘67)
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345¢
A | Abund. or ot Mo, of Resonance RI. Unresolved Measured and RI
Half = life a {Min~Max. Energy ) cal Rlcal Evaluated RI
Nat, 22 s 2.04 9.6 12
73 A '
74 0.87 [507 2(0027~0.27) |507 2.0 530
75 ‘
76 9.02 |857 {1 (0.38-24.2) 7.95 0.10 46
77 7.58 | 424 13(041~1.5) 15.4 2.2 2% 34.3
78 23.52 | 0.384"| {0(038—~40) 6.47 0.074 6.65
79 6xi0y | 40 18
80 49.82 | 0616 | 9(2-39.9) 0.485  0.078 0.6% 0.76
82 9.49 | 2115 | 4(66~26.6) 0072| 0.035 1.4 1477 128 0.98
83 25m
* Walker , CRRP-813 (760)
#%  Garrison—-Roos-, N.S.E. i2 115 (‘62)
A Cook, Paris -Conf. I-549 ("66)
358r
ARG | o | Mno e nrey) | Real | “"Riear” | Evaluated RI R
Nat. 6.8 4 90.5 18 14
79 50.5. |[10.95 | 7(0.04-04) | 1270 15.2 153 132
80 18 m
81 49.5 3.14 | 3(04-02) 53.3 13.8 60% , 60 7** 54.8
82 3.59h
84 30'm
85 3m
* Walker, CRRP~913 (’60)
%% Garrison and Roos, N.S.E. 12 {15 (‘62)
36KF
A ﬁbund.’-or olh No. of Resonance Rl Unresolved Measured and BRI
‘Half~tife a {Min~Max. Energy ). cal Rlcal Evaluated RI
Nat. 24.0.10 (43.5)
77
78 035 | 205" 0.9
79 ’
80 2.27 |14 2 {(0.41) 74.8 8.4 81.2
81
82 11.56 |25 1(0.04) -190.1 13.7 | 180%* 190
83 | 11.55 (20530 | 2(003-0.23) |1548 | 154 140% ,201 45** 150 245
84 56.90 o.16* 2(0.5~0.58) 3.47 0.34 3.3% 55 %% 3.54
85 9.4y | 8 2929*% 814 8l
86 47.37 0.06 2+ 0.044,0.07,0.072 0.07
87 77m (6007 <270
%* Walker , CRRP ~ 913 (‘60)
%% Garrison and Roos, M.S.E. 12 {15('62)
*%#%  Walker, Paris Conf. 1 521 (‘66)
A Cook, Paris Conf. I 549 (‘66)



#% Garrison and Roos, N.S.E. 12 115 (‘62)
Cook, Paris Conf. I 549 {'66)

A

JAERI 1206 Appendix 19
A Abund. or Of fNo, of Resonance RI Unresolved Measured and RI
_ Half - life a (Vin~Max. Encrgy) cal Rlcal Evaluated RI .
Nat. 0737 2.70 9.0 28
84
85 72.2 o076 | 11(0.2-59) 2.86 0.061 0.12% , 0.67 8** 3.2
86 5.09y
87 27.8 0.123%| 6(027-86) 228 | 0038 o.11%,0.21 15%* 2.33
88 178m | 1.0 2% 0.45
89 15.4m
%  Walker, CRRP-913 (‘60]
%% Gdrrison and Reos,N.E.3.12 115('62)
2gor .
Abund.. or ih Mo, of Resononce Unresolved Measured and
A | Half~life Ca (Min.~ Max. Energy ) Rlcal Rlcal Evaluated RI RI
Nat. 1.218 7.46 17.1, 10.0 26, 14 3*¥*¥
84 | 0.56 1.05% |10 (036~ 3.4) 8.65 0.59 9.12
85 e
86 9.86 08 1¥ 9 (0.6-18.8) 2.87 0.15 3.23
er | 7.02 7.0 19 (0.004-3.7) |100.9 0.53 100% 104
88 | 82.56 0005 1* {19 (0.003-0.21) | 0.0533| 0.0024 |0.0045%, 0.06 8** 0.057
89 | 514 05 1F 0sg?h 08
" 90 | 28y 10 6 28 2.0
%  Walker, CRRP- 913 {‘60),
%% Garrison and Roos, N.S.E. 12 15 (‘62)
xxx INDSWG -64, P 65('64)(from CINDA 69)
a  Cook, Paris Conf, I 549 (°66)
z9Y _
A Abund. or gih No. of Resonance RI Unresolved Measured and RI
Half - life a 1 (Min.~Max. Energy ) cal RIcal Evaluated RI1
89 | 100 1282 | 10(2.6=15) 0.190 0.021 0.84,0.%,0.78 20%%| 0.765
90| 64.8h | 4 y74 17
94 58.0d | 1.07 1.4 1.4
%  Walker, CRRP—913 (‘60)
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4a0Zr
A Abund, or oih No. of Resonance RI Unresolved Measured and RI
Half ~life G (Min.~Max. Eneray) cat Rlcal Evaluated RI
Nat. T 29,375,0656, 108,
0.1888 112 1.51%1.0 3,106 14
20 51.46 010 7. 14(38-68) 0.223 0.063 % 0.268
» 5015, 8.79,9 3"
91 11.23 1.6812 | 14(0.18-56) 6.45 0.334 4.8 : 7.7
92 17. 11 0.25 12 8 (2.7-47) 0.47 0.015 055 55" 0.58
93 11x10%y | 15 1.8
94 17.4C 0.0758| 19(23-42) 0.250 0.017 0.2 2*** 0.284
95 654
96 2.80 0.05 1. | 20(03-58) 5.42 0.013 |o0o07a** 5.44
97 16.9h
% MK, Drake, Nucleonics, Aug. P.108 (‘66)
#% Walker, CRRP-913 (‘60)
*%% Garrison ond Roos, N.S.E. 12 115 ('62)
N
Abund. or h Mo. of Resonance " Unresolved Measured and
A Half - lifa Ya (."/iin_-'Max. Encrgy) }‘Icul cal Evaluated RI RI
8.5, 57 4, 12.7 50
93 100 1LI55 j111{0.0358~4.7) 2.16 0.16 4, 87365, 102% 873
94 | 2.2x10% 1| 5 500 200%** 500
95 234 4
* INDSWG ~ 64, P.75 (‘64) (from CINDA 62)
%% Schuman, IDO~-16760, 213 (*61).(BNL-325, 2nd. Suppl. No.2)
azMo
A Abund. or oin Mo. of Resonance RI Unresolved Measured and RI
Half - life a (Min.—Max. Energy) Yeal RIgal Evaluated RI
i 13.4 ,13.817,14.9 20,
Nat. 2708 23.7 19.5 25, 26.2 10,32 {31 ,
23.1
92 15.9 (0.3 5(0.347-17) {.21 0.23 1.34
93
94 9.1 0.3 3{{.5-~5.4) .52 0.88 1.70°
95 i5.7 14.55 16(0.26~7.4) 98,6 1.24 109 33* 101 20 106
96 16.5 126 4{0.41-3.3) 25.8 0.824 26.3
o7 9.45 | 2.27 | 10(0.07-1.3) 5 2.22 16 4% 14.5
98 23.75 0.152G1 9(0.0i2~9.1) 5.66 0.57 5616% ,6.37,66913, 6.73
9.425,8911 ,6.6%%
99 66.31
100 9.62 0.55 5{(0.097-1.7) 7.56 0.76 6225% 11920,37320,] 3.94
‘ 4,15 23, 3.7**

¥  Garrison ond Roos, N.S.E. (2 115(62)

*ie

Walker , CRRP— 1185 ('64)
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43TC
Al Abund. or gt No. of Resonance RI Unresolved Measured and RI1
Half - life a {Min~Max.Energy ) cal R Ical Evaluated RI
99 | 24x10%| 223 9(0005-0.2) | {93.7 13.8 9220,1403%,200%*% | 204
*  Gamison and Roos, N.S.E. (2 115 (‘62)
%% Walker, Paris Conf. I 521 (“66)
44Ru
A | Abund. or ot No. of Resonance R1 Unresolved fdcasured and R1
Half~life a (Min~Max . Energy) cal Rlcal Evaluated RI
Nat. 2.5613 (23.7) 82 &
96 5.7 0.21 2 5.51 40 5.5¢4
98 2.2 (8 3.6
99 12,8 10.6 6, | -2(25-230¢V) | 42.3 9.54 195 20 195
100 2.7 1047 11.326 11.3
101 17.0 3149 11{(16-460eV) 72.4 T7.29 79.280 ,77 8% 73.8
{02 31.3 1.4418*| 1(200eV) 9.9 6.91 41641.,41.0 35* 10.6
103 40d
104 18.3 0.47 464 ,25% 4.6
105 4.43h 0.20.2 0.09
106 {0y 0.146 45 206%** 066 ,1.3%* 1.3
%  Garrison and Roos, N.S.E. 12 115(%62)
%%  Walker, CRRP —1185 {'64)
%¥% R.D. Werner and TA. Eastwood, N.S.E.2120 (65) (Ec=0.54¢V)
A Cook, Paris Conf. I 549 ('66)
£ J.W. Rogers and J.J. Scoville, Trans. Am. Nucl. Soc. 10 259 ('67)
45Rh _
- th No, of Resonance Unresolved Measured and
A ﬁgluf"fn%r Ua (Min~Max.Energy) | Rlcal R cal Evaluated RI R1
06d
102 2 592.675.4%00!_(29_ -
{03 100 1505 |69(1.26-800eV) [ 1074 6.25 1?2&1220 . 1030 31 1070
104 4.4m |CO0JOQ*** 360
' 42's 407 30H+
5 A ' 5
105 36 h 15000 1.65x10 .56000 1.65x10

* welker , CRRP-913 (‘60)

* ¥
K

Garrison and Roos N.S.E. {2 115 (‘62)
Walker, Paris Conf. I 52i {'€G)

a Cook , Paris Conf. I 549 (‘66)
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a6Pd
A Abund. or oih No, of Resonance Rl Unresolved Measured and RI
Half - life a (Min~Max. Energy ) cal RIcal Evaluated RI
Nat. 8.0 15 (88.5) 22,3, 121%%%
101
102 0.8 48 15% 2.2
103
104 9.3 6.0 1 (186 eV) 16.7 5.8 14* 19.4
105 22.6 11.0 {4(12~360eV ) 75.5 6.41 67", 76 22*% 80.5
106 274 | 0.29229] 1(290eV) 8.19 2.67 59660.55%,125"* | 5.96
107 7x10%y | 10.0 40%% 360 36
108 26.7 12.3 3(3-92ev) 224 13.4 150%, 169 65%* 224
{10 13.5 0.257 [(12eV) 58,1 52.3 6.0% ,103%* 58.2
111 22 m 0.21 0.945
% Walker, CRRP-9{3 (‘60)
®%  Garrison and Roos, M.S.E. 12 115 (°62)
%35 JuJ. Rogers and J.J. Sccville, Trans . Am. Nucl. Soc. 10 259 (‘67)
& Cook, Paris Conf. I 549 (‘€6)
arhg
’ Abund. or th Mo. of Resonance | Unresolved Mecsuredv and RI
A | Half- jife O |(iin-Max. Energy) | el RIcal Evaluated RI
)650.460_72.835_2
‘ 63.6 6 740 698 20,755, 670 20
Nat 3.66 730 5048
106
{07 51 35 5 14 (16 ~600eV) 87.2 6.57 87.2 103
108
- { {0.8 {890 200, 1240, 1460
109 49 913 37(5-620eV) | 1419 1890200 1240 s
f10™ 249d | 82 #i* 37
3 Walker , CRRP-913 ('60)
¥%  Garrison and Roos, N.S.E. {2 115 (62)
*%%  Walker, Paris Conf. I 521{(‘G5)
5 Vidal, Paris Conf. I 479 ('66) (Exp.)
§§  Vidal, Paris Conf.147¢ ('66)(Cal.)
45Cd
| Abund. or i | No.of Resonance | -y | Unrocolved Meosured and 01
’ Half = life a (Min~Max. Energy ) *Scal R Ical Evaluated RI
Nat. 2450 30 (84.3) 17.530"** 102.2
106 1.22 {.ot 0.45
107 .
108 0.87 | 2.040* 0.9
109
{10 2.4 0.103% 1(90ev) 43.4 12.3 30% 43.4
11 12.75 | 2433 | 8(30-230¢v) | 49.6 2.8 44%, 52 127 51.0
12 24.1 0.03015| 2(67-230¢cV) 11.8 4,10 5% 13 5%* 11.8
113 12.3 20000300, 9(0.48-200eV) | 520 9.48 652 20** 530
114 238.9 0.3015% 1(120eV) 15.8 6.11 10* 15 5%* 5.9
i15 53.0h
{16 7.58 1.53 0.675
* Waliser , CRRP =913 (%60)
¥%  Garison and Roos, N.S.E. 12 {15(%62)
*%% Simpson et al, P.R 105 616 (‘57)
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Appendix 23
zoln
A Abund. or O.:h- No. of Resonance RI Unresolved Measured ond R1
Half - life g (Min~Max. Energy) | "'cal R Ical Evaluated RI
Nat 184 3 2850 2200300, 3790 250
3740250 , 3287 70,
2200705
13 4.23 114 7(1.8=45¢V) 250 50 1050 ,1025% 250
+ . 2640,3550 100,3440,
1s 95.77 | 199 12(1.46-95eV) | 2965 20 261078%% , 3280 100 3450
32501420, 3300%%*
3300 400%*
% Walker, CRRP—913,(60)
®*%  Garrison and Roos, N.S.E. 12 115('62)
¥¥%%  Walker, CRRP- 1185 {64}
) Vidal, EANDC (E) 57U (65}, also Paris Conf. 1 479('66)
5§  Blown, Dissertution ('68) (Ec=0.5eV, for 54 min. aciiuity)
505n
A Abund. or ~ih No. of Resonance RI Unresolved Measured and RI1
Hali-life Ya (Min=Max. Ensrgy ) | Dleat RIcal Evaluated RI
Nat 0.63 i 5.61 4.56,5.77,3.74 20
. L34 . 8.7.20
{12 0.5 {.25 12(0.02~1.4) 29.7 2.51 30.3
144 0.65 6(028-2) 7.55 1.46 4.6% 7.55
15 0.34 | 60 410.3-0.9) 5.24 3.46 {.9% 5.24
16 14.24 0.00627 9{0.1-3.4) 15.5 0.72 (3% 15.5
1T 7.57 2.7 24(0.0013-1.4) 15.6 2.03 15% 16.8
118 24.01 0.0106"| 10{0.05-74) 5.35 1.39 4.0% 5.35
119 8.58 2.5 16(0.005~1.3) 3.75 1.44 56% 5.0
120 32.97 0.t43%| 7(036-1.7) (.73 0.71 0.75% 1.50
22 4.71 0.485%| s5(0.1-6.9) 0.84 0.29 0.92
124 598 | 0.14% | 5(006-97) 10.9 0.20 2% 11.0
126 5.0m 0.2
%  Walker, CRRP~913 ('60)
5150
d. o th No. of Resoncnce . Unresolved rheasured and
A f‘,‘;ﬁl‘_ iifo Oc'  |(Min=Max. Energy) | Rled! R 1cal Evaluated RI RI
Nat. 5.7 10 168 11512 ,106 13
124 57 6.55 14(6~170eV) 202 10.9 143, 160% , 200% 205
122 67.0h
123 43 a4 6(20~190eV) 124 11.6 138 124
124 60.2d 6.5 \
125 1.56 23 23

% Walker , CRRP=913 (60} (R[4 =200 Barn)
& Cook, Paris Conf. I 549 ('66)
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52Te
A. Abund. or o-in N0, 0f Reosonance - Unresolved Measured and R1
Half~ lite a {Min~Max,Energy) | "‘cal Rlcal Evaluated RI

Nat. 4.7 4 (53.5) 37 .,74.4,506
120 0.089 | 2.34 1.05
121
122 2.46 2.89 4(0.07-1.8) 43.5 1.22 55 % 44.8
123 0.87 [410 30 12(0.002-0.36) |55!8 6.59 6560% 5520
124 4.61 0.04%* 7(0.2-1.9) 4.02 1.89 24% 4.04
i25 6.99 1.56 10(0.026-0.52) 16.2 3.01 23% _ 16.9
126 18.71 1.04 1(0.2) 1.3 2.53 9.0%, 12 3*¥ 11.8
128 31.79 0.47% | 5(04-10) 10¥ ,22%* 0.6% 10
130 34.49 0.26* 3 2.9 2.626%% 1.5 3
* Walker , CRRP —-213, {'60)
%% Garrison and Roos, N.S.E. i2 115 ('62)
& Cook, Paris Conf. I 549 (‘65)

531 _

A | Abund, or o No. of Resonanca Rl Unresolved Measured and RI

Half = life a {Min.-Max. Energy) cal Rlcal Evaluated RI
Nat. 622
125 60.2d |894 90 13730 2000 13700
- 154 10% >90,106 12
127 100 &2 2 |10 (0.02-0.2) 146.6 10.1 177 30, 130 18, 150** | 149
N : 140 20%*%
22 7***% 3910, 50.440
129 L7x107y| 283 | 5(007-0.19) 23.4 13 247 = = 36
130 12.5h 18 3* 8.1
Pob A

131 8.1d o7 3, 6.8 8.4
135 o.178

%  Garrison and Roos, M.S.E. j2 1i5 ({‘62)
%% C.B, Walker, CRRP~-{8E (*64) e
x N.J. Puifenden, N.S.E. 17 371 {*63)

& Cosk, Paris Conf. I 549('66)
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Appendix 25
54Xe
ALbund. or iy No. of Resoncnce 2 Unresolved Measured and
A Half = lite Ua {Min.~Max.Energy) Rlca Rlcal Evaluated RI R1
Nat. 24.5 10 (226)
124 0.096 [100 20 1(5.2eV) 1136 53.1 2690, 3600 500 3150
125 «5600
126 0.090 1.510 0.675
128 192 | (8 o 3.6
129 26.44 21 7 2{9.4~5S2eV) 261.2 16.7 240% 271
120 4.08 (€26 H
10z - 734 0.9 BO0** | 760% , 784
131 21.18 |141020 3(14-T6eV) | 734 2 e
132 26.89 | 0.272 0106, 1.8 18 ¥** 0.122
024
133 5.3d |150 17004 1700
{34 10.44 0.228 0302 ,0.65¥%% 028 0.302
135 9.43h [(364)x10°| 1(0.084eV) 590 ' '7.2x10°
135 3.87 0.28128 0.11%%% 048 0.4
% Wil , CREP ~ 913 {'60)
%% VWhlior  baris Conf. 1 521 {'G8)
¥i¥%  Gosrison ond Roos NLS.E. 12 115 (62)
A Cook, Paris Conf. 1 549 (‘66)
55CS ;
A | Abund. or ot N3, of Resondnce | RI Unresalved- Measured and RI
Half - life a {Min~Max. Energy) cal Rlcal Evatuated ' RI
: 16928 ,47740 , 550 80
133 100 29.015 | i7(5.9-500eV) |367.5 6.08 37050,464 {5,420 40% 440
420 80,450 [5**F
134 23y | 13412 11508 1150
135 | 2.6x10%y | &8.75 80523 , 552 80.5
{36 | 13d 9.5
137 26.6y | 0.11033 0088 - 0.08
138 3.2m f.12 I
% Walker. CRRP~913 ('G0D)

4%

A

Garrison and Roos, N.S.E.12 115 (‘62)
¥u% Vidal, Paris Conf 1 479 (‘66) (RI,q=38060Q)
Cook, Feris Conf. I 549 ('66) ’
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Abund. or th No. of Resonance - Unresolved M d d
A | Hal ~life 0" |(Min-Max Eneray)|  Rleal Rical Evoluated RI RI
Nat 121 (807) 74,12617,90 2 &
130 | 0.101 135 6(0.38-0.90) 8.97 1.31 15
132 | 0097 8510 38
134 | 242 22 1(0.06) 24.4 14.7 25.3
135 | 6.59 58 9 |23{0024-1.3) 95.8 2.09 98.4
136 7.81 04 4 | 3(01-7.7) 9.98 0.49 13% 10.2
137 | 11.32 51 4 | 3(0.4-1.4) 335 1.75 5.65
138 | 71.66 03515 |25(32-190) 0.0032 00004 0.50 7 ** 0.163
139 85m 41 1.8
R
140 13 d 1.573 13.6 14 *** 13.6
b Vigsr CRRP =913 (°60)
%% Gartison ond Roocs, N.S.E 12 115 (‘62)
#%%  Halgerin o al, ORNL - 4164, 1 ('67)
£ INDSY!G 64, P.75(‘64) { from CINDA 693)
57L0
Abund. or th MNo. of Resonance \ Unresolved Measured ond
A Half = life Oa (Min—~Max. Enerqy)- Rlcal RIcal Evaluated RIL RI
Nat. 892 13.6 107, 5520, 19°**
138 0.1 10(3.1~360 eV) 332 7.32 332
130 | 99.9 g2g | 2075-72¢v) 13.3 3.57 g% 1 3** 133
140 40 h 3.110 ~60% 60
%  Walker, CRRP - 913 (%€0)
#%  Garrison and Roos, N.S.E. 12 115 '62)
o Rogers et ol , A.N.S. 0. 259 {'67)
"§  O'Brien, NUCL 25 241 (‘67)
5806
A Sbund. or Gih ‘Mo. of Resengnce Rl Unresolved Measured and 1
Half - life @ |(Min—Max. Energy) cal Rlcal Evaluated RI R
Nat. 0.738 3717 '
136 0.19 | 2525 1.2
138 0.26 96 4.0
139
140 88.48 0.6086 0495,0.52% ,048 5** 0.49
0.54
141 32.5d [ 293 13.0
142 11.07 0.955 1.38%,1.08 1.0
143 33h 6.0 7% 27
144 285 d 1.04. 26226 2.62

%  Garison and Roos, N.S. E.12 115162)

%

Walker, CRRP~ 1186 ('64)

&  Cook, Paris Conf. I 549 (%68)
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27
59Fr
Abuid, or in Mo, of Resonunce - Unresolved NMeasured and
A Hali - life Oa (Min.-'h’mx.Encz'gy) Rlca Rlca Evaluated RI RI
73, 121,6.4%
141 100 12 3 | 58({0.085~57) 12.5 0.38 235 90%* 1808 18.0
142 19 18 3t 8.1
143 13.7d 89 10 190 25™** 190
144 17.5m
X Walkar, CRRP-S13(‘60}(R1cal=19)
xx  Gamizon and Roos, N.S.E. 12 115 (‘62)
#x%x J.C. Roy and L.P.Roy, Can. J. Phys. 37 907 ('59)
coNd
Abund. or th No. of Resonance Unresolved Mcasured and
A Haif-life Ga {Min.~ Max. Encrgy) Rlgal Rlcal Cvaluated RI RI
Naft.
438 2 (30.8) 406, 43 4
141
142 27.13 182 8.1
<50, 14%, 130 60**
143 | 12.32 | 33510 | 8(-6-190eV) | 509 22.4 30"K* 202
144 | 23.87 508 2p**, a7t L 1817
154 15, 245140 , ’
145 8.29 52 2. 5(4.4-104 ¢V) 282.4 21.3 240% |, 255%%% 306
146 | 17.1 10 1 25 25™*, 25°% 25
148 5.72 2.95 1875 , 48 48%, n® 18.7
150 5.60 .83 14 13%% 58 5
* Walker, CRRP-913 (*G0)
%% Garrison and Roos. N.S.E. 12 1i5('62)
RXK Walker, CRRP - 1185 (‘64)

A Cook, Fariz Conf. 1549 (‘66)
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¢ Pm
i A Abund. or C\m No. of Resononce RI Unresolved: Measured and RI--
! Half - life a (Min~Max.Energy) cal RT cal Evaluated RI
Nat.
146 . Lo
1700 250 (5d)*** 1520 230
200 & - \ (424)%,3220(5d +42d),2850
147 2.5yr 200 50| 9(0.001-0043) | 2210 192 2220% 3000%*(Ses,also_the 2210
table balow)
148m| 424 30000 5000 35000, 32000%** 35.000
1489 5d 2000 1000 . .| 48000, 44000%** 48.000
149 53h 1700 300 ‘ 765
151 28.3h
%  Harrey ¢t al, PIC 16 150 ('58)
%%  Walker, CRRP~1185 (*G4)
5  R.R schumén and J.R, Berreth, N.S.E. 12 519 (*62)
Walker , Parls . Conf. 1 521 ('63)
N ’ A ) / a7
Oo I 0-906*1( 7 To
147 Lvd
Pm - & 1Pm 120, 124 13, 83.378 , 105 5 | 900, 1700 250 , 610 100 , 1074 95 | 6020, 54 10
“Tom-»a2d"" 140, 111 1L, 73.474° 129 |1200, 1520 230 , 590 100, 1334.166 | 150 15
5 Wpmeiarand S| (260), (235), (157), (117) |(2100) , (3200), (1200), (2408) 200 50, 204
stm
A Abund. or g No. of Resonance RI Unresolved ileasured and RI
Half - life a (Min—Max. Energy ) cal Rlcal Evoluated RI- -~
Nat, 5820 100 (918) 1790 270 _
144 3.16 0.7 0.315
145 ~ {10 49.5
146
147 15.07 8760 | 13(3.4-100eV) 585 8.4 1350,680%,690 150** | 624
148 | 1127 | 90 50 50%** 50
149 13.84 (41000 2000} 23(0.1~100eV) | 2350 114.6 4400,3400 300** | 3260
| 150 7.47 | 1025 i(20eV) 156.6| 46.2 22723,460 130" 256" 227
151 73y  {150004300| S5(1.i-6.3eV) 2372 | 659 3700 7005 3300 700**%| 3300
2300430
2670 200, 2€00 300 ,31750
152 26.63 210 10 1(8eV]) iho2 112 2190200, :5|63100 2700
3000%#% 2500 400
| 154 | 22,53 | 557 25 23%* 16t 16
! 156
* Walker, CRRP—213 ('60)
*®%  Carrison and Roos. N.S E. 12 115(%¢2)
e Waiker, CRRP—1185('64
¥ Wailer, Paris Conf 1 52 ‘(’ 55)
3} Fafienden, M. S. E. 17 371 (€3)
2 Cook, Faris Con 549 ('66)
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63Eu
. §{ Abund. or th No. of Resonance Unresolved Measured and
A | Hat - iife Og Min.- Max. Energy) | Rlcal Rlcal Evaluated RI RI
Nat 4400 30 ' 2176 -
151 47.8 ‘8800 100 |30(-6x10"-0027) 2593 239 {3000, 3741 3300
152 13y |5500 1500 | \ 2480
153 52.2 390 €0 1914.57x10 =00241)] 1427 285 1430 100, 1400, 1430
? = 1380 200%* 1833%**
154 16’y |1500 403" 7900% 7900
155 | 17y |1400042000 7060 7000
% Walker , CRRP = 913 {“G0O)
#% Garrison and Roos N.S.E. 12 115 (62) _
sxx Rogers et al, AN.S 10 269(87) (Ec=0.5¢eV)
s Cook, Paris Conf. I 549 (66)
cqOd
Abund. or th o, of Resonance Unresolved Measured and
A Half - life 60 ( Min.- Max. Energy) Rlca Rlcal Evaluated RIL RI
Nat 49000 2000 (375) 678
152 0.20 | <125* 56.2
154 2.15 100 20 530 530
155 14.73 |61000 1000 |34 (00268-69.6eV) | 1556 159 1630 140" 1560
156 20.47 | 1.5 72 5(00332-0.348%)| 100 6.1 23, 44% 798 105
157 15.68 |2540002000(24 (0.0314 -158eV) | 515 43.2 740 60 515
158 2487 | 3510" | 1(00222) 133.5 78.3 29 29% 135
159 18 h
160 21.90 | . 0.768 L?IF 0.346
161 3.6 m |98000 50000 43200
s Wahligren et al, P.R. 153 1310 ('67)
%  Garrison and Roos N.S.E. 12 115 {62)
a Cook, Paris Conf. I549 (%66)
e5Th
| Abund. or i TNo. of Resonance | o Unresolved Measured and RI
Half - life a ( Min.~Max. Enerqy ) col Rlical Evaluated RI
159 100 46 4 | 20(000335-0155) [ 352 66.8 420 110%* 3rs
160 734 | 525 100" 236

% Garrison and Roos, N.S.E 2 115 (62)
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A Abund, ¢r O‘I‘h Mo. of Rescnance RI Unresolved Mcasured and RI

Half - life o {Min.~Max. Energy) cal R Lcal Evaluated RI
Nat. 930 20 (1360) 181p 44Q , 1970 180
156 0.052
158 0.090 96 20" 33.6
160 2.298 55 9 1160 130, 1160
161 18.88 600 8Q | 22(~2.4-70eV) 1016 {14 1670 {70, 950* 1670
162 | 25.53 160 50 | 4(55-660eV) 2497 5.2 3320 400, 257o: 3320
{63 24.97 125 20 11(~-05~-94¢V) 1980 99.1 1960 180, 1230 1980
164 28.18 2700 200 | 2(~-1.9~150eV) 36.2 16.9 377 34 377
165 139 m S000 2020 2250
¥ Watker, CRRP-913 {‘G0)

erHo

Abund. or th 0. of Rocanance Unresolved Measured and )

A | Half - life Oa"  |ipin~May. Encegy) | Rlcal R Leal Evaluafed RL RI
165 100 67 4 | 74{39-290¢v) 817 17 860 26 . 648
166 27.2h
167
eaEr _

A | Abund. or ot No, of Rasoncnes Ri Unresolved ~ [easursd and RI

Half—life a (Min-Ricx. Encrgy) Vieai Rlcal _Evaluated RI

Nat. 180 15 842 ‘ 100(2200 . 830

162 0.14 {20025 {5.5-60¢eV) 96.3 0.42 186
164 1.56 1.6517 4(8-60¢V) 418 41.5 419
166 33.4 1459 15(15.5~-C00eV) | 1 i7 38.3 137
i67 229 650 30 | 37(0.46-i70aV) {3419 314 3420
168 27.1 2.0341] 6(80-520¢V) 23.4 3.1 34.3
{70 149 92 1(95eV) 553 8.8 -59.3




