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The status of experimental data of neutron capture cross section is

reviewed on 38 fission product .(FP) nuclides important for fast reactor

calculations. Experimental data are compiled for 24 of the 38 FP nuclides

in the energy region above 1 keV.

Appendix I gives outlines of the experiments (neutron energy,

number of data points, cross section, neutron source, experimental

method, standard cross section, 6- and y-ray data etc.) in tables.
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1. Introduction

The importance and needs of fission product (FP) nuclear data are

rising more and more in the whole fields relating to nuclear power.

Responding to these demands, evaluation work of the FP nuclear data for

fast reactors has been powerfully performed in JNDC (Japanese Nuclear

Data Committee) over several years. Capture cross section is one of

the most important FP nuclear data. Accordingly, as a part of this

evaluation work, compilation of the experimental data on capture cross

section was required in order to examine the systematic trends of mass

number an(j energy dependences of capture cross section, and to increase

the reliability of evaluation.

In this compilation work, the experimental capture data in keV and

MeV range were surveyed for 100 FP nuclides which selected according to

the order of contribution to the capture effect in fast reactor cores.

As a result of compilation work, many experimental data were collected

for about 50 nuclides. The compiled data were plotted in the figures,

and used to normalize the capture cross section obtained by theoretical

calculation.

The FP nuclear data evaluated in the present work were compiled in

JENDL-1 (Japanese Evaluated Nuclear Data Library, Version 1) which has

been completed recently. This document gives a description of compilation

of the measured capture cross sections performed in order to prepare

the fission product nuclear data file for JENDL-1.

In Section 2, the procedure of data compilation is briefly

described. In Section 3, the FP nuclides compiled in this document

are shown on the basis of the classification of FP nuclides. In

Section 4 , the status of the experimental capture data is described

for the compiled nuclides. In Section 5, a description on the contents

of Tables attached in Appendix I is given. In the last Section 6,

some remarks are given for preparation of this document.

Appendix I consists of the above Tables, the abbreviations used in

these Tables, and the experimental references. In Appendix II, the

Figures of capture cross section are shown for 24 FP nuclides.

- 1 -
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2. Procedure of literatures and data compilation

Survey on the measurements of capture cross section for FP nuclides

was done using CINDA 76/77 and its Supplement 76/77 , and the recent

literatures. The contents of measurements were surveyed for the collected

literatures over the following items.

neutron energy and its resolution, neutron source, accele-

rator, method of the measurement, used detector, standard

cross section, flux monitor, measured or used B-and y-ray

data and their branching ratio, and measured cross section

The used standard cross section or monitor reaction cross section,

and the branching ratio of the decay mode by g and/or y decay are

especially important quantities, because the discrepancies between the

cross sections measured by different experimenters might be caused by

the differences of these quantities.

The measured capture cross section data were compiled on the

basis of the collected literatures and the recent NEUDADA.

In a few cases, the data plotted in the figures of BNL-325, Supple-

ment , or the numerical data described xn the comments of CINDA 76/77

were compiled when the numerical data are not given in the original

papers and NEUDADA, or the original papers could not be obtained.

There are some differences between the original data and NEUDADA on

neutron energy and capture cross section in a few nuclides. It is

supposed that the original data were revised when they were compiled

in NEUDADA. Then, in such a case, the data compiled in NEUDADA were

adopted in present compilation.

3. FP nuclides compiled in this document

The FP nuclides are classified into some categories according to

their contribution to the capture effect in burn up of fast reactor.
4)

This classification is given by S. Iijima . In this document, 38 im-

portant FP nuclides classified into "Class I" to "Class III" were

picked up, and their experimental capture data in keV and MeV range

were searched by the procedure as mentioned in the previous section.

- 2 -
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In addition, the capture effect by these 38 nuclides occupies about

9 3% of that by the whole FP nuclides. As the result of survey, the

38 nuclides were divided as follows.

Class I

Class II

Class III

Nuclides with the Exptl. Data

9 7Mo, " T c , 103Rh, 105Pd,

1 3 3Cs, llt9Sm

95Mo, 9 8Mo, 1 0 0Mo, 1 0 2Ru,

10ltRu, 109Ag, "^Pr, 150Nd

1S3Eu

96Zr, 108Pd, 1 2 7 I , 13'La,

"•2Ce, llt6Nd, 11)8Nd, 11(7Sin

152Sm

No Data Nuclides

1 0 IRu, 107Pd, 1 3 5Cs, lll7Pin,

lslSm

93Zr, l 0 3Ru, 1 2 9 I , 1 3 1Xe,

I 3 2Xe, 1<l3Nd, 11(5Nd

1 0 6Ru, IS5Eu

Although a report on measurement of the capture cross section has

been published for 11|7Pm in the energy range 20 eV to 10 keV, yet the

numerical data have not been published. On the 24 nuclides with the

measured capture cross section, Tables showing the contents of the

experiments and Figures of their capture cross sections were prepared,

and attached in Appendix I and II, respectively.

4. Status of the compiled experimental data

As mentioned in the previous section, the measured capture cross

section data were obtained for 24 nuclides from among 38 important

nuclides. Although, many data were collected in this compilation,

most of the collected data concentrate on 99Mo, 1 0 0Mo, 103Rh, 1 2 7 I ,

1 3 3Cs, 1 3 9La, 1 M 1Pr, and 1 5 3Eu. The data for these nuclides are very

abundant and distribute densely over the energy range from eV to MeV.

However, it is noticed that there are large discrepancies among the

data measured by different experimenters for these nuclides.

Particularly, remarkable systematic discrepancies are observed over

the wide energy range for the data of 98Mo, 1 0 0Mo, 1 2 7 I , 1 3 3Cs, and

2 5 3EU.

- 3 -
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Next, there are some data in the limited energy range for 95Mo,

97Mo, " T c , 105Pd, 10BPd, I09Ag, 11<8Nd, 150Nd, » w S m , and 1M9Sm. It

is also pointed out that there are remarkable systematic discrepancies

among the data of 109Ag in the energy range from 10 to 150 keV.

The data of 96Zr, 102Ru, 1 H R u , 11(2Ce, 1<t6Nd, and 152Sm are poor and

obtained for only three to nine energy points.

Generally speaking, the data for most of the nuclides exist most

abundantly in the energy range around 25 keV. However, it is pointed

out that the discrepancies among the data are also most remarkable

around 25 keV, as shown in the attached Figures. It is necessary to

investigate the cause of these discrepancies and to examine the

reliability of the data in order to use these data in evaluation or

as a normalization t jint of calculated cross section.

In this compilation, many new data are collected for 15 nuclides.

These new data have been published after 1973 in which FP Nuclear Data

Panel was held at Bologna. The recent measurements for Mo-isotopes

have been performed by A. R. de L. Musgrove et al. in the energy

range from 1 to 90 keV in 1976. Their data show good agreement with

the data by Kapchigashev et al. for 95Mo and 97Mo, although they

deviate from the latter data in some energy intervals for 98Mo and 1 0 0Mo.

The 25 keV data for 98Mo and 100Mo have been also presented by R. P.

9)
Anand et al. in 1974. Their data are in agreement with the data by

Musgrove et al. and Kapchigashev et al. for 98Mo, while the data for

1°°Mo are considerably lower than those by Musgrove et al. R. P. Anand

et al. presented also the 25 keV data for lollRu. Their data show good

agreement with the 24 keV data by Murty et al.10'and Macklin et al.11'

R. W. Hockenbury et al presented a number of data in the energy range

from thermal to 300 keV for 103Rh, 105Pd, and 153Eu in 1975.

The abundant data for 103Rh have been also presented by C. Le Rigoleur

et al. in the same energy range as Hockenbury et al. in 1975.

The first measurements for '°5Pd have been performed by R. L. Macklin ,

and Hockenbury et al. in 1975. The data by Macklin show the maximum

and minimum values around 2.6 keV.

- 4 -
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The recent measurements in keV region for 12 I have been performed

by N. Yamamuro et al.15*at 23.7 keV and K. Rimawi16'at 24.3 keV in 1975.

Both data show very good agreement. The measurements in MeV region

have been done by J. Vuletin et al. at 14.4 MeV and F. Rigaud et al.

at 14.6 MeV in 1974, and by 0. Schwerer et al.19*at 14 MeV in 1976.

Their data are in ayreement with mutually within the experimental errors.

Yamamuro et al. presented also the 24 keV data for 133Cs in 1976.

Their data are consistent with the data by Popov and Shapiro (1962),

and show a lower value than the data by Kompe (1969). Vuletin et al.,

Rigaud et al., and Schwerer et al. presented also the 14 MeV data for

""Pr, for 103Rh and 1 3 9La, and for 139La and 11<2Ce, respectively.

The most recent measurements for ' '' 7Sm, '"Sm, and ' 5 3 Eu have

been performed by B. N. Kononov et al. ' in the energy range from 5.5

to 342.5 keV in 1977. Their data for ' " 7Sm and '"'Sm show considerably

higher values than the data by Macklin at 30 kcV. Thoir data for

153Eu show also systematically higher values than the data by Konks

and Fenin , Hockenbury et al., and M. C. Moxon et al. However,

they are in good ayreement with the values derived from the data by

Czirr25'for natural Eu and 1 5 1Eu. The data by Moxon et al. show the

lowest values compared with other data in the energy range from 0.1

to 400 keV, but are in agreement with the data by Konks and Fenin, and

Hockenbury et al. within the experimental errors.

5. Description on the attached Tables (Appendix 1)

The main contents of the measurements on capture cross section

are given for 24 FP nuclides in the Tables attached in Appendix I.

The items and contents described in the Tables for each nuclide are

as follows.

Column 1 : Reference

The literatures cited in the present compilation are given in

chronological order by the abbreviations combinning the

year in which the experiment was done and the name of the

leading author. These abbriviations are given in

- 5 -
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"Experimental References" of Appendix I.

Column 2 : Energy

The energy range in which the measurement was performed

is given in keV unit. The energy resolution is also shown

if it was given by the author.

Column 3 : N

This means the number of data points measured.

Column 4 : Measured Cross Section

The measured capture cross section is given in milli-barn

unit. The error of cross section is also shown if it was

given by the author. However, they are omitted in case of

many data points more than 5 points existing.

Column 5 : Neutron Source

The neutron source is shown in the form of radioactive

material, or nuclear reaction and/or accelerator used.

Column 6 : Method

The method of measurement is shown with the detectors used.

Column 7 : Standard or Flux Monitor

The standard cross section which was used in relative measure-

ment, or the reaction cross section which was used in

determination of the absolute value of neutron flux is

given in milli-barn unit with the nuclear reaction form.

The reaction form is omitted in some cases, if it is (n,y)

reaction.

Column 8 and 9 : Thermal Cross Section

These columns are only used in case of "double-

ratio comparison" technique applied in activation

measurement. The thermal cross sections of the

standard and target (sample) nuclides are given in

barn unit in Column 8 and 9 respectively.

Column 10 : Comments

Appropriate information which is not given in the previous

columns is described in this column. Especially, the data

— 6 —
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on B-ray and/or yray emitted from the residual nucleus,

and their branching ratio are important in order to

compare and renormalize the cross sections obtained by

various methods and techniques.

In this Table, many abbreviations are used for the simplicity, and

in order to give many information. Explanation on these abbreviations

is given in the annexed papers of Appendix I.

6. Remarks

This document was prepared as a preliminary one in order to

investigate the compiled experimental data and methods, and to promote

the evaluation work of the FP nuclear data for JENDL-1. Accordingly,

it is expected that this is not complete, but includes considerable

defects. The revision of this document will be done in the next step

of evaluation work. At the next step, the format of Tables and the

abbreviations used in Tables will be modified to be more complete,

effective and simple.

The purpose of this document is to clarify the status and

problems of the experimental data, and to provide the subject matter

of data evaluation.
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Table 1

Reference Energy
(keV)

Measured
Cross
Section
(mb)

Neutron
Source

Method

'Zr

Standard
or Flux
Monitor
(mb)

Thermal C.S.(barns)

Standard Target

Comments

57 Macklin

53 Perkin

59 Lyon

6 3 Macklin

6 9 Schuruan

24

14500

195±50

30

2 and 25
2

25

22

<4

7±2

40±12

79±8
21

Sb-Be

T(d,n)

RdTh-D20

ACT
Nal
(Ti)

ACT
GM

ACT
Nal

1 2 7 I 820 1 y/dis.

1 1 5 In 195 1 y/dis
Nb 0.66
MeVY

M-R

Fe filter Au 19 7,

/ 2
=17hr

4800
690

w

I
2



T a b l e 2 9 5Mo

Reference

64 Kapchiga-
shev

76 Musgrove

Energy
ikeV)

0.0 3^4 6

3-.90

N

47

19*

Measured
Cross
Section
(mb)

Neutron
Source

(Y, n)

Method

Pb-SDTS

TOF
CbF6

SC

Standard
or Flux
Monitor
(mb)

Li (n,a)

Thermal C

Standard

.S.(barns)

Target

Comments

no documen-
tation
NEUDADA data

ORE LA
•Averaged
Value

Reference

64 Kapchiga-
shev

7 6 Musyrove

Energy
(keV)

0.028^61

3^90

N

60

23*

Measured
Cross
Section
(mb)

Neutron
Source

(Y, n)

Method

Pb-SDTS

TOF
C6F6

SC

Standard
or Flux
Monitor
(mb)

Li (n,a)

Thermal C

Standard

S.(barns)

Target

Comments

ORE LA
•Averaged
Value

I
2

T a b l e 3 97Mo 00



T a b l e 4 - 1 9 8 M o

Reference

57 Macklin

58 Booth

59 Vervier

5 9 Lyon

62 Furr

63 Kapchiga-
shev

67 Peto

Energy
(keV)

24

25
(20)

25

195+50

25

0.005^31

3000+200

N

1

1

1

1

1

63

1

Measured
Cross
Section
(mb)

209±21

390+120
(130)

415+98*

30 + 6

140±70

10.6±6

Neutron
Source

Sb-Be

Sb-Be

Sb-Be

RdTh-D2O

300keV
Cascade
Generator
D(d,n)

Method

ACT
Nal(Tl)

ACT DRC
Nal(Tl),
FROP

ACT DRC
GM

ACT
Nal(Tl)

Pb-SDTS
Sc

ACT
GM

Standard
or Flux
Monitor
(mb)

I 1 2 7

820

I 1 2 7

820

A u 1 9 7

1065
I n 1 1 5

825

I n 1 1 5

195

I 1 2 7

780

Au1 *7

35.2

Thermal C

Standard

5.5
(6.2)

98.8
155

S. (barns)

Target

0.45
(0.15)

0.45

Comments

0.72 y/dis

6.7hr 3-v
( )BNL-325

2nd

* average by
different
standards

T ! ,= 6.7hr
/ 2

i
2



Table 4-2 98Mo (continued)

Reference

68 Stupegia

68 Hasan

69 Devbenko

70 Chaturvedi

7 3 Murty

7 4 Rimawi

7 4 Anand

Energy
(keV)

36^2644

24

1^3000

24±3

24±5

24

25±5

N

28

1

16

1

1

1

1

Measured
Cross
Section
(mb)

110+15

121.5

252±38

115+10

116±7

Neutron
Source

7Li(p,n)
T(p,n)

Sb-Be

T(p,n)
VDG

Sb-Be

Sb-Be

Method

ACT
Nal(Tl),
PROP

ACT
B detec-
tor

ACT DRC

ACT
Nal(Tl)

ACT
4TTY by
Nal(Tl)

ACT DRC
Nal(Tl)

Standard
or Flux
Monitor
(mb)

U 2 3 5 (n,f)
White-Hughes

I 1 2 7

820

U235(n,f)
Davey's data

Au 1 9 7

640+25

Li6 (n,a)

I127(n,Y)*
832±26

Thermal C.S.(barns)

Standard

577.1

6.12+0.12

Target

0.15

0.130r

o.ooe

Comments

6th Table of
Isotope
Table of ICC
a-S-Y ray spec-
troscopy 2(,G5)

6th ed. TI

l4 2.7keVY:"mTc
* 441 keV Y
Ti / =66.7 hr

/ 2



Table 4-3 99Mo (continued)

3e:erer.ce

76 Musgrove

7 7 Rimawi

Energy
(keV)

3^90

24.3

N

20*

1

Measured
Cross
Section
(mb)

125+25

Neutron
Source

(T, n)

Method

TOF
C6F6 SC

Standard
or Flux
Monitor
(mb)

Li6(n,a)

Thermal C

Standard

S.(barns)

Target

Comments

ORE LA
* Averaged
value

S3

I



T a b l e 5 - 1 1 0 0 M o

00
I

Reference

57 Macklin

58 Pasechnik

58 Leipunsky

5 8 Kononov

59 Vervier

59 Lyon

59 Johnsrud

60 Tolstikov

Energy
(keV)

24

2500
3100
4000

25
200
2700
4000

25

25

195±50

400^6200

30^2100

N

1

3

4

1

1

1

24

18

Measured
Cross
Section
(mb)

38±8

6.3±1.2
5.6±1.0
4.5±0.7

112±3
51.6±2.1
6.5f0.7
3-9+0.4

112±3

148±39

27±6

Neutron
Source

Sb-Be

D(d,n)

Sb-Be
T(p, n)
D(d, n)

Sb-Be

Sb-Be

RdTh-D2O

Li(p,n)
T(p,n)
D(d,n)

T(p,n)
VDG

Method

ACT
Nal(Tl)

ACT

ACT DRC
GM

ACT DRC

ACT DRC

ACT
Nal(Tl)

ACT DRC
Nal(Tl)

ACT

Standard
or Flux
Monitor
(mb)

I 1 2 7 820

I 1 2 7 51
44
37

I 1 2 7 820
400

U 2 3 8 at
47
23

I 1 2 7 820

Au 1 9 71065
In 1 1 5825

In 1 1 5195

U 2 3 5(n,f)
Allen-

Henkel

U 2 3 5°nf
<1000keV
I127(Bame's)

Thermal C.S.(barns)

Standard

BNL-325
(1958)

BNL-325

98.8
155

584

5.6

Target

BNL-325
(1958)

BNL-325

0.2
0-2

0.2

0.2

0.2

Comments

1.0 Y/dis

l.OY/dis Tc1 o0

graph
Data:NEUDADA

I
2



Table 5-2 1 o oMo (continued)

Reference

60 Weston

6 2 Furr

6 3 Kapchiga-
! shev

64 Tostikov

7 3 Murty

7 4 Annand

Energy
(keV)

4
7
10
15
25
40
60
80

150

25

0.005^31

5
15
60
82

120
140
150
160

24

25±5

N

9

1

39

8

1

1

Measured
Cross
Section
(mb)

350
207
175
129
97
69
47
41
30

109±50

430
200
54
39
37
34
29
30

131±20

84±5

Neutron
Source

Li(p,n)
VDG

Li(p,n)
VDG

Sb-Be

Method

ACT

Pb-SDTS
SC

ACT

ACT
Nal(Tl)

ACT DRC
Nal(Tl)

Standard
or Flux
Monitor
(mb)

Mo 1 0 0

Johnsrud's
data

I 1 2 7 780

Mo 1 0 0 33.9
at 138 keV

I127a
ny

832±26

I127a
ny

832±26

Thermal C.S.(barns)

Standard Target

6.12±0.12 0.199±
0.003

Comments

flux B l°F 3

Ona=642//E D
a =2.43 b
s

6th TI

3O7keVy:Tc'°'

T, =14.6
' 2 min

50

I
2



Table 5-3 uMo (continued)

?.s -3rar.c°

; 7 6 Musgrove

energy
(keV)

3^90

N

19*

Measured
Cross
Section
(mb)

Neutron
Source

Method

TOF
SC

Standard
or Flux
Monitor
(mb)

Li(n,a)

Thermal C.

Standard

S . (barns)

Target

Comments

ORELA
* Averaged
value

too Table 6 99Tc

70

I

Reference

7 3 Chou

73 Qaim

Energy
(keV)

0.001"«50

14700±300

N

70

1

Measured
Cross
Section
(mb)

9±2

Neutron
Source

T(d,n)
VDG
Fast
Chopper

Method

SDTS
PROP

ACT
Ge(Li)

Standard
or Flux
Monitor
(mb)

BF3

Thermal C.

Standard

S.(barns)

Target

Comments

Use Calibrated
Source



Table 7 i o iRu

Reference Energy
(KeV)

Measured
Cross
Section
(mb)

Neutron
Source

Method Standard
or Flux
Monitor
(mb)

Thermal C.S.(barns)

Standard ! Target

Comments

57 Macklin

59 Lyon

69 Schuman

7 3 Murty

24

195 ±50

2

24±5

386±39

190±25

830±80

350±42

Sb-Be

RdTh-D2O

Fe Filter

Sb-Be

ACT
Nal(Tl)

ACT
Nal (T£)

ACT

ACT
Nal(Tl)

1 2 7I 820

Au 1 9 7 4800

127I 832

0.9 y/dis.

0.9 y/dis.

0.88 Y/dis.

6th TI for
decay data

33

I



Table 8

to
I

Reference

57 LMacklin

58 Perkin

59 Lyon

66 Gray

66 Chaubey

67 Peto

6 9 Scnuman

7 3 Murty

7 4 Anand

Energy
(KeV)

24

14500

195±50

14700

24

3000

2

24±5

25±5

N

1

1

1

1

1

1

1

1

1

Measured
Cross
Section
(mb)

211±21 •

13.6±2.7

28±5

2.5±0.5

80±10

19.8±4

890+80

204±25

181±78

Neutron
Source

Sb-Be

T(d,n)

RdTh-D2O

T(d,n)
C-W

Sb-Be

D(d,n)
Cascade
Generator

Fe Filter

Sb-Be

Method

ACT
Nal (T«.)

ACT
GM

ACT
Nal (TO

ACT
Nal (Til)

ACT
GM

ACT
GM

ACT
Nal(Tl)

ACT
DRC

Standard
or Flux
Monitor
(mb)

1 2 7I 820

27AJl(nfa)

115In 195

63Cu(n,2n)
507

Ai(n,a)
82

127I 820

BF3

Anth.SC

197Au 4800

127I(n,Y)
832

l27Kn,Y)
832±26

Thermal C.S. (barns)

Standard Target

Comments

1.0 Y/dis.
7 30 KeV Y

1.0 Y/dis.
72 3 KeV Y

NDS for decay
data

NDS for decay
data

Calibration
31P(n,p)
74±6 mb
NDSC61) for
decay data

6.12±0.12 0.47±0.20

I

1

263 keV y
Ti , =4.44 hr

/ 2

31



T a b l e 9 - 1 1 0 3 R h

CO
CO

Referer.ee

53 Pasechnik

5 5 Isakov

•5 0 Diver*

5 0 Weston

51 3 lock

61 Gibbons

6 2 Popov

62 Furr

Energy
(keV)

2500

3100

4000

0.002-^200

175+25
250+50
400+90
600±75
800±66
900±63

1000±60

3-200

0.2-8

65

0.0039-34

25

N

6

many

7

15

57

1

96

1

Measured
Cross
Section
(mb)

54 .6±4 .5 g
9 . 8±1.9 m
43.5+3.2 g
8 .9±1.4 m

34 .t + 2 .7 g
7.7 + 1.1 in

416"
339
186+19
129
94
84
81

540

640±220

Neutron
Source

D(d,n)

VDG

Li(p,n)
VDG

T(p,n) VDG
7Li(p,n)

T(p,n)
7Li(p,n)
VDG

T(d,n)

Sb-Be

Method

ACT

Pb-SDTS

SC-T

ACT

TOF
SC-T

TOF
SC-T

SDTS

ACT

Standard
or Flux
Monitor
(mb)

l"'o n Y51

44

37

U 2 J 5a
3.

a£ Allen-
Henkel

a Diven
c

Diven(p.c.}

l0BF3

115In 448

1 2 7I 780

Thermal C S . (barns)

Standard Target

Comments

10"yRh :44 Sec
10"mRh :4.7 min

Preliminary
results

50



Table 9-2 'Rh (continued)

f O

Reference

63 Csikai

63a Macklin

6 3 Moxon

6 4 Cox

65 Ponitz

66 Chaubey

67 Csikai

6 7 Hack1 in

Energy
(keV)

14670

30
65

0.1^27

138^1688

7.8
30
64

24

14700

70±19
125±23
15O±21
182±21

N

1

2

664

42

3

1

1

4

Measured
Cross
Section
(mb)

10.57 g
3.23 m

850
540

84±4.2 m
110 + 5.5m
162 + 8.lm

455+45 9
55+25 m

14±3

708.1±25.7
415.5+15.9
353.3-26.3
336.7±23.3

Neutron
Source

T(p,n)
VDG

LINAC

Li(p,n)
VDG

Sb-Be

T(d,n)
Cascade
generator

Li 7 (p,n)
VDG

Method

ACT

TOF
SC-T

TOF
MR

ACT
SC

ACT

ACT
GM

ACT
GM
Nal(Ti:

TOF
SC

Standard
or Flux
Monitor
(mb)

l'-a n y763

448

B10

U 2 3 5 a f

Allen-
Henkel

I 1 2 0 a n 820

Al 2 7a 72
np

Ta 8100E 0- 6 9

E; kev
B 1 0-NaI

Thermal C.S. (barns)

Standard

7

Target

0g:i40

°m:12.8

N'DS

ND3

Comments

See also
6 1 Gibbons

Standard=
Ratio
o /onr g

fg:42Sec
Tl/ 1' 2(_m: 4 . 4min



Table 9-3 x°3Rh (Continued)

to
C71

Reference

67 Peto

6 9 Schuman

70 Fricke

7 0 Tromp

71 Riyaud

7 2 Lakshmana

72 Kantele

73 Peto

73a Peto

Energy
(keV)

3000+200

2

1^1000

25

14060

25±5

14500

4500

14700

N

1

1

95

1

1

1

1

1

1

Measured
Cross
Section
(mb)

20.8+4

^130 m
^11000 g

69

0.7 5+0.2

45±6 m
600±90 g

2

5.7±0.7

4.0+0.4

Neutron
Source

D(d,n)
Cascade
Generator

Fe Filter

LINAC

MTR-Fe
Filter

T(d,n)

Sb-Be

Method

ACT
GM

TOF
SC-T

ACT

TOF
Nal(Tl)

ACT
Nal(Tl)

ACT

ACT

ACT
GM

Standard
or Flux
Monitor
(mb)

Al27a 2.5
np

B F 3

Anth. SC

A u - a n y

4800

BIflF3

He 3

Au 1 9 7O
ny

640

• " \ ,
832

Thermal C.S.(barns)

Standard Target

NDS('61)

I
Comments

T ! =4.4min

Isomer ratio

i
S



Table 9-4 l°3Rh (Continued)

Reference

74 Rigaud

7 5 Hockenbury

75Le Rigoleur

energy
(keV)

14600+300

63̂ -297

15^300

N

1

566
10*

207
23*

Measured
Cross
Section
(mb)

<2

Neutron
Source

T(d,n)
ELA

LINAC

VDG

Method

TOF
SC-T

TOF
SC

Standard
or Flux
Monitor
(mb)

Al27a
np

68.6

Blo-Nal

Blo-Nal
Li glass
SC

Thermal C.S.(barns)

Standard Target

Comments

* Averaged
Value

* Averaged
Value

Table 10 1 0 SPd

Re ferer.ee

75 Macklin

7 5 Hockenbury

Energy
(keV)

2.618
2.665

0.0 02%20 0

N

2

562

Measured
Cross
Section
(mb)

94
12900

Neutron
Source

RPI LINAC

Method

TOF
SC

TOF
SC

Standard
or Flux
Monitor
(mb)

blo-NaI

Thermal C

Standard

.S.(barns)

Target

Comments

ORE LA

normalized to
transmission
data
55.2 eV Res.



Table Pd

I
to

Reference

5 7 Mack1 in

58 Booth

59 Lyon

60 Western

66 Chaubey

68 Chaubey

72a Lakshmana

Energy
(KeV)

24

20

25
195

3-700

24

24

25±5

N

1

1

2

12

1

1

1

Measured
Cross
Section
(mb)

540±60 •

580+200

290+35
77±8

185±15

26i6 m
159±16 y

15±2 m
185±30 y

Neutron
Source

Sb-Be

Sb-Be

Sb-Be
RdTh-D2O

Li(p,n)
VDG

Sb-Be

Sb-Be

Sb-Be

Method

ACT
Nal (Ti)

ACT DRC
Nal m )

ACT
Nal (Ti)

ACT

ACT
GM

ACT
GM

ACT
Nal (TZ)

Standard
or Flux
Monitor
(mb)

1 2 7I 820

1 2 7I 820

1 2 7I 820
115In 195

108Pd 540

1 2 7I 820

1 2 7I 820

JP/A5, 126 2
C72)

Thermal C.S.(barns)

Standard Target

5.5 i 12

Comments

0.0463 Y/dis.
5 9 KeV y

0.046 Y/dis.

Relative

NDS for decay
data
T i/2= 4.8m

+ 13.5h

T i/2= 4.8m
13.5h



T a b l e 1 2 ' 0 9 A g

to
00

60 Weston

62 B̂ urr

65 Ponitz

6 6 Kononov

66 Chaubey

7 0 Murty

72 Siddapa

Er.er-jy
(keV)

2'^200

25

7.8,30,64
1 .6
30
64

30'̂ 170

24

25

25±5

N

16

1

3

18

1

1

1

Measured
Cross
Section
(mh)

1620±480

50 m
40 m
60 m

690±60

15±1.5

75±10 m

Neutron
Source

Li(p,n)
VDG

Sb-Be

T(p,n)

c-w
Sb-Be

Sb-Be

Method

ACT

ACT

ACT

TOF
SC-T

ACT
GM

ACT

ACT
Nal(Tl)

Standard
or Flux
Monitor
(rr.o)

1 2 71 7 8 0

A u 1 9 7

1 0B(n,u)

1 2 7 I 820

I 1 2 7 832

l l 2 ? ° n Y
832

Thermal C.S.(barns)

Standard Target

Comments

Data : NEUDADA

T1/2=24S

NDS for decay
data

6th ed Tl
m

0

en
33



Table 13-1

to

I

Reference

57 Macklin

58 Leipunsky

58 Perkin

58 Belanova

5 9 Bame

5 9 Gabbard

59 Lyon

59 Johnsrud

Energy
(keV)

24

2700
4000

14500

25+4
220±20
830±40

20^1000

25^506

195±50

150^5500

N

1

2

1

3

31

9

1

28

Measured
Cross
Section
(mb)

820+60

47 + 2
23 + 1

2.5+0.5

1097+39
314±42
101+40

175+15

Neutron
Source

Sb-Be

D(d,n)
Cascade

Generator

T(d,n)

Sb-Be
Na-D20

Na-Be

Li7 (p,n)
T(p,n)
VDG

RdTh-D2O

Li(p,n)
T(p,n)
ELA

Method

ACT
Nal(Tl)

ACT DRC

ACT GM

RG-TRANS
BF3

ACT
Nal(Tl)

SC

ACT
Nal(Tl)

ACT DRC
Nal(Tl)

Standard
or Flux
Monitor
(mb)

U 2 3 e af

59.3
33.3

fission
chamber

In1»?195

U 2 3 S af

Allen-
Henkel

Thermal C

Standard

BNL-325
C58)

584

:. S.(barns)

Target

BNL-325
C58)

5.6

Comments

0.172y/dis.
4 55 kev y
Calibrated
Source

6 0 Belanova :
990mb at 24 keV
AE 8, 549( '60)

0.94Y/dis.
j 1 2 8

0.06Y/dis.



T a b l e 13-2 1 2 7 I ( c o n t i n u e d )

CO

o

Reference

60 Weston

60 Schmitt

60 Diven

61 Gibbons

61 Block

61 Stavisskii

6 2 Furr

62 Popov

63 a Macklin

Energy
(keV)

5^150

24±2.2

400±90

9.5^169

0.2-.8

20^2500

25

0.01^50

30±7
65±20

N

14

1

1

47

38

55

1

73

2

Measured
Cross
Section
(mb)

885+90

176+15

635+180

733
440

Neutron
Source

VDG

Sb-Be

Li7(p,n)
T(p,n)
VDG

T(p,n)
Li(p,n)
VDG

T(p,n)
VDG

T(d,n)

T(p,n)
VDG

Method

ACT

Shell
Trans.

SC-T

TOF
SC-T

TOF
SC-T

ACT DRC
GM

ACT

Pb-SDTS

SC-T

Standard
or Flux
Monitor
(mb)

I127820

U 2 3 5 o

1500

In115a
ny

(30 kev)
763
(65) 448
(167)258

B10F3

U 2 3 5 ° n f
Hughes

In115o
n-y

763
448

Thermal C.S.(barns)

Standard

582

Target

5.6

Comments

BNL-325 2nd
Ed. abs.
Status=2

normalized to
a curve of
In(n,y)
In(n,Y):norma-
lized to o

n, a
(10B) & a (235U)

a. 00



Table 13-3 'i (continued)

I
CO

63 Borbely

6 4 Cox

65 Stavisskii

6 5 Robertson

67 Macklin

67 Peto

68 Dinter

68 Qaim

66 Colditz

7 0 Majumder

70 Chaturvedi

Energy
(keV)

2600+120

180^1680

30
100

24

125±23
150±21
182+21

3000+200

14000

15000

2900±200

14800±80

24 + 3

N

1

30

2

1

3

1

1

1

1

1

1

Measured
Cross
Section
(mb)

28.3+6.0

660±70
800+130

832±26

234.7+17.4
183.6±28.8
202.5+28.1

31.8+6

1.09±0.08

7.2+1.2

42.8+5.0

2.74+0.2

638

Neutron
Source

Li7(p,n)
VDG

Sb-Be
Calibrated

Li7 (p,n)
VDG

D(d,n)
Cascade
Generator

T(d,n)

T(d,n)

Sb-Be

Method

ACT

RCT
Nal(Tl)
4TT

ACT
Shell
Trans

ACT
Cs-I

TOF
SC

ACT
GM

Nal(Tl)

ACT

ACT

ACT

ACT
Nal(Tl)

Standard
or Flux
Monitor
(mb)

U 2 3 5 af

Allen-
Henkel

p u2 3 9

Blo-Nal

31P(n,p)74
B10F3

Anth. SC

ZnS(Ag)

Al a
na

In

C u 6 3°n,2n
530±25

Au197640

Thermal C.S.(barns)

Standard

6.22

Target

Comments

Data: NEUDADA

450 keV-Y
relative to
thermal value,
renormalized
to o f (

2 3 5 u )

Data:74Vuletin

Data : NEUDADA

6th TI for
decay data

33



T a b l e 13-4 1 2 7 I ( c o n t i n u e d )

I
CO

Reference

71 Brzosko

72 Kantele

73 Lakosi

73 Peto

7 4 Vuletin

74 Rigaud

7 5 Yamamuro

7 5 Rimawi

76 Schwerer

Energy
(keV)

400

14500

830

4500

14400

14600

23-7

24.3±0.2

14000

N

1

1

1

1

1

1

1

1

1

Measured
Cross
Section
(mb)

150 g
67 + 5 m

0.9-0.3

77±11
(109:15)*

95*19

1.2:0.1

<1.38+0.35

760±20

767±50

1.12+0.25

Neutron
Source

Na-Be

T(d,n)

T(d,n)
Electro-
static
Accele-
rator

Ta(y,n)
LINAC

Fe Filter

Fe Filter

Method

TOF

ACT

ACT

ACT

ACT
Ge(Li)

ACT

TOF
C6F6SC

ACT
Ge(Li)

ACT
Ge(Li)

Standard
or Flux
Monitor
(mb)

Au197(n,Y)

Al27(n,p)
68.6

B10(n,ay)
Sowerby

B10 (n,a)
at=5917.5

ona=3487.5

Thermal C.S.(barns)

Standard Target

Comments

NEUDADA

* INDC(HUN)
-11/L



Table 14-1 JCs

CO
CO

Reference

5 8 Booth

62 Popov

63 Borbely

67 Tolstikov

69 Schuman

6 9 Kompe

Energy
(keV)

20

0.001^40

2600

142^1230

2

10^150

N

1

92

1

8

1

72

Measured
Cross
Section
(mb)

90±45 m
1000+330 g

6,3+1.2

m

330+30m
2430±200g

Neutron
Source

Sb-Be

T(d,n)

T(p,n)
VDG

Fe-FILT-N

7Li(p,n)
VDG

Method

ACT
DRC

S counter
Nal(Tl)

TOF
Pb-SDTS
SCINT,

PROP-C

ACT(ABS)

ACT
DRC

EW-3

ACT

TOF
LIQ-SCINT
-T , Nal-
crystal

Standard
or Flux
Monitor
(mb)

1 2 7Kn,Y>
820+60

2 3 5U(n,f)
Davey's
eval.('66)

I 9 7Au(n / Y)
4800

1 < wAu(n,Y)*
596+12
at 30keV,

10B(n,cO ,
6Li(n,a)

Thermal C.

Standard

I 2 7 K n , Y )
5.5+0.5

2 3 5U(n,f)
577.1+0.9

BNL-325 '65

S . (barns)

Target

133Cs(n,Y)
26±4.94

for ' 3 "*gCs
(2.3 yr)
17+4 mb

for 1 3" mcs
(3.1 hr)

1 3 3Cs(n, Y)
2.6±0 .2

BNL-325'66

Comments

B & Y
En & a :data

nY
compiled in
NEUDADA

Norm, of a :
nY

RP of 3 lowest
levels &
group of
levels at E ^
100 eV

Data:NEUDADA

Production of
2.9 hr 1 3^ mCs
m , g

o /a^ are

given
o :NEUDADA

128keV-Y:14%,
2.895 hr
796+802keV-Y:
98%, 2046 yr
Y
* a of Au

nY
was determined
relative to
a of
na

1 0B & 6Li

I



Table 14-2 1 3 3Cs (continued)

Reference

70 Qaim

71 Brzosko

71a Rigaud

7 3 Murty

76 Yamamuro

Energy
(keV)

14800t300

400

14060^10

24 + 5

24

N

1

1

1

1

1

Measured
Cross
Section
(mb)

7.1+1.1
1.82tO.28
5.3±1.4 g

60±15 m
150 J
1.51+0.42

56±7 m

580+35

Neutron
Source

T(d,n)

* T(d,n)
ELST-
ACLTR

Sb-Be

Fe-FILT-
KUR-
LINAC

Method

ACT
Nal(Tl)

TOF(ABS)

TOF
Nal(Tl)

ACT(ABS)

Nal(Tl)

M TOF
C6F6-
SCINT

Standard
or Flux
Monitor
(mb)

2 7Al(n,a)
121

I27I(n,Y)
832±26

10B(n,aY)
sowerby's
data

Thermal C.S.(barns)

Standard Target

comments

12 7 keV-Y:,r
796 keV-y::-
6 th Tl

Data:NEUDADA

* integrated-

°ny,cf.72Buda-
pest,p.220('72)

Y
6 th Tl

Y

I



Table 15-1 ' L a

CO
en

Reference

57 Macklin

5 8 Perkin

5 8 Booth

59 Lyon

59 Johnsrud

6 0 Wille

Energy
(keV)

24

145000

20

195±50

150^2000
166
460
620

2000

14800±800

N

1

1

1

1

4

1

Measured
Cross
Section
(mb)

50±7

1.48±0.148

50 + 13

10±2

16 0
5.9
6.2
5.25

P

1.1+0.2

Neutron
Source

Sb-Be

T(d,n)

Sb-Be

RdTh-D2O

Li(p,n) :
.15^0.6MeV

T(p,n):
0.6'v2.5Me1

D(d,n) :
2.5"-6.2Me
ELST-GEN

u-Be:THR-N

T(d,n)
C-W

Method

ACT
Nal(Tl)

ACT
EW-G-M

ACT
DRC,

3counter
Nal(Tl)

ACT
Nal(Tl)

ACT
DRC

ACT
8 PROP-C

LONG-C

Standard
or Flux
Monitor
(mb)

1 2 7I(n, Y)
820±60

2 7Al(n,a)

1 2 7I(n,y)
820±60

In(n,Y)
54 min
195±10

Z 3 5U(n,f)
Allen &
Henkel '58

G 3Cu(n,2n)
519

6 5Cu(n,2n)
1020

Thermal C

Standard

1 2 7I(n, Y)
5.5±0.5

2 3 5U(n,f)
584

.S.(barns,

Target

1 3 9La(n,Y)
8.4±1.68

1 3 9La(n, Y)
8.2r0.8

Comments

1.60 MeV-Y,
0.882Y/dis.
1 2 7 T .

455 keV-Y,
0.172Y/dis.

3

3&Y, 40.2 hr
En & any:

data compiled
in NEUDADA

1.6 0 MeV-Y,
0.88Y/dis.
1 ' 5In:1.2 8MeV-
Y, 0.848Y/dis.

815 keV-Y
1596 keV-Y
40.2 hr

6, 40+2 hr
Rev. Mod.Phys.
30,585 C58)
and others

I
2



Table 15-2 'La (continued)

en
I

Reference

6 3a Macklin

6 3 Konks

65 Cuzzocrea

66 Chaubey

67 Csikai

67 Peto

67 Cuzzocrea

68 Stupegia

Energy
(keV)

30 and 65
30i7
65 + 20

0.04'M0

14000±400

24

14700

3000+200

14000±200

11.2-^1997

N

2

66

1

1

1

1

1

19

Measured
Cross
Section
(mb)

55 + 10
18±3

3.6±0.6

50 + 10

1.4±0. 3

4.6+0.7

1.9iO .4

Neutron
Source

Li(p,n)
T(p,n)

ORNL-VDG

7Li(p,n)
Sb-Be
(24 keV)

Sb-Be

D(t,n)
CASCD-GEN

D(d,n)
CASCD-GEN

T(d,n)

7Li(p,n):
150-vlMeV

T(p,n):

Method

TOF
LIQ-SCIN
-T

ACT & TSG
Pb-SDTS

ACT

ACT

ACT
EW-G-M,

1 0BF 3-LC
Nal(Tl)

ACT
EW-G-M
SCINT,

Nal(Tl)

ACT (ABS!
G-M

ACT
EWPC, Nal

Standard
or Flux
Monitor
(mb)

In(n,Y)
30keV:763
65keV:448

Cu(n,2n)

1 2 7Kn,Y)
820±60

27Al(n,a)
117

197Au(n,Y)
35±3

63Cu(n,2n)
469±10

65Cu(n,2n)
919+30

235U(n,f)
(93.27%)
White '65

Thermal C.S.(barns)

Standard Target

Comments

Y

Normalization:
RP(73.5 eV) of
139La
RP of W,Au,Ta
DATA : NEUDADA
DATA : NEUDADA

3,
NDS & others

(3 , NDS
mon. reac. : a

3

6, NDS

6+/K=(2.73+
0.27) %: PR 142,
725 ('66)

3 & y, a of
impurities
included in
2 3 5U: Hughes
et al. ('60)



Table 15-3 A39La (continued)

I
CO

Reference

6 9 Schuman

70 Chaturvedi

70 Zaikin

71a Rigaud

72 Holub

74 Rigaud

76 Schwerer

Energy
(keV)

2

24±3

2 0 0^5900

14060+10

14400

14600±300

14600+200

N

1

1

21

1

1

1

1

Measured
Cross
Section
(mb)

230±20

13

1.35+0.40*

2.4+0.2

0.7+0.3

1.01±0.10

Neutron
Source

Fe-FILT-N

Sb-Be

7Li(p,n)
T(p,n) i
D(d,n)

ELST-ACLTR

T(d,n)
ELST-ACLTR

T(d,n)
ESLT-ACLTS

T(d,n)
C-W

Method

ACT

ACT
Nal(Tl)

ACT
3-counter

TOF
Nal(Tl)

ACT

ACT
Get Li)

ACT(ABS)
Nal(Tl)
Ge(Li)

Standard
or Flux
Monitor
(mb)

197Au(n,Y)
4800

197Au(n,Y)
6 40+25

2 35U(n,f)

27Al(n,p)
68.6±1.4
at 14.1 MeV

27Al(n,a)
114.2+1.37

Thermal C.S.(barns)

Standard Target

Comments

1596 keV-Y:96%
40.22 hr

Y, TICC ('63)
6 th Tl

6
ratio of

activities with
fast and ther-
mal neutrons

* integrated
any
cf. 72Budapest
p. 220 ('72)

DatarNEUDADA

Y

1596 keV-Y
40.2 hr

PI

I
2



Table 16 U 2Ce

CO
oo

Reference

57 Macklin

58 Perkin

59 Lyon

66 Chaubey

67 Peto

7 3 Siddappa

7 4 Anand

76 Schwerer

Energy
(keV)

24

14500

195+50

24

3000+200

23±5

25±5

14600+200

N

1

1

1

1

1

1

1

1

Measured
Cross
Section
(mb)

425±43

t'7.5*

22±5

525+50

33.4+6

63 + 10

21±2

1.11+0.17

Neutron
Source

Sb-Be

T(d,n)

RdTh-D2O

Sb-Be

D(d,n)

Sb-Be

Sb-Be,
BARC-
Reactor

for THR-N

T(d,n)
C-W

Method

ACT
Nal(Tl)

ACT
EW-G-M

ACT
Nal(Tl)

ACT
EW-S

ACT
EW•G-M
SCINT,
1 0BF 3

Nal(Tl)

ACT(ABS)
Nal(Tl)

ACT
DRC
Nal(Tl)

ACT (ABS
Nal(Tl)
Ge(Li)

Standard
or Flux
Monitor
(mb)

1 2 7I(n, Y)
820+60

2 7Al(n,a)

In(n,y)
(54 min)
195±10

1 2 7I(n, Y)
820+60

32S(n,p)
111+10

l 2 7I(n,Y)
836±26

1 2 7I(n,Y)
832±26

2 7Al(n,a)
114.2±1.37

Thermal C.S.(barns)

Standard

1 2 7I(n, Y)
6.12+0.12

Target

llt2Ce(n,Y)
0.95±0 .05

Comments

290 keV-Y,
0.426Y/dis.

455 keV-Y,
0.172Y/dis.

s,
*upper limit

290 keV-Y,
0.43Y/dis.
115In:
1.2 8 MeV-Y,
0.848Y/dis.

a

NDS & others

S

4T-geom. Y
6 th Tl

29 3keV-Y,3 3hr
1 2 7 I : +
441 keV(2 )-Y

293.3 keV-Y
33.7 hr

I



Table 17-1 l P r

CO

I

Reference

5 7 Macklin

58 Pasechnik

58 Perkin

5 8 Booth

59 Lyon

Energy
(keV)

24

2500-^4000
2500'
3100
4000

14500

20

24 and 195
24

195+50

N

1

3

1

1

2

Measured
Cross
Section
(mb)

155+15

8.6±0.4
7.1±0.3
6..3±0.2

3.33+0.33:

180+40

155+15
38 + 4

Neutron
Source

Sb-Be

D(d,n)
ELST-GEN

T(d,n)

Sb-Be

RdTh-D2O

Method

ACT
Nal(Tl)

ACT

ACT
EW-G-M

ACT
DRC

B counter
Nal(Tl)

ACT
Nal(Tl)

Standard
or Flux
Monitor
(mb)

1 2 7I(n,Y)
820±60

1 2 7I(n, Y)
51
44
37

27Al(n,ct)

1 2 7I(n, Y)
820+60

f

115In(n,Y)
(54 min)

195±10

Thermal C.S.(barns)

Standard

127I(n,Y)
5.5+0.5

Target

: MPr(n, Y)
11.2 + 0.605

Comments

1.5 9 MeV-Y,
0.0 41'Y/dis,
12 7 T .

455 keV-Y,
0.172Y/dis.

3,
19.1 hr

6

6 & Y,19.1hr
En & a :

nY
data
compiled in
NEUDADA

1.59 MeV-Y,
0 .04Y/dis.
115In:
1.2 8 MeV-Y,
0.848y/dis.

w
SO

I
s



T a b l e 17-2 l l 4 l P r ( c o n t i n u e d )

I

Reference

59 Johnsrud

60 Wille

61 Gibbons

6 3a Macklin

Energy
(keV)

165^2000
165
175
234

2000

14800±800

11.5^161
30±7
65+20

30 and 6 5
30 + 7
65±20

N

4

1

49
1
1

2

Measured

Section
(mb)

36
36
18
15.8

2.1+1.0

115+11.5
59±5.9

115
59

Neutron
Source

Li(p,n):
0.15^0.60Me

T(p,n) !
0. 60-^2. 5Me

D(d,n)

ELST-GEN
Pu-Be:
THR-N

T(d,n)
C-W

7Li(p,n):
7^70 keV

T(p,n):
20^170 keV
ORNL-VDG

7Li(p,n)
T(p,n)

ORNL-VDG

Method

ACT
V DRC

2 35U-FC
V Nal(Tl)

ACT
3 PROP-C

LONG-C

TOF
LIQ-SCIN1
-T
$ :'°B-N<
n

TOF
LIQ-SCINT
-T

Standard
or Flux
Monitor
(mb)

235U(n,f)

63Cu(n,2n):
519

G5Cu(n,2n):
1020

In(n,Y)*
P 760±50

450±40
il

In(n,Y)
30keV:76 3
65keV:448

Thermal C.S.(barns)

Standard

235U(n,f)
584

Target

10+3

Comments

19.2 hr

6, 19+1 hr
Rev.Mod.Phys,
30, 585 ('58)
and others

* a n Y d n ) :

rel. to
(anf+anY] ° f

2 3 5U above
100 keV

rel. to a

of 10B below
140 keV

Y



Table 17-3 l l 4 l P r (continued)

Reference

6 3 Bramlitt

6 4 Konks

6 5 Stupegia

65 Cuzzocrea

66 Chaubey

67 Csikai

6 7 Peto

67 Cuzzocrea

Energy
(keV)

14700+200

0.022^40

187^2460

14000±400

24

14700
13400^15000

3000+200

14000+200

N

1

73

25

1

1

1
7

1

1

Measured
Cross
Section
(mb)

2.3+1.1

6.25+0.15

100+15

3.0+0.3

12.2+2.4

2.6+0.5

Neutron
Source

T(d,n)
C-W

7Li(p,n
Sb-Be
(24 keV)

Sb-Be

T(d,n)
CASCD-GEts

D(d,n)

T(d,n)

Method

ACT
EWPC
Nal(Tl)

) ACT & TSC
Pb-SDTS
Y-PC

ACT

ACT

ACT
EW-8

ACT
I EW«G-M,
Nal(Tl)

LC & a-
DTCTR

ACT
EW-G-M
SCINT,10BF
Nal(Tl)

ACT (ABS)
G-M

Standard
or Flux
Monitor
(mb)

27Al(n,a)
114

Cu(n,2n)

1 2 7I(n, Y)
820±60

3IP(n,p)
74 + 6

3

S3Cu(n,2n):
469±10

6sCu(n,2n) :
919+30

Thermal C.S.(barns)

Standard Target

Comments

8:100% 19.1hr
1.5 7 MeV-Y,

norm, of a :
ny

RP(85 eV) of
i , i p r

RP of Br,Ta,W
DATA:NEUDADA
DATA:NEUDADA

Data:NEUDADA

8
NDS & others

8, NDS
mon. reac,:a

8

8, NDS

8+/K=(2.73±
0.27)%
: PR 142,725
C66)

50

I
2

01

ao



Table 17-4 1Pr (continued)

to
I

Reference

6 8 Stupegia

70 Diksic

7 0 Majumder

70 Chaturvedi

70 Zaikin

72 Holub

74 Vuletin

Energy
(keV)

145^2457

3000±200

14800+80

24±3

84^5900

14400

14400

N

24

1

1

1

30

1

1

Measured
Cross
Section
(mb)

0.29 + 0.05̂ 7
10.9+0.9^

2.i9±0.31

82

2.3+0.3

2 . 7 10 . 5

Neutron
Source

7Li(p,n) :
0.15-^lMeV
T(p,n):

1^3MeV

i D(d,n)
CASCD-GEN

T(d,n)

Sb-Be

7Li(p,n)
T(p,n)
D(d,n)

ELST-ACLTR

Method

ACT
EWPC,NaI

ACT
EW-G-M
Nal(Tl)

ACT

ACT
Nal(Tl)

ACT
Bcounter

ACT

ACT (ABS)
Ge(Li)

Standard
or Flux
Monitor
(mb)

235U(n,f)
(93.27%)
White '65

31P(n,P)
74±6

2 7Al(n,a)
116±8

197Au(n,y)
640+25

235U(n,f)

known
reactions

Thermal C.S.(barns)

Standard Target

Comments

B & Y
a of impurities
included in
2 3 5U: Hughes
et al. ('60)

6 , NDS

B , 19,2 hr

Y
TICC C63)
6th TI

6
ratio of
activities with
fast and
thermal neutrons

Data:NEUDADA

0 was

determined from
the known
monitor
reactions



T a b l e 18 l l t 6 N d

CO

I

Reference

70 Thirumala

72 Thirumala

73 Siddappa

Energy
(keV)

25

25±5

23 + 5

N

1

1

1

Measured
Cross
Section
(mb)

89±10

68±23

120±18

Neutron
Source

Sb-Be

Sb-Be
(Ra-ct-Be
for THR-N)

Sb-Be

Method

ACT
Nal(Tl)

ACT
DRC

Nal(Tl)

ACT
(ABS)

Nal(Tl)

Standard
or Flux
Monitor
(mb)

1 2 7Kn / Y)
832

127Kn,Y)
836±26

Thermal C.S.(barns)

Standard

127I(n,Y)
6.17±0.2

Target

1C46Nd(n,Y)
1.8±0.6

. Comments

t

Y

530 keV-Y
11 day

4ir-geom. y
6th TI

I
2

00



Table 19 3Nd

Re ference

59 Johnsrud

68 Hasan

70 Thirumala

72 Thirumala

73 Siddappa

Energy
fkeVl

175^2500

24

25

25±5

23±5

N

14

1

1

1

1

Measured
Cros s
Section
(mb)

165+35

195±20

388±144

253±40

Neutron
Source

Li(p,n)

Method

ACT
0.15'^0.60MeV DRC,

T(p,n)
0.60^2.5MeV Nal(Tl)

D (d , n)
2.6^6.2MeV
ELST-GEN

Pu-Be:THR-N

Sb-Be

Sb-Be

Sb-Be
(Ra-a-Be
for THR-N)

Sb-Be

ACT

ACT
Nal(Tl)

ACT
DRC

Nal(Tl)

ACT(ABS)
Nal(Tl)

Standard
or Flux
Monitor
(mb)

235U(n,f)
Allen and
Henkel '58

127I(n,y)
820

I27I(n,Y)
832

127Kn,Y)
836±26

Thermal C.

Standard

2 35U(n,f)
584

127I(n,Y)
6.17±0.2

S.(barns)

Target

l l t 8Nd(n,Y)
3.7±1.2

lltSNd(n,Y)
3.7±1.2

Comments

118 keV-Y
2.0 hr

NDS
Rev. Mod, Phys
30, 585 C58)

1.9 hr

Y

Half life:
1.9 hr
Saturation
activity

4iT-geom. y
6th Tl

00



T a b l e 20 ' 5 0 N d

I

en

Reference

59 Johnsrud

6 8 Hasan

70 Thirumala

72 Thirumala

Energy
(keV)

175^2500

24

25

25±5

N

14

1

1

1

Measured
Cross
Section
(mb)

0

125+25

85±9

85 + 19

Neutron
Source

Li(p,n):
.15^0.60MeV

T(p,n)
0 .60^2.5MeV

D(p,n)

ELST-GEN
Pu-Be:

THR-N

Sb-Be

Sb-Be

Sb-Be
(Ra-pi-Be
for THR-N)

Method

ACT
DRC

Nal(Tl)

ACT

ACT
Nal(Tl)

ACT
DRC

Nal(Tl)

Standard
or Flux
Monitor
(mb)

2 3 5U(n,f)
Allen and
Henkel '58

1 2 7Kn,Y)
820

127I(n,Y)
832

Thermal C.

Standard

235U(n,f)
584

127Kn,Y)
6.17+0.2

S.(barns)

Target

15ONd(n,Y)
3.0+1.5

15ONd(n,Y)
1.5±0.2

Comments

118 keV-Y
12.0 min

NDS
Rev.Mod.Phys.
30, 585 C58)

12 min

Y

half life:
12 min

saturation
activity

I

z.



Table 21 'Sm

Reference

63b Macklin

bb tenner

7 7 Kononov

Energy
(keV)

30±7

0.01

5.5-̂ 34 2,5

N

1

1

75

Measured
Cross
Section
(mb)

1173+192

960±100b

Neutron
Source

7Li(p,n)
ORNL-VDO

Method

TOF
M-R

mass
spect.

TOF
Llw-
SCINT

Standard
or Flux
Monitor
(mb)

10B(n,a Y)
19tAu(n,Y)*

Thermal C.S.(barns)

Standard Target

Comments

Y

*a =596mb
ny

at 30 keV

Table 2 2 'Sm

Reference

63 b Macklin

7 7 Kononov

Energy
(keV)

3017

s.5^342.a

N

1

75

Measured
Cross
Section
(mb)

1622±279

Neutron
Source

7Li(p,n)
ORNL-VDG

Method

TOF
M-R

TOF
LIQ-
SCINT

Standard
or Flux
Monitor
(mb)

10B(n,ay)
196Au(n,Y)*

Thermal C.S.(barns)

Standard Target

Comments

Y

*any=59 6iab

at 3 0 keV



Table 23 5 2 Sm

I

Reference

57 Macklin

59 Lyon

6 3b Macklin

66 Chaubey

67 Peto

71 Bensch

7 3 Lakosi

Energy
(keV)

24

195±50

30±7

24

3000±200

24^974
24
138
264
974

830

N

1

1

1

1

1

4

1

Measured
Cross
Section
(mb)

668±100

150+20

411±71

575+60

44.2±6.6

569±45.5
307+36.8
195+15.6
122+15.3

130±25

Neutron
Source

Sb-Be

RdTh-D2O

7Li(p,n)
ORNL-VDG

Sb-Be

D(d,n)
CASCD-GEN

PHOTO-N

Na-Be

Method

ACT
Nal(Tl)

ACT
Nal(Tl)

TOF
M-R

ACT
EW-B

ACT
EW-G-M
SCINT,
10BF3

Nal(Tl)

ACT
ABS

ACT
Nal(Tl)

Standard
or Flux
Monitor
(mb)

127I(n,Y)
820±60

1 '5In(n,Y)
(54 min)
195+10

127I(n,Y)
820±60

197Au(n,Y)
35.2±3

197Au(n,Y)
100

Thermal C.S.(barns)

Standard Target

Comments

10 5 keV-Y;
0.357Y/dis.
1 2 7 T .

455 keV-Y,
0.172Y/dis.

105 keV-Y,
0.357Y/dis.
1 1 5 T_ .

In:
1.28 MeV-Y,
0.848Y/dis,

Y

6
NDS & others

B

Y

I
2

en
91



Table 24-1 s 3 Eu

oo

I

Reference

64a Konks

68 Konks

68 Harlow

70 Czirr*

Energy
(keV)

0.0008^42

O.OOIMO

0.025^10

0.2 "-12. 5

N

88

86

98

Measured
C t-nc c

Section
(mb)

Neutron
Q o n T~ r"1 ̂

SDT-N
in Pb

NUCL-EXPL

Method

TOF

Standard
p, y- p i iiy
VJ 1. r X U. A

Monitor
(mb)

GAS-DIS-PC

SCINT

TOF
M-R

LRL-LINAC TOF
LIQ-SCINT

Thermal C.S.(barns)

Standard Target

Comments

The data was
adopted from
BNL-325, 2nd.
Suppl. C66)

Norm, of o :
n vny

RP of low-lying levels &
other elements

Norm, of a :
ny

1 5'Eu data of
Konks & Fenir
C64)
Data: Fig. 3

* The measure-
ment was per-
formed for
1 5 !Eu S. nat£u.

Norm, of15'any
r
 n a t,, . ISlr,,

in o . r>Uny
resonance at
7.44 eV was
used for Eu.
G of 1 5 3Eu
wa's' derived
from the data
for 151Eu &
nat. Eu.



Table 24-2 1 5 3Eu (continued)

I
4k.
CO

Reference

75 Hockenbury

76 Moxon

7 7 Kononov

Energy
(keV)

6.3^300

0.1^100

5.5^342.5

N

566

27*

75

Measured
Cross
Section
(mb)

Neutron
Source

RPI-LINAC
L

HAR-LINAC
nat. U &
n-booster

Method

TOF
IQ-SCINT-
10B-NaI

TOF
M-R

TOF
LIU-
SCINT

Standard
or Flux
Monitor
(mb)

T

10B(n,a)

10B(n,aY)
196Au(n,Y)*

Thermal C.S.(barns)

Standard Target

Comments

Norm, of a :
ny

RP of 153Eu
E0=31.3 eV
2grn=2.28meV,
Data:NEUDADA

Y
* Averaged

Values

*a =596 mb
ny

at 30 keV

I

CT>



•J A E R I - M 7 5 6 1

Abbreviations used in Table (Appendix I)

Column 1 Reference

References of abbreviations used in this column are given in
Experimental References.

Column 4 Measured Cross Section

m
g

Column 5

BARC
CASCD-GEN
C-W
ELA, or
ELST-ACLTR
ELST-GEN
Fe-FILT-N
HAR
KUR
LINAC
LRL
nat. U
n-booster
NUCL EXPL
ORELA
ORNL
PHOTO-N
RPI
SDT-N
THR-N
VDG

Column 6

(ABS)
ACT
Anth. SC
1°BF3-LC
1 OB-Nal •
C6F6-SCINT
DRC
EW-G-M
EW-PC
EW-3
GAS-DIS-PC
Ge(Li)
G-M, GM
LIQ-SCINT
LIQ-SCINT-T
or SC-T
LONG-C
M-R
Nal
Nal(Tl)
Pb-SDTS
PROP-C, or
PROP
SCINT, or
SC

Cross section to the meta-stable state
Cross section to the ground state

Neutron Source

Bhabha Atomic Research Centre, Trombay
Cascade generator
Cockcroft-Walton type accelerator
electrostatic accelerator

electrostatic generator
Fe-filtered neutron
Harwell, AERE
Kyoto University Research Reactor Institute
electron linear accelerator
Lawrence Radiation Laboratory
natural uranium
neutron booster
underground nuclear explosion
Oak Ridge Electron Linear Accelerator
Oak Ridge National Laboratory
Photo-neutron
Rensselaer Polytechnic Institute
slowing-down-time neutron
thermal neutron
Van de Graaf accelerator

Method

absolute measurement
activation method (technique)
anthracene scintillation counter
1 °BF 3 long counter
1°B-NaI detector
C6F6 scintillator
double-ratio comparison
end-window G-M counter
end-window proportional counter
end-window B counter
gas-discharge proportional counter
Ge(Li) spectrometer

Geiger-Muller counter
liquid scintillator
liquid scintillation tank

long counter
moxon-Rae counter
Nal crystal (scintillator)
Nal(Tl) crystal, (scintillation y~sPectrometer)
Pb slowing-down-time spectrometer
proportional counter

scintillation counter

-50 -



J AERI-M 7 568

TOF
TSG,or RG-TRANS
2 35U-FC
oc-DTCTR
6-counter
B-PROP-C
Y-PC

Column 7

Allen & :
Henkel ('58)

Anth. SC :
Davey's data or
Davey's eval.'66
Diven '58 :

Diven (p.c.) :

Hughes, or :
Hughes et al.
'60

Johnsrud :

JP/A5, 1262('72) :
Li glass SC :
Sowerby, or :
Sowerby's data

White's af, or

White '65

Column 8 & 9

BNL-325 '58
BNL-325 '65

BNL-325 '66

Column 10

BNL-325, 2nd,
Suppl. ('66)
72 Budapest,
p. 220 ('72)

Data : Fig. 3

Data:NEUDADA

En
En & a :data

Y
compiled in
NEUDADA

time of flight method (technique)
transmission sphere geometry(ring geometry)
2 3 5U fission counter (chamber)
a particle detector
B-ray counter
B-ray proportional counter
Y-ray proportional counter
Neutron flux (beam)

Standard or Flux Monitor

Allen, W. D. and Henkel, R. L. :
Prog. Nucl. Ener., Ser. I, Vol II (1958)

anthracene scintillation counter
: Davey, W. : Nucl. Sci. Eng. 2£, 149 (1966)

Diven, B. C , Terrell., J., and Hemmendinger, A. :
Phys. Rev. ^0_9, 144 (1958)
This is cited in [60 Weston] as " private communication"
from Diven and Terrell.
Hughes, D. J., Magurno, B. A., and Brussel, M. K. :
Neutron Cross Sections, BNL-325, 2nd Edition (1960)

Johnsrud, A. E., Silbert, M. G., and Barschall, H. H. :
Phys. Rev. 116̂ , 927 (1959)
Lakshmana Rao,A.and Rama Rao,J.: Jour. Phys.A5_, 1262(1972)
Li glass scintillation counter
Sowerby, M. G., Patrick, B. H., Uttley, C. A., and
Diment, K. M, :
Proc. Symp. Neutron-Standards and Flux Normalization.
AEC Symposium Series 23, p. 151 (1970)
White, P. : Jour. Nucl. Ener. A/B 19, 325 (1965)

Thermal Cross Section

Neutron Cross Section, BNL-325, 2nd Edition (1958)
Neutron Cross Section, BNL-325, 2nd Edition
Suppl. No. 2, Vol. Ill (1965)
Neutron Cross Section, BNL-325, 2nd Edition
Suppl. No. 2, Vol. II B (1966)

Comments

BNL-325, 2nd Edition, Suppl. No. 2, Vol II C (1966)

Irigary, J. L., Rigaud, F., Petit, G. Y., Longo, G.,
and Saporetti, F. :
Conference on Nuclear Structure and Study with Neutrons,
Budapest, p. 220 (1972)
The measured cross sections are plotted in Fig. 3
of the original paper.
This means that the data were adopted from NEUDADA,
because the literature didn't be obtained in present
work, or the numerical data are not given in the
original paper,
neutron energy

This means that En and o were adopted from NEUDADA,

because the original values of En and a were revised

when the data were compiled in NEUDADA.
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lslEu data of
Konks & Fenin('

4TT-geom. y
Hughes et al.('

integrated o

mon. reac. : a

NDS

Norm.
ORELA
PR 142, 725('66

Relative •
Rev. Mod. Phys.
30, 585 ('58)

RP
T 1/2
6 th TI

TICCor Table
of ICC

upper limit

S
Y

: Konks, V. A. and Fenin, Yu. I. :
64) Conference on Interaction of Neutrons with Nuclei.

Dubna, Report No. 1845 (1964) [64a Konks]
: 4TT-geometry gamma-counting technique
60) : Hughes, D. J., Magurno, B. A., and Brussel, M. K. :

Neutron Cross Sections, BNL-325, 2nd Edition (1960)
: (n,y) cross section integrated over the energy of

emitted y~ray
: This means that a particles were measured as a monitor

reaction.
: Nuclear Data Sheet, compiled by K. Way et al. :

National Academy of Sciences, National Research Council,
Washington 25, D. C.

: normalization
: Oak Ridge Electron Linear Accelerator
) : Grissom, J. T., Koehler, D. R,, and Alford, W. L. :

Phys. Rev., 14^' 725 (1966)
: relative measurement

Strominger, D., Hollander, J. M., and Seaborg, G. T. :
Rev. Mod. Phys. 30_, 585 (1958) ;
Nuclear Data Cards (National Research Council, Washington
25, D. C. )
resonance parameter
half life
Lederer, C. M., Hollander, J. M., and Perlman, I :
Table of Isotopes, Sixth Edition, (1967)
Sliv, L. A. and Band, I. M. :
Table of I. C. C , Alpha-Beta-ind Gamma-Ray
Spectroscopy, Vol. 2, p. 1638 (1963)
This means that the measured cross section is the upper
limit only due to insufficient yield.
f?-ray counting
y-ray counting
capture cross section to the ground state

capture cross section to the ;ns ta-st.iole state
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îii

^ r

1 | • .

j : . . ;

1

I

— -

f

"I

- : • ,

:™

t(

'>

...

09

— I -
l_

A

- •

• : : . ; •

- : :r

. j |

£~

:j-
d_

i:'

. . .JJ

:

: : : . : : • :

•:j; r

d"

: = ; i i »! =-UUl--

-4-
• i t :

-Hi I...-t

A Weston et al AP 10, 477 (1960) g |

0 Furr TID- 16059 (1962) p i

O Koaoaov 66 Paris 1, 469 (1966) | |

it Chaubey et a l PS 152, 1055 (1966) p |

A Murty et al 70Madurai2, 29 ^ 1 9 T 0 ^ ' E j J

<§> Siddappa et a l JP/A • 5, 877 (1972> 1 ]

T —

- : • -

TT
- . ; • I '

• r •

it i ::

&•'•:•+•:•.:

?^«
FIT

rrit

: i

Illl

ill-
If

.. 1 .:

-i. ..:....

. 1 • • "

' • ' • • ' = ,

1_
i.

•i-i

::H

-:

| i ! .

• ~

'-;•

1

-

H:

i

--

-

::.:L

: : : :

• : • :

: " :

. . . .

7 : : : :

! --"T: 7

: ! : • :

n i

• 1 : : •

- : - - ; - • :

--:-:rM-

i r r

:: j ; j :

:::

• • • ; : + : ;

''If,

: : : •

; • :

;:i

: : : . ! . - •

tr:i""

iif

: •

. ] : :

:H ^

• : • : • ! •

: : : :

in-

J ,

Wr

•„-••[

1

: - :

iBllHoslIB

: is =?•:•; i ! i : j= j i l

• ; : : • : : • z:::::-:?

-pTTr-nl l l

•'m.uw •?$?$*

:4;::;:i:::::iii:;:i::

i r i ^ ^ E :•;:!; iij

i rii * H** 1* "• n*»
i i* IS fPT jfS j r a jl

• ••:-• : ^ ~ T S I I

En{eY) Iff Iff



IQ. 13

CfnJ
(barns)

GO

I

(71, 7 ) Cross Section
(1958)

(1958)

(1958)

(1959)

(1959)

(1960)

(1961)

(1961)

(1961)

(1962)

(1964)

(1967)

(1967)

(1968)

(1970)

(1971)

(1972)

(1973)

(1973)

(1974)

(1974)

Leipunskij

Perkin

Belanova

Lyon

Johnsrud

Diven

Stavisskii

Block

Gibbons

Popov

Cox

Macklin

Pet 8

Dinter

(1957)

(1959)

(1960)

(1960)

(1961)

(1962)

(1963)

(1965)

(1965)

(1970)

(1975)

(1975)

1

Macklin +

Gabbard +

Belanova

Schmitt +

Gibbons +

Furr

Macklin +

Stavisskii +

Robertson

Chaturvedi +

Tamamuro +

Rimavi +•
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