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ATLAS OF ENERGY-ANGULAR DISTRIBUTIONS OF GAMMA RAYS
PRODUCED IN NEUTRON REACTIONS

A.I. Blokhin, V.V. Vozyakov, M.V. Mikhailyukova,
S.M. Nasyrova

Power Physics Institute, Obninsk

ABSTRACT

ATLAS OF ENERGY ANGULAR DISTRIBUTIONS OF GAMMA RAYS PRODUCED IN

NEUTRON REACTIONS. An atlas of energy angular differential gamma-ray production
cross-sections was produced using EXFOR data for 52 elements and some of their
isotopes. In some cases experimental and evaluation data from BROND-2 and
ENDF/B-VI were compared.

One of the main steps towards the compilation of the BROND-2 library of
recommended evaluated neutron data [1, 2] is the evaluation of nuclear data on processes
responsible for the production of gamma rays in various neutron reactions. For a number
of elements the BROND-2 library includes evaluated nuclear data on gamma-ray production,
but there are many elements for which this work remains to be done. One of the preparatory
stages of such work is the compilation and analysis of existing experimental information on
the processes in question and its comparison with the available evaluated data.

We have compiled the information available on differential gamma-ray production

cross-sections in the region of the continuum for the absorption and radiative capture of

neutrons of different energies on the basis of the EXFOR international library of

experimental data which was established as a result of the work of the network of

international nuclear data centres [3]. The atlas, containing 353 graphs, was produced on

the basis of this compilation. The available experimental data were compared with evaluated

data from the BROND-2 and ENDF/B-VI libraries [4]. The atlas covers the following

elements as well as many of their isotopes: N, O, F, Na, Mg, Al, Si, P, S, Ca, Sc, Ti, V,

Cr, Mn, Fe, Co, Ni, Cu, Zn, Se, Br, Rb, Sr, Y, Zr, Nb, Mo, Ag, In, Sn, Sb, I, Cs, Ba,

La, Ce, Pr, Gd, Tb, Ho, Lu, Ta, W, Re, Os, Pt, Au, Tl, Pb, Bi, 238U.
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The substance of the experimental information studied is presented in the table. The
nuclides are listed in ascending order of atomic number, and the table gives for each nuclide
the first author, the main bibliographical reference, and significant characteristics of the
experiment: the value measured, the energy range of the neutrons and gamma radiation, the
angle relative to the neutron beam axis at which the detector was placed for the gamma
measure and some information on the experimental conditions. The step change in the
neutron energy varied from experiment to experiment; for example, it was 2 MeV in the

d2a prod
measurements at the ORELA facility. In the EXFOR library, 1 (£ ), spectra and

dE dd Y

cross-sections ay prod (Er) are given for each neutron energy step. In our atlas graphs of the

measured values are not given for all En , as the differences between neighbouring steps are

small.

The bibliography contains references to the experimental work included in the table,
giving a complete list of authors, the code and name of the laboratory where the work was
carried out, and a full list of references in which the results obtained were published.

The atlas itself comprises two parts: Part 1 contains data on the energy angular
distributions of gamma rays produced in neutron reactions; Part 2 includes work in which
data on integral gamma-ray production cross-sections in specific energy intervals were
obtained. The figures are given in ascending order of atomic number, and for each atomic
number in ascending order of initial neutron energy.

The experimental material compiled, together with the comparison with available

evaluated data, provide a basis for future evaluations of gamma-ray production cross-sections

for neutron reactions.
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EXPERIMENTAL WORK ON 7-SPECTRA AND ay production

INCLUDED IN ATLAS
IN NEUTRON REACTIONS

Nuclide

°N

160

a Na

°Mg

°Mg

27 A l

27 A l

Reference

J.K.Dickens etal.
R, ORNL-4864, 1973
Exf. 10351002
G.L.Morgan etal.
R, ORNL-5575, 1979
Exf. 10847002
J.K.Dickens etal.
NSE.62,515,1977
Exf. 10502002
D.C.Larson etal.
NSE.75,151,1980
Exf. 10926002
J.K.Dickens etal.
NSE,62,515,i977
Exf. 10582002

M.Budnaret al.
NP/A,213,525,1973
Exf. 30532003
M.Budnar
NP/A,213,525,1973
Exf. 30532005
G.LMorgan et al.
NSE.62,515,1977
Exf. 10582002

Quantities
measured

" aYprod
dQdEy
in (n,X7) reactions

d2oProd

in (n,X7) reactions

d any
~d~Ey~

in (n,X7) reactions

d2aprod
dCldEy
in (n,X7) reactions

Neutron
energy,

MeV

2-20

6.5-20

1-20

0.2-20

0.76-20

14.1 ±0.6

0.85-20

Energy angular
characteristics of

7-radiation,
>p, degrees;
E7, MeV

90°
0.8-11.

125°
0.7-11.

125"
0.7-10.6

125"
0.4-10.6

90", 125"
0.7-10.6

12-24

90°, 125"
0.7-10.6

Measurement method,
detectors

ORELA
n: Ta(7,n), TOF,- scintillation detectors
7: Nal, heavy shielding + LiH,
paraffin

Cockcroft-Walton accelerator
n: T(d,n)4He, recoil proton method
7: anticoincidence, scintillation detector

ORELA
n: Ta(7,n), TOF, scintillation detectors
7: Nal, heavy shielding + LiH,
paraffin

Remarks

Absolute measurements in 4TT
geometry



Nuclide

°Si

°Si

°Si

3ip

°s

°Ca

°Ca

45Sc

Reference

J.K.Dickens etal.
NSE.62,515,1997
Exf. 10397002

10397003
M.Budnar et al.
NP/A.213,525,1973
Exf. 30532003

W.E.Tucker
BAP, 15,1667,1970
Exf. 1.0091002.

M.Budnar etal.
NP/A.213,525,1973
Exf. 30532009
M.Budnar etal.
NP/A,213,525,1973
Exf.30532011
M.Budnar etal.
NP/A,213,525,1973
Exf. 30532013
J.K.Dickens et al.
NSE,53,277,1974
Exf. 10350002

M.Budnar etal.
NP/A,13,525,1973
Exf. 30532015

Quantities
measured

d20Prod
dCldEy

in (n,X7) reactions

dOny
dEy

in (n,y) reactions

d Pyprod
dEy

in (n,X7) reactions

dalty
dEy

in (n,7) reactions

d Oyprod
dQdEy
in (n,X7) reactions

dOrxy
dEy
in (n,7) reactions

Neutron
energy,

MeV

1-20

14.1±0.6

5,8,9,10,11

14.1±0.6

0.7-20

14.1±0.6

Energy angular
characteristics of

7-radiation,
>fi, degrees;
E7, MeV

90°, 125°
0.7-10.6

12-24

5?
0.4-9

12-24

125°
0.7-10.6

12-24

Measurement method,
detectors

ORELA
n: Ta(7,n), TOF, scintillation detectors
7: Nal, heavy shielding + LiH,
paraffin

Cockcroft-Waltorj accelerator
n: T(d,n)4He, recoil proton method
7: anticoincidence, scintillation pair
spectrometer, scintillators - plastic and
NE-102A

Van de Graaf and tandem
n: D(D,n)3He, T(p,n)3He
TOF, recoil protons
7: GeLi, Nal(Tl), Nal(Gr)

Cockcroft-Walton accelerator
n: T(d,n)4He, recoil proton method
7: anticoincidence, scintillation pair
spectrometer

ORELA
n: Ta(7,n), TOF, scintillation detectors
7: Nal, heavy shielding + LiH,
paraffin

Cockcroft-Walton accelerator
n: T(d,n)4He, recoil proton method
7: anticoincidence, scintillation pair
spectrometer

Remarks

Absolute measurements in 4n
geometry

Absolute measurements in 4ir
geometry



Nuclide

43Sc

°Ti

51V

s.v

°Cr

°Cr

"Mn

5 5Mn

°Fe

Reference

J.Volgnler et al.
NSE,93,43,1986
Exf. 22006042
J.Voignier et al.
NSE,93,43,1986
Exf. 22006043
G.LMorgan et al.
R.ORNL-TM-6323,1978
Exf. 10790002
E.Newman et al.
NSE.62,515.1977
Exf. 10657002
M.Budnar et al.
NP/A,213,525,1973
Exf. 30532017
M.Budnar etal.
NF/A,213,525,1973
Exf. 30532019
G.L.Morgan et al.
R.ORNL-TM-5098,1976 .
Exf. 10581002
G.LMorgan et al.
R.ORNL-TM-5416,1976
Exf. 10580002
M.Budnar etal.
NP/A,213,525,1973
Exf. 30532021
M.Budnar etal.
NP/A,213,525,1975
Exf. 30532023

Quantities
measured

d Onf

dCldtiy
and gamma-ray
multiplicity

d °Yprod
dQdEy
in (n,X7) reactions

dOrty
~d~Ey~

in (n,7) reactions

d Oypwd
dQdEy
in (n,X7) reactions

dartf

~d~Ey~

in (n.-y) reactions

Neutron
energy,

MeV

0.5-3

0.3-20

0.2-20

14.1±0.6

0.2-20

14.1 ±0.6

Energy angular
characteristics of

7-radiation,
<p, degrees;

E7, MeV

90°
0.7-9.2

125°
0.3-10.6

125°
0.3-10.6

12-24

125°
0.3-10.6

12-24

Measurement method,
detectors

Van de Graaf
n: 7Li(p,n)7Be, 3H(p,n)3He, TOF,
BF3 counters
7: Nal annular, heavy shielding +
paraffin + Li + .B

ORELA
n: Ta(7,n), TOF, scintillation detectors
7: Nal, heavy shielding + LiH,
paraffin

Cockcroft-Walton accelerator
n: T(d,n)4He, recoil proton method
7: anticoincidence, scintillation pair
spectrometer

ORELA
n: Ta(7,n), TOF, scintillation detectors
7: Nal, heavy shielding + LiH,
paraffin

Cockcroft-Walton accelerator
n: T(d,n)4He, recoil proton method
7: anticoincidence, scintillation pair
spectrometer

Remarks

Below E7 = 1.5 MeV data
taken from calculation

Absolute measurements in 4n
geometry

Absolute measurements in 4TT
geometry



Nuclide

°Fe

59Co

°Ni

°Cu

°Cu

°Cu

°Cu

63Cu

65Cu

Reference

G.T.Chapraan et al.
R.ORNL-TM-5416,1976
Exf. 10580002

M.Budnar et al.
NP/A.213,525,1973
Exf. 30532025

J.K.Dickens etal.
R.ORNL-TM-4379,1973
Exf. 10402002
G.LMorgan et al.
R,ORNL-TM-5499,1979
Exf. 10977003
M.B.CaBHH
C,80Kiev,2,17(1980
Exf. 40518002
M.Budnar et al.
NP/A,213,525,1973
Exf. 30532021

J.Voignleret al.
NSE.93,43,1986
Exf. 22006044
J.Volgnieret al.
NSE,93,43,1986
Exf. 22006045
J.Voignier et al.
NSE,93,43,1986
Exf. 22006046

Quantities
measured

d Oypr0d
dQdEy- '
in (n,X7) reactions

dOny
(lEy
in (n,7) reactions

' ' °yprod
IKTJEy'

in (n,X7) reactions

Oyprod (En . Ey)

in (n,X7) reactions

d C/;ry
(iEy

in (n,7) reactions

d2Vny

and gamma-ray
multiplicity

Neutron
energy,

MeV

0.85-20

14.1±0.6

1-20

1-20

1-10

14.1+0.6

0.5-3

Energy angular
characteristics of

7-radiation,
ip, degrees;
E7, MeV

125°
0.7-10.6

12-24

125°
0.7-10.6

130°
0.8-10.

125°
1-5

12-24

90°
0.7-8

Measurement method,
detectors

ORELA
n: Ta(7,n), TOF, scintillation detectors
7: Nal, heavy shielding + LiH,
paraffin

Cockcroft-Walton accelerator
n: T(d,n)4He, recoil proton method
7: anticoincidence, scintillation pair
spectrometer

ORELA
n: Ta(7,n), TOF, scintillation detectors
7: Nal, heavy shielding + LiH,
paraffin

Linac
n: TOF, stilbene detector
7: liquid scintillator detector

Cockcroft-Walton accelerator
n: T(d,n)4He, recoil proton method
7: anticoincidence, scintillation pair
spectrometer

Van de Graaf
n: 7Li(P)n)7Be, 3H(p,n)3He, TOF,
BF3 counters
7: Nal + Nal annular, heavy shielding
+ paraffin + Li + B

Remarks

Absolute measurements in Ait
geometry

Absolute measurements

Absolute measurements in 4?r
geometry

Below Ê  = 1.5 MeV data
taken from calculation



Nuclide

°Zn

°Se

°Br

°Rb

°Sr

89y

88y

°Zr

wNb

Reference

J.K.Dickens ct al.
R.ORNL-TM-4464,1974
Exf. 10398002

M.Budnarcl al.
NP/A,213,525,I973
Exf. 30532029
M.Budnarct al.
NP/A,213,525,I973
Exf. 30532031
J.Voignicr ct al.
NSE,93,43,1986
Exf. 22006047

M.Budnarel al.
NP/A.213,525,1973
Exf. 30532033
M.Budnarel al.
NP/A.213,515,1973
Exf. 30532035
J.Voignicr el al.
NSE,93,43,1986
Exf. 22006048
J.Voignicr etal.
NSE,93,43,1986
Exf. 22006049
J.Voigaicret al.
NSE,93,43,1986
Exf. 22000050

Quantities
measured

d °fprod

in (n,X7) reactions

dony

(lEy

in (n,7) reactions

</Q (IKy

and gainma-ray
multiplicity

d any

<IEy

in (n,7) reactions

d1o,Xy
dQdEy
and gamma-ray
multiplicity

Neutron
energy,

MeV

0.85-20

14.1 ±0.0

0.5-3

H.I ±0.6

0.5-3

Energy angular
characteristics of

7-radiation,
<p, degrees;
E7, MeV

125°
0.7-10.6

1 ?.-24

90°
0/7-8

12-24

90° i
0.7-g

Measurement method,
detectors

ORELA
n: Ta(7,n), TOF, scintillation detectors
7: Nal, heavy shielding + LiH,
paraffin

Cockcroft-Walton accelerator
n: T(d,n)4He, recoil proton method
7: anticoincidence, scintillation pair
spectrometer

Van de Graaf
n: 7Li(p,n)7Be, 3H(p,n)3He, TOF,
BF3 counters
7: Nal + Nal annular, heavy shielding
+ paraffin + Li + B

Cockcroft-Walton accelerator
n: TYd.nVHe, recoil proton method
7: anticoincidence, scintillation pair
spectrometer

Van de Graaf
n: 7Li(p,n)7Be, 3H(p,n)3He, TOF,
BF3 counters
7: Nal + Nal annular, heavy shielding
+ paraffin + Li + B

Remarks

Absolute measurements in 47r
geometry

Below E, = 1.5 MeV data
taken from calculation

Absolute measurements in 4ir
geometry

Below E7 = 1 . 5 MeV data
taken from calculation



Nuclide Reference

wNb J.K.Dickens etal.
NSE,62,51J,1977
Exf. 10553002

°Mo G.LMorgan et al.
R.ORNL-TM-5097,1975
Exf. 10584002

°Mo M.B.CaBHH
C, 80Kiev,2,17,1980
Exf.40518007-40518013

°Mo J.Voignieretal.
NSE.93,43,1986
Exf. 22006051

°Ag

°In

°Sn

°Sb

J.K.Dickens et al.
NSE,62,515,1977
Exf. 10400002

M.Budnaret al.
NP/A.213,525,1973
Exf. 30532037

J.K.Dickens et al.
NSE.62,515,1977
Exf. 10351002

M.Budnaret al.
NP/A,213,525,1973
Exf. 30532039

Quantities
measured

d\prod
(IQdEy

in (n,X7) reactions

°YProd (En , Ey)

in (n,X7) reactions

dlo,rf

dQdEy

and gainma-ray
multiplicity

<1 aYprod
dQ dEy

in (n,X7) reactions

d any
dEy

in (n,7) reactions

d aYprod

in (n,X7) reactions

d O,ty

dEy
in (n,7) reactions

Neutron
energy,

MeV

0.65-20

0.2-20

1-10

0.5-3

0.65-20

14.1±0.6

0.75-20

14.1+0.6

Energy angular
characteristics of

7-radiation,
<fi, degrees;
E7, MeV

90°
0.7-10.6

125°
0.3-10.6

125°
1-5

90°
0.7-8

125°
0.3-10.6

12-24

125°

12-24

Measurement method,
detectors

ORELA
n: Ta(7,n), TOF, scintillation detectors
7: Nal, heavy shielding + LiH,
paraffin

Linac
n: TOF, stilbene detector
7: liquid scintillator detector

Van de Graaf
n: 7Li(p,n)7Be, 3H(p,n)3He, TOF,
BF3 counters
7: NaJ + Nal annular, heavy shielding
+ paraffin + Li + B

ORELA
n: Ta(7,n), TOF, scintillation detectors
7: Nal, heavy shielding + LiH,
paraffin

Cockcroft-Walton accelerator
n: T(d,n)4He, recoil proton method
7: anticoincidence, scintillation pair
spectrometer

ORELA
n: Ta(7,n), TOF, scintillation detectors
7: Nal, heavy shielding + LiH,
paraffin

Cockcroft-Walton accelerator
n: T(d,n)4He, recoil proton method
7: anticoincidence, scintillation pair
spectrometer

Remarks

Absolute measurements

Below E7 = 1 . 5 MeV data
taken from calculation

Absolute measurements in 47r
geometry

Absolute measurements in 4x
geometry

o



Nuclide

I27J

'"I

137Cs

°Ba

139La

°Ce

M 1Pr

U.pr

°Gd

Reference

M.Budnaret al.
NP/A,213,525,1973
Exf. 30532041

J.Voignier ei ai.
NSE,93,43,1986
Exf. 22006052
J.Voignicr ct al.
NSE,93,43,1986
Exf. 22006053
M.Budnar ct al.
NP/A,2J 3,525,1973
Exf. 30532043

J.Voignicr et al.
NSE,93,43,1986
Exf. 22006054
J.Voignicr et al.
NSE,93,43,1986
Exf. 22006055
J.Voignier et al.
NSE,93,43,1986
Exf. 22006056
M.Budnar etal.
NP/A,213,525,1973
Exf. 30532045

J.Voignier ct al.
NSE.93,43,1986
Exf. 22006057

Quantities
measured

da,,y
dEy
in (n,7) reactions

dlOny

and gamma-ray
multiplicity

d Oi\y

"dEy~
in (n,7) reactions

d O,,y

and gamma-ray
multiplicity

d any
1Ey~

in (n,7) reactions

d Ony

and gamma-ray
multiplicity

Neutron
energy,

MeV

14.1±0.6

0.5-3

14.1 ±0.6

0.5-3

14.1 ±0.6

0.5-3

Energy anguiar
characteristics of

7-radiation,
ifi, degrees;
E7, MeV

12-24

90°
0.7-8

12-7.4

90°
0.7-8

12-24

90°
0.7-8

Measurement method,
detectors

Cockcroft-Walton accelerator
n: T(d,n)4He, recoil proton method
7: anticoincidence, scintillation pair
spectrometer

Van de Graaf
n: 7Li(p,n)7Be, 3H(p,n)3He, TOF,
BF3 counters
7: Nal + Nal annular, heavy shielding
+ paraffin + Li + B

Cockcroft-Walton accelerator
n: TXd.n/He, recoil proton method
7: anticoincidence, scintillation pair
spectrometer

Van de Graaf
n: 7Li(p,n)7Be, 3H(p,n)3He, TOF,
BF3 counters
7: Nal + Nal annular, heavy shielding
+ paraffin + Li + B

Cockcroft-Walton accelerator
n: T(d,n)4He, recoil proton method
7: anticoincidence, scintillation pair
spectrometer

Van de Graaf
n: 7Li(p,n)7Be, ^(p.n^He, TOF,
BF3 counters
7: Nal + Nal annular, heavy shielding
+ paraffin + Li + B

Remarks

Absolute measurements in 4ir
geometry

Below Ey = i.5 MeV data
taken from calculation

Absolute measurements in 4n
geometry

Below Ey = 1.5 MeV data
taken from calculation

Absolute measurements in 4TT
geometry

Below Ey = 1.5 MeV data
taken from calculation



Nuclide

155Gd

15«Gd

157Gd

158Gd

160Gd

159Tb

165Ho

165Ho

°Lu

Reference

J.Voignier et al.
NSE.93,43,1986
Exf. 22006058
J.Voignier etal.
NSE.93,43,1986
Exf. 22006059
J.Voignier etal.
NSE,93,43,1986
Exf. 22006060
J.Voignier el al.
NSE,93,43,1986
Exf. 22006061
J.Voignier et al.
NSE,93,43,1986
Exf. 22006062
J.Voignier etal.
NSE,93,43,1986
Exf. 22006063
J.Voignier etal.
NSE,93,43,1986
Exf. 22006064
M.Budnar et al.
NP/A,213,525,1973
Exf. 30532047

J.Voignier etal.
NSE,93,43,1986
Exf. 22006065

Quantities
measured

d O,ty

dCidEy

and gamma-ray
multiplicity

do,ry
JEy

in (n,-y) reactions

d2a,,Y
dQdEy

and gamma-ray
multiplicity

Neutron
energy,

MeV

0.5-3

14.1±0.6

0.5-3

Energy angular
characteristics of

•y-radiation,
ifi, degrees;
E7, MeV

90°
0.7-8

12-24

90°
0.7-8

Measurement method,
detectors

Van de Graaf
n: 7Li(p,n)7Be, 3H(p,n)3He, TOF,
BF3 counters
7: Nal + Nal annular, heavy shielding
+ paraffin + Li.+ B

Cockcroft-Walton accelerator
n: T(d,n)4He, recoil proton method
7: anticoincidence, scintillation pair
spectrometer

Van de Graaf
n: 7Li(p,n)7Be, 3H(p,n)3He, TOF,
BF3 counters
7: Nal + Nal annular, heavy shielding
+ paraffin + Li + B

Remarks

Below E7 = 1.5 MeV data
taken from calculation

Absolute measurements in 4TT
geometry

Below E7 = 1.5 MeV data
taken from calculation



Nuclide

Ta

mTa

181Ta

181Ta

°W

°W

°W

°W

Reference

G.L.Morgan et al.
ORNL-TM-3702,1972
Exf. 10399002

F.Ramakrishnan
NSE,98,348,1988
Exf. 13168002

M.Budnar ct al.
NP/A, 213,525,1973
Exf. 30532049

J.Voignier et al.
NSE.93,43,1986
Exf. 22006066

M.B.CaBHH
R,YFI,27,5,1979
Exf. 40533002
M.Budnar et al.
NP/A, 213,525,1973
Exf. 30532051

J.K.Dickens et al.
R.ORNL-4847,1973
Exf. 10353002

W.E.Tucker
BAP,15,1667,1970
Exf. 10091003

Quantities
measured

d Oprod

in (n,X7) reactions

d Ony
~JEy~

in (n,7) reactions

d a,\y
d~<5Td~E,
and gamma-ray
multiplicity

°Vprod ( £ 1 . fy)
in (n,X7) reactions

d any
1Ey~

in (n,7) reactions

d aVprod
dQdEy
in (n,X7) reactions

dOyprod
SEy~

in (n,X7) reactions

Neutron
energy,

MeV

0.007-20

2-iOO

14.1±0.6

0.5-3

1-10

14.1+0.6

1-20

8,9,10,11

Energy angular
characteristics of

7-radiation,
<p, degrees;
E7, MeV

125°
0.7-10.6

45°, 55°, 90°,
125°, 140°
0.8-25.

12-24

90°
0.7-R

125°
1-5

12-24

125°
0.7-10.6

55°
0.4-6.5

Measurement method,
detectors

ORELA
n: Ta(7,n), TOF, scintillation detectors
7: Nal, heavy shielding + LiH,
paraffin

Meson physical facility in LANL
n: TOF, fission chamber with ^'U
7: detectors with bismuth germanate
crystals

Cockcroft-Walton accelerator
n: T(d,n)4He, recoil proton method
7: anticoincidence, scintillation pair
spectrometer

Van de Graaf
n: 7Li(p,n)7Be, 3H(p,n)3He, TOF,
BF3 counters
7: Nal + Nal annular, heavy shielding
+ paraffin + Li + B

Linac
n: TOF, stilbene detector
7: liquid scintillator detector

Cockcroft-Walton accelerator
n: T(d,n)4He, recoil proton method
7: anticoincidence, scintillation pair
spectrometer

ORELA
n:Ta(7,n), TOF, scintillation detectors
7:Nal, heavy shielding + LiH,
paraffin

Van de Graaf, tandem
n: D(D,n)3He, T(p,n)3He, TOF
7: Nal(Tl), Nal(Cr), GeLi

Remarks

Fission chamber for neutrons

Absolute measurements in 47T
geometry

Below E7 = 1.5 MeV data
taken from calculation

Absolute measurements

Absolute measurements in 4TT
geometry



Nucl ide

182W

183W

186W

°Re

l 9 0Os

'«0s

l94Pr

wAu

Reference

J.Voignier et al.
NSE.93,43,1986
Exf. 22006067
J.Voignier et al.
NSE.93,43,1986
Exf. 22006068
J.Voignier et al.
NSE,93,43,1986
Exf. 22006069
J.Voignier et al.
NSE,93,43,1986
Exf. 22006070
J.Voignier et al.
NSE,93,43,1986
Exf. 22006071
J.Voignier et al.
NSE,93,43,1986
Exf. 22006072
J.Voignier et al.
NSE.93,43,1986
Exf. 22006073
J.Voignier et al.
NSE,93,43,1986
Exf. 22006074
J.Voignier etal.
NSE,93,43,1986
Exf. 22006076
J.Voignier etal.
N§E,93,43,1986
Exf. 22006077

Quantities
measured

d any

and gamma-ray
multiplicity

Neutron
energy,

MeV

0.5-3

Energy angular
characteristics of

7-radiation,
V, degrees;
E7, MeV

90°
0.7-8

Measurement method,
detectors

Van de Graaf
n: 7Li(p,n)7Be, 3H(p,n)3He, TOF,
BF3 counters
7: Nal + Nal annular, heavy shielding
+ paraffin + Li + B

Remarks

Below Ey = 1.5 MeV data
taken from calculation



Nuclide

w Au

Tl

m

°Pb

°Pb

2O8pb

209Bj

^Bi

2O9Bi

Reference

G.L.Morgan et al.
R.ORNL-1973,1975
Exf. 10551002

J.Voignter ct al.
NSE,93,43,1986
Exf.22006078

M.Budnar ct al.
NP/A,213,525,1973
Exf. 30532053
M.Budnar et al.
NP/A.213,525,1973
Exf. 30532055
C.T.Chapman et al.
NSE,62,515,1977
Exf. 10586003

J.K.Dickens et al.
NSE,63,101,1997
Exf. 10692003
J.K.Dickens et al.
NSE.63,101,1997
Exf. 10692002
BJoensson et al.
AF.39,295,1969
Exf. 20164039
M.Budnar etal.
NP/A,213,525,1973
Exf. 30532057

Quantities
measured

d Oprod
dCidEy
in (n,X7) reactions

d any

and gamma-ray
multiplicity

dony
~dEy

in (n,7) reactions

d Qypwd

in (n,X7) reactions

arprod
in (n,X7) reactions

arprod

do ny
dEy
in (n,7> reactions

Neutron
energy,

MeV

0.2-20

0.5-3

14.1±0.6

0.6-20

5.4-8

14.7-15.5

14.1 ±0.6

Energy angular
characteristics of

7-radiation,
ip, degrees;
E7, MeV

125°
0.3-10.6

90°
0.7-8

12-24

125°
0.3-10.6

55°
0.55-4.8

80o
0.9-2.7

12-24

Measurement method,
detectors

ORELA
n: Ta(7,n), TOF, scintillation detectors
7: Nal, heavy shielding + LiH,
paraffin

Van de Graaf
n: 7Li(p,n)7Be, 3H(p,n)3He, TOF,
BF3 counters
7: Nal + Nal annular, heavy shielding
+ paraffin + Li + B

Cockcroft-Walton accelerator
n: T(d,n)4He, recoil proton method
7: anticoincidence, scintillation pair
spectrometer

ORELA
n: Ta(7,n), TOF, scintillation detectors
7: Nal, heavy shielding + LiH,
paraffin

Pulsed Van de Graaf accelerator
n: d(d,n)'H, TOF
7, GeLi

Van de Graaf
n: TCd.n/He, BF3 counters
7: Ge(Li) spectrometer

Cockcroft-Walton accelerator
n: T(d,n)4He, recoil proton method
7: anticoincidence, scintillation pair
spectrometer

Remarks

Fission chamber for neutrons

Below E7 = 1.5 MeV daia
taken from calculation

Absolute measurements in 4TT
geometry

Absolute measurements in 4x
geometry



Nuclide

238JJ

Reference

J.Voignier et al.
NSE.93,43,1986
Exf.22006079
J.Voignier etal.
NSE,93,43,1986
Exf.22006080

Quantities
measured

(Pony

and gamma-ray
multiplicity

Neutron
energy,

MeV

0.5-3

Energy angular
characteristics of

7-radiation,
ip, degrees;
E7, MeV

90°
0.7-8

Measurement method,
detectors

Van de Graaf
n: 7Li(p,n)7Be, 3H(p,n)3He, TOF,
BF3 counters
7: Nal + Nal annular, heavy shielding
+ paraffin + Li + B

Remarks

Below Ê  = 1.5 MeV data
taken from calculation
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PART 1.

ENERGY-ANGULAR GAMMA RAY DISTRIBUTIONS
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