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Cross-section data sources

4439 | "Cin,m)°C 4439(2)>0(0°), p | 154 90 BI90xB110x77, +/+ | Ge(Li) 170£20 Lashuk | 1994 | 085 ] 107 | +333 188218
m 149 90| C228.0:354,43g, +4+ | GelLi) | 15319 Hongyu | 1989 | 10 107 ] 4150 179420
I 4439 | 2C(n,n)2C | 4439(2)->00°), p 11 | 30-150 @30x226:70, 4+ | Ge | 18047 Moraa | 1988 | 2| 1o 148 16547
149 90 C:230:30, 4+ | Ge(Li) | 159210 Hongyu | 1986 | 10| 107 +150 185411
149 93 No Information | Nal(Tl) 131423 Zong-Ren 1979 1.0 107 | +15.0 15525
188218 142 | 45130 | @44x6,31x@25:32,++ | Nal(Tl) | 22830 Drake | 1978 | 1.0 1o} -1
142 55 C:230x40, +/+ | Goli) | 156228 Hino | 1976 | 1.0 L —ko{—ITT | 145428
179420 14 0-180 @60x220, +/- | Nal(Tl) | 255426 /Bez%nj,/mﬁ 10| 10] -185 237426
16547 142 15| Ci4B3x@279x25,+/+ | GofLi) | 168220 gors | 19751 10{ 10 111 157420
185%11 142 | 45125 No Information, +/+ | NeleF{—219£29 Arhur | 1975 | 10| 10| -1ia 208429
148 90 ation Ge(Li) 152420 Martin 1971 1.0 1.07 | +11.1 174421
155425 13.0 | 30146 C:225.4x50.8, ++ | Antico |  440+80 Morgan | 1971 | 10| 10| 555 (s) 384280
217230 FT38 | 30-140 C:@25.4x50.8, +/+ | Antico |  225:30 Morgan | 1971 [ 106] 10| +111
145428 / X % C:o50x30, 44+ | Ge(Li) | 121420 Clayeux | 1969 | 101 107] 148
shell 72, +/+ | Nalpair | 163530 —imstov 1968 | 1.0 10| 111 152430
237426 T<T62, +/+ | Nal(T) 165£17 Engesser | 1967 | 1.0] 107 +72 184218
157420 C:260x30,+/+ | NaX(T) [ 13317 [  Bezotosny | 1966 | 10 2| -185 115417
208429 C:oM20, ++ | NalTl) | 232018 Stewart | 1964 [ 10| 10| -148 217218
C:@165xD115x25, ++ Nal 249428 Benveniste | 1960 1.0 1.0 | -185 230428
174221
(s) 384480 I e m e e sesasanns :
23630 . Gauss Fit (5=171, Acg=46) " H H H H
115221 ] . s 1> Distribution of experimental results by
152430 > 2 " . - .
184+18 1. radiation cross sections of gamma
11517 ] —— ; ;
217418 : quanta with an energy of 4439 keV in
- - *.
230:28 : the reaction 2C(n,n’y)'?C";

Nowadays, the most complete collection of data on reaction cross sections (n,n’ y)
for neutrons with an energy of 14.5 MeV is presented in INDC(CCP)-413 (Status
of experimental and evaluated discrete y-ray production at E,=14.5 MeV) 1998 r.

The discrepancy is two times!!!




16

https://doi.org/10.61092/iaca.y3q8-a4b5

| TT T | 4I“Til(n.ln'“rgm)

|.'-.

—
-
T

INDC(NDS)-0740

@) I A E A Distr. ST, G

International Atomic Energy Agency

il

Brouichi7 1
U Kombeevskia
0 Kombrovskis
B DxkensTa
W Lashoktd
i Lashukny

-
ho

ENDFB-VIIILO0

correction for* t"
{» #Ti(n, 2nyg,,) ‘H'

s
F
N _

| H*.‘ . +”.Tt Aia .

6 7 8 910 12 14 161820 25 30
Incident Neutron Energy, MeV

INDC International Nuclear Data Committee

=
MYoga)
i

-+

harer v

i

it

*
*

a(n,N'yee,) and a(n,n,), b
g
|

a0 ]
h
— O _'- .- S
"_4]= = =
FE
5555

Ay p4<] pROOEY 4] P

Evaluation of the “*Ti(n,n"yssaev) y-ray production cross | & \i
section for standards 'EE

sl
sl

e
B

.
49TI(n,2n1)

‘conversion of (n,n.) to4n
-
.

P

02

qm‘
w RA



Neutron generator ING-27

Tagged neutrons

a-detector

Trittum 14,1 MeV; 5 cm/ns
. / Sample

/

a-particles
3.5MeV:; 1.3 cm/ns

™
Deutron beam  y_rays/neutrons

] d+t—n+a+17.6 MeV

y/n-detectors

Recording of events (o-y/n coincedences) ! v

Time, Toy/n <

Magnitude of the signal <

Adress (ID) y/n-detector <

y

Adress (ID) a-detector pixel
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Experimental setup
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A setup for measuring cross sections and angular distributions of gamma rays in
(n,n"X) reactions.
1- ING-27, 2 — Sample, 3 - LaBr3(Ce) detectors. All dimensions are in mm.




44 x 44 x 0.7 2IAl - 100%

S4Fe — 5.84%, 55Fe — 91.75%,

44 x 44 x 0.9 5"Fe — 2.11%, *%Fe — 0.28




(mm)

Y

200"

3-LaBr3(Ce)
4-Beam(x1y1)

pX =-92.69
sX = 10.68
pY =-94.39
sY =9.19
o v P b s Ly
200 -100 0 100 200
X (mm)
—- £55.85° Dd = 834.3 (mm)
~ £74.34° Dd = 886.0 (mm)
| -~ £87.97° Dd = 881.5 (mm)
— £96.94° Dd = 887.7 (mm) 3
1‘—*
1-ING-27
2-Sample
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Data processing methodology. Time spectra

Examples of the time-of-flight spectra obtained.
Peaks are labelled with source reaction.

(n!XYO)

Counts

(n,Xy,)

/ (n,n')

(n,Xy>)
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TOF (ns)

We identified two main sources of the background in our spectra.
a: Random coincidence (2). b: (n,Xyo) - y from ING-27 (4)
Where: 1 — Full sample energy spectra, 3 — Sample—Random,

6 — Net spectra (without background from ING27).
And 6 is peak form sample 92 (keV) from ?’Al(n,a)**Na.
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Data processing methodology. Calculation of cross sections

Total reaction cross section
Area of y-peak Incident angle
do () = N cosf [mbarns] O =27 L d0 — (costl) dcos
df) A7 N Nyt k ST _
7 Multiple inelastic scattering _Attenuation of
Number of tagged incident neutron
neutrons
Surface density of atoms _
in the sample Sample thickness Attenuation of y-rays

The features of the experimental approach are the close o i
geometry and the quite large sample . _
All corrections changed significantly depending on the k= & (SC) kms (SC) ksatt (;13) kwtt (LE) dx
target thickness 0 \
We could not consider the various correction ..
. The total efficiency
independently




Algorithm for determining the correction factor

There are two ways to calculate corrections:

« To calculate them independently in dependence on the sample thickness and take the integral
. Tosimulate the total thickness-integrated correction in the GEANT4 using a separate ones
as weighting factors

Correction features:

« Multiple inelastic scattering overstates the number of emitted y-rays
« Attenuation of incident neutrons and y-rays understates the number of emitted y-rays

Simulation features:
« 2 stage - neutron transport and y-rays transport simulation

« The inelastic multiple scattering is used as a probability factor increasing the number of emitted
y-rays in comparison with its real number

« The inelastic multiple scattering correction calculates taking into account the energy dependence
of emission cross section for specific y-line taken from TALYS for each interaction point

« The correction factor resulted included thickness-integrated multiple scattering, absorption and
efficiency coefficients

Simulation of the
interaction point and
neutron spectra
depending on thickness

/

Calculation of the
inelastic multiple

scattering correction

depending on the
thickness

.

/

=

Simulation of y-rays
detection efficiency
emitting them from the
interaction points

\
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Multiple Scattering Correction for nX1

== Fo=logalos

—e— EQ=298.2200
| —e— Eg=389.7100
~e— Eg=400.5700
—e— EQ=585.0400
~o— EQ=941.7100
—o— Eg=974.7600
L —#— Eg=983.0000
—e— Eg=989.8700
—e— Eg=1013.6400
~—e— EQ=1342.2800
—e— Eg=1379.5800
| —e— Eg=1534.5400
—e— Eg=1589.6600
—e— Eg=1611.7700
~e— EQ=1622.9100
—e— EQ=1779.0300
| —»— Eg=2208.1000
—e— Eg=2235.3200
—e— Eg=2271.7400
~e— Eg=2742.0100
~e— EQ=2838.8300
| —e— Eg=3684.5100
~e— EQ=3853.8100
—e— Eg=4497.1700
—e— Eg=5099.7600
—e— Eg=5108.6200
| —*— Eg=6129.8900
—e— Eg=6878.7900

—e— Eg=7116.8500
s

—o— Eg=276.8500 g
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Reaction

160(n,p)I6N 2441
180(n,p)N 1741
180(n,n°) 160 27+1
160(n,0)3C 411
160(n,n°)180  24#1
L 80(nn)s0 10042
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Our data

[

6129 (keV

'8'% G.Clayeux1969 En: 14.10 (MeV)
T.Kozlowskil965 En: 14.10 (MeV)
T aIyS S i m akov F.C.Engesser|967 En: 14.70 (MeV)
. Yamamoto1978 En: 14.80 (MeV) o
15 1T PRUD HOMME 1960 En: 15.00 (MeV)
23
23
50 3844
72 5815
5 1 1
—1 0.5 0 0.5 1
6 344 cos(O)
151 110
Kozlowskil965 (152+4) 0.8 (0.09) -0.27 (0.13) -0.68 (0.13)
Grozdanov2024 0.36 (0.02) 0.08 (0.03) -0.57 (0.03)




Cross-section measurement results of aluminium

2TAl(n,a)**Na
2TAl(n,n")?"Al
2TAl(n,n")?"Al
2TAl(n,a)**Na
2TAl(n,p)?"Mg
2TAl(n,p)?"Mg
2TAl(n,n")?"Al
27Al(n,d)**Mg
2TAl(n,n")?’Al

30x1
26x1
2212
14+1
11+2
27+1
70£2
8+1
15+1

41
11
23
14
15
28
64
15

3245

2814
2512

27A1(n,p)?’Mg
27Al(n,n")?’Al
27Al(n,d)?°Mg
2TAl(n,n")?’Al
2TAl(n,n")?"Al
27Al(n,n")?’Al
27Al(n,n")?’Al

2912
2012
132+1
130+2
28+2
100+2
13+1

17
28
186
117
18
83
6

3043

184+10
14510

111+6
32+10



-gl E Our data

. ) B.1.Sukhanov1970 En: 14.00 (MeV)

o G V.N.BOCHKAREV1965 En: 14.00 (MeV)
"Ul'O G.Clayeux1969 En: 14.10 (MeV)

Y.HINO1978 En: 14.20 (MeV)
F.C.Engesser1967 En: 14.70 (MeV)
T.Yamamoto1978 En: 14.80 (MeV)
Hongyu Zhou1997 En: 14.90 (MeV)
Shi Zong-Ren1979 En: 14.90 (MeV) i
ZHOU HONGYU1986 En: 14.90 (MeV)
J.T.PRUD'HOMME1960 En: 15.00 (MeV)
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Zhou1997 (g, = 121+1) 0.09+0.01

2212 (keV)




II%!IHH!II
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585

1379
1623
1779
2217
2837
4497

201 18 25:+4

28Si(n,0)*>Mg
28Si(n,0))*>Mg
28Si(n,0)*>Mg
28Si(n,p)?8Al
28Si(n,n")?8Si
28Si(n,p)2Al
28Si(n,n")?8Si
28Si(n,n")?8Si

3412

3512

7813
387+3
3912

6714

2612

49
8
19
382
23
81
20

41+10
3215

403+18
2814
5917



g9 [wb]
aQ Lsr

N
S

HrdopPOOArme

Our data

A A Lychaginl992 En: 14.10 (MeV)
G.GRENIER 1974 En: 14.10 (MeV)
D.M.Drake1978 En: 14.20 (MeV)
K.A.Connell1975 En: 14.20 (MeV)
U.ABBONDANNO1973 En: 14.20 (MeV)
F.C.Engesser1967 En: 14.70 (MeV)

Fan Guoying1991 En: 14.90 (MeV)
Hong-Yu Zhou2011 En: 14.90 (MeV)

Shi Zong-Ren1979 En: 14.90 (MeV)
J.T.PRUD'HOMME1960 En: 15.00 (MeV)

1779 (keV)

Our Data 0.14+0.01 -0.09+0.02

U.ABBONDANNO
1973 (g, = 940)

K.A. Connel1975

0.19+0.06  0.09+0.09

Hong-Yu Zhou 0.18+0.02 -0.05+0.03

b -0.08+0.05 -0.33+0.10
(o, = 426)

2011 (g, = 341)



Cross-section measurement results of titanium

48Tji(n,p)*8Sc
48Tji(n,p)*8Sc
BTi(n,2n)*'Ti
BTi(n,n")*8Ti
48Ti(n,p)*8Sc
4Ti(n,n")*Ti
BTi(n,n")*®Ti
Ti(n,n")*Ti

4042
502
197+2
4512
2212
5512
5142
691+3

58
69
143  404+40
18
23
58 6217
28 47%6
478 666%61

48Ti(n,n")*Ti
4TTi(n,2n)*eTi
48Ti(n,n")*Ti
48Ti(n,n")*8Ti
OTi(n,n")*Ti
48Ti(n,n")*8Ti
48Ti(n,n")*8Ti
BTi(n,n")*Ti

8312
3743
330+4
7014
2912
31+2
80%2
2412

54
16
209
26
9
16
30
7

49+7
3214
23827
49+7
3214
3245
5719
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T
0475001 0062001

60/= *
U.ABBONDANNO
] 1973 ("v - 940) 0.31+0.08 -0.11+0.12

L] Our data

40 — K.A.Connell1975 En: 14.20 (MeV) KA, Connel 1975

A UABBONDANNOI973 En: 14.20 (MeV) ( v, = 1019) -0.03+£0.02 -0.26+0.03

v A.P.Aryal967 En: 14.30 (MeV)

20 O F.C.Engesser1967 En: 14.70 (MeV)
| 1 I 1 I 1

|
—1 —0.5 0 0.5




Cross-section measurement results of iron

%Fe(n,d)*®>Mn  41+2 25

56 N\ 56
56Fe(n,p)®Mn  39+4 21 Fe(n,n’)>°Fe

56 N\ 56
%Fe(n,p)*®Mn 642 6 56Fe(n,n )56Fe
6Fe(n,n")*°Fe 7+1 6 Fe(n,n)>Fe

56 N\ 56
“Fe(n,d)**Mn  5%2 9 Fe(n,n)=Fe

6Fe(n,n")*Fe

Fe(n,2n)>°Fe  22+1 50 53+7
Fe(n,n")>Fe

%Fe(n,2n)>®Fe 1742 26 507
6Fe(n,n)®Fe 7344 609 78548
%Fe(n,2n)>°Fe 7842 132 12625

6512
331+4
125+2

4042

4412

31+2

50
293
63
28
26
16

5216
23827
76%8
3616
6315
3545
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846 (keV)

K+ + < %3 x>0 >N

Our data
AJCox1983 En: 14.00 (MeV)
B.1.Sukhanov 1970 En: 14.00 (MeV)
D.M.Drake1978 En: 14.20 (MeV)
Shi Xiamin1982 En: 14.20 (MeV)
UABBONDANNO1973 En: 14.20 (MeV)
Xing Jingiang 1988 En: 14.20 (MeV)

eV

ZHOU HONGYU1986 En: 14.90 (MeV}
JT.PRUD HOMME 1960 En: 15.00 (MeV)

T
0162001 0072001

U.ABBONDANNO

1973 (g, = 716) 0.32+0.06 -0.20+0.09

A.P., Degtyarev
1977 0.31+0.11
(o, = 627)

0.30£0.15



Conclusion

As a result of the experiment, the applicability of the discussed installation for measuring cross
sections and angular distributions was demonstrated.

The data obtained demonstrate satisfactory agreement with the results
of the most recent measurements performed by other authors.

For the first time, we measured the cross sections of 170, 280 keV lines from Oxygen. And from
Aluminum 90, 792, 896, 955, 1129, 1506, 1720, 2298. And from Silicon 1623, 2217, 4497. And from
Titanium 121, 130, 175, 370, 1037, 2633. Also from Iron 125, 212, 314, 367, 377.
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