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Determination of the angular distributions of the
gamma-rays from the inelastic scattering of 14.1 MeV
neutrons on 12C by Nal(TI) and BGO multi-detector
systems
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Particle found in the nucleus of the atom

Formed by quarks (udd) No electric charge

. Bound to the proton
Spin = 1/2 in the nucleus by the
nuclear force

Negative magnetic Mass = 1.008 u
momentum

Free neutrons are unstable (t,,, ~ 10.3 min)
f decay: n —
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Free neutrons + Matter
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TANGRA

gged Neutron & Gamma-RAys

is TANGRA ? Experimental setup

To investigate the 14.1 MeV neutron induced nuclear
reactions on nuclei of different materials

Using the method of tagged neutrons

At Joint Institute for Nuclear Research, Frank
Laboratory of Neutron Physics



TANGRA setup

ING-27 neutron generator, with an incorporated 64-pixel o-
particle detector

Iron shielding collimator

Sample for gamma-ray emission (neutrons interact with the
sample’s nuclei, producing the gamma-rays)

A reconfigurable multi-detector setup, for detecting gamma-rays

ADCM (used for DAQ), a compact and universal Digital Pulse
Processing system for nuclear physics experiments



o-particle Detector ING-27 Neutron Generator Collimator (Fe)

~ .
. e
) 1
3 . ™
3 i v:'._‘."~,
o
M - 4
X £ Y 5
i}
A

“TiT
Target

Neutron
beams




The fusion-fission reaction produces the 14.1 MeV neutrons:

d + t a + n

This experiment is based on the Tagged Neutron Method

The multi-pixel a-particle detector is measuring
the time the a-particle reached the detector and
the coordinates of the point where it hit the
detector. As a result, the position of the
associated neutron and its direction can be
specified, thus the neutron is “tagged” and
counted



“Romashka” gamma array/ 22 Nal(T!) detectors
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“Romasha” gamma array/ 10 BGO detectors (Bi,Ge;0,,)




The work with TANGRA setup consists of several experiments,
leading to measuring the angular distribution of gamma-rays
from the by the 12C sample

Initially, the gamma-rays were detected by the 22 Nal(Tl) multi-
detector system “Romashka”

Now, instead of Nal(Tl) detectors, the BGO detectors are used.
Using the new BGO multi-detector system, the probability of
interaction of high-energy gamma-rays with the detector
arises, thus the efficiency of the BGO detectors is higher than
the one characterizing the Nal(Tl) detectors



The signal processing and data collecting with The signals

“Romashka” and “Romasha” was done by a from all the
computerized 32-channel digitizer, using two detectors are
ADCM16 (100MHz) ADC board registered

simultaneously
in digitized
form and are
stored in a
.root file on the
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Experimental results from 12C (n,n’y) using BGO “Romasha”
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Energy spectra of 4.44 MeV gamma-ray from 2C (n,n’y)

E_t_3sig_ch00

g0 12312405 + B.420e403

5937 475

12248

3346405 + 7690400

4438 £ 22

2904 + 187

1042 £ 1224

082015 + 00287

E_t_3sig_ch01

Bl 18086405 + 7. 1608403

3939 £ 60

1318 48

3476405+ 8.680003

4437 2 17

Bogs 5 108

2503 + 100.4

008669 + 0.0240%

E_t_3sig_ch02

Pl 1.2428405 2 5.7500403

ol 394z £ 52

2 136 £ 103

3 39296405 + 6.9938403

4436 £ 16

006748 = 001783

]

E_t_3sig_ch03

PO 80540404 = 46180403

£3 23796405 £ 48218403

w4 4436 + 20

3 9822 + 315

86 1588 + 597

BT -00G306 + 001813

E_t_3sig_ch04

B 7.2430404 = 41310400

]

p3 1698005 +

4288603

o 4435 £ 22

85 8216+ 118

85014 5281

001238 + DOI2ET

3500

4000

4500

5000 5500

3500

4000

4500

5000 5500

3500 4000

4500

5000 5500

“Fit the SingleE§¢ape: 3927.91 (k&V) and

E_t 3sig_ch0S

B0 67642404 + 40118:03

o 3930 + 6.3

o2 107 57

P3 18370405 ¢

53718203

4438 £ 1.9

s 847

1243 1 623

002619 + 001524

E_t 3sig_ch0g

7345404 + 4425403

2995 2 6

1058 = 24

+ B5740.03

4437 = 200

6387 = 212

2428 2 619

005337 + 0.01476

E_t 3sig_ch07

PO 96330404 4 45180403

B 2804 + 51
w2 9918 = 402
P2 26418405 4

51260403

4437 £ 1.

002100 = 001782

3500 4000

4500

5000 5500

3500 4000

4500

5000 5500

PhotoP&ak: 4438.91 (k&V)

E_t 3sig ch08

PO 11490406 & 63426403

P 934 + B0

2 1082 % 50

P3 3.0620-06

61138408

ot 4437 = 18

5 858 + 09

6 5004 & 8126

BT O.DOTI33 + 0021584

E 1t 3sig_ch09

PO 1366406+ 1460404

293 + 77
2 185 % 100
P2 2905408 ¢

T 070400

4436 £ 27

11416

0.07798 + DO3TTE

3500

4000

4500

5000 5500

Energy (keV)

4000

4500

5000 5500

Energy (keV)

3500 4000

4500

5000 5500

Energy (keV}

3500 4000

4500

5000 5500

Energy (keW)

3500 4000

4500

5000 5500

Energy (keV)




The Anisotropy of Gamma-Rays from 1°C (n,n’y) by the two multi-
detector systems
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Conclusions

TANGRA setup has been used for measuring the
angular distributions of characteristic gamma-rays
produced from the inelastic scattering of neutrons

The angular distribution results obtained from
“Romashka” have been compared with the results

from the new multi-detector system “Romasha” for
12C

BGO detectors have a better efficiency for high-
energy gamma-ray than the Nal(Tl) detectors



<
=
2
x
=]
b
=
N
=
X
=

Simulation of the inelastic scattering of
14.1 MeV neutrons on '*C and *N
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The purpose of work

* To obtain :

»the characteristic y - rays energy deposition
»the angular distribution of y - rays

» the energy resolution of the detectors

from simulating the production of y - rays from
the *2C(n,n’ y) and *N(n,n’ y) reactions

 Comparing the gamma-ray energy spectra
from Nal(Tl) and BGO spectrometers



Why a simulation?

e The simulation:

» gives the possibility of creating different
scenarios for the experiment

» optimizes the experimental setup

» estimates characteristics like angular distribution
of y - rays, energy deposition, detector energy
resolution, efficiency of registration, etc.
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Simulation Results
Gamma - rays from *2C(n,n’ )

Gamma from Neutron-Natural Carbon Reactions

38
38e+05

X: 4.4
Y: 5.2
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Energy Depositon: MeV




Interpretation of the results
12C

Levels

15110 (3)

1 3(15)
13352 (17)
1z (8)

11828 (16)

4438.91 (31)

https://www-nds.iaea.org/relnsd/vcharthtml/VChartHTML.html



Angular distribution of y—rays from 12C(n,

Angular Distribution of Neutron-Carbon Gammas
90
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Simulation Results Energy spectra
of y-rays from *N(n, n’y)

Gamma from Neutron-Natural Nitrogen Reaction

Energy Depositon: MeV
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Interpretation of the results
14N

2.312 MeV peak is due to the
inelastic scatter of neutrons with
14N

0.51 MeV peakis due to the
positron annihilation

0.846 MeV peak is due to the
neutrons interacting with the Fe
collimator

6.444 MeV peak is due to the
transition from the ninth level to
the first

9.169 MeV peak is due to the
transition from third level to the
first level

https://www-nds.iaea.org/relnsd/vcharthtml/VChartHTML.html

Levels




Angular Distribution of y - rays from 4N(n,

Angular Distribution of Neutron-Nitrogen Gammas
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The Energy Spectra of y-rays
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Thank you for attention!




