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» Best energetic resolution for scintillators (~14 keV FWHM for 662
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Motivation

« Lanthanum(lll) bromide (LaBrs) —
more popular:

Count rate, arb. units
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« Lanthanum(lll) bromide (LaBrs) - based detectors became more ant
more popular:

» Best energetic resolution for scintillators (~14 keV FWHM for 662
keV)

* Low light output drift on temperature

. Used INn Many nuclear faC|I|t|es/deV|ces
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TANGRA




The tagged neutron method (TNM) & %
TANGRA setup i

ING-27 neutron generator

Tagged neutrons
14MeV; 5cm/ns

3H-enriched
target

a-detector

-
I Sample

-rays
“Deutron beam

o-particles

3.5Mb5B; 1.3cm/ns I l (100 x2B)

y-detectors

Interesting for nuclear reactions research: J 1) ING-27 neutron generator

Recording of a-y coincedences
| Time,Toy o
Pulse amplitude PE—

Channel No of y-detector
Channel No of a-detector

Tagged neutrons flux: 10° neutr/sec

e Angular distributions of n and y 2) sample 20x20xX cm
e Correlation between nandy 3) HPGe y-detector (2 pcs, 60% eff)
4) LaBrg detector (4 pcs)




Idea of experiment




Idea of experiment
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Results

-

_ 5,€,

- S,¢
S —area of full energy

absorption peak
¢ — correction coefficient

~

(includes efficiency of the
HPGe detector, solid angle
and self-absorption in LaBr)

i — investigated peak

ko — reference peak

9%

Reference line marked with

Reactions leads to activation

marked with Grange
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Conclusion & TODO

/Applied technigue allowed us to extract y — yields for
reactions in LaBr in “parasite” mode from data

obtained in regular measurements
« There are no data for La and Br at 14MeV in EXFOR -

probably this data obtained for the first time ;
» ldentified 47 y — transitions in total —

/TODO )

« Perform regular measurement with La sample and Br- S
contained sample (planned in 2025) to extract angular :.'.-'_-'}’.'-f;'f:'::
distribution of y — quanta and measure cross-sections :

- Create a response function to use it for neutron o i

background subtraction AL







Backup ‘:.:':‘:‘."-..' e .. 74 4 e ﬁ
e Here the important materials about data

processing are stored. They were not mcluded |n

mMain presentation because of lack of time.

e Don't hesitate to ask me about that!



Measurements of the y-quanta emission :’i
cross-sections & angular distributions kN

1) ING-27 neutron generator 4) LaBr5 y-detector (Zr'p.c )

2) sample 20x20xX cm + Fast measurement

3) HPGe y-detector (2 pcs, 60% eff) - Extreme detector IQa:d_.(.w_B.x]‘C.),‘*.cps) e

o
o



LaBr structure
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Data processing with TNM

[ Scattered yjrom

neutrons (”)XV)
reactions

in setup

<

50 60 70 80

Main idea — separation of the
background events by TOF

Spectrum below shows impact of different
components to sum spectrum. :

Peaks from sample marked with arrows - -

omparison of [OF componets| E, keV
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—@— Pauli1973[20493015), E,=14.20
—@— Connell1975[20866013], E,=14.20
—@— Plompen2017[23346037], E,=14.15

—2A— TANGRA 2024
—3F— TANGRA 2025 (mirrored)

llllllllllllllllllllllllllllll

60 80 100

Reaction Reference o, mb a,
Pauli 1973 940 (30)0,31(8) -0,1(1)

Connell 1020
1975 (30)

-0,02(5) -0.26(9)

#Ti(n,n’)  Plompen
2017

TANGRA
2024

TANGRA
18(1) -0.06(1
2005 685 (3) 0,18(1) -0.06(1)

842 (15)0,16(4) -0,08(7) E
49Ti(n,2n)

690 (10)0,16(3) -0,05(4)




Measurements of the y-quanta emission
cross-sections & angular distributions (TiO, sampler]

Cross-section of 983.5 keV y-emission
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—4@— Nelson2005[13997002]

Nelson2007[14162002]

—@)— Pauli1973[20493014]
Connell1875[20866007]
Vonach1971[21286003]

—@— Plompen2017[23346007]

=~

Surov1980[40515008)

—@— Sadokhin1994[41186027]
TALYS - 2.1
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Total reaction cross section

Cross section calculation

Area of y-peak

| d
\ »I/nudentangle g = 27-(-/ dg (6039) dCOSQ
—1

do N,cos§ e mbarns

— (0
dQ( ) = A N n .k | ST |
// Multiple inelastic scattering

Number of tagged neutrons Attenuation of incident neutron

Surface density of atoms in Attenuation of y-rays

the sample Sample thlckness

e The features of the experimental approach

are the close geometry and the quite large _

sample k= 37) kms satt (37) kiatt ($) dx
e All corrections changed significantly 0 \

depending on the target thickness
e We could not consider the various The total efficiency

correction 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

- To simulate 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

4 )

Simulation of the
interaction point and
neutron spectra
depending on
\_ thickness Y,

—

-

\_

Calculation of the
inelastic multiple
scattering correction
depending on the
thickness

~

)

\

-

~

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

- /




Example of the multiple scattering correction

0.950
= 0.925
v

£ 0.900

£0.875
(@]

Q
£0.850 -

0.825

0.800

Multiple Scattering Correction for nX1

—o— Eg=169.3000

—e— Eg=298.2200
| —— Eg=389.7100
—e— Eg=400.5700
—e— Eg=585.0400
~o— EQ=941.7100
—e— Eg=974.7600
| —e— Eg=983.0000
—o— Eg=989.8700
—e— Eg=1013.6400
~o— EQ=1342.2800
—e— Eg=1379.5800
| —— Eg=1534.5200
—e— Eg=1589.6600
—e— Eg=1611.7700
—o— Eg=1622.9100
—e— Eg=1779.0300
Eg=2208.1000
—e— Eg=2235.3200
—e— Eg=2271.7400
—e— Eg=2742.0100
—e— Eg=2838.8300
| —e— Eg=3684.5100
—e— Eg=3853.8100
—e— Eg=4497.1700
~o— Eg=5099.7600
—e— Eg=5108.6200
—o— EQ=6129.8900
| —e— Eg=6878.7900

—e— Eg=7116.8500
L

~o— Eg=276.8500 p®

I | I l

0

0.5 1.0 1.5 2.0

Depth (cm)

Multiple  scattering  correction  factor
depending on the sample thickness. The
example corresponding to the SiO, sample
and first vertical strip



Integrated correction factors using the example of the SiO,

sample

Corrections for Detl

—— 1 pixel
- 2 pixel
—=— 3 pixel
—— 4 pixel
—— 5 pixel
—— 6 pixel
—— 7 pixel
—— 8 pixel
9 pixel

—— 10 pixel
—— 11 pixel
—— 12 pixel
—— 13 pixel
—— 14 pixel
—— 15 pixel
—— 16 pixel

0.00030

0.00025 — 4

on

0.00020 — |\

0.00015 —

Correct

0.00010

0.00005 —
\ I

0 1 2 3 4 5 6 7
Energy (MeV)

Corrections for Det4

0.00035 — — lphel
—=— 2 pixel
—— 3 pixel
—— 4 pixel
—— 5 pixel
—— 6 pixel
—— 7 pixel
—— B pixel

9 pixel
—=— 10 pixel
—=— 11 pixel
e 12 pixel
—=— 13 pixel
—=— 14 pixel
—— 15 pixel
—— 16 pixel

Correction

Energy (MeV)

The correction factors including the attenuation correction, total efficiency
and multiple inelastic scattering corresponding to the various LaBr,

detectors



Main source of systematic uncertainties e

coverqgge

Neutron
generator

Rotated

position

position

Small rotation of the NG could lead to dramatic change of target coverage. It could be
corrected by relative calibration to central pixel and rotation angle could be adjusted to
minimize CS difference between pix-det combinations with small difference in angle
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Configuration for y-quanta emission CS mgasuremeit:

e 1-ING-27, 2-iron-, 3-lead
parts of the collimator, 4-
sample, 5-HPGe crystal, 6-
case of the detector.

e Updated “HPGe" setup
contains two ORTEC-made
spectrometers with
relative efficiency of 60%

e Set of LaBr detectors will
be used to measure the y-
angular distribution



Measurement of n’ angular distributions a?nd n’ y
correlations

, Pulses
to
o

N¥10°
z 3
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e 1-ING-27 neutron generator, 2-sample, 3-PFT
Nn-detector
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