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Implementation of an analogue data acquisition system for optimizing the
anti-Compton shield for the HPGe detector in the Gamma Energy Station

The Gamma Energy Station:
* It will be used to measure the energy and the bandwidth of the gamma beam;
* It is composed of the HPGe detector, anti-Compton shield (HPGe+ACS), the attenuator, the
movement system and associated electronics;

Objectives:

( Development of the method to reduce (anti-Compton) (the Compton) background

«~ of the acquired spectra using HPGe, Nal(Tl) detectors, and associated electronics by
implementing an analog data acquisition system to optimize the anti-Compton shields of HPGe
semiconductor detectors.

( Tests based on efficiency and resolution measurements using standard radioactive
2 sources (%°Co, 1°2Eu).
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Implementation of an analogue data acquisition system for optimizing the anti-
Compton shield for the HPGe detector in the Gamma Energy Station

The detection of low intensity gamma ray lines is complicated by the presence of Compton
scattered gamma rays of higher energy.

A way to suppress these Compton scattered gamma rays is to surround the HPGe crystal
with a scintillation material.

Working principle:

When Compton scattered gamma-rays escape from the HPGe detector and are absorbed
and detected in this so-called Compton Suppression shield, they are in time coincident with
the gamma photon detected in the HPGe crystal. When one observes coincident signals in
HPGe detector and Compton suppression shield, a signal can be set to block the
registration of the Compton interaction event.

This is so called Compton suppression technique.

The detector with which this is done is called an “Anti-Compton Shield” (ACS)
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Implementation of an analogue data acquisition system for optimizing the anti-
Compton shield for the HPGe detector in the Gamma Energy Station

Process steps:

O Implementation of the analog system
v' Identification of the needed electronic modules
v" Connection between electronic modules
v’ Checking signals, setting and optimization of the parameters

O Gamma energy measurements by using the implemented system
v Acquisition system used for measurements
v" DPPMCA settings

v’ Energy calibration of the MCA with certificated radioactive sources
v" Energy resolution and efficiency measurements
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d HPGe detector, Canberra
Experimental configuration « 150 % relative efficiency

— 2.4 keV energy resolution @1.33 MeV

 Caen DT5521EMH power supply
e Applied HV, 4000 V

O Anti-Compton Annulus (ACA), Scionix Holland
* Nal(Tl) scintillator crystal, total length 305
mm and 280 mm diameter
* 6PMTs ETL9266

Collimator

fess I
- i

Experimental set-up with HPGe and Nal(TI).

Energy spectra for all six PMTs. after the balancing procedure.
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The developed system instead to use a complex %
system for timing coincidence, using the model — SR fang | PR
Ortec 671 with its exclusive CRM (Counter Rate 1
Meter) fast discriminator circuit for coincidence, Anti
. . .. . Coincid
results in a system of elegant simplicity, with o
virtually no requirements for special setup
procedures or adjustments. pe— il
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50Co source acquisition with and without ACS
18000

e o A(SF)=[A(P/T)gyp I/[A(P/T) ]
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Area suppression factor s

defined as the ratio of the peak
area-to-total area ratio in the
suppressed spectrum to that of
the unsuppressed spectrum
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Energy [KeV] Results obtained using different

values of the coincidence

Acquired spectra with and without anti-Compton shield. .
q P P window and ¢°Co source

Anular Na(Tl)

The percentage difference in the

60Co photo peaks between the Coinc window [ns]
spectra with and without ACS 300 ns 7/50ns | 1000 ns
are of the order 1% With suppression 0.04 0.05 0.06
Without suppression 0.03 0.03 0.03
1/9/2022 Area suppression ratio 1.47 1.87 1.97




w eli

nuclear physics

fConcfusio
SN,

»

The results obtained are in line with the proposed objective and have been
fully achieved, namely the study on the development of a method to
reduce the Compton background from the acquired spectra using HPGe,
Nal(Tl) detectors, and associated electronics used to determine gamma
beam energy by implementing an analog data acquisition system that leads

to the optimization of the anti-Compton shields of HPGe semiconductor
detectors.

Other studies and tests will be performed to optimize the parameters for
better results.
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