
 

508 

 

DETECTOR BACKGROUND REDUCTION BY PASSIVE 

AND ACTIVE SHIELDING  
 

Dušan Mrđa, Ištvan Bikit, Jaroslav Slivka, Nataša Todorović,  

Sofija Forkapić, Kristina Bikit
 
and Jovana Nikolov

 

Department of Physics, Faculty of Science, University of Novi Sad,  

Novi Sad, Serbia  

mrdjad@df.uns.ac.rs sofija@df.uns.ac.rs 

 

 

INTRODUCTION 

The background spectrum of Ge-detectors is composed of the 

following components: environmental gamma radiation, radioactivity in the 

detector construction material, radio impurity in the shielding material, 

cosmic rays: nucleons, muons and activation products, radon and its 

progenies, neutrons from natural radioactivity (fission and (, n) reactions). 

The background reduction of Ge detectors is of fundamental significance for 

the detection of rare nuclear decays like the neutrinoless double beta decay 

[1]. When the cosmic ray induced background becomes predominant, it can 

be suppressed by installing the spectrometer deep underground [2,3]. 

Otherwise, the active shield method with veto detectors around the passive 

shield and coincidence electronics is the only alternative technique. The 

main goal of these systems is to eliminate the (mainly cosmic muon 

induced) background without loss of events from sample. Many researchers 

have described their active shield techniques [4-6], not mentioning the task 

of sample count losses and the timing set up. Moreover, for similar 

experimental configurations [6,7] very different background reduction 

factors (5 and 1.4 respectively) are reported. 

In the present paper we describe the first test of our ground based 

actively shielded extended range low level gamma spectrometer 

emphasizing the anticoincidence timing details which are unavoidable for 

the proper operation of the system.  

 

MEASUREMENT METHOD 

The germanium detector was the low background extended range 

(GMX) closed-end coaxial p-type, made by ORTEC corp. in a J type 

cryostat. The nominal relative efficiency is 36 %, and due to the thin surface 

dead layer and the Be window it has a good efficiency even at 10 keV. The 
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chamber inside the passive shield was flushed by nitrogen evaporating from 

the Dewar vessel. The passive shielding is made of 120 mm thick low-active 

lead (Figure 1). The 
210

Pb content of the lead shield is measured [8] to be 

25 ± 5 Bq/kg. Monte-Carlo calculations by the "Photon" code [9] have been 

performed in order to select the most appropriate material and the optimal 

thickness for the inner lining. It is found that Sn is more appropriate than the 

most frequently used Cd due to low probability of neutron capture.  
 

 
Figure 1. Vertical cross section (a) and horizontal cross section (b) of the 

passive and active shield 

 

The integral count rate of the passively shielded detector in the energy 

range of 50 – 1800 keV is 0.9 c/s. This is a very good value for the ground 

based passive shield. Plastic scintillator detectors made by SCIONIX were 

arranged to surround the top and four sides of lead shielding. The active 

shielding consists of 5 plastic scintillators (0.5 m × 0.5 m × 0.05 m). The 

most probable dE/dx value for the cosmic muons in such a detector is about 

10 MeV, which is sufficient to separate the pulses from cosmic radiation 

and environmental background (which ends at 2.6 MeV). The cosmic rays 

and environmental gammas interacting both with the veto detector and the 

Ge detector produce coincident pulses which will reject the appropriate 

GMX event by an anti-coincidence circuit [10]. 

 

RESULTS 

If we compare the background spectra obtained with and without 

using the active shielding devices (Figure 2) the suppressing of 511 keV line 

intensity can be clearly noted. The most annihilation events caused by the 
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cosmic muons are eliminated by the antimuon shield. The reduction of the 

continuum at low energies is pronounced (larger total number of coincidence 

events is rejected in the low-energy part of spectrum than in the high energy 

part, due to higher efficiency detection of Ge detector at lower energies). 

 

 

Figure 2. The background spectra obtained with and without using the 

active shielding devices: upper (white) – without active shield, and lower 

(grey) - with active shield
 

 

The detection limit of this system is presented in Figure 3. For the 

source dimensions  = 67 mm, h = 62 mm and p =1 (gamma ray emission 

probability), the limits were calculated using the formula [11]: 

t
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B
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65.471.2
 (1) 

where RB is the background count rate,  is detection efficiency and t is the 

measurement time. 
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Figure 3. Detection limits calculated using (1) 

 

We tested count loss of our gamma spectroscopy system by the 

cylindrical sample of river sediment (m = 172 g, h = 31 mm, d = 67 mm) in 

contact geometry with Ge detector. The activity concentration of radio 

nuclides in the sediment are the following: A(
40

K) = 240 ± 10 Bq/kg, 

A(
232

Th) = 12.0 ± 1.2 Bq/kg, A(
226

Ra) = 11.7 ± 0.6 Bq/kg, A(
137

Cs) = 3.1 ± 0.5 

Bq/kg. The total count rate with this sample was 2200 c/ks. From low level 

gamma spectroscopy point of view, this sample represents relatively strong 

source, suitable for testing of count loss during measurements of typical 

environmental samples. The comparison of count rates between gated and 

non-gated Ge gamma spectra of the sample is presented in Table 1. 

 

Table 1. The comparison of sample count rates, with and without active shield 

Energy 

[keV] 

Intensity [c/s] × 10
-3

 

(with active veto) 

Intensity [c/s] × 10
-3 

(without active veto) 

Count loss 

[%] 

238.6 26.8 ± 0.6 32.7 ± 1.7 18 

351.9 13.6 ± 0.5 16.6 ± 1.3 18 

609.3 10.4 ± 0.4 12.1 ± 1.2 14 

661.7   4.15 ± 0.35   4.8 ± 0.9 14 

1460.8 28.0 ± 0.5 35.0 ± 1.4 20 

 

CONCLUSION 

We developed an ultra-low-level background germanium spectrometer 

using active and passive shielding. The cosmic-ray-induced background is 

significantly suppressed by the designed active shield devices, which 



 

512 

 

consists of an array of plastic scintillators and anticoincidence electronics. 

The reduction of neutron lines by active shield is very small, so applying 

neutron absorbers inside the plastic assembly would be fully justified. For 

this purpose relatively thin layers of materials with high concentration of 

boron could be used. A good example are only 3.2 mm thick FLEX 

BORON silicon sheets, which contain 25 weight-percent of uniformly 

distributed boron with high cross section for thermal neutrons. After first 

tests, the most important task of our future investigations will be reduction 

of count losses to negligible level and finding of their causes. Our test 

shoved that real count losses in measurements with active shields should be 

checked by a sample. 
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The operational problems of the gamma ray spectrometer shielded 

passively with 12 cm of lead and actively by five 0.5 m × 0.5 m × 0.05 m 

plastic veto shields are described. The active shielding effect from both 

environmental gamma ray, cosmic muons and neutrons was investigated. 

For anticoincidence gating wide range of scintillator pulses, corresponding 

to the energy range of 150 keV–75 MeV, were used. With the optimal set up 

the integral background, for the energy region of 50 – 3000 keV, of 0.31 c/s 

was achieved. The detector mass related background was 0.345 c/(kg s). 

The 511 keV annihilation line was reduced by the factor of 7 by the 

anticoincidence gate. It is shown that the plastic shields increase the neutron 

capture gamma line intensities due to neutron termalization. 
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