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1. Introduction

The Low background gamma ray spectroscopy is one of the methods to test the purity
of material. The radiopurity of the Ge crystal developed at Technical Physics Division at
BARC and the radiopurity of crystal was tested in TiLES [1]. This report presents the
details of measurement and analysis of the observed spectra.

2. Exeprimetal setup and data analysis

The TiLES, Tifr Low background Experimental Set-up (see Fig.1 ) is installed at TIFR
which consists of high efficiency HPGe detector (70% relative efficiency). The setup com-
prises active and passive shielding and details are described in ref [2]. TiLES is one of the
best HPGe based low background setup at sea level [3], with a sensitivity of 2 mBq/g for
40K.

The Ge crystal developed at Technical Physics Division (TPD), BARC of size ∼ 4.2 cm
× 1.4 cm × 1.5 cm and mass 46.5 g was counted in a close geometry in the TiLES for ∼ 14
days. The data is aquired using CAEN DPP-PHA java based interface and analysed using
C++ based root [5] frame work and lamps software [6]. The time normalised γ-ray spectrum
is shown in Fig 2 background spectrum shown for comaprison and shows major photopeaks
and corresponding yields are reported in table 1. It can be seen in table 1, for majority
of the prominent gamma-rays the photopeak counts are comparble with backgound. The
minimum detectable limit is obatined using Currie’s formula [4] as below for the TiLES.

Lc = 2.326σ
Nbkg

(1)

Ns = 4.653σ
Nbkg

+ 2.706 (2)

σ
Nbkg

=
√
Nbkg (3)

Where Lc is the critical limit when no source is kept and Ns is minimum detectable counts
and σ

Nbkg
is standard deviation of background photopeak counts. From the table 1 it is
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Figure 1: A picture of TiLES
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Figure 2: The time normalised γ-ray spectrum of Ge overlapped with background (Tcount = ∼4 d)

evident, an activity of 609 keV (214Bi) and 661 keV (137Cs) higher than the background
while other major gamma rays photopeak yields were within errorbar. Following table 2
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Table 1: The major photo peak gamma ray yiels.

Enrgy Reaction channels/ Ge Bkg
keV Radio-isotopes Counts/day Counts/day

139.7 74Ge(n,γm)75G 36±17 34±9
198.4 70Ge(n,γm)71Ge 37±13 32±20
511.2 Ann. 206±17 239±13
609.3 214Bi 26±9 12±4
661.8 137Cs 133±15 94±8
669.5 63Cu(n,n′γm)63Cu 17±7 19±2
962.1 63Cu(n,n′γm)63Cu 22±4 22±5
1115.5 65Cu(n,n′ γm)65Cu 10±4 9±3
1328.0 63Cu(n,n′γm)63Cu 14±7 9±4
1460.8 40K 32±6 35±3
2613.3 208Tl 17±4 17±3

show an activity of Ge sample and minimum detectable activity (As) for 609 keV and 661
keV. The critical activity (Ac) and minimum detectable activity (As) for 609 keV and 661

Table 2: An activity due to 214Bi and 137Cs.

Enegry Ac Ge sample As

(keV) mBq/g mBq/g mBq/g

609 0.14 0.21 ± 0.15 0.32
661 0.16 0.33 ± 0.14 0.34

keV in TiLES estimated using Currie’s formula. For the given sample, the measured activity
due to sample is marginally less than the As hence it can not be conclusively conclude that
given sample do not shows any activity.

3. Conclusion

The observed activity in Ge sample due to 609 keV and 661 keV is found to be higher
than the critical limit but marginally less than the minimum detectable activity. In order to
get a better estimate of radiopurities larger sample can be counted for enhanced sensitivity.

References

[1] N. Dokania et al., NIM A 745, 119 (2014).
[2] G. Gupta et al., DAE-BARNS Symp. on Nucl. Phys. 61 1026 (2016).
[3] M. Laubenstein et al., Appl. Rad. Isot. 61, 167 (2004).
[4] Radiation detection and measurement by G. F. knoll.
[5] https://root.cern.ch/
[6] http://www.tifr.res.in/∼pell/lamps.html

3


