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ABSTRACT

ARTICLE INFO

This paper investigated gamma ray spectra from several radioactive sources, by
using thallium activated sodium iodide NaI(TI) and high purity germanium HPGe
detectors. The energy dependence of full energy peak efficiency and resolution of
NaI(TI) and HPGe by using gamma ray spectroscopy were demonstrated in this work.
Spectra were produced for a 137Cs and 60Co source, illustrating the interaction
mechanisms that result in partial or complete deposition of incident gamma ray energy
in the detector. The result shows that the resolution of HPGe detector is better than
NaI(TI) detector. Furthermore, efficiency of NaI(TI) detector is better efficiency than
HPGe detector.
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detector material [7, 8]. On the other hand, this detector has
two main disadvantages. First, the efficiency of it is lower
that of NaI(TI) because of their smaller size and lower Z.
Detection efficiency of a NaI (TI) detector system depends
on different parameters [9]. Second, it is necessary to cool
it down to very low temperature by utilized liquid nitrogen.
This makes HPGe detector more expensive to purchase and
to maintain than NaI(TI) [10].
In this paper, two types of detectors were used,
NaI(TI) and HPGe detectors. The main purpose of this work
is to understand the characteristic differences between these
two detectors in terms of energy calibration, energy
resolution and efficiency.

1. Introduction
Gamma ray is an electromagnetic radiation and
particle which depends on the high energy radiation and
short wavelengths within the electromagnetic spectrum
(energy of 10 - 5000 keV). This high energy photon can
cause harmful when absorbed by living cells. Because of it
has the highest penetration power [1-3]. Three main
processes of interactions exist between an incident photon
and matter in which photon deposits its energy partly or
entirely in the matter: photoelectric absorption, Compton
scattering and pair production. The possibility of each
process depends on the property of the material (atomic
number) and the energy of the incident photon [4, 5]. In
addition, elastic photon interaction, also known as Rayleigh
scattering, is a fourth process which is important at low
energy (below 100 keV) [6].
Germanium detectors are widely used for gamma ray
spectroscopy. The main advantage of HPGe detector, for
gamma ray measurement, is its superior energy resolution.
The resolution depends on the number of single carriers
which are generated during particle interaction with the

2. Experimental Methods
The output from a gamma ray detector is an amount
of electrical charge which is proportional to the amount of
gamma ray energy absorbed by the detector. The primary
function of the electronic system is basically to collect that
charge. A typical simple electronic system for gamma ray
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spectrometry can be shown in Figure 1. The detector in this
work can be scintillator detector as NaI(TI) with its

Figure 1. A diagram on experiment connection
corresponding photomultiplier tube or semiconductor
detector as HPGe. The high-voltage (HV) power supply
provides a positive or negative voltage necessary for the
operation of the detector. NaI(TI) and HPGe detectors were
operated in positive HV at about 0.5 and 3.5 kV
respectively. The main purpose of the preamplifier is to give
an optimized coupling between the output of the detector
and the rest of counting system and to minimize any sources
of noise which may charge the signal. The amplifier
converts the very weak signal, in mille volts to a signal that
is suitable for measurement by multiplying the signal by
factor of thousand or more. The multichannel analyzer
(MCA) records and stores pulses according to their height
and is a device that scans a stream of high voltage pulses
and organizes them into a spectrum [11]. Each storage unit
is called channel. The height of the pulse is usually
proportional to the energy of the gamma ray that enters into
the detector. Each pulse is consecutively stored in a
particular channel corresponding to a known energy [2].
3.

𝑅=

𝐹𝑊𝐻𝑀
× 100%
𝐻0

(1)

Figure 2. The linear relationship for NaI(TI) and HPGe
detectors calibration
A number of gamma radioactive sources were chosen
such as (137Cs, 60Co, 22Na) for the NaI(TI) detector and
(137Cs, 60Co, 152Eu) for the HPGe detector . With these
sources the energy resolution for each detector was
determined clearly as a function of gamma-ray energies. By
using equation (1), NaI(TI) and HPGe resolution were
calculated. The average value of full width at half maximum
(FWHM) corresponds to the energy resolution of the
NaI(TI) and HPGe detector. From Figure 3, it can be clearly
noticed that the energy resolution of the NaI(TI) and HPGe
detector decrease as the energy increases. Therefore HPGe
detector can be very good energy resolution and is a good
instrument for nuclide identification compared to the
NaI(TI) detector [14].

Results and Discussions

3.1. Energy Calibration and Resolution
It is necessary first to calibrate the system using the
Co and 137Cs sources provided for 300 seconds. The
particle steps for calibration of MCA are provided in the
laboratory script. For both sources, the full width half
maximum (FWHM) and the photopeak channel are
identified. Then, the channel number against the peak
energy is plotted in Figure 2. It is clear the relationship
between the energy and the channel number is linear for
both detectors.
Equation (1) shows the energy resolution, R, which is
defined as the detector’s ability to resolve little alterations
in the energy of incident photons. (FWHM) is the full width
at half maximum and it is known as the width of the
distribution at half of the level of the peak and where 𝐻0
represents the peak centroid channel number [12, 13].
60

3.2. Efficiency
Efficiency is an important parameter of NaI(TI) and
HPGe detector. The efficiency is divided into several parts,
(absolute efficiency, intrinsic efficiency, and intrinsic
photopeak efficiency) [15] . For any gamma radiation
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detector, a formal definition of absolute efficiency (ε) is
given by the following ratio [16]:

𝜀𝑝 =

𝑐𝑝
× 100%
𝑁,𝛾

(3)

In order to observe the relation between the peak
energy and the NaI(TI) and PHGe intrinsic photopeak
efficiency the following Figure 4 was plotted. It is shown
that intrinsic peak efficiency for both detectors decrease as
the energy increases. And efficiency in the HPGe detector
is smaller than the NaI(TI) detector. The NaI(TI) detector
has better efficiency compared to the HPGe detector. So,
the NaI(TI) is used to measure the absolute intensity of a
given source of gamma ray. For instance, at 1173.23 keV,
the intrinsic photopeak efficiency of 60Co was 24.8% for
NaI(TI) detector and 5.87% for HPGe detector.
4. Conclusions

Figure 3. A graph of the energy resolution for the NaI(Tl)
and HPGe detector

This paper has illustrated the general propertied of
gamma ray spectra and determining some of the
performance characteristics of the NaI(Tl) and HPGe
detector. Comparing two detectors, it is clearly seen that the
high purity germanium semi-conductor detector has better
resolution than the thallium activated sodium iodide
scintillation detector.
On other hand, all intrinsic efficiency values decrease
as a function of increasing gamma ray energy. It was
observe that the NaI(TI) detector is more efficiency than the
HPGe detector. Whereas HPGe detector can be used for
high energy gamma ray detection with very good resolution.
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