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ABSTRACT

The purpose of this thesis is to measure energy resolution, total efficiency and photo peak
efficiency (full energy peak efficiency) of the 2"x2"flat type Nal(Tl) with the gamma ray
energies ranging from 122 to 1132 keV. In this work, five different gamma ray sources ?’Na,
%Co, %°Co, ¥Cs and **Ba were placed at four different distances to observe effect of distance

between source and detector on the energy resolution, total efficiency and photo peak efficiency.
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Chapter: 1 Introduction

1.1 Introduction

Detection of gamma radiations is among the crucial aspects of the experimental nuclear physics.
Gamma radiations are usually detected by two kinds of detectors: scintillation and semiconductor
detectors. Scintillation detectors are generally used in various fields for instance: nuclear and
higher energy physics, environmental studies and nuclear medicine [1]. In early years, the
Nal(TI) scintillation detector was introduced for gamma ray spectroscopy as these detectors are

portable because of their small size [2].

With further development in features of detectors, efficiency and energy resolution of detectors
was improved. Nal(Tl) has high density and atomic number which results in high detection
efficiency as well as in reasonably good energy resolution to distinguish between two closely
lying energy peaks [3]. The aim of this thesis is to calculate the efficiency and energy resolution
of Nal(TI) scintillator as a function of distance (between source and detector). This chapter

involves the brief introduction on gamma rays and their interaction with matter.
1.1.1 Radiation

It is a form of energy which is emitted from a source and transmitted everywhere in the space or
other medium. Radiations can be of two types: ionising and non-ionising radiations. lonising

radiations can easily dissociate the chemical bond (10eV) as compared to ionising radiations.

Radiation Type Examples

Alpha, beta and neutron

Particle Radiation =i
radiation

Gravitational Radiation Form of gravitational waves

Ultra sound, sound and

A coustic Radiation Z >
seismic waves

Radio waves, visible light, X-

. Electromagnetic Radiation l
rays as well as Gamma rays

l

Table 1.1 Different kinds of radiations with suitable examples.




1.1.2 Electromagnetic Spectrum

Electromagnetic radiation spectra describe all types of radiations including visible light [4]. The
chart shows the frequency from the range of 10! Hz to 10% Hz which covers various kinds of the

electromagnetic radiations, which can be seen in fig. 1.1
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Fig.1.1 Electromagnetic spectra [5].
1.1.3 Gamma Radiations

Gamma rays are type of electromagnetic radiations which have high frequency i.e. higher energy
or shortest wavelength [6]. This work is related to the detection of gamma radiations. In table

1.2, various properties of gamma rays are given.




Properties Value
Wavelength <100pm
Frequency >1018Hz
Energy >41.4keV

Table 1.2: Properties of gamma radiations.

* Production of Gamma Rays

The nucleus undergoes alpha or beta decay to produce daughter nucleus which sometimes is
present in excited state. In order to get stabilise this excited state daughter nucleus undergoes a
transition from excited state to ground state by emitting the energy in form of gamma rays. Thus
we can say that gamma rays are produced due to alpha or beta decay.

* Interaction of Gamma Rays with Matter

Interaction of these rays cannot be compared with those of charged particles because gamma rays
are uncharged particles with zero mass due to which it has the large penetrating power. The

major interactions of gamma radiation with matter are shown in fig. 1.2

|

| |
Gamma - Copper

Photoelectric Effect
Rayleigh Diffusion
Compton Effect

10 000 — Pair Production

100

Interaction probability (barn/atom)

l 1 I

1 kev 10 keV 100 keV 1 MeV 10 MeV

Gamma energy

Fig. 1.2: Different kinds of gamma ray interactions as a function of gamma ray energies [7].




a) Photoelectric Effect
Incident gamma ray interacts with electron in the first shell and can also liberate the same

electron. Difference between the striking photon energy (E,) and the dissociation energy of the
electron (Ep) is equal to the liberated energy of the electron (Ee) which can be written as:
Ee=E,-Ep

This is called the photoelectric effect [8]. The procedure is shown schematically in fig. 1.3.

Ejected Electron

y- ray photon

Fig. 1.3: A schematic showing photoelectric effect [9].

b) Compton Effect
c) In Compton effect, an incident y-ray photon emits an electron from the atom whose

energy is less than the energy of incident gamma ray photon. A schematic of Compton
effect is shown in fig.1.4. The relation between energies of incident and emitted gamma
rays can be given as:

EV

E', =

1 Ey 1 ]
+W( — cos0)

Here, E, and E’, is the energy of incident and emitted gamma rays, mc? is the rest mass energy

of the electron and 0 is the angle of scattering [8].




Elected Electron

Elected Photon

Fig. 1.4: A schematic showing Compton Effect [10].

d) Pair Production

In this process the photon energy is more than the 1.02MeV (which is the rest mass energy of
two electrons), the incident photon produces electron positron pair by interacting with nucleus
which is shown in fig. 1.5. As the rest mass energy of an electron as well as positron is
0.511MeV. Therefore, from energy conservation principle, gamma ray photon must have
energy of 1.02MeV. Positron collides with an electron creating twice photons of same energy
(511keV) by annihilation process [11].

Electron

e

Nucleus

INSNS o™

Photon

et

Positron

Fig. 1.5: A schematic showing pair production [12].




The following peaks will be observed in the spectrum:

When the pair of annihilation photons is absorbed after that the photo peak is created in the
spectrum.

E - mc? is formed when one photon escapes while other photon is absorbed.

E-2mc? is for the double escape peak energy, when both photons have escaped.

1.2 Energy Resolution

Detectors are rated by two parameters: energy resolution along with the detection efficiency.
Energy resolution is a very important parameter of detector, which helps to distinguish two
closely spaced gamma ray energy peaks detected by the detector [13].

A
Y
COUNTS
Y/2
FWHM
4 >
C Energy

Fig. 1.6: A schematic showing FWHM for a Gaussian curve [14].

Resolution of a detector is defined as the ratio of the full width half maximum (FWHM) to the
peak centroid (C) and it is given as:




In gamma ray spectroscopy, Nal(TI) detector has the resolution in the range between 5-10% [14].

A schematic showing FWHM for a Gaussian curve is shown in fig. 1.6.
1.3 Detection Efficiency

In gamma ray spectroscopy, another parameter is the detecting efficiency. Detectors used for
uncharged radiations like gamma rays or neutrons do not have 100% efficiency for the incident
radiations [14]. Detection efficiency can depend on various characteristics like the detector
material, volume, shape, absorption cross section of the material and distance between sources

and detector [15]. There are several ways to define the efficiency of the detector system:

Photo peak efficiency: As the name suggests, that when the gamma radiations strike to the

detector then it stores the energy which is observed in the form of photo peak afterwards. It is
ratio of net counts registered by the detector in the photo peak area to the number of photons
energy E emitted by the source.

N(E)
At.p(E)

epe(E) =

N(E) is the number of net counts registered by the detector in the photo peak area, A is activity
of the radioactive source, t is the time (in seconds) during which events were registered, p(E)

emission probability of the gamma ray.

Total Efficiency: It is ratio of the total number of counts registered by the spectrum (resulting

from all possible interactions of gamma rays) to the gamma radiation emitted by the source.

_ Nr(E)
er(E) = Atp(E)
N is the total number of counts registered by the detector, A is the activity of the radioactive
source, t is the time (in seconds) during which events were registered, p(E) emission probability

of the gamma ray. [16].
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3.1

3.2

Chapter: 3 Conceptual Perspectives

Detection of Gamma Radiation

For the detection of any nuclear radiation, the detector’s response for interaction of gamma
radiation with material is very critical. Another thing is the dissipation of energy in the detector
by that radiation. The main cause of the dissipation energy is the ionization of atoms in the
detector. Detection of gamma rays also depends on the material properties like electron density
as well as atomic number. In this chapter, scintillation detector is discussed in detail.
Scintillation Detector

3.1.1 Introduction:

When the nuclear radiations strikes to the zinc sulphide (fluorescent) material then it produces
the light flashes, when flash of lights were observed then that is called scintillation and the
material is called the scintillator [1].

TV screen is an example of the scintillation mechanism, in which the visible photons are emitted
after the bombardment in the cathode ray tube. Scintillation is one of the oldest techniques for
detecting the gamma rays [2].

In early years 1900s, Crooks in England and Elster and Gestel in Germany independently
reported that the alpha particles are falling on the zinc sulphide screen then the flash of lights
were observed with the help of microscope [1].

Main type of scintillator materials are: inorganic and organic crystals. Sodium iodide is one of
the major inorganic crystals which are more used and these crystals have high density. However,
these types of crystals cannot be used in pure form. On the other hand organic scintillators are
more used for the beta spectroscopy due to the fast response time [3].

3.1.2 Inorganic Scintillators:

Crystal lattice determines the energy states, in inorganic material. The energy bands are
classified on the basis of the material whether it is an insulator or semiconductor. The fully filled
bands are called valence band and the electrons those have sufficient energy, jump into
conduction band [3]. When a radiation falls on the material, then many electrons can jump into
higher energy band leaving behind positively charged electrons called holes in the fully filled
band. These electrons can come back to the valence band because of de-excitation by emitting

photons in the case of pure crystal form. Due to the high energy of the emitted photon, this will
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not be present in the visible range. The addition of small amount of impurity can overcome this
problem by emitting the photon of energy in the visible region. Due to the presence of this
impurity additional energy levels are introduced within the forbidden energy gap [2, 3]. Some
common inorganic scintillators are: Nal(Tl), ZnS(Ag), Cs(Tl), LaBrs(Ces), so on. Fig. 3.1 shows

the energy band structure with the addition of thallium as an impurity.

Conduction band
e_
Activator energy
R state
Visible region
radiation photon
%hole Valence band

Fig. 3.1 Structure of energy bands of activated inorganic crystal [4].

3.1.3 Sodium lodide scintillator activated by Thallium:

Nal activated by thallium is most preferred inorganic scintillator for the detection of gamma
rays. In early years the use of sodium iodide with small amount of thallium impurity was
reported by Robert Hofstadter in 1948 [3]. A small amount of scintillation is produced when the
gamma rays interact with sodium iodide at room temperature. When an activator (thallium) is
added to the sodium iodide then visible light photons are produced after the gamma ray
interaction.

Sodium iodide scintillator with activation of thallium is used to detect the gamma rays because
of high atomic number of iodine (Z = 53) as well as high density of detector [5]. Some properties

of sodium iodide are given in table 3.1.
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Properties Value
Wavelength (nm) 410
Scintillation efficiency (%) 100
Decay time (us) 0.23
Density (10° kg/m®) 3.67
Refractive index 1.83

Table 3.1 Properties of Sodium lodide [5].

Some of advantages are that if atomic number is high then interaction probability of gamma rays
with crystal is increased and energy resolution is improved by the large conversion of photons.
One of the major drawbacks is that Nal is hygroscopic in nature. It is placed in carton which is

designed of aluminium.

Glass Plate
I ]

Nal(Tl) erystal

Silicon oil

AlO; powder

Aluminium container

Fig. 3.2 Nal:Tl crystal with coated aluminium container [5].

The crystal is first polished to remove some irregularities and then is placed it in aluminium
container where the surface is covered with the transparent glass. After that Al>Osz powder is
filled in between the crystal and the aluminium container which is shown in fig.3.2. Due to the
total internal reflection in aluminium oxide, no photons in visible range are scattered out from
detector [6].
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3.1.4 Functioning of Scintillation detector

Scintillation detector consists of some basic parts which include scintillator shielded of
aluminium, photomultiplier tube and an amplifier etc. The structure of scintillation detector can

be seen in fig.3.3.

Anode

Photocathode
Reflector

Scintillator

photon
ight photon

_ Photomultiplier Electrical
Focussing Electrode g B Cotinechon

Fig.3.3 Sketch diagram of a scintillation detector [7].

Photomultiplier Tube (PMT):

In scintillation detector, one of the important part is the photomultiplier tube. The outer coating
is made up of glass to control the vacuum from the inside. The fig.3.4 shows the schematic of a

photomultiplier tube.

There are two processes that occur in the PM tubes: photoemission and secondary emission. The
main function of photomultiplier tube is that it converts the incident photon light into electrons.
When a flash of light hits the photocathode then it emits the photoelectrons. Electrons are
directed towards the dynodes by applying a suitable increasing electric field. Borosilicate glass

can be used to design windows of photomultiplier tubes.
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Fig. 3.4 Schematic of a simple photomultiplier tube [8].

The emitted photoelectrons have kinetic energy in the range of leV. Approximately 300

electrons will be emitted per 100 V of accelerating voltage for one electron [6].
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Chapter: 4 Experimental Details and Data Analysis

4.1 Nal:TI Detector

Thallium activated sodium iodide scintillation detector is used for measurements is from
NUCLEONIX Systems Private Limited. Some details of this detector are given in table 4.1 and a
block diagram of the complete set-up is presented in fig. 4.1.

Nal: Tl Scintillation detector: In this work, a 2"x2" flat type detector was used and this type of

detector gives good resolution in the range of 8.0 to 9.5% for *'Cs.
Lead Shield: The detector was shielded using lead shielding. This is a made up of interlocking

rings with top and bottom plates [1].

Table 4.1 Nal(Tl) detector details.




ouT

L.V

LV Socket

{Onrear panel)
—1

L 230V. ACS50Hz

Fig. 4.1 Block diagram shows the Nal: Tl detector set up [1].

Gamma reference set: For these measurements, the gamma sources were used that were issued

by BARC, India and were placed in a plastic material having diameter of 25mm and width of

5mm. The radioactive sources which are utilized for the experiment are mentioned in table 4.2.

Radioactive Energy(keV) Normal Half-life(days)
Isotope Activity(pci)
187Cs 662 81.89 10979.7
%Co 1173, 1332 102 1923.55
Co 122 29.38 270
22Na 511, 1280 38.88 949
133Ba 360 74.48 38325

Table 4.2 Radioactive sources used for the present measurements.

4.2 Method

In the experiments performed for this thesis work,*’Cs,®°Co,%"Co,%?Na and !*Ba radioactive
sources which will give gamma rays in energy range 122-1330keV were placed at four different

distances from the face of the detector. The detector is shielded using 40mm lead on all faces of
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the detector to reduce the background radiations. For each radionuclide, data was recorded for
3600seconds so as to get the suitable statistics for the evaluation of each gamma peak. For all
radionuclides, gamma ray energies, the gamma ray emission probability, source radioactivity at
the time of manufacturing time and date of manufacturing are listed in the table 4.3.

Gamma Energy(keV) Emission Activity(kBqg) | Reference Date
sources Probability(%) | (at the time of
manufacturing)
187Cs 662 85.30 80 Feb. 2017
%Co 1173 99.85 34
1332 99.98
Co 122 38.88 110 April2018
22Na 511 178.00 110
1280 99.94
13383 360 62.30 110

Table 4.3 The various parameters of gamma sources used in the measurements.

The radioactive sources were placed at a distance of 4.5 to 16.5cm at step size of 4cm from Al
window of detector to measure the energy resolution and efficiency. The following settings were
used: Fine gain = 2.00, Coarse gain (x100) = 2.00 and operating voltage = 750V [3].

Experimental Set-up: The basic experimental set-up is shown in fig.4.2 and the shielding of lead

on detector is shown in fig. 4.3

Fig. 4.2 Experimental set-up




Fig.4.3 Lead shielding
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Chapter 5: Results and Discussion

5.1 Nal:TIl, Sodium lodide Activated with Thallium Scintillation Detector

Results

Nal(Tl) was for measuring for both energy resolution as well as detection efficiency for
following radioactive sources 3'Cs, 8°Co, *'Co, ??Na and *3*Ba. Decay schemes for *'Cs, %°Co,
22Na, 'Co and *Ba are shown in fig. 5.1, 5.2, 5.3, 5.4 and 5.5 respectively.

Cs-137
\ 30.23 years

B-decay (94%)
2.55mins

p-decay (6%)
y(0.611 MeV)

Ba-137

Fig.5.1 Decay scheme for Cs-137 [1].

Co-60

-

p-decaw (99 98%)

B-decay (0.12%4)
v(1.732 MeV)

v(1.332 MeV)

Ni1-60

Fig.5.2 Decay scheme for Co-60 [1].
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Na-22

p+decay (90.5%)
v(0.511MeV)
e-capture(9.5%)
v(1.2TMeV)
Ne-22
Fig.5.3 Decay Scheme for Na-22 [1].
Co-57
e-capture

v(0.136Mev)

l (0.122MeV

v(0.014MeV)

Fe-57

Fig.5.4 Decay scheme for Co-57 [1].

25
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0.302MeV
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0.302MeV 0.355MeV
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v v
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Cs-133

Fig.5.5 Decay scheme for Ba-133 [2].

5.2  Energy Resolution: To study the energy resolution of detector, five radioactive sources

were used which produces gamma rays energy in the range of 122-1332keV. Energy resolutions

were calculated for each gamma ray at four different sources to detector face distances and the

results are listed in table 5.1.

Sources Energy(keV) Energy Resolution(%)
4.5cm 8.5cm 12.5cm 16.5cm
Co 122 16.8 16.0 14.6 15.1
133Ba 360 10.1 9.48 9.16 9.28
22Na 511 14.41 10.76 9.64 9.12
187Cs 662 10.66 9.05 7.93 7.80
%Co 1173 5.92 5.84 5.65 5.83
22Na 1280 7.58 6.45 6.18 6.10
0Co 1332 5.62 5.53 5.39 5.47

Table 5.1: The energy resolution of Nal(Tl) detector at different distances(4.5, 8.5, 12.5,

16.5cm) for various radioactive sources.
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Fig. 5.6 The energy resolution of Nal(Tl) detector for various sources to detector distances for
several energies of gamma rays.

From this graph, two conclusions can be drawn: Energy resolution improves with the increment
in source to detector distance, energy resolution is significantly high at low gamma ray energies
and the resolution improves significantly as gamma radiation energy increases. The energy
resolution for 122keV gamma radiation is quite high (14.6-16.8%) whereas it improves
significantly for gamma ray energies of above 1MeV. The improvement in energy resolution
with increase in source to detector distance can be explained by the fact that there will be
significant back scattering when source to detector distance is less. After certain source to
detector distance, backscattering doesn’t affect the energy resolution due to which the energy

resolution is similar for source to detector distance of 12.5 cm as well as 16.5 cm.

The spectrum of 22Na can be seen in fig. 5.7.
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Channel No
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Fig. 5.7 The gamma ray spectrum of Na-22 from Nal(Tl) detector at a source to detector distance
of 4.5cm.

The spectrum of Ba-133 is shown in fig. 5.8.

(0 .43.82 Kev,0)

T
600

Channel_No.

Fig. 5.8 The gamma ray spectrum of Ba-133 from Nal(TIl) detector at a source to detector

distance of 4.5cm.

Efficiency calculation: Efficiency calculation depends on many factors like the shape and size of

the detector, the type of material surrounding up the set-up. The tables 5.2-5.5 list the total
detection efficiency for source to detector distances of 4.5, 8.5, 12.5, 16.5cm. Following equation

is used:

_ Nr(E)
er(E) = Atp(E)

Here, Nt is the total number of counts registered by the detector, t is the time (in seconds) during
which events were registered, p(E) emission probability of the gamma ray, A is the activity of

the radioactive source and it is calculated as:
A =A™

Now, A, is the initial activity of the radioactive source, t is the difference between the time of the

manufacturing of the radioactive source and date of the experiment, A is decay constant which is
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calculated as:

_0.693
Ty,

A

Here, Ty is the half-life of the radioactive source.

Data is recorded for t = 3600seconds for this experiment.

Gamma Energy Emission Activity(kBq) Date of Half-life(days)
sources (keV) Probability(%) (at the time experiment
of
experiment)
22Na 511, 178.00, 81.89 10979.7
1280 99.94
133Bg 360 62.30 102 1923.55
%0Co 1173, 99.85, 29.38 6 March 2020 270
1332 99.98
>'Co 122 85.59 38.88 949
137Cs 662 85.30 74.48 3832.5

Table 5.2: Parameters for gamma ray sources at the time of the experiment.

Total efficiency takes into account the geometric as well as intrinsic efficiency of the detector.
Geometric efficiency depends upon several geometric factors including source to detector
distance, size of source and detector and many more. Intrinsic efficiency can be defined as
measure of detecting gamma rays once they have entered into the detector. Total efficiency is
basically the ratio of total number of events recorded in detector to total number of gamma
radiation emitted by the radioactive source. Total efficiency is also calculated for the sources

which emit gamma rays of two different energies, the difference is due to the difference of
emission probability.

Gamma ray Gamma Gross counts | Net Counts | Activity(kBQq) Total
sources Energy(keV) (at the time of | Efficiency(%)
experiment)

2Na 511, 14697049 14550472 81.89 27.72,

1280 49.38

13383 360 6442558 6295981 102 27.52
°'Co 122 625986 479409 38.88 4

%Co 1173, 3383311 3236734 29.38 23.15

1332 23.12

BCs 662 4819770 4673193 74.48 20.43

Table 5.3: Parameters for gamma sources and total efficiency when source to detector distance
is 4.5cm. Net counts represent background subtracted gross counts.
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Gamma Sources | Gamma Energy Gross counts Net Counts Total Efficiency

(keV) (%)

22Na 511, 6958744 6856186 13.06
1280 23.27

13383 360 2863302 2760744 12.06

Co 122 222762 120204 1.00

%Co 1173, 1637765 1535207 10.98
1332 10.97

B37Cs 662 2256933 2154375 9.41

Table 5.4: Parameters for gamma sources and total efficiency when source to detector distance
is 8.5cm. Net counts represent background subtracted gross counts.

Gamma Sources | Gamma Energy | Gross Counts Net Counts Total Efficiency

(keV) (%)

22Na 511, 4114467 4016436 7.6
1280 13.63

133Ba 360 1657536 1559505 6.81

Co 122 161811 63780 0.53

%Co 1173, 1007882 909851 6.51
1332 6.50

1¥7Cs 662 1354496 1256465 5.49

Table 5.5: Parameters for gamma sources and total efficiency when source to detector distance
is 12.5cm. Net counts represent background subtracted gross counts.

Gamma Sources | Gamma Energy | Gross Counts Net Counts Total Efficiency
(keV) (%)
22Na 511, 2703645 2607991 4.96
1280 8.85
133Ba 360 1073248 977594 4.27
"Co 122 111893 16239 0.13
%Co 1173, 689132 593478 4.24
1332 4.24
137Cs 662 898827 803173 35

Table 5.6: Parameters for gamma sources and total efficiency when source to detector distance
is 16.5cm. Net counts represent background subtracted gross counts.
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Fig. 5.9 The total efficiency of the Nal(TI) detector at different source to detector distances for

different gamma ray energies.

Fig. 5.9 illustrates that total efficiency of the detector has reduced with the rising on distance of
source from the detector which is obvious. Larger is separation between source and detector less

will be gamma rays falling on detector.

For the photo peak efficiency (full energy peak efficiency) calculations, the subsequent equation

can be used:
_ N(E)
epe(E) = Atp(E)

Here, N(E) is the number of net counts recorded by the detector in photo peak, A is known as
activity of the sample on the day of measurement, t is the time (in seconds), p(E) emission

probability of the gamma ray.

Table 5.7 lists the photo peak efficiency as well as some other useful parameters which can be

used to determine the photo peak efficiency.
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Gammaray | Gamma Energy | Activity(kBq) Net Counts PhotopeakEfficiency

Sources (keV) (%)
22Na 511, 81.89 4347872 8.28
1280 858097 291

133Ba 360 102 1265896 5.53
Co 122 38.88 505670 4.22
%Co 1173, 29.38 289472 2.07
1332 259671 1.85

187Cs 662 74.48 1865834 8.15

Table 5.7: Various parameters for gamma ray sources as well as experimental results obtained

for photo peak efficiency when source to detector distance is 4.5cm.

Gamma Sources Gamma Energy Net Counts Photo peak Efficiency
(keV) (%)
22Na 511, 2107651 4.01
1280 422476 1.43
133Ba 360 806745 3.52
Co 122 114079 0.95
%Co 1173, 136585 0.97
1332 128897 0.92
1¥7Cs 662 828110 3.62

Table 5.8: Various parameters for gamma ray sources as well as experimental results obtained

for photo peak efficiency when source to detector distance is 8.5cm.

Gamma Sources Gamma Energy Net Counts Photo peak Efficiency

(keV) (%)

22Na 511, 1199240 2.28
1280 249563 0.84

133Ba 360 430444 1.88

Co 122 59953 0.500

0Co 1173, 76579 0.54
1332 72709 0.51

187Cs 662 466714 2.04

Table 5.9: Various parameters for gamma ray sources as well as experimental results obtained

for photo peak efficiency when source to detector distance is 12.5cm.
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Gamma Sources Gamma Energy Net Counts PhotopeakEfficiency
(keV) (%)
22Na 511, 786963 1.49
1280 158858 0.53
133Ba 360 324797 1.41
Co 122 14520 0.12
%Co 1173, 49898 0.35
1332 46956 0.33
187Cs 662 293348 1.28

Table 6.0: Various parameters for gamma ray sources as well as experimental results obtained

for photo peak efficiency when source to detector distance is 16.5cm.
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Fig. 6.0: The photo peak Efficiency for different source to detector distances for different

gamma ray energies.
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Photo peak efficiency as a function of detector to source distance for various gamma ray energies
is shown in Fig. 6.0. Once again, photo peak efficiency too reduces as source to detector distance
IS increased.
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Chapter 6: Conclusion

This work shows that the energy resolution, total as well as photo peak efficiency of Sodium
lodide with activation of Thallium (Nal:Tl) detector is calculated by measuring gamma rays of
different energies for five gamma sources (**'Cs,%°Co,>'Co,%?Na and *3Ba) at four different
source to detector face distances (4.5 to 16.5cm). It can be concluded that energy resolution can
be improved by increasing source to detector distance and gamma ray energies. At low energies,
the energy resolution is significantly high. Due to backscattering, the energy resolution is
increased with the decrease distance between source and detector. Total as well as photo peak
efficiency both are decreased with increase in distance between source and detector. Larger is
the separation between source and detector less will be gamma rays falling on the detector.
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