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Optimizing on Nal(TI) scintillator crystal and 2D assessment of optical

photons, A simulation study
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Abstract:

Since there isn’t any specific natural device for measuring the various type or energy of
radiation and particles, we need to have a facility to perform these measurements. The devices
used to detect ionizing particles and rays, have different specific purposes. One of the most
common types of detectors is one in which a scintillator crystal is used there. This type of
detectors are widely used in industry and medicine, in addition, one of the most common crystals
is the Nal (TI). In this simulation study which is used FLUKA Monte Carlo code, the efficiency
of visible light is increasing by changing the amount of thallium that is used in the crystal. Also
in this research, the simulation of light production regions in the crystal for gamma, Beta, Alpha,
and Muon in different amount of energies has been investigated and shown in two dimensions’
view.

Keywords: Scintillation Detectors, Optical photons, Optimization, Simulation
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Abstract:

Hot springs are known as one of the hydrotherapy centers in the world and have been welcomed
due to their healing properties. Because of this fact that the water of these springs usually passes
through the underground layers and due to the high temperature and upward flow of water, it
dissolves various material of the element exist in the underground layers and when the water
leaves their appearance due to water cooling., Dissolved solutes and sedimentary layers of
travertine are formed. Due to the presence of radon in the hot spring waters, there are radioactive
elements in the sediments of springs and these sediments have high radioactivity. The purpose of
this study was to investigate the amount of elements % U, ?° Ra, *¥'Cs ,?**Th, “°K, in soil, water
and sediments of hot springs in Kerman region. The presence of these elements causes an
effective annual dose in those of these springs due to their healing properties It is used to cause
radiation hazards and cancer if it is more than allowed. The results show that the activity of
elements 28 U, ?° Ra, 1¥'Cs, #2Th, “°K, in soil, water and sediments of boiling hot springs in
Kerman region is less than the limit. Is allowed.

Keywords: hot spring, Joshan, radioactive elements, activity, sinters
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Detection of elements in a sample is one of the common methods in science and technology. In
addition to atomic methods such as XRD and XRF, the use of nuclear methods is also widely
used in this field. One of the nuclear techniques is the PGNAA method using It is from a neutron
source that in this study the possibility of detecting boron in cancerous tumors can be
investigated. By defining a neutron source and tumor substance and boron in MCNPXx code, the
characteristic gamma of each tumor element was identified first. Kerman neutron source and
tumor material are identified in the code line related to boron and the results are formulated
based on the percentage of boron in the tissue. The results of this study show that the PGNAA
method with Kerman neutron source is a suitable method for identifying boron in human tissues.

Keywords: Tumor tissue, element detection, PGNAA, MCNPX, neutrons.
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Investigation of effective parameters on the efficiency of CdZnTe and TIBr compound
semiconductor detectors
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Abstract

The aim of this simulation study is investigating the effective parameters on the efficiency of
CZT and TIBr compound semiconductor detectors. The crystal of detectors have been simulated
using FLUKA code and the pathway of each particle has been tracked while the particle loses its
Kinetic energy totally or a fraction of its energy and this tracing has been depicted at MatLab
software package. The parameters that have been assessed in this study are as the energy of
incident photons, the thickness of semiconductor detectors and the elements defined as the
materials of the detectors. The obtained results include the tracking of Gamma photons on a case
by case basis by assessing all interactions such as photoelectric and Compton scattering taking
into account the coordinate of each interaction inside detector sensitive volume. Using the results
can help us to realize better understanding of performance and fabrication of compound
semiconductor detectors.

Keywords: semiconductor detector, detector efficiency, simulation, FLUKA code
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Investigation of visible light interference signal separability in alpha particle detector based
on CCD and photodiode
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Abstract: Alpha-particle detection has various methods including the use of gas detectors,
scintillators and semiconductors, each of which has its advantages and disadvantages . One of the
methods of alpha- particle beam detection is the use of CCD sensors and photodiodes with direct
methods and using scintillator . Since conventional CCDs and photodiodes are sensitive to
visible light, one of the challenges of working with these sensors is the interference of ambient
light in these detectors, which causes interference of the signal from visible light and alpha-
particle collision, so isolating ambient light is inevitable. In this research, the sensitivity to
visible light in bpw34 photodiode has been investigated and compared with the performance of
CCD.
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In this research, first the alpha particle count is investigated by changing the shutter speed and
gain amplifier parameters of the CCD. The results show that by increasing the shutter speed from
1/50S to 1/10000S, the alpha particle count decreases and then by increasing the gain
amplifier from 0db to 24db, the alpha particle count rate increases first and then decreases.

In the next experiment, the photodiode and CCD were placed in a dark box next to each other in
the presence of AM241 source. At first, they counted both sensors 110 cps in absolute darkness,
but an examination of the results of the increase in light showed that it was not possible to
separate the signal from the visible light and the signal from the alpha particle in the photodiode,
but the CCD output signal from the light and alpha can separated on 50lux backlight.

Keywords :CCD,Alpha,Photodiod, interference
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Investigation of the performance of gaseous electron multipliers in the SQS
mode for radiation detection

Seyed Mehdi Hashemi™* and Ali Negarestani®

1 Graduate University of Advanced Technology, Kerman, Iran.

Abstract:

In this study, the detection of radioactive beams in the SQS mode will be investigated with
several configurations of gaseous electron multipliers of micro-pattern structures. The
appearance of visible light columns in the space between the multiplier electrodes at the location
of input particles is one of the advantages of using this optical method to detect ionizing
radiations. Thick Gas Electron Multiplier (TGEM) and an Electron Multiplier Assemblies
(EMA) were designed and constructed as amplification gap in the detector chamber.

Keywords : Gaseous electron multipliers, Micro-pattern structures, SQS mode and an optical
method.
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Abstract:

Cancers are known as diseases with uncontrolled growing cells, non-naturally. Cancers cause
mortality if the growing of cancerous cells are not controlled. Prostate cancer is the most
common cancers among men at west. The risk of prostate cancer is 1 from 8 at total life time.
While the population is going to elder age, it’s expected that prostate cancer will be increased at
next decades. At radiotherapy of prostate cancer, motion variations of patient body such as
bladder and rectum will cause prostate displacement and deformation. Filling and emptying of
rectum has an important role at the accuracy of patient geometrical setup. By using helpful
information of rectum volume, targeting accuracy of prostate cancer can be done, precisely. In
this study, an investigation has been done on prostate dose variations due to implementing
balloon inside rectum. The aim of this work, is delivering the high dose onto tumor volume
while keeping normal nearby tissues safe against additional unwanted dose. Based on the results,
while the rectum is empty, its dose is maximum, and while implementing the balloon, the dose of
rectum is minimum.

Keywords: proton therapy, prostate, dose, rectum, balloon
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Monte Carlo investigation of 235U Enrichment measurement using PIGE

method by high energy proton beam
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Abstract:

So far, many methods have been introduced to calculate the percentage of Uranium-235
enrichment in uranium composition. In this research, we have tried to investigate 25% of *°U
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enrichment in uranium composition using PIGE method with protons with 25MeV energy and
calculate the characteristic gamma energy of °U. The results show that the 2.2 MeV
characteristic gamma  corresponds to U in the uranium compound, at which no line of U is
observed. It is also the response of SiPM detector versuse of percent enrichment calculated and
formulated using MCNP code results.

Keywords : Protons, Percent of enrichment, Uranium-235, MCNPX, Uranium-238,PIGE
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Investigation of intensities of streamers appearing in the presence of source

with different activity

Samira Esmaeili*, Ali Negarestani', S. Mehdi Hashemi'

Graduate University of Advanced Technology, Kerman, Iran

Abstract:

At this study deals with the transmission voltage and light intensities in a Self Quenching
Streamers mode, which is used to compare two TGEM with different geometries with two alpha
sources and two various radiation intensities Performance of the two plates in the presence of
P10 gas is exposure and assess with alpha particles by apply the input voltage to the electrodes
for enabling them to enter the Self-Quenching streamers column mode at a given transmit
voltage The light intensities are measured by the Ambient Light Sensor was coupled on the
Arduino board and the relevant data are collected and compared.

Keywords: Thick Gas Electron Multiplier, Transition voltage, Self-Quenching streamer,
Ambient Light Sensor, program Arduino.
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Calculation of radiation hazards caused by granite rocks of Mani region in
animal phantom model

Neda Zarei, Mohammadreza Rezaei
Department of Nuclear Engineering, Faculty of Modern Sciences
and Technologies, Graduate University of Industrial and Advanced Technology, Kerman, Iran

Abstract:

Mani region is a region around Sarcheshmeh copper in Kerman province, which is located on a
granite bed. Granite-induced environmental radiation with a specific activity of 5454 Bqg/kg
poses radiation hazards to humans and animals. According to the calculations that have been
done, the resulting dose in a human model is within the permissible annual dose of 5 mSV. In




this study, the hazards caused by granite rock in this area in the tissues of an animal model with
Monte Carlo code MCNPX were simulated (sheep) and calculated. The results show that the
dose is higher than the human limit and less than the 100 mSV recommended by the ICRP
Committee for animal models. Other radiation hazard committees such as Raeq, Dr, Dout, Din, Drot,
Hex, Hin, Iy, ELCR have also been investigated in this animal model, which are reported to be
more than permissible.

Keywords: Environmental Radiation, Granite, Radiation Hazards, Mani Area, Special Activity,
MCNPX
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convert to Effective Anuual
Organ out(MeV/g) Gy=1.6*10"-10 | dose(sv) Dose(Gy/year)
skin 2.36E-08 3.77E-18 0.00089 2.20E-11
Soft tissue 1.88E-08 3.02E-18 0.001778 1.76E-11
lung 1.08E-07 1.73E-17 0.012272 1.01E-10
stomatch 4.96E-09 7.94E-19 0.000112 4.63E-12
masum 1.36E-08 2.18E-18 0.000309 1.27E-11
romenl 1.37E-08 2.19E-18 0.00031 1.28E-11
romen2 8.29E-08 1.33E-17 0.001876 7.73E-11
recticulum 2.54E-08 4.07E-18 0.000576 2.37E-11
cecum 7.07E-07 1.13E-16 0.003334 6.60E-10
large intestine 1.80E-09 2.89E-19 8.51E-06 1.68E-12
small intestine 4.24E-10 6.78E-20 2E-06 3.96E-13
heart 2.16E-08 3.46E-18 0.000306 2.02E-11
neck 1.59E-08 2.54E-18 0.008038 1.48E-11
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head 2.29E-08 3.67E-18 0.053708 2.14E-11
skeletone 1.42E-07 2.27E-17 0.008038 1.33E-10
skeletone 9.49E-07 1.52E-16 0.053708 8.85E-10
brain 3.29E-09 5.26E-19 3.1E-05 3.07E-12
testicle 6.59E-09 1.05E-18 0.000497 6.15E-12
kidney 1.55E-09 2.48E-19 2.2E-05 1.45E-12
liver 1.63E-08 2.61E-18 0.000617 1.52E-11
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Investigation of the X ray Production by Charged Particles
Mohammad Reza Rezaei " !, Saeedeh Khezripour '
1. Department of Nuclear Engineering, Faculty of Modern Sciences and Technologies, Graduate
University of Industrial and Advanced Technology, Kerman, Iran

Email of the responsible author: mr.rezaie@kgut.ac.ir

Abstract:

Charged particles emit electromagnetic radiation in the environment due to ionization and
exciting atoms. The energy spectra and the intensity of the radiation are dependent on the kind,
the percentage of the elements in the target and the thickness. By placing layers of metals and
various materials and altering their thickness at the front of the entrance window of scintillation
detector, a produced X-ray spectrum was investigated.

Keywords : x-ray, electromagnetic radiation, scintillation detector
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Tracking the visible light from the interaction of Muon and gamma rays with
optimized Nal (TI) scintillation crystal to measure the effect of self-absorption
and transparency

Siamak Hooshmand Koochi', Ahmad Esmaili Torshbi**

1-Nuclear Engineering Division, Faculty of Sciences and Modern Technologies, Graduate University of
Advanced Technology, Kerman 7631818356 Iran

=Corresponding Author: Ahmad Esmaili Torshabi, Assistant Professor of Nuclear Engineering
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Technology, Kerman 7631818356 Iran

Abstract:

In scintillation detectors, in addition of signal amplification issues, the material of the crystal is also
necessary. In producing crystals, some points such as the type of composite material, the shape of the
crystal and its elements are vary depending on the application of the crystal for the type of beam and
usable location. But the issue that is very important in this field is level of transparency of the crystal. It
has a main role, because the distance that the optical photons travel through the crystal, has a straight
effect on self-absorption. As it will be shown in the simulation study, the greater penetration in depth and
number of visible photons of the with respect to the LET of the beams. As results, more optical photons

are produced by the interaction of that beam with the scintillation crystal, so it will be cased of the higher
distance calculation.

Keywords: Scintillation Detector, Self-absorption, Transparency, Gamma, Muon



;omzZIng ¥
= L at jony
o ~“.“,\0\/a(.\0“»s
& conference

[']. Krieger Pub co, Evans LRD, The Atomic Nucleus. New York, (1982).
[Y]. Knoll G, Radiation Detection and Measurement. 4rd ed, New York, Wiley, (2010).
[Y]. Cember H, Thomas E Johnson, McGraw Hill Companies, Pergamon Press. Oxford (1983).

[4]. Birks JB, The Theory and Practice of Scintillation Counting, Pergamon Press. Oxford,
(1964).

[5]. Chuong HD, Le NT, H. D. Tam. Semi-empirical method for determining the density of
liquids using a Nal(TI) scintillation detector, Applied Radiation and Isotopes. 152, 109-114
(2019).

[6]. Fasso A, The physics models of FLUKA, status and recent development, arXiv: hep-
ph/0306267, FLUKA manual. (2003).

[7]. Infantino A, Blackmore EW, Brugger M, “et al”, FLUKA Monte Carlo assessment of the
terrestrial muon flux at low energies and comparison against experimental measurements,
Elsevier. (2016).

[8]. Ferrari A, Sala PR, Fasso A, Ranft J, Fluka a multi-particle transport code. (2011).
[9]. R. B. Murray, IEEE Trans. Nucl. Sci. NS-22(1), 54 (1975).

[10]. R. G. Kaufman, W. B. Hadley, and H. N. Hersh, IEEE Trans. Nucl. Sci. NS-17(3), 82
(1970).

[11]. G. Knoll, Radiation Detection and Measurement, 4rd ed. 2010.



—pattern gase.,ous Adetectors

cus on Micro

10



