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1 Abstract
Abstract—Understanding of radiation measurements and protection methods involves the dealing

with radiation detectors, which in fact need calibration to provide precise readings, and understanding
the specification of energy resolution, which differ from one detector to another. Detectors as some kinds
of scintillation detectors provides relatively poor resolution, detectors as semiconductors and pixels are
advanced and more precise. Desired detectors were used in some applications for better understanding,
including calculating of Alpha particle beam stopping range in air using pixel detector, and calculating
of Gamma attenuation coefficient for copper and aluminum using BGO scintillation detector.
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2 Introduction
2.1 Project Goals

The goal of the project is to acquire basic practical skills for dealing with radiation safely, using radia-
tion measurement tools, understanding how radiation detectors work and radiation interactions with matters.
Acquiring basic knowledge about radiation protection and shielding, and dosimetry. Learning how to calcu-
late the energy resolution and calibration of various detector types. Identifying unknown sources of radiation
measured using the same detectors. Conducting experiments using advanced detectors to measure the distance
covered by different radiation types and how to stop or reduce its catastrophic effects as a basic step in radiation
shielding and protection.

2.2 Background
Radiation detection is based on the theory of interactions of radiation (Alpha particles and Gamma rays)

with the materials of the detectors(scintillator crystals and absorbing materials). Gamma rays undergoes pho-
toelectric effect and produces photoelectrons. Alpha particles lose their enegry continuously through coloumb
interactions until all the particles are absorbed completely. The detectors measure the energy absorbed by their
material and provide information in the form of analog signals to the energy possessed by the radiation. [1]

3 Scope of The Work and Methods
3.1 Scope of the Work
3.1.1 Radiation Sources

• Co-60
• Co-57
• Cs-137
• Am-241

3.1.2 Radiation Detectors
• BGO scintillation detector
• NaI(Tl) Scintillation detector
• CdTe semiconductor detector
• Pixel detector

3.1.3 Materials
• Air
• Copper
• Aluminum

3.2 Methods
• Experimental Setups : Radiation information is recorded as an analog signal by the detector, then is
converted through an ADC device into digital signals, then the data is analyzed with a computer software
and results are obtained.

• Data Type Conversion Tools : C++
• Data Analysis Tools : ROOT 5, Excel.
• Data Analysis Methods : Gaussian Fit Function, Statistical Information measurements and linking with
physical meaning.

• Simulation Tools : SRIM-2013
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4 Radiation Detection
4.1 Scintillator Detectors
Theory

Scintillator Detectors are energy transducers, converts the kinetic energy, represented in the motion of
ionizing radiation particles, into flashes of light, going through a sequence of radiation interactions.

• Interaction with the crystal Gamma photons interact with the crystal through one of the three principal
gamma interactions (photoelectric effect, compton scattering, or pair production).

• Energy conversion Fast electrons, then are produced as a result of these interactions. These electrons
work on the excitation of the crystal atoms, the excited atoms emit photons in order to return back to the
ground state.

• Photomultiplier Tube (PMT)The produced photons are incident on the cathode of the PMT and undergo
photoelectric interaction to free up electrons. Then the electrons are accelerated and directed to collide
with the Dynodes resulting in the free up of multiple electrons in a process of multiplication. All the
electrons are then collected at the Anode of the PMT. The process of multiplication is repeated to obtain
a strong pulse.

[2]
The scope of this study is to analyse, and compare between the two scintillator crystals of BGO andNaI(Tl).

Table 1: Scintillator Properties of Crystals
fig. 1: Schematic representation of the sequence of
events [1, Fig.9-9]

DRS
An electronic chip which receives the micro-pulses from the anode and amplifies to ensure the peak voltage

is within the range of the ADC. Its function is to convert the analog signals into digital in order to determine the
maximum pulse height. Noise is filtered out through the discriminator, then the processed data,including pulse
height and timestamp, are transmitted via USB/Ethernet interphase. Then the transmitted data is displayed
using ROOT 5 software. [3]

4.1.1 BGO Detector
Calculating Resolution

Co-60 was chosen as a radioactive source to conduct an experiment aiming to calculating the resolution of
the BGO detector. It is well known that Co-60 spectrum has two distinctive peaks: one of energy 1173KeV ,
the later is of 1332KeV . [4]

1. Data Analysis on ROOT 5:

In order to calculate the resolution, first a gaussian curve has to fit on the peaks appear in the spectrum
to identify the required statistical information. To achieve that a gaus fit function is used on ROOT 5 Fit
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panel. The fit information, including the mean and the sigma, is displayed on the fit canvas.

fig. 2: Co-60 spectrum Measured using BGO Detector

The gaus fit function is applied to all the peaks that appear in all the spectrums measured at different
applied voltages (from 1200V to 2000V ). For more visualization of fits see fig.B.1 in the Appendix.

2. Statistical Information and Calculating Resolution
• The FWHM of the peak is calculated through the equation :

FWHM = 2.355 · σ (1)

• the resolution in percent is calculated through the equation :

%R =
FWMH

mean
× 100 (2)

Table 2: Statistical information and resolution for every applied voltage using BGO detector
3. Plots and Findings

fig. 3: Applied voltage vs. detector resolution for BGO

The results are plotted as shown in fig.3. The best resolution is found to be 27.3% obtained when the
applied voltage is 1900V . As a consequence 1900V may be considered the optimum applied voltage to
the BGO detector.

It is clear that this detector has poor resoultion, which also explaines why the spectrum of Co-60
appeared with only one peak although there have to be two peaks. The two peaks of the Co-60 are near
to each other in energy, which might be overlapped if the radiation is measured using a poor resolution
detector. [1]

Calibration
1. Pulse Heights of Well-known standard Gamma Energies
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Energy calibration idea is based on the determination of the pulse height scale in terms of absolute
gamma ray energies, through recording the pulse height spectrum of one or more standard gamma ener-
gies, and determining the position of the centers of peaks. Co-60 and Cs-137 are chosen as radioactive
gamma emitters of standard known peaks energies [1]. For complete visualization of fits see fig. B.2 in
the Appendix.

fig. 4: spectra of Co-60 and Cs-137

Table 3: Statistical information and resolution for ev-
ery applied voltage using BGO detector

2. The Calibration Equation

According to Knoll ”The light output from a scintillator were perfectly proportional to energy de-
posited, then a calibration of pulse height (or centroid channel number in a multichannel analyzer) for
the full-energy peak versus gamma-ray energy would be exactly linear.” [1]

The calibration equation is expected to be a straight line equation for scintillation detectors. It can be
extracted from the plot of mean against Energy, shown in fig. 5.

fig. 5: The BGO Calibration Equation

E = 97.937× Ch+ 31.904 (3)

Determination of an Unknown Source 1
In order to identify the origin of an unknown source spectrum, The centers of the spectrum peaks are to be

estimated using gaussian fit function on ROOT 5. The mean or the center of the peak represents the channel
number, if it is substituted in the calibration equation of the detector by the mean of the unknown source, the
energy of the peak radiation can be obtained.

1. Statistical Information

fig. 6: The spectrum of the Unknown Source 1 Table 4: Calculating Peaks Energies Using Calibra-
tion Equation (3)
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2. Findings 1

The spectrum obtained by BGO detector to the unknown source has five energy peaks. Their energies
are calculated from the calibration equation (3), and then are compared to Eu-155 and Sm-155, Eu-155
has five close energies to the original source’s with difference of few KeV , in which two of them may
appear overlapping in the spectrum of BGO, this will be explained by the poor resolution. However, the
source is more likely to be Sm-153 than Eu-155, the difference in energies is less, and it can be noted
that it has a mostly identical energy to the unknown source 69KeV . [4]

Table 5: Comparing Peaks Energies of the Unknown Source to Eu-155 and Sm-153 Energies

4.1.2 NaI(Tl) Detector
Calculating Resolution

1. Data Analysis on ROOT 5:

The same procedures which have been followed on calculating BGO resolution are repeated for the
NaI(Tl) detector, including gaussian fit and the extraction of the statistical information. This time two
peaks are seen clearly in the spectrum, the gaussian fit is done for both. See fig.B.3 for visualizing fit
details.

fig. 7: Co-60 spectrum using NaI(Tl) Detector

2. Statistical Information and Calculating Resolution

The FWHM and the resolution in percentage are calculated for each peak for the five different applied
voltages. Through equations (1) and (2).

Table 6: The first peak Data: Statistical information and resolution for every applied voltage using NaI(Tl)
detector

Table 7: The second peak Data: Statistical information and resolution for every applied voltage using NaI(Tl)
detector
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3. Plots and Findings

fig. 8: Applied voltage vs. detector resolution for NaI(Tl)

When plotting the applied voltage against the calculated resolution, the best resolution is found to be
3.9%. NaI(Tl) is considered to have a good resolution. A NaI(Tl) detector provided a better energy
resolution than a BGO detector.

Calibration
1. Pulse Heights of Well-known standard Gamma Energies

Co-60 and Cs-137 are chosen for calibration. The gaussian curve is fitted on the peaks to determine
the position of their pulse amplitude as explained before.

fig. 9: spectra of Co-60 and Cs-137

Table 8: Statistical information and resolution for ev-
ery applied voltage using NaI(Tl) detector

2. The Calibration Equation

The calibration equation is expected to be a straight line equation for scintillation detectors. It can be
extracted from the plot of mean against Energy, shown in fig. 9.

fig. 10: The NaI(Tl) Calibration Equation

E = 104.112× Ch− 139.514 (4)

Determination of an Unknown Source 2
1. Statistical Information
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fig. 11: The spectrum of the Unknown Source 2

Table 9: Calculating Peaks Energies Using Calibra-
tion Equation (4)

2. Findings 2

The peak energies which are calculated from the calibration equation (4), listed in Table 7, are com-
pared to Sb-125’s [4]. One peak energy of 670.9KeV is mostly identical to Sb-125’s 671.4KeV . Two
other peaks are likely close with energy difference of 19KeV and 30KeV . The unknown source 2 is
likely to be Sb-125.

Table 10: Comparing Peaks Energies of the Unknown Source to Sb-125 Energies

4.2 Semiconductor Detectors
Where the only way to reduce the statistical limit of energy resolution is to increase the number of infor-

mation carriers, semiconductor detectors are characterized by producing a great number of information carriers
per pulse compared to other detectors.They can provide the best energy resolution among the other types. They
provide more advantages as compact size and fast timing characteristics. From examples of widely used semi-
conductor detectors are silicon and germanium detector. The scope of this study concentrates on another kind
of semiconductor detectors which is CdTe. [1]

4.2.1 CdTe Detector
The used model of CdTe detector in conducting this experiments is X-123CdTe, as mentioned before about

the semiconductor detector, it is characterized by the relatively compact size of (7× 10× 2.5cm3). The single
interaction with X-ray or gamma ray produces one electron/hole pair for every 4.3eV energy lost in CdTe,
compared to the scintillator detectors which produce one photoelectron for every 100eV energy lost, which
results in characterizing by a better energy resolution [5].

Calculating Resolution and Plotting Calibration Curve

fig. 12: Spectrum recorded by CdTe Semiconductor Detector for Am-241 and Co-57

CdTE detector was used to record Two of the standard gamma sources radiations, Co-57 and Am-241. It
is noticed clearly that peaks widths are narrower than that were recorded by the scintillator detectors, a better
energy resolution is expected.
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Table 11: Channels Information and Calculating Res-
olution for CdTe Detector fig. 13: CdTe Detector Calibration Curve

FWHM and %R are calculated from (1) and (2). The calibration curve is drawn based on the standard
energies of Am-241 and Co-57 to find the calibration equation to be:

E = 0.143Ch+ 7.578 (5)

4.3 Comparison between Scintillation Detector and Semiconductor Detector
As The experimental results showed in the previous sections of this report, the main point of comparison

is about the energy resolution. Scintillator detectors, like NaI(Tl) and BGO were found to provide a relatively
poor energy resolution spectrum. The best energy resolution achieved was 3.9% for NaI(Tl)7, while BGO
resolution calculations were much worse2. The CdTe detector provided better energy resolution values, with
a best energy resolution achieved of 1.34%. 11

4.4 Pixel Detectors
4.4.1 Determination of the Range of Alpha Particle in Air

The experiment using pixel detector is based on the theory of the specific Alpha particle range in matter.
Alpha particle have energy loss characteristics, the range of the Alpha particle in an absorbing material depends
on the number of interactions it undergoes through the absorber path, Alpha particle will have a definite distance
that can travel before its kinetic energy drops to zero and it stops completely. [1]

The aim of the study is to conduct this experiment using pixel detector in lab and comparing the results to
the simulation on SRIM-2013 software. The absorbing medium is air and the Alpha is of energy 4MeV , the
available Alpha source to be used is Am-241.

Using Pixel Detector

Table 12: Recorded energies of Alpha particle at various distances from the absorber

The Alpha source is placed at a distance away from the detector and the energy absorbed by the pixel
detector is recorded, representing the residual energy after some of its energy is absorbed by air. The residual
energy of Alpha particle beam is recorded at various distances from the detector, which mean that 3694KeV
at zero distance from the detector represents the energy absorbed by the detector from the 4MeV Alpha beam.

Monte Carlo Simulation

fig. 14: Alpha Beam Absorbed in Pixel Detector Simulation on SRIM-2013
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The procedures are reversed in the simulation on SRIM-2013. An absorber width is assumed, must exceed
the expected range corresponding to every energy obtained from the practical results, then the actual residual
range of Alpha beam is measured.

fig. 15: Energy vs. Residual Range Relation from
SRIM Simulation

Table 13: Simulated Residual Range Values for Al-
pha Particles in Air

Findings
The results shows that there is a direct relation between the residual energy in pixel detector and the residual

expected range of Alpha to stop in air. When the source was away from the detector by 10mm the residual
energy in the detector was 2340KeV , when adding this value to the residual range expected by the simulation
the range is found to be 21.8mm, the Alpha beam which possesses that amount of energy has to cut a distance
of 11.8mm to stop completely in air.

5 Determination of Gamma Ray Attenuation Coefficient Experimen-
tally

Introduction
Gamma rays are more likely to have a single interaction, they are either fully absorbed in the absorber or

are scattered by large angles. The number of gamma photons which manage to transmit through the absorber
are given in terms of number of incident photons Io, are calculated through this equation [1]:

I = Ioe
−µt (6)

In terms of radiation shielding, the most common way is to surround the source with a thick layer of a
shielding material to reduce the effect of the radiating material as much as possible. In this experiment, Al and
Cu are been used as a absorber while varying the thickness and recording the radiation spectrum using BGO
scintillator detector. [1]

According to Knoll ”The total area under the peak, above any background, is the most common measure
of the intensity of the corresponding gamma ray.” [1] For Every recorded spectrum signal, a gaussian curve
is fitted and the area under the curve is extracted (using ROOT 5 software). Then the intensity is calculated
through the equation:

I = constant× sigma×
√
2π (7)

Relative Intensity-Thickness Data and Plots
The calculated intensities from (7) are substituting in (6), then the relation between the relative intensity

and the absorber thickness is represented in the plot, in order to calculate the attenuation coefficient µ.
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Copper Shield

Table 14: Cu Intensity-Thickness Data fig. 16: Cu : Relative Intensity Vs. Thickness

Attenuation coefficient of Cu =The slope of the straight line=0.1076

Aluminum Shield

Table 15: Al Intensity-Thickness Data fig. 17: Al : Relative Intensity Vs. Thickness

Attenuation coefficient of Al =The slope of the straight line=0.0613

Comparing Between Copper and Aluminum in Shielding
The results show that copper has an attenuation coefficient greater than that of Aluminum, which supports

the fact that high-Z materials are much more effective in shielding of gamma rays than low-Z materials. [1]

6 Conclusion
The practical results successfully showed a verification to the theoretical expectations. When studying the

desired detectors, semiconductor detectors showed a relatively better energy resolution compared scintillation
detectors. Pixel detectors are more advanced and showed a greater ability to record more information within
an event.

In terms of shielding and protection from radiation, the materials of more charge dense showed a greater
ability to attenuate the gamma radiation. And for Alpha beam, air successfully managed to stop it at a relatively
short distance.
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B Gaussian Fit Spectra

1200 V 1300 V 1400 V 1500 V

1600 V 1700 V 1900 V 2000 V

fig. B.1: Gaussian fits for BGO detector energy peaks at eight different applied voltages (from 1200V to
2000V).

Cs-137 662KeV Co-60 1173KeV Co-60 1332KeV

fig. B.2: Gaussian fit to three well-known source peaks energies
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First peak, 900V Second peak, 900V First peak, 1000V Second peak, 1000V

First peak, 1100V Second peak, 1100V First peak, 1200V Second peak, 1200V

First peak, 1300V Second peak, 1300V

fig. B.3: Gaussian fit to 60Co photopeaks (1173 keV and 1332 keV) at five different applied voltages using NaI
detector.

Cs-137 662KeV Co-60 1173KeV Co-60 1332KeV

fig. B.4: Gaussian fit to three well-known source peaks energies measured using NaI(Tl) detector

fig. B.5: Identifying the peaks of unknown source 2 and making gaussian fit
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