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Abstract :

In this research are used two types of detecscintillation Nal(TIl) sizes (2"x2") ,(1"x1.5%r a
comparative study between them and are used saidrcadioactive cesium has energy (0.662 MeV) and
calculating the total area of the spectrum spaedtesing and area of peak optical and portabilingrgy
analysis, found the size large for crystal detelgads to probability escape photons outsidecthistals to be
less because it can reveal again and recorded witlsulse recorded by the electron apostate sease the
value of portability energy analysis, and incredise volume of detectors cause increased probaljiity
scattering Compton ,In other words the increasheénprobability of interaction effect photoelecthie less than
the increase in the probability of interaction smd@ihg Compton so the Net Area under the peak st &
increase of scattering spectrum.

Introduction

The gamma ray differ from charged partidle the interaction with the material as the ganmayes great
ability to breakthrough, and is the scattering e thost important interactions these rays with natéo the
likelihood of occurrence of high in a wide rangeeoiergies (Kindem,et.al.,2010) as a result of $issuvide in
several field such as shielding, treatments aadrdistics medical further to utilize it to get infation on the
properties of materials and installation of molesulmay occupied the attention of researchers widely
(Gurendiké&Tsoulfanid,2000). Vary detectors nuclelmpending the type of the study and the aim torséve
types, Characterized detectors scintillation widesusuch as nuclear radiation detection and emazatal
studies, nuclear medicine and is used particufaiymeasuring energy gamma rays, X-rays and hignegn
beta particles because it is characterized by éffitiency due to its density and atomic numbertfailium and
iodine (Knoll,2000). The crystal iodide sodium aator thallium Nal (TI) of materials inorganic anmgechanical
flashes depends on the energy levels specifiechbyctystal format of material relates to materiaslh glass
tube cylindrical vacuum called tube multiplier pbgnthesis that are transforming the optical signahn
electronic signal is analyzed pulse stream procesptical multiplier by electronic devices. Capwdhis pulse
is directly proportional to the energy rays falliog the crystal.

The aim of the present work is study a jgarison of the detector (scintillation) sizes (2'%Z1"x1.5") in
terms of efficiency and Severability energy redolutand note the effect change voltages and aroatifin on
the power spectrum by calculating the total aredhef spectrum space scattering and area of peakabpti
Thenuclear Detector system

In the present work , the nuclear detecsigstem , Fig. (1) , type ( UCS 30) (Spectrurahiféques LLC )
with Nal(TI) size of crystal (2"x2") ,(1"x1.5")cm.

Fig. (1) Detection system used
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Scintillating Crystals are used to deteetémergy and intensity level pfray. The crystals Nal is a kind of
scintillation crystal with good properties. It hasvery high luminescence efficiency and is avaéaibl single
crystals or polycrystalline forms in a wide varietf/sizes and geometries. The material exhibitsigaificant
self absorption of the scintillation light and hgsod resolution ability to X-ray angray. of all available
scintillators, Nal is the most extensively used emat. It is widely used in nuclear medicine, wklgging,
environmental monitoring, high energy physics ,past well as oil field and geographic explorationeveh
detection is required (Knoll,2006,Salgado,et.alL20

The Nal(Tl) detector consist of two panthie Nal(Tl) crystal and the photo multiplierthe detection
system consist of two amplifiers , pave and mathe, job of this amplifiers is shaping the electoogignal,
amplification and release the electronic noise .&leetronic signals go to the multichannel analyaed show
the result as an energy spectrum as shown in BigS@lgado,et.al.,2012).
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Fig. ( 2 ) Parts of the system detect

The Detection system calibration

Two calibration were done for the gamma ray nuctiEdection system , the first for the detectidicefcy and
the second is the energy , by using a standradaetive sources putted in a container of 0.25 lun .

The calculate efficiency (§ ) is givenby [6]

N/T (1)

== Al .
N: count rate under photo peak position .

T : time measurement .
A : activity of radioactive sources using of califwa .
I, : relative intensity of each energy source ofeghergies of the radioactive
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Fig. ( 3) calibration system energy
And the energy resolution ( E.R) is giveyn, fig. (3), by using Cs-137 source (Sabh#etal.,2008).
F.HW.M

ER(%) = =275 x 100 % (2)

F.W.H.M : Full width at high maximum .
Ch .no : photo peak position .
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Results and Discussion

To find out the effect of crystal size detedscintillation) on the resulting spectrum wakatated the total
area of the spectrum (T.A) , a scattering aread}Sand Photo peak (Ph.P) and N, G refer to theddetGross
respectively.
1- Study the effect of voltage on the ener gy spectrum

To investigate the effect of voltages e energy spectrum show table (1) accounts prdoessoth

detector Nal(Tl) and source radioactive cesium-a8ith sends a photon his energy (0.662 MeV), dffeness
radiological (1.Ci) and half-life (30.07 year), with the instalati of the time on (200) sec and the distance
between the radioactive source and detector Na{{H) cm at amplification on (2) by changing thdtage (V)
(500-700) volt.

Table (1) Shows the accounts process for the source of radioactive cesium -137 at Amplification (2) for
both detectors Nal (T1) 1" x1.5" (2" x2"

2Amp

Detector 1"x1.5"
Sc.A Ph.P
G N G N

19372 | 18035 | 5709 | 4859
24556 | 22379 | 5769 [ 4835
25921 | 22712 | 5782 | 4864
26559 | 26018 | 5789 [ 4820

Detector 2"x2"

Sc.A
G N

Seen from table (1) that increased voltdgad to increasing every(T.A) and (Sc.A) as inurég(4), which
shows the relationship between voltage and thd to&a of both detector by using source cesium-a87
amplification (2), and notes in detector 2"x2" e tspectrum does not appear at first clearly batgally
begins to emerge while the energy resolution deeeavith increasing voltage for both detector asnvshin
Figure (5).
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Fig. (4) The relationship between the voltage and the total area of the spectrum at Amplification (2) for
both the detectors (1" x1.5") ,(2" x2") using the sour ce of Cesium-137



Journal of Information Engineering and Applications www.iiste.org
ISSN 2224-5782 (print) ISSN 2225-0506 (online) g
Vol.4, No.2, 2014 [

We note from Figure (4) that the relatiipsbetween voltage and the total area of the gpecits positive
relationship was found that voltages in detectorl15" start of 500 V and stand at 620 V while ined¢or 2"x2"
start of 500V and ends at 700V.

We find that the total area of the spectinaneases with increasing voltage for both detedtot the rate of
increase using detector (1"x1.5") be greater thateador (2"x2"), because the increased volume téatier
means increasing the number of electrons reachieganode multiplier photosynthesis and then inereas
capacity pulse leaving the detector which makesndheessary voltages for detector (2"x2") is grettan the
voltage required for the detector (1"x1.5") usihg tsame amplification (A-Taie,2001), as well aseased
voltage leads to change Location Photo peak anditeghannel axis so the detector (1"x1.5") notcépeam
appears when you increase the voltage more thanVg2hile the spectrum is a clear in detector (2")X2
because of the large crystal size compared to itee of detector (1"X1.5") this result is consistevith the
findings of the (Al-Araji,1998) when he studied thHect of crystal size detector Nal (TI) sizesX3") and
(1"X1.5") on the energy spectrum and found thatdize difference detector leads to increased cgppuise
emerging from detector (3"X3") and that appear witbapacity greater than the detector (1"X1.5")cwHeads
to offset for its peaks where increasing both Tnél &c.A only E.R decreasing voltages increase (§xi00).
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Fig. (5) Therelationship between the voltage and energy resolution at Amplification (2) for both detectors
(1"x1.5"),(2" x2") using a sour ce of Cesium-137

Seen from Figure (5) that the relationshgiween voltage and portability energy analysisrisiraverse
relationship in other words with increasing voltagereases (FWHM) which leads to the decrease @rggn
resolution and thus an event improvement in disicvition and separation of peaks, where the datecto
(1"x1.5") less than it is in the detector( 2"x2"high leads to increased efficiency of detector 22)xthis he
found (Al-hawamdeh,2010), who studied effect mixiagioactive sources on the spectra nuclear usaig ™)
and effect voltages on the spectrum energy anfbhisd that the T.A and Sc.A increasing with incesasltages
as well as increase the photo peak leading to faetsfpeak from location to the location of the tdpthe
channel axis while viability analysis energy desesadue to the increased width of the channelA¢aji,1998).

2- Study the effect of amplification on the energy spectrum

To see the effect of amplificatiam the energy spectrum show table (2) accountsepsofor both detector
Nal(Tl) by using source radioactive cesium-137 with installation of the time on (200) sec anddistance
between the radioactive source and detector Nal(T$) cm at voltage on (500 volt) by changing the
amplification (1-64) (Amp).
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Table (2) Shows the accounts process for the of source radioactive Cesium -137 at voltage on (500 volt) for

both detectorsNal (TI) 1" x1.5" (2" x2")

500 volt

Detectorl"x1.5"

Sc.A

Ph.P

N

G

10286

5424

18210

5411

22038

5491

24302

5846

25724

5979

Detector 2"x2"

We note at table (2) that increasing g{eR) , (Sc.A)and (Ph.P) with increased amplifioat as in
Figure (6), while possibility analysis of energg$ as in Figure (7), and also noted that in thects 1"x1.5"
does not appear spectrum at amplification (32)evbding clear in the detector "2x2".
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Fig. (6) Therelationship between amplification and the total area of the spectrum at voltage (500 volt) for
both detectors (1" x1.5"),(2" x2") using a sour ce of Cesium-137

From Figure (6) the relationship betweke amplification and the total area of the spectusimg the
source cesium-137 is a direct correlation to battectors Nal(TI) where the rate of increase usiatgctor
(1"x1.5") bigger it when using detector (2"x2") aese of effect gain amplified which correspondthmeffect
voltages where changing the location photo peak@hagain and remain the area under the peak fitiedugh
distributed over a larger area in the case of ameeprofitability (Al-hawamdeh,2010), which leadsldwer
count rate at the site of the peak, and this isistent with the findings of the (A-Dahan,2002) whehere area
under the spectrum for detector (2"x2") is largetedtor (1"x1.5") and this means that the numbegphaftons
that interact with the detector (2"x2") is greathan the number of photons that interact with tle¢éector
(1"x1.5") (A-Dahan,2002).
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Fig. (7) The relationship between amplification and energy resolution at voltage (500 volt) for both
detectors (1" x1.5"),(2" x2") using a sour ce of Cesium-137

From Figure (7) that the relationship bmtw the amplification and energy analysis capgbit an
counterproductive because of increasing the dispigghoto peak which lead to the decrease of gnanglysis
capability.

Conclusions

1- The large size of the crystal detector leads toeimsed capacity pulse emerging from detector (2'which
appear with a capacity greater than the detectorl(3") leading to an offset for their peaks wharereasing
both (T.A) and (Sc.A).

2- present study showed that the energy resolutise te increase the number of channels and voltage
relationship exponential decreasing they are ireatet (1"x1.5") less than it is in detector (2"x@hile
increasing photo peak Location to increase thelbmurof channels and the voltage, linear relatignshi

3- At increase the size of crystal, the Photo peakeimses too, because the number of photons entiéng
crystal detector (2"x2") be the largest and phaakphigher thaat detector (1"x1.5").

4- Increase the amplification means increasing theaber of pulses generated inside the detector amsl th
increasing (T.A), (Sc.A) and (Ph.P) due to increasapacity pulse that led to the widening spectaunth creep
photo peak position and thus exit the peak froenakis of the channel, while increasing amplificatiead to
increased (FWHM) in other words increase widthtptpeak that leads to decreases portability enangyysis
(E.R) (Mirela and Gheorghe,2011).
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