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 Abstract  

         In this research are used two types of detectors scintillation NaI(Tl)  sizes (2"x2") ,(1"x1.5")for a 

comparative study between them and are used source of radioactive cobalt Co-60 has two energy (1.33&1.73 

MeV) and  calculating the total area of the spectrum space scattering and area of peak optical and portability 

energy analysis, found  the size large for crystal detector leads to probability escape photons  outside the crystals 

to be less because it can reveal again and recorded pulse with pulse recorded by the electron apostate so increase 

the value of portability energy analysis, and increase the volume of detectors cause increased probability for 

scattering Compton ,In other words the increase in the probability of interaction effect photoelectric be less than 

the increase in the probability of interaction scattering Compton so the Net Area under the peak at less an 

increase of scattering spectrum.                                                                             

 

Introduction   

          Gamma rays differs for charged particles in the interaction with the material as the gamma rays great 

ability to breakthrough, and is the scattering of the most important interactions these rays with material to the 

likelihood of occurrence of high in a wide range of energies (Kindem,et.al.,2010) as a result of its uses wide in 

several field such as shielding, treatments  and diagnostics medical further to utilize it to get information on the 

properties of materials and installation of molecules may occupied the attention of researchers widely 

(Gurendik&Tsoulfanid,2000). Vary detectors nuclear depending the type of the study and the aim to several 

types, Characterized detectors scintillation wide uses such as nuclear radiation detection and environmental 

studies, nuclear medicine and is used particularly for measuring energy gamma rays, X-rays and high-energy 

beta particles because it is characterized by high efficiency due to its density and atomic number for thallium and 

iodine (Martin, 2006). The crystal iodide sodium activator thallium NaI (TI) of materials inorganic and 

mechanical flashes depends on the energy levels specified by the crystal format of material relates to material 

flash glass tube cylindrical vacuum called tube multiplier photosynthesis that are transforming the optical signal 

to an electronic signal is analyzed pulse stream processed optical multiplier by electronic devices. Capacity this 

pulse is directly proportional to the energy rays falling on the crystal.                      

         The aim of the present work is study a comparison of the detector (scintillation) sizes (2"x2") ,(1"x1.5") in 

terms of efficiency and Severability energy resolution and note the effect change voltages and amplification on 

the power spectrum by calculating the total area of the spectrum space scattering and area of peak optical.                                                                                                                     

 

The nuclear Detector system                                                                  

 
Fig. ( 1 ) Detection  system used 

In the present work , the nuclear detection system , Fig. ( 1 ) , type ( UCS 30) (Spectrum Techniques LLC ) with 

NaI(Tl) size of crystal (2"x2") ,(1"x1.5")cm. 
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Fig. ( 2 ) Parts of the system  detect 

 

        Scintillating Crystals are used to detect the energy and intensity level of γ ray. The crystals are used as a key 

functional material in modern science and technology. Its application can be found in various occasions such as 

airport, railway station, customs, port as well as oil field and geographic exploration where detection is required 

(Knoll,2006). 

 

NaI:TI Crystal and NaI Detector 

         NaI is a kind of scintillation crystal with good properties. It has a very high luminescence efficiency and is 

available in single crystals or polycrystalline forms in a wide variety of sizes and geometries. The material 

exhibits no significant self absorption of the scintillation light and has good resolution ability to X-ray and γ-ray. 

of all available scintillators, NaI is the most extensively used material. It is widely used in nuclear medicine, well 

logging, environmental monitoring, high energy physics and in many other applications(Knoll,2006, 

Sabharwal,et.al.,2008).  

          The NaI(Tl) detector consist of two pants , the NaI(Tl) crystal and the photo multiplier  , the detection 

system consist of two amplifiers , pave and main , the job of this amplifiers is shaping the electronic signal, 

amplification and release the electronic noise .The electronic signals go to the multichannel analyzer and show 

the result as an energy spectrum as shown in Fig. (2) (Salgado,et.al.,2012). 

 

The Detection system calibration  

Two calibration were done for the gamma ray nuclear detection system  , the first for the detection 

efficiency and the second is the energy , by using a standrad radioactive sources putted in a container of 0.25 L 

volume .  

The calculate efficiency (   ξ    )  is given by  [ 6 ]       

   

       ……………. ( 1 ) 

    

 

N: count rate under photo peak position .            

T : time measurement . 

A : activity of radioactive sources using of calibration .  

Iγ : relative intensity of each energy source of the energies of the radioactive  

 
Peak Position ( ch.no ) 

Fig. ( 3 ) calibration system energy 
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     And the energy resolution  (  E.R )  is given  by , fig. ( 3 ) , by using Cs-137 source (Sabharwal,et.al.,2008).  

��� % � =
�.
.�.�


�
 × 100 %   

F.W.H.M : Full width at high maximum . 

Ch .no : photo peak  position . 

 

Results and Discussion 

       To find out the effect of crystal size detector (scintillation) on the resulting spectrum was calculated the total 

area of the spectrum (T.A) , a scattering area (Sc.A) and Photo peak (Ph.P) and N, G refer  to the Net and Gross 

respectively.                                           

1- Study the effect of voltage on the energy spectrum    

       To investigate the effect of voltages on the energy spectrum show table (1) accounts process for both 

detector NaI(Tl) and source radioactive cobalt-60 which sends two photons have energy (1.333 &1.73 MeV), 

effectiveness radiological (1µCi) and half-life (5.27 year), with the installation of the time on (200) sec and the 

distance between the radioactive source and detector NaI(Tl) (15) cm at amplification on (2) by changing the 

voltage (V) (500-700) volt.                               

Table (1) shows the accounts process for the source of radioactive cpbalt-60  at amplification (2) for both 

detectors NaI(Tl) 1"x1.5",(2"x2") 

2Amp 

C
o

-6
0

 

Detector 1"x1.5" 

E.R2 E.R1 C F.W.H.M 
Ph.P2 

C F.W.H.M 
Ph.P1 Sc.A T.A 

V 

N G 
N 

G N G N G 

3.198 4.048 1040 33 770 1147 914 37 741 1413 16696 20193 20328 22867 500 

2.482 2.61 1804 45 1015 1703 1609 42 1483 2342 21400 29256 29721 33461 530 

1.952 2.148 2509 49 1493 2436 2234 48 2870 4872 32508 43425 47985 51891 550 

Detector 2"x2" 

E.R2 E.R1 C F.W.H.M 
Ph.P2 

C F.W.H.M 
Ph.P1 Sc.A T.A 

V 

N G N G N G N G 

— — — — — — — — — — — — 7465 7595 500 

7.143 7.567 156 11 1435 2803 132 10 2160 3877 5477 8257 15610 15893 550 

6.296 6.809 270 17 1950 2990 235 16 2208 3898 9932 13766 20925 21100 600 

5.204 6.218 442 23 2145 3021 386 24 2253 3957 17083 21754 28519 28886 650 

4.431 6.312 677 30 2232 3053 602 38 2286 4070 23099 29220 35649 36648 700 

 

        Seen from table (1) that increased voltages lead to increasing every(T.A) and (Sc.A) as in Figure (4), which 

shows the relationship between voltage and the total area of both detector by using source cobalt-60 at 

amplification (2), and notes in detector 2"x2" be the spectrum does not appear at first clearly but gradually 

begins to emerge while the energy resolution decreases with increasing voltage for both detector as shown in 

Figure (5),(6).                                                                        

 
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 source of cobalt-60 
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         We note from Figure (4) that the relationship between voltage and the total area of the spectrum is positive 

relationship was found that voltages in detector 1"x1.5" start of (500 V) and stand at (550 V) while in detector 

2"x2" start of( 500 V) and ends at (700 V).                                                                                                          

       We find that the total area of the spectrum increases with increasing voltage for both detector, but the rate of 

increase using detector (1"x1.5") be greater than detector (2"x2"), because the increased volume of detector 

means increasing the number of electrons reaching the anode photomultiplier and then increase capacity pulse 

emerging from detector which makes the necessary voltages for detector (2"x2") is greater than the voltage 

required for the detector (1"x1.5") using the same amplification, so the peak have emerged cobalt-60 detector 

1"X1.5" more distinctive, less interference and higher than the detector 2"X2" and this means that the number of 

photons that interact in three ways for detector 2"X2" larger than detector 1"x1.5" (A-Taie,2001), as well as 

increased voltage leads to change Photo peak position and exit it channel axis so the detector (1"x1.5") not 

spectrum appears when you increase the voltage more than 550 V, while the spectrum is a clear in detector 

(2"X2") because of the large crystal size compared to the size of detector (1"X1.5") this result is consistent with 

the findings of the (Al-Araji,1998) when he studied the effect of crystal size detector NaI (TI) sizes (3"X3") and 

(1"X1.5") on the energy spectrum and found that the size difference detector leads to increased capacity pulse 

emerging from detector (3"X3") and that appear with a capacity greater than the detector (1"X1.5") which leads 

to offset for its peaks where increasing both T.A and Sc.A only E.R decreasing voltages increase (Sidhu,2000).                                                       

                                                                                           

 
Fig. (5) the relationship between the voltage and energy resolution at amplification (2) for detector 

(1"x1.5")using a source of cobalt-60 

 

 
Fig. (5) the relationship between the voltage and energy resolution at amplification (2) for detector (2"x2") 

using a source of cobalt-60 

 

       Seen from Figures (5)&(6) that the relationship between voltage and energy resolution is an inverse 

relationship in other words with increasing voltage increases (F.W.H.M) which leads to the decrease in energy 

resolution and thus an event improvement in discrimination and separation of peaks, (Knoll,2000) where the 

detector (1"x1.5") less than it is in the detector( 2"x2") which leads to increased efficiency of detector (2"x2"), 

this he found (Al-hawamdeh,2010), who studied effect mixing radioactive sources on the spectra nuclear using 
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NaI (Tl) and effect voltages on the spectrum energy and his found that the T.A and Sc.A increasing with increase 

voltages as well as increase the photo peak leading to an offsets peak from location to the location of the top of 

the channel axis while viability analysis energy decreases due to the increased width of the channel.                                                               

 

2- Study the effect of amplification on the energy spectrum 

       To see the effect of amplification on the energy spectrum show table (2) accounts process for both detector 

NaI(Tl) by using source radioactive cobalt-60 with the installation of the time on  (200) sec and the distance 

between the radioactive source and detector NaI(Tl) (15) cm at voltage on (500 volt) by changing the 

amplification  (1-64) (Amp).                                                                                                                    

Table (2) shows the accounts process for the of source radioactive cobalt-60 at voltage on (500 volt) for 

both detectors NaI(Tl) 1"x1.5",(2"x2") 

 

2Amp 

C
o

-6
0

 

Detector 1"x1.5" 

E.R2 E.R1 C F.W.H.M 
Ph.P2 

C F.W.H.M 
Ph.P1 Sc.A T.A 

V 

N G 
N 

G N G N G 

4.023 4.113 522 21 860 1154 462 19 752 1413 10427 13703 14689 16436 1 

3.75 3.173 1040 39 770 1147 914 29 741 1413 16696 20193 20328 22867 2 

2.148 2.231 2002 43 302 1071 1748 39 515 1545 19114 23410 23056 26126 4 

1.237 1.279 3799 47 2355 3366 3283 42 3296 4961 34203 44430 46987 52918 8 

Detector 2"x2" 

E.R2 E.R1 C F.W.H.M 
Ph.P2 

C F.W.H.M 
Ph.P1 Sc.A T.A 

V 

N G N G N G N G 

— — — — — — — — — — — — 62 79 1 

— — — — — — — — — — — — 7465 7595 2 

6.433 6.803 171 11 1053 2343 147 10 1465 4603 6546 9446 16696 16776 4 

6.304 7.237 349 22 1541 2773 304 22 2025 3733 12871 17692 24642 24929 8 

4.748 5.263 695 33 1733 2731 608 32 1984 3637 24998 29786 35874 36720 16 

2.952 3.278 1321 39 2232 3053 1159 38 2382 3822 32963 40239 43123 47365 32 

 

          We note at table (2) that increasing every(T.A) , (Sc.A)and (Ph.P) with increased amplification as in 

Figure (6),  while possibility analysis of energy less as in Figures (7)&(8), and also noted that in the detector 

1"x1.5"  does not appear spectrum at amplification (32) while being clear in the detector "2x2".                                     

 
Fig. (6) the relationship between amplification and the total area of the spectrum at  voltage (500 volt) for 

both  detectors (1"x1.5"),(2"x2") using a source of cobalt-60 

 

         We note from Figure (6) the relationship between the amplification and the total area of the spectrum using 

the source cobalt-60 is a direct correlation to both detectors NaI(Tl) where the rate of increase using detector 

(1"x1.5") bigger it when using detector (2"x2") because of effect gain amplified which corresponds to the effect 

voltages where changing the location photo peak change gain and remain the area under the peak fixed although 
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distributed over a larger area in the case of increase profitability (Al-hawamdeh,2010), which leads to lower 

count rate at the site of the peak, and this is consistent with the findings of the (A-Dahan,2002) show where area 

under the spectrum for detector (2"x2") is larger detector (1"x1.5") and this means that the number of photons 

that interact with the detector (2"x2") is greater than the number of photons that interact with the detector 

(1"x1.5").                                             

                                        

 

Fig. (7) the relationship between amplification and energy resolution at voltage (500 volt) for detectors 

(1"x1.5")using a source of cobalt-60 

 

Fig. (8) the relationship between amplification and energy resolution at voltage (500 volt) for detectors 

(2"x2")using a source of cobalt-60 

 

         We Note from Figures (7)&(8) that the relationship between the amplification and energy resolution is an 

counterproductive because of increasing the display of photo peak  which lead to the decrease of energy analysis 

capability Mirela &Gheorghe,2011).                                                                                                

                                                                                                             

Conclusions 

1- The large size of the crystal detector leads to increased capacity pulse emerging from detector (2"x2") which 

appear with a capacity greater than the detector (1"x1.5") leading to an offset for their peaks where increasing 

both (T.A) and (Sc.A).                  

2- present study showed that the energy resolution less to increase the number of channels and voltage 

relationship exponential decreasing they are in detector (1"x1.5")  less than it is in detector (2"x2").while 

increasing photo peak Location  to increase the number of channels and the voltage, linear relationship.                              

3- At increase the size of crystal, the Photo peak increases too, because the number of photons entering the 

crystal detector (2"x2") be the largest and photo peak higher than at detector (1"x1.5").                                                                                                        

4- Increase the amplification means increasing the number of pulses generated inside the detector and thus 

increasing (T.A), (Sc.A) and (Ph.P) due to increased capacity pulse that led to the widening spectrum and creep 

photo peak  position and thus exit the peak from the axis of the channel, while increasing amplification lead to 

increased (FWHM) in other words  increase width photo peak that leads to decreases  portability energy analysis 

(E.R).                                                                                           

.                                                                                                
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