Advances in Physics Theories and Applications www.iiste.org
ISSN 2224-719X (Paper) ISSN 2225-0638 (Online) lL,i,!
Vol.31, 2014 IIS E

Study The effect of the shields movement and itsthicknessin
detection efficiency By Using Scintillation Detector Nal (Tl)

Hussein M. H. Al- Arbawy
Faculty of Dentistry, The Humanities and Sciencéversity

Abstract
In the present work, detection efficdgrmas been Calculated for the scintillation detedtal(TI) (2" x
2") and radioactive source Cs-137, and by using &aesormaterial (shield) aluminum and iron between
radioactive source and detector for thickness (011) cm. The effect of the shield movement dasdhickness
and also the speed of the shield movement on tleetiten efficiency have been studied.
It is found that detection efficiencgalease with a moving shield and with the thickrafgbe shield. It
is found, also that detection efficiency decreagh the speed of the shield movement for all slsigtliminum
and iron.
Keywords. detection efficiency, Scintillation Detector NaljTlshields
1. Introduction
Gamma detection techniques are widely usegdamma ray spectroscopy for nuclear physics, cagdi
radiography [1, 2], neutron activation analyses43,well going [5], and study of cosmic rays. Beem all of
detectors used in the spectroscopy of photons, sisciNal(Tl), HPGe, Ge(Li), Si(Li), etc; the inorgan
scintillator Nal(Tl) is very suitable and effectifer gamma ray detection because of cheapnessicaplgl in
medium temperature, and high density. In Gammaspgctrometry and radiation transmission experiments
bare-surface and well-type HpGe and Nal(Tl) detscéme widely used for gamma photon detection [6\ien
better efficiency is the most important parametieen Nal(TI) detector is usually preferred for gamphoton
detection [8] due to its high efficiency. High detien efficiency is an important requirement in gaaray
spectrometry for good signal-to-noise ratio. Sigioahoise ratio increases as detection efficienwyrdases.
Detection efficiency of a detector system dependsdidferent parameters and thus various kinds &f th
efficiency definitions are used to cover those paters [9].
(i)Absolute efficiency: it is the ratio of the number of counts recordgdh®e detector to the number of gamma
rays emitted by the source (in all directions).
(i) Intrinsic efficiency: it is the ratio of the number of pulses recordgdhe detector to the number of gamma
rays hitting the detector.
(iif) Full-ener gy peak (or photopeak) efficiency: it is the efficiency for producing full-energy pepulses only,
rather than a pulse of any size, for the gamma ray.
Especially in the radioactivity measurammthe absolute efficiency of the detector muskbewn. It is
defined as the ratio of the number of counts remdtaly the detectdiN.) to the number of radiatiofiNs) emitted
by the source (in all directions) as representetiaérfollowing formula [10].
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2. Experimental Part
gamma rays spectrum was measured for useeriaia by using the system of counting and elewtro
analysis user in the detection of nuclear radiatiod processed from the Company ((Spectrum TechasiguC
Type (UCS-30) and by using detector crystal iodstaium activator thallium Nal(TI) size (2 "x 2'gnd the
time of aggregation used to measure the spectrumaébioactive source used is (1000) sec as shoviigre

(1) [11].

> Main I
| Amplifier
Nal (TT) Pre. Multi Channel
Crystal > Phototube > Amp Analyzer
‘T
H.V.P.S
A 4 \ 4
| Printer | | M onitor |

Figure (1) Shows system parts of nuclear detection
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1.2. Nal(TI) Scintillation Detector

A gamma ray interacting with a scintillafmoduces a pulse of light that is converted telaotric pulse by
a photomultiplier tube (PMT). The PMT consists oplaotocathode, a focusing electrode, and 10 or more
dynodes that multiply the number of electrons sigkat each dynode. A chain of resistors typichlbated in a
plug-in tube base assembly biases the anode armtidgnThe properties of a scintillation materiguieed to
produce a good detector are transparency, avdtijaliil large size, and large light output propomtd to
gamma-ray energy. Few materials have good propefte detectors. Thallium-activated sodium iodide
[Nal(TD)] and cesium iodide [CsI(TI)] crystals acemmonly used, as well as a wide variety of plasfite high
Z of iodine in Nal(Tl) crystals result in high effency for gamma-ray detection[12].

Finally, the preamplifier receiving lineelnarge coming from the detector and convert it artoelectrical
pulse then to potential pulse, and amplify it tbegel that can be fed back it to the main amplifigthout
deformation in capacity. Then the main amplifierpéifies the pulses that came out of preamplified
analyzed by multi-channel analyzer (MCA), (ShapiRdtering and Noises ) Then, the analyst conveittgs
coming from the main amplifier to the digital numbdy (Analogue Digital Converter) (ADC) and diggdd in
the form of visual images( gamma ray spectrum dhieycalculator using the UCS-30 program[13].

2.2. Mechanism of the shield movement

In the current research was designed armécal mechanism for the purpose of moving thelghithis
mechanism consists of a box containing the eleatiator is working to move the shield linear moveirfem
distance (20) cm and the speed (V = 18 cm/seq) Rgyure (2).

Detector

Direction of
movement

2 .
Figure (2) Shows M echanism of the shield movement
3. Calculations, Results and Discussion
Table (1) and Table (2) shows the resultsew@btained in this study where the: (Thick.) reprds

thickness of the shield (Aluminum and Iron), (Fand M.) represents Detection Efficiency for Nal(if)the
case of the shield is fixed and moving.

Material

Radiation
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Table (1) Detection Efficiency in the case of the shield (Aluminum) isfixed and moving with different
thickness.

| Type of material | Aluminum

Radiation Source Cs137

Thick. Detection Eff|C|ency %
(mm)

I\J

|+| 10.9701 | 10645
i 5 | 10.6204 | 10.2024
i 6 | 10,5453 | 10.0133
| 7 | 10.2017 | 9.8655
| 8 | 10.1672 | 9.7546
| 9 | 100317 | 9.6660
| 10 | 9.8926 | 9.3298

Table (2) Detection Efficiency in the case of the shield (Iron) isfixed and moving with different thickness.

I Typeoimateid [ g

Radlatlon Source Cs137
| Thick. Detection Eff|C|ency %

(mm)

| | 12.7657 | 11.7945
| 2 | 11.2361 | 106869 |
| [ 10.8741 [ 9.8199

I 9.9820 I 8.9862 ||

N

(63}

| | 9.4301 | 8.7497
| e I eew | sww
I 8.4665 I 8.0134 ||
| 7.7682 | 7.2756

(2}

~

H%

In this work detection efficiency has beealculated for Thallium-activated sodium lodidetesttor
Nal(Tl) by using point source(Cs-137) placed ifix@d position, It was found that the detectioniaéncy
decreased with increasing thickness of the shieftllth materials (aluminum and iron) and this adreith
previous studies, in addition to that found that éffficiency of detecting decreased when you mbeeshield as
shown in the figures (3) and (4) ,the reason fig i due to the movement of the shield lead todispersion
part of the rays penetrating the shield and theiatiem from the track away from the detector. Alsbe
movement of the shield led to a weakening of tlessisection for the photoelectric interaction biofeing the
small size of exposure to photons falling during thovement of the shield.
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Figure (3) showstherelationship between the efficiency of detection and thickness of the shield
(aluminum) and both cases (fixed and moving).
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Figure (4) showstherelationship between the efficiency of detection and thickness of the shield (iron) and
both cases (fixed and moving).

In case An increase in the speed of maverfor the shield, has been studying the relatignbetween
the speed of the movement of the shield and thectieh efficiency for the detector, thus it hasrbebserved
that the detection efficiency decreased with insirgp the speed of the movement of the shield amd th
relationship between them is linear relationshpstaown in Figure (5).
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Figure (5) showstherelationship between the efficiency of detection and Velocity of the movement of the
shield (iron and aluminum).

4, Calculations

Concluded from this study, a number aftdes that have a direct effect on detection edficy for
radiation detectors that are used to detect radiati

1- Presence a shield (absorbent material) betweeratlioactive source and the detector.
2- Increasing the shield thickness reduces theieffty of detection.

3- The shield movement reduces the efficiency técieon.

4- Speed increase of the shield movement redueesttisiency of detection.
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