Efficiencies and Characterization of
Hexagonal Scintillator Detector
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d +°H — *He (3.5MeV) + n (14.1MeV)
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Objective R e T

employed to build bulky array detectors with large-
scale light output.

(] The degree of gamma-ray detector performance

|“efficiency” and depending on the crystal geometry

and its surfaces that deal with the radioactive F=Ti
source positions. :

[ “energy resolution” in good shape by allowing &
the maximum number of photons to be recorded ™
within the actual real volume of the detector itself.

—

[ The scintillation hexagonal detector design efficiency and resolution are
investigated to improve the detector response function to gamma-ray
radiation, based on the source position related to the detector surface,
which is considered all the time as an essential element in the
characterization and optimization of scintillation detectors.

(] This study gives an exceptional about the energy resolution manners
and build a good idea about the measurement setup geometrical based on
the source position, the geometric solid angle improves the efficiency of the
hexagonal scintillation crystal.



http://www.google.com.eg/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjvlPeZ7tvSAhVJEywKHe08A2sQjRwIBw&url=http://www.up.ac.za/en/centre-for-augmentative-alternative-communication/article/25805/research&psig=AFQjCNESwDr5f2AcYthki-QIU6_WBrNlBw&ust=1489782423618941

AlU.

ALAMEIN

INTFRENATIONAI IINIVFRSITY

7

wirwsi iriiAa

. INALEDAVLIUAVYI ITNINEDEILA

Gamma Source

Gamma Source

Position-3

cammasource - Position -5

Gamma Source

Position -2

Position-4

Gamma Source Position _6

Point Source

137Cs

661.66

60C0

1173.23

1332.49

133Bq

356.01

22Na

511.01

1274.54

88y

898.04

1836.06

228Th

583.17

2614.48




Mathematical Viewpoint
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Mathematical Viewpoint
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Where gpm.y) and gps.p are the full-energy-peak efficiencies of hexagonal Nal(T]) for the

target source and reference source geometries, respectively. Qpme,) and Qpg.p are the

effective solid angles between the outer surface of the detector and the target source and

reference source, respectively.

-.100%

. FWHM,
The|energ}-' resolution|of the detector )=
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Results & Discussion

Geometric efficiency of the detector &gy, depends on the position
and distance of the source.

Geometrical Efficiency
Position
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(cm)

P

P,

P,

P,

Ps

P

5

7.12E-02

1.25E-01

6.81E-02

4.17E-02

8.85E-02

9.97E-02

10

4.12E-02

6.23E-02

3.99E-02

2.46E-02

3.25E-02

3.43E-02

15

2.67E-02

3.59E-02

2.60E-02

1.51E-02

1.61E-02

1.66E-02

20

1.85E-02

2.30E-02

1.81E-02

9.82E-03

9.51E-03

9.69E-03

35

1.35E-02

1.59E-02

1.32E-02

6.78E-03

6.24E-03

6.32E-03

® Measured P6 (25 cm)
Polynomial Fit

Measured reference full-
energy peak efficiency
as a function of

Ep(Hex)
photon energy for axial

position P6 and distance
25 cm.

Log (FEPE)

Log (Energy)
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Results & Discussion

Comparison of measured full-energy

MNLEDATLIUATYI 1INIAEDCILA

wirwsi iriiAa

Full Ener gy Peak Fifieiony

a9

L

247 -

LI

s -

a4 -

LEER

B Mamuorsd 3 om)
Calcslated & om)

& Meagred (I
- - - Caloalassd 10 2m) | ]
+ Memursd (1

aa3a

-
=
e
=
1

=
=
i
1

LE BT

Full Energy Penk Fifkiowy

LELER

LEL1]

T
LT 1sa

Phorom Emerzy (L oV)

L]

LD

Rull gy Peak Effiviawy

s

peak efficiency &py,,, With calculated
values as function of photon energy for
all positions and distances.

aas

W Meagwred (5 em)
Cakuhicd (5 cm)
& Measered (10 c=) |

a4 o
. = - - Cakuhicd (il cm)
= & Meassrcd {835 cm)
2 |1 w | Caleulased (15 em)
£ a3 Measmrod (30 c=) |
= + - - Cakubicd (M cm)
E K fY Pp— =]

" Cakuhizd (25 cm)
[+RWIW + 4
=3 -
] *
=

*
z (¥ R
= g o -

¥ r
" [
t_* g.
LR T T T T T
[ S0 1w 150 2000 2500 ELT T

Photor Emerzy (E eV)

add -

&=
1~
e
1

&=
5]
|..
i

&
=
X

=
=
]
L

=
=
=]
L

Full Enryry Penk Bk iency

L]

=
=
L

F

- Caloslated

- Caloslatad |

Mleammnad (3
Calzulated
Mammrad (10
Caloalated 10
Ml eammrad (13
Calculated |
M mmmred

M mmmred

T
=09

T
e
Fheton Enerzy L V)

T
200

LT

Full Enr gy Pook Efkiosy

T
AL L]

Photor Emergy {eV)

ELEE

Ll T Ll L] ‘ T L]
1 Ps m Maguwed § om)

. Caloslasd 3 om)
a5 4 Memurot oo | ]
404 4 \.411'51!0-d\ -

| F Measuned 27
—-—- Caloala
[EER *  hlezuoeed -
- - -- Caloalaed |
[EER L] -
' *
*‘
201 * A, -
1 = 1 o,
* i TR 4
100 T g_

T
EL L 1434

kL

Phoror Emerzy TV}




Results & Discussion

The energy resolution R% of the hexagonal Nal(Tl) detector and
the average path length values d(Hex) for all positions and

AIU. distances.
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NS \SL Il A Resolution R% of Hexagonal Nal(Tl) Detector
Distance Position 1*7Cs (661.66 keV)
(cm) P, P, P, P, P.
5 9.47 | 9.14 | 812 | 7.69
10 975 | 941 | 799 | 7.73
15 9.77 |1 945 | 797 | 7.76
20 9.72 | 958 | 791 | 7.81
25 9.74 | 9.60 | 7.90 | 7.83
Average Path Length Value d;;.

Distance
(cm) P, P, P, P, P;

5 5.57 | 6.82 ]| 7.01 5.86
10 5.43 6.47 1117.50 | 7.62
15 549 | 6.30 ||| 8.23 9.17
20 559 | 6.221]]19.04 | 10.40
13 5.67 | 6.19][]10.30 | 11.39

— “Welcome to-Radiation World! -
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Conclusions

[ The solid angle, efficiency and resolution of a hexagonal scintillation
gamma detector Nal(Tl) were changed when the position of a standard
point radioactive source changes from the side of the detector to its front
side.

[ The average path length inside the detector crystal depending on
source position.

(] Measured and calculated detector efficiencies have been found to agree
fairly well with each other.

(] The data obtained showed that hexagonal Nal(Tl) detectors, which
have a fast response, high gamma-ray detection efficiency and moderate
energy resolution.

(] The detectors can be successfully arranged as an array to create
relatively inexpensive multi-detector gamma spectrometric systems of
various geometries.

(] The results of the current study of energy resolution and efficiency for
various gamma-ray source-detector configurations can be useful in the
development of scintillation detectors of various shapes
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