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Study of effective atomic number, hole diameter of the collimator and energy

of radiation source on Buildup factor in material
S.H. Terar
Abstract:

In this work , gamma ray buildup factors in the materials of (Brass , copper , iron
and aluminum) had been measured using the scintillation detector 3"x3" Nal(TIl) and the
radioactive sources Cs-137 & Co0-60. The distance between the source and the detector was (41)
cm . Two collimators were used with central holes of 1cm and 2cm diameters. Four factors
affecting the buildup factor that had been studied and these are: The shielding thickness , The
atomic number of the shield , The energy of the radioactive source and The hole diameter of
the collimator.

This study proved that gamma rays buildup factor in all materials increased with the
increasing of shielding thickness and with the increase of the atomic number ,decreased with
the increase of the energy of the radioactive source and increased the hole diameter of the

collimator .
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0
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259894

1

1

1
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(1 cm) s _kd daway 5 (C0-60,Cs-137) (nsda—al g (Fe) & Al aS) il Jale (4)d s
Thickness 1(C/min) (1/1o) Buildup .
Mfp I (W) (W) W Wo Factor %
137-p g2 jaead) s

0 137579 | 260043 1 1 1 0.003334 | 0.333378
0.08655 | 128045 | 247220 | 0.930702 | 0.950689 | 1.021476 0.00354 0.344307
0.25965 | 113069 | 225345 | 0.821848 | 0.866568 | 1.054414 | 0.00393 | 0.364442
0.43275 96276 196803 | 0.699787 | 0.756809 | 1.081485 | 0.004342 | 0.393294
0.60585 88079 185322 | 0.640207 | 0.712659 1.11317 0.004612 | 0.409261
0.77895 83054 177013 | 0.603682 | 0.680707 | 1.127591 | 0.004904 | 0.420591
0.95205 77252 166925 | 0.56151 0.641913 | 1.143191 0.00511 0.435148

1.154 68293 150772 | 0.496391 | 0.579796 | 1.168023 | 0.005468 | 0.461252
e i
0 125623 1 1 1 0.004596 | 0.459606
0.06315 120967 | 0.954652 | 0.962937 | 1.008678 | 0.004737 | 0.469632
0.18945 117664 | 0.919111 | 0.936644 | 1.019076 | 0.004868 0.47771
0.31575 114179 | 0.87783 0.908902 | 1.035396 | 0.005046 | 0.487377
0.44205 110589 | 0.831153 | 0.880324 | 1.059161 | 0.005283 | 0.498799
0.56835 107960 | 0.788753 | 0.859397 | 1.089564 | 0.005551 | 0.509427
0.69465 104589 | 0.752343 | 0.832563 | 1.106626 | 0.005756 | 0.520171

0.842 101166 | 0.716196 | 0.805314 | 1.124432 | 0.005978 | 0.531643
(1 cm) okl 3y 5 (C0-60,Cs-137) (risma—als (Al) g 8l aS) Al Jals (5)J s
Thickness I1(C/min) (1/1o) Buildup .
Mfp (W) (W) w Wy Factor %
137-a53 jaed) Hucra

0 137766 | 258371 1 1 1 0.003335231 | 0.333523
0.03015 | 128123 | 244230 | 0.930005 | 0.943968 | 1.015014 | 0.003556881 | 0.344957
0.09045 | 123038 | 238413 | 0.893094 | 0.921485 | 1.031789 | 0.003666259 | 0.351027
0.15075 | 118785 | 231582 | 0.862223 | 0.895082 1.03811 0.003771953 | 0.356885
0.21105 | 113031 | 223099 | 0.820456 | 0.862295 | 1.050994 | 0.003880056 | 0.365095
0.27135 | 107831 | 216055 | 0.782711 | 0.835069 | 1.066893 | 0.004052619 | 0.372857
0.33165 | 102580 | 210736 | 0.744596 | 0.814511 | 1.093897 | 0.004251576 | 0.380707

0.402 91375 190933 | 0.663262 | 0.737971 | 1.112638 | 0.004575859 | 0.402261
60-cudisSl) jluaa

0 125623 1 1 1 0.004596 0.459606
0.02235 122095 | 0.965736 | 0.971916 1.0064 0.004701 0.467128
0.06705 120345 | 0.946846 | 0.957985 | 1.011765 0.004768 0.471294
0.11175 117713 | 0.923047 | 0.937034 | 1.015153 0.004843 0.477034
0.15645 115718 | 0.894034 | 0.921153 | 1.030333 0.00498 0.483377
0.20115 113918 | 0.873434 | 0.906824 | 1.038229 0.00507 0.488356
0.24585 111865 | 0.84296 0.890482 | 1.056375 0.005235 0.495531

0.298 110122 | 0.802377 | 0.876607 | 1.092512 0.005515 0.50484
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(2 cm) o kb 35 (C0-60,Cs-137) Cusanly (Br)g sl as) il Jale (6) Jga
I(C/min) (1110)

Thickness

Buildup

Mfp

1 (W)

1(Wo)

W

Wo

Factor

%

137-ps2pesd) Jauca

0

200540

259894

1

1

1

0.002972

0.297225

0.09225

187425

248885

0.934602

0.95764

1.024651

0.003134

0.305833

0.27675

177929

238773

0.887249

0.918732

1.035484

0.003243

0.313182

0.46125

169533

230260

0.845382

0.885977

1.048019

0.003354

0.320023

0.64575

160883

222221

0.802249

0.855045

1.06581

0.003489

0.327349

0.83025

141087

205336

0.703535

0.790076

1.123008

0.003883

0.345802

1.01475

122949

188266

0.61309

0.724395

1.181549

0.004332

0.366675

1.23

108820

168636

0.542635

0.648865

e i

1.195766

0.00465

0.388837

100736

125623

1

1

1

0.004229

0.422933

97039

123163

0.9633

0.980418

1.01777

0.004369

0.429237

94753

121033

0.940607

0.963462

1.024298

0.004443

0.433774

91713

118556

0.910429

0.943744

1.036593

0.004558

0.439755

88929

117023

0.882793

0.931541

1.055221

0.004694

0.444862

81607

111032

0.810108

0.883851

1.091029

0.005031

0.461089

74597

105799

0.74052

0.842195

1.137302

0.005437

0.478093

(2 cm) o ki 3day 3 (C0-60,Cs-137) gauswaaly (Cu) £l aS) AN Jale (7) Jsaa

Thickness

68056

97509

I(C/min)

0.675588

0.776203

(/1)

cm | Mifp

L (W) | 1(Wy)

W

Wo

1.148931

Buildup
Factor

0.005739

0.499492

%

137-p 53 el e

200540

260043

1

1

1

0.002972

0.297188

187235

247291

0.933654

0.950962

1.018538

0.00312

0.306345

168680

225371

0.841129

0.866668

1.030363

0.003317

0.321955

150064

203176

0.7483

0.781317

1.044123

0.003554

0.340377

140965

194987

0.702927

0.749826

1.066719

0.003729

0.349607

127135

179610

0.633963

0.690693

1.089485

0.003993

0.366514

118242

167901

0.589618

0.645666

1.095059

0.004157

0.379646

100744

147290

0.502364

0.566406

60- Sl jias

1.127483

0.00461

0.408846

0

125623

1

1

1

0.004239

0.423812

0.06608

121963

0.962276

0.970865

1.008926

0.004317

0.430021

0.2124

118280

0.92121

0.941547

1.022077

0.004437

0.434504

0.354

115622

0.878422

0.920389

1.047775

0.00453

0.439259

0.4956

112077

0.844921

0.892169

1.055921

0.004688

0.445105

0.6372

108337

0.809728

0.862398

1.065046

0.004806

0.449299

0.76936

104640

0.770903

0.832968

1.08051

0.004981

0.455226

0.944

98836

0.720341

15

0.786767

1.092214

0.005174

0.459649
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(2 cm) o ki 3dway 5 (C0-60,Cs-137) Caumaaly (Fe ) gl aS) il Jals (8) Jga
1(C/min) (1/10)

Thickness

Buildup

Mfp

1 (W)

1(Wo)

W

Wo

Factor

%

137-p 92 5aal) JMeca

0

200540

260043

1

1

1

0.002972

0.297188

0.08655

185975

245920

0.927371

0.94569

1.019753

0.003134

0.307302

0.25965

164748

220219

0.821522

0.846856

1.030838

0.003358

0.325742

0.43275

141497

197109

0.70558

0.757986

1.074274

0.003743

0.348434

0.60585

130514

186343

0.650813

0.716585

1.101062

0.003974

0.36095

0.77895

114590

168513

0.571407

0.64802

1.134077

0.004342

0.382897

0.95205

107151

158925

0.534312

0.611149

1.143805

0.004521

0.395283

1.154

92210

138839

0.459809

0.533908

60-cdissll jaa

1.161153

0.004933

0.424822

0

125623

1

1

1

0.004249

0.424943

0.06315

121167

0.962387

0.964529

1.002225

0.004339

0.432955

0.18945

116179

0.908599

0.924823

1.017856

0.00452

0.444078

0.31575

113260

0.867897

0.901586

1.038818

0.004699

0.452366

0.44205

111089

0.827325

0.884305

1.068872

0.004922

0.460506

0.56835

108014

0.797498

0.859827

1.078155

0.005048

0.468181

0.69465

105552

0.745779

0.840228

1.126645

0.005405

0.479722

0.842

(2 cm) 6 kb dduay g (C0-60,Cs-137)cniaal g (AL )g Al aS) A Jale (9) Jgaa

Thickness

100461

1(C/min)

0.706329

0.799702

(/10

Mfp

1 (W)

1(Wo)

W

Wo

1.132195

Buildup
Factor

0.005575

0.492439

%

137-p g2 pesd) e

0

200540

258727

1

1

1

0.002975

0.297517

0.03015

192040

251564

0.957614

0.972314

1.015351

0.003077

0.303024

0.09045

185243

244230

0.923721

0.943968

1.021919

0.003149

0.308104

0.15075

178096

237413

0.888082

0.91762

1.03326

0.003239

0.313481

0.21105

169981

230012

0.847616

0.889014

1.04884

0.003355

0.319853

0.27135

164745

223599

0.821507

0.864228

1.052003

0.003416

0.324689

0.33165

156642

217455

0.781101

0.840481

1.07602

0.003566

0.331401

0.402

148876

210736

0.742376

0.814511

BO-QSQJSSUMA

1.097168

0.003715

0.33856

0

125623

1

1

1

0.004238

0.423812

0.02235

122095

0.970866

0.971916

1.001081

0.004305

0.430021

0.06705

120145

0.947443

0.956393

1.009447

0.004386

0.434504

0.11175

117713

0.92608

0.937034

1.011828

0.004445

0.439259

0.15645

115718

0.895356

0.921153

1.028812

0.004579

0.445105

0.20115

113918

0.876634

0.906824

1.034439

0.004648

0.449299

0.24585

111865

0.84874

0.890482

1.049181

0.004776

0.455226

0.298

110122

0.830198

16

0.876607

1.055901

0.004853

0.459649



118 : :2;9:;§287B
116 A Coll.=2.cm

Buildup factar

0 05 1 15 2 25
Thickness (cm)
Jlaninly (elaill 33l LalS 2adY o815 Jale a Jia (7) IS5
(lem,2cm ) Leal ki Gl cparsall S 5(Co% ) Haas
laall 5
[1] e | Dsse mSl de muale 2daan 5 Casa yla
(1982), Juasall Aaala™ 4,55 o1, 3l
[2]A.Shimizu, T.Onda, Y.Sakm, Nucl. Sci.
Teach.,Vol. 41,No.4, P.413
,(2004).

[3] C.Singh, Pure & Appl. Phys.,
Vol.42,P.475,(2004).
[4] G.Knoll , "Radiation Detection and
Measurement™ John Wiley and
York ,Third Edition, (2010).
[5] N.Tsoulfanidis "Measurement and Detection
Radiation” MC Graw- Hill, New York,
(1983).
[6] K.Hattif,"Gamma Ray Buildup Factor
Measurement in Different
Materials" College of Science, University of
Baghdad ,(1994) (Ph.D.thesis).
[7] bl edaila ¢ 5be 3, (A58l 535 3¢ e 2 Al ae
(1990) 2ary Arals Ay il 4y 553l
[8] uiiall & 5l i &SI il Jale ol 5 (b il S
"Clihal) 3axatall 2001)  Axalae o glall LS

Sons .New

(oiteale Al )il
[] )
3ai acdln " ) A1 e CRBSIN 535, 3 L3S
(1987)

[10] S.H.Jiang, Nucl. Sci. Eng,Vol. 75,
P.16,(1980).
[11] H.Hirayama, Nucl. Technol.,Vol.
77,No.1,P.60,(1987).
[12] H.Hirayama, Nucl. Sci. Eng,Vol. 32,
P.1207,(1995).
[13] A.Shimizu, Nucl. Sci. Teach.,Vol. 39,No.5,
P.477,(2002).
[14] A.Shimizu & H.Hirayama, Nucl. Sci.
Teach.,Vol. 40,No.4, P.192

,(2003).

JOURNAL OF KUFA -~ PHYSICS Vol.4 N0.2 (2012) .k 83es aslu

13 B Ci
Fe oAl
1.25
12

R=0.9817

Buildup Factor
N
N
&

0 05 1 15 2 2.5
Thickness (cm)

LR APPSO a\ﬂl@@uﬁw‘yé\)ﬂ\d&bg&q(bd&:
(1cm) okl (g3 220l 5 CSY7 acas Jlaxinds g Caaddl

118 *Br mCu y = 1.0173¢°1%%
R’ =0.9836

116 AFe oAl

114

I
I I
N Y}

=
=)
&

Buildup Factor

1.06

[ 05 1 15 2 2.5
Thickness (cm)

8 Alaxivnall 3 gall prand LalS 2aiY oSI ) Jale o Jias (4) S
(1em) ok 3 aadl s CO% jan Jlexiuly s ol

13

#Cs-137 y= 1.0173e1038¢
2

- u Co60 R?=0.9836
_ 12
s
3
T y = 09997
e R?=0978
E
o

11
1.05

1
0 05 1 15 2 25
Thickness (cm)

Jlexialy 5 Gulaill 33l LalS 4asY oS0 51 Jale o Jiny (5) JSS
. (1em) ok 53 sxud) ((Cs™- C0B0 )5 srae

13 « Coll=1 cm
4 Coll.=2 cm

125

* y=1.0173¢"%%
R?=0.9836
= 12
o]
s
i s y=0.9948e" "™
2 —

2 R?=0.9449
3
° 11

105

1
0 05 1 15 2 25

Thickness (cm)
b Alaxivsall 3 gall prand LalS 2aiY o8I ) Jale ad Jias (6) S
) ) ki Al Gaaad) AS 57(Cs™ ) jaian Jlariuly s Can)

.(lcm,2cm




