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Abstract

The gamma ray buildup factor was calculated by aywhg the
narrow- beam and broad-beam geometry equations gsin
Taylor's formula for isotropic sources and homogemgs
materials. The buildup factor was programmed usiATLAB
software to operate with any radiation energy (Extomic
number (Z) and the thickness of the absorber in rterof the
relaxation length (ux). The model demonstrated céydy in the
design of an appropriate shielding material for r&dion
protection, absolute volume and activity measurernemd in
beam transport studies.
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1.0 Introduction

Radiations can either be ionizing or non-ionizihgnizing electromagnetic radiations such as,
Gamma-and X- rays are called photons, and the ewutr and B-radiations are particulates. While
electromagnetic waves like Radio waves, infra-reidjble light and RADAR are non-ionizing. The
photons are more penetrable in matter than thécpkate ionizing radiations. Gamma ray is produaed
the nuclei of atoms after emission of eitheor -radiations to ground the atoms while X-rays isdueed
by the de-excitation of electron from higher endegel to lower one. Gamma- and X-rays are widelgcdu
in medical imaging, sterilization of surgical ingtnents and radiation therapy. However, in optingzimne
use of these radiations, doses delivered to thespesting population around nuclear facilities neete
minimized in order to prevent radiation hazards.thes energetic radiation passes through livinguéss
they ionize the cells thereby disrupting the lacgenplex molecules such as DNA that will immediately
damage the cells. At a certain level they can ierdgenetic mutation and cause cancer such as leakemi
and there by shorten life expectancy.

The y-rays buildup factor accounts for the scatteredataxh that did not reach the appropriate
target and it is an important shielding parametenepresents a necessary correction in the design
calculations of nuclear reactor, medical field amdclear laboratories. In order to convert radiation
intensities into radiation doses meaningful in ridsessment and management, shielding is an importa
principle in radiation protection. Equations delsitrg buildup factor are function of attenuation fficeent,
which itself a function of photon energy, and dista from the source and geometry. A number of nustho
and formulae have been used to calculate the ddgkkrip factor such as; [1], [2], [3], [4], and [5].

The experimental determination of buildup factor flifferent materials, both homogeneous and
heterogeneous, is cumbersome, time wasting, eremguming and varies with energies of the radidti$n
Effort is usually directed towards finding the \ain of the buildup factor with the absorber atomi

number(z), mean free patlimfp) and the energy of the radiatidE ) and also providing an analytic

expression for the buildup factor in terms of thensic number(z), mean free patifmfp) and the
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energy of the radiatic(E’). In the present work, buildup factor for gammasrayas calculated for some

materials 41, Fe, and Pb) in a single layer shield using Taylor’'s method émalyzing the narrow- and

broad-beam geometry equations. The analytic expressbtained was computed using MATLAB for
parallel beam of monochromatic gamma rays withotegienergies, 0.5, 1.0, 4.0

and 10.0Mev as the radiation source, relaxatiogtke(tix) and atomic number (2).

2.0 METHODOLOGY

Taylor's formula gives the buildup factor as aekjponential expression:

B= Aje ™H + A e %l= (2.1)
The narrow beam geometry under isotropic souremndlition is given as:
I= Ije ™ (2.2)
The broad beam condition is given as:
Iy = B(E, ux)I,e ™™ (2.3)
At x = 0, equation 2 becomes
=1, (2.4)
And equation 3 becomes
| =Bl, (2.5)
Therefore, § = Bl, (2.6)
Hence,B=1 (2.7)
The Taylor’'s formula becomes
B=A, + A, (2.8)
Henced; — 4. =1 (2.9)

The physical implication of equation 2.9 is thatita point of entering of the radiation into thesatber
there is no interaction with the absorber atom.sBulting equation 2.9 into equation 2.1 gives:

B= Aje ™™ + (1 — Ay)e ™= (2.10)
Where B = Dose buildup factor, ux = mean free atfp) or relaxation length and,, &ty and a. are

parameters of the equation. The valuesdgf ec, and e, for the elements at various energy and mean

free path were obtained after curved fitting thddwup factors for low (0.5, 1.0 MeV), intermedia{#.0
MeV) and high (10.0 MeV) energies of three diffaremetals shields, S — block metal, Aluminium (Al),
Transition metal, Iron (Fe) and Heavy metal, leRt)(obtained from literatures [7] using the MATLAB
software with about 95% confidence interval (0.88) are shown in tables 1-3.

) The values of dosgray buildup factor obtained (equation 2.10) udimg parameters shown in the
tables 1-3 at different atomic numbers, z and dasyde are shown in tables 4-6 for the three elésnen
considered.

3.0 Results and Discussion

3.1 Effect of the Thickness of the Selected Materials on the Bdaup Factor

Figures 1, 2 and 3 show the graphs of the builthgtor against the thickness (mfp) of the various
materials at the selected energies. The result siioay the buildup factor increases with thickn@sp) of
the materials for all energies. This behavioursiaesult of the increase in the scattering pritibab with
small angles when the thickness of the materiakames [8].

3.2 Effect of the Energy on the Dose Buildup Factor

The figures 4, 5, 6 and 7 show the gamma ray bpilthctor against thickness (mfp) for the selected
materials at the energies 0.5, 1.0, 4.0 and10.0 kMspectively. At gamma energies 0.5 MeV and 1./ Me
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(Fig. 4 & 5), the buildup factor for Al is greatdran that of Fe and Pb, the buildup factor for lthe
atomic number is higher than that of high Z. AtM&Y, figure 6 shows the same behaviour as shown in
figures 4 & 5 except for the fact that Fe has tighdsst buildup factor as against Al in the previfigares.
The dose buildup factors at energy 10MeV (Fig.noves completely different behaviour as comparedh wit
the previous energies. The dose buildup factoPfors higher than that of Fe and Al.

The variations observed in figures 4 - 7 are duthéothree processes that come to play whetrays

interact with matter. In Al and Fe, the photoeliecéffect is small and makes no significant conttibns

for photon energies above 0.2 MeV, Compton scatjeaffect is dominant up to 4MeV. Photoelectric
effect dominates at energies above 4.0MeVand faemads with high Z. The probability of Compton
scattering effect is greater than the probabilifypbotoelectric effect for the material of Al and.F
Although the probability of Photoelectric effect ggeater than Compton scattering for Pb, Compton
scattering dominates at energies less than 4.0M&Y/ far materials with low atomic number. Also,
because photoelectric effect and Compton scatteffegt cross sections decrease with energy wigle p
production cross section increases with energyindmmam in the total attenuation cross section meguo
and such a minimum occurs in Pb at around 3 to ¥.Méis minimum provides an energy window at
which radiation leak from a given shield. Hence tise of heterogeneous materials becomes necéssary
shielding application to close such energy wind@®js At 10MeV, the probability of the pair producti
effect is greater than probability of Compton seatiy effect for high Z.

3.3 Effect of Atomic Number on the Buildup Factor

Figure 8 shows the graphs of the dose gamayauildup factor against the atomic number Z at
constant thickness of 15 mfp. The result shows timatbuildup factor decreases with the increasthef
atomic number of the shield at the energies 0.5Me¥ 1.0MeV. At E = 4.0MeV the dose buildup factor
increases to about Z = 27 and then decreases natlasing atomic number. The buildup factor inazeas
with the increase of the atomic number at 10Methefgamma ray energy. At this energy, both Compton
scattering and pair production play major role viittreasing atomic number.

1: The curve fitted values of dose gamma ray bpilfctor of Al

Thickness (mfp)

E 1 2 4 7 10 15 A o o

(MeV)

0.5 1.3018 1.6899| 2.8186€ 5.874p 11.5442 26.70/76 3414. -0.3145 -0.3182
1.0 1.3139 | 1.7258| 2.9747 6.714p 15.1064 57.8532 269.9| - 0.2892 -0.291
4.0 1.1622 1.3481| 1.8023 2.7320 4.012 6.7591 -19.2% 0.1951 -0.1908
10.0 1.260 1.526 2.0768 2.9513 3.8868 5.5908 40.17 0.01495 - 0.00877

Table 2: The curve fitted values of dose gammaébralgup factor of Fe

Thickness (mfp)
E 1 2 4 7 10 15 A o o
(MeV)
0.5 1.2146 | 1.475 2.1751 3.8928 6.9618 18.3129 819.9-0.2032 -0.2024
1.0 1.2326 | 1.5172| 2.2882 4.1816 7.48%4 18.4448 8217.| - 0.2477 -0.2434
4.0 1.4414 | 1.9023| 2.885 45221 6.3728 9.9924 65.2 0.025551 - 0.01918

Journal of the Nigerian Association of Mathematic&hysics Volumel6 (May, 2010)473 — 482
Calculation of Dose Gamma Ray Build up Factor Arogunjo and Hamzat Jof NAMP




10.0 1.1537 | 1.3309| 1.7706 2.7153 4.1604 8.4549  610.50.1517 - 0.1526
Table 3: The curve fitted values of dose gammabralgup factor of Pb
Thickness (mfp)
E 1 2 4 7 10 15 A o o
(MeV)
0.5 1.149 1.2846] 1.5189 1.7895 1.9787 2.1532 16.16 0.03429 | 0.04684
1.0 1.2976| 15742 2.0736 2.7173 3.2712 4.0751 84.1| 0.1076 - 0.02321
4.0 1.1335| 1.2849] 1.6508 2.4041 3.5011 6.5499 7.241-0.1272 | -0.1275
10.0 1.30 1.69 286 | 6.27 13.78 51.16 0.498 -0.26240.2624
Table 4: Comparison of dose gamma ray buildup factues for Al with the reference value
Thickness (mfp)
E (Mev) | Work 1 2 4 7 10 15
Present work 1.30 1.69 2.82 5.87 11.54 26.71
0.5 Ref. (2.37) (4.24) | (9.47) (21.5) (38.9) (80.80)
Present work 1.31 1.73 2.97 6.71 15.11 57.85
1.0 Ref. (2.02) (3.31)| (6.57) (13.1) (21.2) (37.90)
Present work 1.16 1.35 1.80 2.73 4.01 6.76
4.0 Ref. (153) | (2.08)| (3.22) (5.01) | (6.88)] (10.1)
Present work 1.26 1.53 2.08 2.95 3.89 5.59
10.0 Ref. (1.28) | (1.55)| (2.12) (3.01)| (3.96) (5.63)
Table 5: Comparison of dose gamma ray buildup facitues for Fe with the reference value
Thickness (mfp)
E (MeV) | Work 1 2 4 7 10 15
Present work 1.21 1.48 2.18 3.89 6.96 18.31
0.5 Ref. (2.07) | (2.94) (4.87)] (8.31)| (12.4)] (20.6)
Present work 1.23 1.52 2.29 4.18 7.49 18.44
1.0 Ref. (1.92) | (2.74) | (457)| (7.81)| (11.6)] (18.9)
Present work 1.44 1.90 2.89 4.52 6.37 9.99
4.0 Ref. (1.48) | (1.90) (2.95)| (4.61)| (6.46)] (9.92)
Present work 1.15 1.33 1.77 2.72 4.16 8.45
10.0 Ref. (1.22) | (1.44) (1.95) (2.89)| @4.07)| (6.7
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Table 6: Comparison of dose gamma ray buildup factor values fortRlih&i reference

value

Thickness (mfp)

E Work 1 2 4 7 10 15
(MeV)
Presentwork 1.149| 1.28 | 1.52| 1.79| 1.98 2.15
0.5 Ref.(1) (1.24) (1.39)| (1.63)| (1.87)| (2.08) | (2.20)
Presentwork 1.30 | 1.57 | 2.07 | 2.72| 3.27 4.08
1.0 Ref.(1) (1.38) (1.68)| (2.18)| (2.80)| (3.40) | (4.20)
Presentwork 1.13 | 1.28 | 1.65| 2.40| 3.50 6.55
4.0 Ref.(1) (1.28)| (1.56)| (2.18)]| (3.29)| (4.69) | (7.70)
Present work 1.30 1.69 | 2.86 6.27 13.78 51.16
10.0 | Ref.(1) (1.11) (1.24)| (1.54)| (2.27)| (3.54) | (7.70)
Ref.(2) (1.51) (2.01)| (3.42)| (7.37)] (15.4) | (50.8)

build up factor

Build up factor against mfp for Al

Figure 1: graph of buildup factor against mfp for Al
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Graph of build up factor against mfp for Fe

B2\s. mfp

14
— 1.0MeV

e ]0MeV

Figure 2: graph of buildup factor against mfp for Fe
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Figure 3: The graph of buildup factor against mfp for Pb
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Graph of build up factor against mfp at 0.5MeV
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Figure 4: The graph of buildup factor against mfp at 0.5MeV

Graph of build up factor against mfp at 1.0MeV

10198} dn pjing

Figure 5: graph of buildup factor against mfp at 1.0MeV
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Figure 6: The graph of buildup factor against mfp at 4.0MeV
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Figure7: The graph of buildup factor against mfp at 10.0MeV
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Buildup Factor

Atomic Number Z

Figure 8: The graph of buildup factor against atomic number
4.0 Conclusion

The build-up factor for gamma rays was wialted for some materialgl{, Fe, and Pb) in a single
layer shield using Taylor's method for analyzing tharrow- and broad-beam geometry equations. The
dose build-up factor of gamma ray increases witheiasing thickness of the selected materials. Tse d
build-up factor of low atomic number Z is highemaththat of high Z at energies below 4.0MeV. At
10.0MeV the dose build-up factor for high atomiermer, Z is higher than that of low Z apparently tlue
the competing gamma interaction mode of Comptongaidproduction effect. The results obtained is th
work compared well with what obtained in the litera [2, 3]. Although Taylor's method was employed
in this work, the present model enables theoregstimation of build-up factor for materials withnous
atomic numbers at different energies and meanfatie. The paper therefore elucidates a novel approa
to the calculation of build-up factor for materiatsthe design of an appropriate shielding matefoal
radiation protection, absolute volume and actiwityasurement and in beam transport studies.
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