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Abstract Keywords 

This paper presents the first data for bremsstrahlung buildup 

factor (BBUF) produced by the complete absorption of Y-91 beta 

particles in different materials via the Monte Carlo simulation 

method. The bremsstrahlung buildup factors were computed for 

different thicknesses of water, concrete, aluminum, tin and lead. A 

single relation between the bremsstrahlung buildup factor BBUF 

with both the atomic number Z and thickness X of the shielding 

material has been suggested. 
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 Y-91محاكاة مونتي كارلو لعامل تراكم اشعة الكبح الناتجه من امتصاص اشعة بيتا لمصدر 

 

 ميلاد جذلان عليوليث عبد العزيز العاني مازن مانويل الياس ,

 جامعة النهرين, كلية العلوم, قسم الفيزياء, العراق, بغداد

 الخلاصة

ه مر  اممتاراا الم ري معر ا بفترا فري مر ا  في هذا البحث تم استنتاج عامل تراامم اعر ا المربل النات ر

مخت فه باستخ ام طافقا مر نتي مراال ح حفرث ترم تارمفم بانرامب حاسر بي ل محامرات  ذلرح لتم فرل ح ر ل 

مسائل ان ماسات  عب ا اع ا المبل ح حفث تم حساب عامل تاامم اع ا المبل مسماح مخت فه م  مر ا  

 Y-91فرر م  القارر فا  الح فرر   الاارراا لمارر ا اتافرر م الترر افل لمررل مرر  المرراك  الم نمافررت  املمن

م ف   المتا   ف لتح  ق   تم  ااسا ع   م  الم رامتت   1.54منتاج اع ا بفتا بطاقه عظمى مق ااها 

المت  قرره بتاررمفم البانررامب  المسررمات ب  امررل المحامررات  مررذلح  ااسررا الم ررامتت المت  قرره بمررا ت الرر ا  

فائفهح تم استنتاج م ا له افاضرفه ل امرل تراامم اعر ا المربل نسربا لمرل مر  ال ر    المسمات بال  امل الففز

 لما ت ال ا ح X السمح  Zالذاي
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Introduction 

Buildup factors are important values 

in nuclear radiation shielding and absorbed 

dose calculations. They can be obtained 

either by experiment, or the solution of the 

photon transport equation, or using the 

Monte Carlo simulation method.  

The data set of gamma ray buildup 

factors was first developed by Goldstein 

and Wilkins [1] based on the method of 

moments. The comprehensive data set of 

buildup factors was further developed by 

the American Nuclear Society in 1991[2]. 

A detailed historical review on buildup 

factor calculation and use is given by 

Harima [3]. The calculations of gamma ray 

buildup factors considered different 

gamma sources and different media. Most 

of these calculation used monoenergetic 

sources in finite or infinite media with 

single or multilayer shields, and different 

penetration depth. 

The first attempt to generate 

bremsstrahlung buildup factors (BBUF) 

for a continuous energy source was 

performed by Elias and Ali [4] using 

Monte Carlo simulation method. They 

chose a Sr-90/Y-90 beta source of 2.2 

MeV maximum energy and a lead target to 

produce a continuous source of energetic 

photons. An empirical formula for BBUF 

with different targets was suggested.  

A computer program BBF was 

written [4,5] to solve the problem of 

gamma ray reflection and transmission 

using the BASIC language such that a 

program “MONTRY” [6] was rewritten 

and improved in order to include the 

continuity of energy. 

The aim of this paper is to calculate 

BBUF for Y-91 bremsstrahlung (of 1.54 

MeV maximum energy), uniformly 

incident on an infinite homogeneous slab 

of different shielding material of variable 

thickness, and to find a general formula to 

calculate the bremsstrahlung buildup 

factor as a function of the material atomic 

number and its thickness. 

Basics and Simulation 

Simulation of transport of gamma 

rays through a medium via Monte Carlo 

method is described in details elsewhere 

[7]. In this work, the Y-91 beta source was 

assumed to be placed beside the lead 

shield and the bremsstrahlung produced by 

striking beta particles with the shield at a 

high speed, then the generated continuous 

energy photons were uniformly incident 

with fractional weight, which extracted 

from the bremsstrahlung spectrum of lead 

by Pratt et al. theory [8] on the left hand 

face of an infinite plane of homogeneous 

slab of shielding material of variable 

thickness. See Table (1). 

Table(1): The fractional weight of 

bremsstrahlung spectrum of Y-91 source with 

energy. 

0.6 0.5 0.4 0.3 0.2 0.1 0.05 Energy 

(MeV) 

1.5 2 3.3 5 9 12 65 Fractional 

Weight % 

---- 1.2 1.1 1 0.9 0.8 0.7 Energy 

(MeV) 

---- 0.04 0.1 0.23 0.31 0.62 0.9 Fractional 

Weight % 

 

The distribution in Table (1) 

describes the continuous energy spectrum 

of photons produced by complete 

absorption of beta rays by lead shield with 

maximum bremsstrahlung energy 1.54 

MeV beta source distributed at 0.1 MeV 

for each energy interval. This distribution 

is regarded as the continuous energy 

source of gamma rays in “BBF” program. 

The main interaction is Compton 

scattering thus one does not allow 

absorption of the photons as such; all 

collisions forced to be Compton 

scatterings.  

The Compton scattering process is 

strictly an interaction between a photon 

and an individual electron. In the 
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interaction, the photon does not disappear. 

Instead, it is deflected through a scattering 

angle and part of its energy is transferred 

to the recoil electron. The energy loss in 

the process depends on the initial photon 

energy as well as on the scattering angle. 

Under the assumption that the electron is 

free and stationary before collision, the 

energy change of the incident photon and 

the scattering angle is related to each other 

by 

        E=                      (1)                   

where E is the energy of scattered photon, 

Eo is the energy of incident photon, moc
2
 is 

the rest mass energy of electron, and θ  is 

the scattering angle.  

       In gamma ray transport calculations it 

is usually more convenient to use, instead 

of the energy variable, the wavelength of 

the photon in Compton units, 

namely, , where E is the photon 

energy in MeV. The increase of the photon 

wavelength associated with a Compton 

scattering event is 

                              (2) 

where λ0 and λ are the wavelength of the 

photon before and after scattering 

respectively.  

When the angular dependence of the 

scattered photon has been removed by 

integration, in terms of the dimensionless 

variable x, where x represents  /0. 

The Klein-Nishina differential cross 

section will take the following compact 

form [6] 

d  dχ     0     

 where      

               0 =  =                                     

                                             (4)  

and E0 is the incident photon energy in 

MeV. 

 Additionally, the total Compton cross 

section is obtained by integrating Eq. (3), 

hence 

  

                                        (5) 

  =K
'

  barn/electron 

                                                               (6) 

where  

       K
 '
= K  

         ß = 1 + α0    and   = 1- ß
-2 

 

It is clear from Eq. (6) that  is only 

a function of the incident energy of the 

photon. The corresponding Compton cross 

section data at each energy interval mesh 

in cm
2
/g, the corresponding total mass 

attenuation coefficient data in cm
2
/g for all 

materials used in this work, the 

corresponding total mass attenuation 

coefficient data for air in cm
2
/g are 

tabulated in Table (2).  

The single and multiple scattering 

are studied by Monte Carlo radiation 

transport simulation. , in which the life 

histories of a large number of particles 

(photons) are followed using random 

sampling techniques to sample the 

probability laws that describe the particle’s 

behaviour, and to trace out step by step the 

particle’s random walk through the 

medium. Bremsstrahlung buildup factor 

BBF is a computer program which solves 

the problem of gamma ray reflection and 

transmission using the basic computer 

program language.  

A computer program “MONTRY” 

was redesigned and improved in order to 

include the continuity of energy.  

The life history  of a particle is built 

up from knowhedge of its trajectory 

through the particular system of intrest. 

The selection techniques for given 
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stochastic variables are used, in 

MonteCarlo process it is necessary to 

generate random values of some variable x 

(e.g., path length) which, from the physics 

of the particle interaction process, has 

some distribution f(x); that is, a histogram 

of a large number of such randomly 

generated x values should approach f(x) in 

shape [9].      

The Klein-Nishina formula was 

sampled by the Kahn method, which is the 

most widly used technique for sampling 

the probability density function. The 

double interpolation procedure is used to 

interpolate the two variable energy E and 

attenuation absorption coefficient( µ). 

     

The only sophistication employed is 

the concept of survival weights. Thus one 

does not allow absorption of the photons 

as such; all collisions are forced to be 

Compton scatterings. The effect of 

absorption is accounted for by modifying 

the weight of the particle after each 

collision. That is the particular weight after 

a collision is the weight before collision 

multiplied by the survival ratio, μC(E) /μ 

(E), which is of course the probability that 

a collision will be a Compton scattering. It 

is important to realize that in this, the basic 

form of the program, the pair production 

event is regarded as a purely absorptive 

interaction, the contribution from the 

resulting annihilation gamma rays is not 

considered. In this version of the program, 

the history of each particle is followed 

until the particle either escapes from the 

system, or due to successive scatters, its 

drops below some present minimum; in 

either event a ‘new’ photon is started with 

an initial weight (i.e., probability, p) of 

unity. 

 

Results and Discussion 

The obtained bremsstrahlung 

buildup factors BBUF as a function of 

thickness and type of the shielding 

materials for the Y-91 beta source are 

displayed in Table (3) with its standard 

deviations. The dependence is shown in 

Fig. 1. The results showed that the 

bremsstrahlung buildup factor increases 

with the increase of thickness for all 

types of the investigated shields. The 

increase of buildup factor occurred 

because the increasing of the 

bremsstrahlung scattering cross section 

with the increasing of shield thicknesses. 

    The calculated bremsstrahlung buildup 

factors BBUF as function of target 

atomic number Z is shown in Table (3). 

The bremsstrahlung buildup factor 

increases by increasing the atomic 

number of shielding material.  

It is seen that the buildup factor of 

water is less than that for lead when the 

shielding material measured in given cm 

units. This behavior is due to result caused 

by appreciable the mean free path of Pb is 

much shorter less than that in water, then 

the probability of interaction in Pb 

increased than that in water. 

As shown in Fig. (1), the relation 

between bremsstrahlung buildup factor 

and shield thickness can be fitted with the 

potential equation and given as 

 

BBUF = 1+ a X 
b
 (7) 

where, a and b are the fitting parameters 

depends on the shielding material atomic 

number Z and maximum bremsstrahlung 

energy, X, the shield thickness in cm. For  

Y-91 beta source the values of a and b 

were calculated and given versus the 

atomic number Z for water, concrete, Al, 

Sn and Pb shown in Table (4) and Fig. (2).  
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The results show that the value of 

these parameters increase with the increase 

of material atomic number Z. 

Fitting these relations with the linear 

equation Fig. (2) and substituting in Eq. 

(7), then the bremsstrahlung buildup factor 

“BBUF” can be expressed as function of 

both material thickness X and atomic 

number Z as 

BBUF = 1 + (a Z + b) X
 (CZ+d)

                (8) 

where a, b, c, and d are now, new 

constants depend on the  bremsstrahlung 

energy distribution. For Y-91 beta source 

these parameters are; 

              a =0.0007            b =0.00007 

              c = 0.0058            d= 0.4867 
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Energy 

mesh 

H2O 

μ Compton           μ Total 

Concrete 

μ Compton          μ  Total 

Al 

μ Compton        μ Total 

Sn 

μ Compton       μ Total 

Pb 

μ Compton          μ Total 

Air 

μ Total 

15 0.0127 0.0194 0.0116 0.0210 0.0110 0.0219 0.0096 0.0431 0.00902 0.0566 0.018 

10 0.0171 0.0222 0.0157 0.0228 0.0148 0.0232 0.013 0.0389 0.0122 0.0497 0.021 

8 0.0201 0.0243 0.0184 0.0243 0.0174 0.0244 0.0152 0.0372 0.0143 0.0467 0.022 

6 0.0245 0.0277 0.0225 0.0270 0.0213 0.0265 0.0186 0.0358 0.0175 0.0438 0.025 

5 0.0278 0.0303 0.0255 0.0291 0.0241 0.0284 0.0211 0.0354 0.0198 0.0426 0.028 

4 0.0322 0.0340 0.0295 0.0322 0.0279 0.0311 0.0244 0.0355 0.0229 0.0418 0.031 

3 0.0385 0.0397 0.0354 0.0370 0.0335 0.0354 0.0292 0.0367 0.0274 0.0420 0.036 

2 0.0490 0.0494 0.0450 0.0455 0.0425 0.0432 0.0371 0.0408 0.0348 0.0453 0.045 

1.5 0.0574 0.0575 0.0527 0.0528 0.0498 0.05 0.0435 0.0458 0.0407 0.0509 0.052 

1 0.0707 0.0707 0.0648 0.0648 0.0613 0.0613 0.0534 0.0567 0.0499 0.0680 0.064 

0.8 0.0786 0.0786 0.0721 0.0721 0.0681 0.0862 0.0593 0.0647 0.0554 0.0841 0.071 

0.6 0.0894 0.0894 0.0820 0.0820 0.0775 0.0776 0.0672 0.0777 0.0626 0.117 0.081 

0.5 0.0966 0.0966 0.0886 0.0887 0.0837 0.0839 0.0724 0.0888 0.0673 0.150 0.087 

0.4 0.106 0.106 0.0969 0.0971 0.0916 0.0919 0.0789 0.108 0.0731 0.215 0.096 

0.3 0.118 0.118 0.108 0.109 0.102 0.103 0.0872 0.151 0.0804 0.373 0.107 

0.2 0.135 0.136 0.124 0.126 0.117 0.119 0.0982 0.298 0.0897 0.936 0.123 

0.15 0.147 0.148 0.134 0.139 0.127 0.132 0.1105 0.561 0.0948 1.91 0.136 

0.1 0.163 0.165 0.148 0.164 0.139 0.157 0.112 1.58 0.0989 5.34 0.154 

0.08 0.170 0.175 0.154 0.186 0.144 0.182 0.113 2.88 0.0992 2.11 0.166 

0.06 0.177 0.192 0.159 0.241 0.148 0.244 0.113 6.33 0.0973 4.53 0.186 

0.05 0.180 0.208 0.161 0.306 0.150 0.321 0.111 10.4 0.0948 7.39 0.205 

0.04 0.183 0.240 0.162 0.455 0.149 0.5 0.108 19 0.0902 13.4 0.246 

0.03 0.183 0.329 0.160 0.880 0.146 1.02 0.101 40.5 0.0823 28.9 0.340 

0.02 0.177 0.721 0.152 2.66 0.137 3.24 0.0881 20.2 0.0690 84 0.733 

0.015 0.170 1.54 0.143 6.14 0.127 7.64 0.0773 44.9 0.0592 108 1.522 

0.01 0.155 5.10 0.125 20.1 0.106 25.7 0.0607 136 0.0454 126 4.910 

0.008 0.144 10.1 0.114 38.4 0.0929 49.6 0.0516 247 0.0381 223 9.005 

0.006 0.126 24.2 0.0968 83.3 0.0770 114 0.0412 525 0.0297 460 22.154 

Table (2) The mass attenuation coefficient (μ/ρ) and Compton cross section for different materials 

and air, in cm2/g corresponding   to energy interval (in MeV) mesh data. These data were 

extracted from Hubble [10] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (3) Calculated BBUF for different thicknesses of water, concrete, aluminum, tin and lead 

shielding materials 

 

Thickness 
(cm) 

Water Concrete Aluminum Tin Lead 

Buildu

p factor 

STD in 

buildup 

factor 

Buildup 

factor 

STD in 

buildup 

factor 

Buildup 

factor 

STD in 

buildup 

factor 

Buildup 

factor 

STD in 

buildup 

factor 

Buildup 

factor 

STD in 

buildup 

factor 

0.5 1.0036 0.0007 1.0057 0.0008 1.0067 0.0009 1.0195 0.0038 1.0305 0.0062 

1 1.0044 0.0008 1.0098 0.0011 1.0099 0.0011 1.0357 0.0049 1.0640 0.0095 

2 1.0069 0.0009 1.0134 0.0015 1.0151 0.0017 1.0726 0.0075 1.1118 0.0178 

3 1.0097 0.0011 1.0174 0.0020 1.0176 0.0022 1.0852 0.0106 1.1393 0.0298 

4 1.0098 0.0013 1.0175 0.0025 1.0179 0.0029 1.1108 0.0145 1.1573 0.0466 

5 1.0104 0.0015 1.0229 0.0032 1.0231 0.0035 1.1233 0.0196 1.3881 0.0786 
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Table (4) The relation between a, b parameter and atomic number Z for Y-91 beta source for water, 

concrete, Al, Sn and Pb shielding materials 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Shield 

material 

Atomic 

Number Z 
a parameter b parameter 

Water 7.89 0.0049 0.5072 

Concrete 12.07 0.0090 0.5617 

Aluminum 13 0.0098 0.5673 

Tin 50 0.0359 0.8100 

Lead 82 0.0584 0.9401 
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Fig. (2): The relation between the fitting parameters a and b versus the atomic number Z of            

shield material 
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Fig. (1): BBUF for different materials as a function of shield thickness (in cm) for 

 Y-91 beta source. 
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