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The ap pli ca bil ity of a sim ple Monte Carlo gamma trans mis sion model was in ves ti gated by
char ac ter iz ing the mass at ten u a tion co ef fi cient, mean free path, and half-value layer for six
glass sam ple simu lants of the PbO-Li2O-B2O3 sys tem pre vi ously pre pared by oth ers.  The
mass at ten u a tion co ef fi cients were cal cu lated and com pared with those of XCOM and the
avail able ex per i men tal data for twenty gamma en ergy lines from 0.107 MeV to 7.12 MeV, and 
good agree ment was ob tained.  The ef fects of PbO con cen tra tion on the sim u lated val ues of
mass at ten u a tion co ef fi cient, mean free path, and half-value layer, were cal cu lated and com -
pared with avail able ex per i men tal data in the gamma en ergy range 0.356-1.332 MeV, and
good agree ment was found. The glass sam ple with the op ti mal gamma shield ing for all con -
sid ered gamma en er gies was the sam ple with the chem i cal for mula Pb3B4O9. On the one
hand, the Monte Carlo re sults con firm the ap pli ca bil ity of the pro posed model for per form -
ing ad di tional cal cu la tions of pho ton at ten u a tion prop er ties for dif fer ent glass com po si tions,
and on the other hand, con sid er ing the en ergy range of gamma-ray pho tons in a re ac tor dur -
ing ura nium fis sion, 0.10-10 MeV, the re sults sug gest the use of the stud ied glass sam ples as
op ti cal shield ing win dows in nu clear re ac tors.
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IN TRO DUC TION

The com put ing and mea sur ing of gamma-ray
shield ing pa ram e ters such as mass at ten u a tion co ef fi -
cient, m/r, [cm2g–1], half-value layer (HVL) in cm, and
mean free path (MFP) in cm play an im por tant role in the
re search area of ra di a tion phys ics [1]. The mass at ten u a -
tion co ef fi cient is the most com monly used pa ram e ter to
study the in ter ac tion of gamma ra di a tion [2-6]. This in -
ter ac tion is a com bi na tion of par tial pho to elec tric ab sorp -
tion, Compton scat ter ing, and pair pro duc tion, which de -
pend on the en ergy and atomic num ber. Pho to elec tric
ab sorp tion and pair pro duc tion are the pro cesses by
which the pho ton is com pletely re moved, while the
Compton in ter ac tion slows down the pho ton en ergy suf -
fi ciently to be re moved by the pho to elec tric ab sorp tion
in ter ac tion [4]. Thus,  m/r is the most im por tant quan tity
char ac ter iz ing the shield ing de sign and is a fun da men tal
fac tor for de riv ing other gamma-ray shield ing pa ram e -
ters such as MFP and HVL.

Con crete is com monly used as a shield ing ma te -
rial in nu clear re ac tors for var i ous types of nu clear ra -
di a tion [1, 7-8].  How ever, con crete as a shield ing ma -

te rial in nu clear re ac tors is sub ject to sev eral lim i ta -
tions. These in clude the con stant change in the
shield ing prop er ties due to the ad di tion of mois ture
con tent, opac ity to vis i ble light so that it is not pos si ble
to see through the con crete shield ing, crack ing af ter
long ex po sure to nu clear ra di a tion and ag ing, and wa -
ter loss in the con crete shield ing due to heat gen er ated
in the con crete by nu clear ra di a tion [1, 9].

Var i ous con fig u ra tions of heavy metal ox ide glass 
sys tems have been in ves ti gated as pos si ble al ter na tives
to con crete for gamma-ray shield ing, and sev eral ge om -
e tries for gamma trans mis sion have been de vel oped [4,
10-14]. Heavy metal ox ide glasses are trans par ent to
vis i ble light and their chem i cal com po si tion can be var -
ied over wide ranges to at ten u ate dif fer ent types of nu -
clear ra di a tion gen er ated in nu clear re ac tors [1]. The
trans par ent prop erty of heavy metal ox ide glasses
makes them use ful for op ti cal win dows in nu clear re ac -
tors and iso tope tech nol ogy cen ters.

In light of these ef forts, Kumar [15] mea sured
the  m/r val ues for six glass sam ples of com po si tion
(0.6-x) PbO-x Li2O-0.40 B2O3 (where 0 £ x £ 0.25
mol%) at pho ton en er gies; 0.356, 0.662, 1.173, and
1.332 MeV in a nar row beam geo met ri cal set-up con -
sist ing of a 4.5 cm × 5.1 cm NaI(Tl) de tec tor with an
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en ergy res o lu tion of 12.5 % at 0.662 MeV lo cated at 66 
cm from the gamma-ray source.

Three lead collimators were used: two of them to 
di rect the ini tial gamma-rays from the source to the
glass sam ple and the other to collimate the trans mit ted
pho tons to ward the NaI de tec tor. The gamma-ray
source, NaI de tec tor, and lead collimators were housed 
in a lead shield ing con tainer.

The mea sured  m/r val ues were then used to ob -
tain the MFP, ef fec tive atomic num ber, and elec tron
den sity val ues.  The shield ing ca pa bil i ties of the pre -
pared glasses were also com pared with stan dard con -
cretes as well as with the stan dard shield ing glasses. It
was found that the pre pared glasses are the better
shield ing al ter na tive to the con ven tional con cretes as
well as to other stan dard shield ing glasses, with the
most ef fec tive shield ing prop er ties ob served for the
sam ple with the chem i cal for mula Pb3B4O9.

The lead shield ing con tainer can re duce the
back ground gamma pho tons mea sured by the NaI de -
tec tor.  How ever, it in creases the sys tem ge om e try and
af fects the read out of the NaI de tec tor. In ad di tion, the
use of mul ti ple lead collimators can pres ent geo met ric
chal lenges in terms of con fig u ra tion and ad just ment.
In ad di tion, the rel a tively large dis tance (66 cm) be -
tween the source and de tec tor may af fect the ef fi ciency 
of the NaI de tec tor [16]. 

On the other hand, the four en ergy lines used in
[15], 0.356, 0.662, 1.173, and 1.332 MeV, do not rep -
re sent all the ex pected gamma-ray en er gies that could
be used to ex am ine the gamma-shield ing ca pa bil i ties
of the pre pared glass sam ples. More over, it was found
that the en ergy range of gamma-ray pho tons in a re ac -
tor dur ing ura nium fis sion is 0.10-10 MeV [3]. There -
fore, for a pos si ble ap pli ca tion of such glasses as trans -
par ent win dows in nu clear re ac tors, it is es sen tial to
have  m/r val ues for a wider range of pho ton en er gies. 
On the other hand, HVL is one of the fun da men tal pa -
ram e ters for gamma-ray shield ing that could be used
to de ter mine the de sign of the shield ing, but it is miss -
ing in [15]. This work ad dresses these short com ings
by mod el ing a sim pler Monte Carlo (MC) model for
gamma trans mis sion and ex am in ing the shield ing per -
for mance of the six glass sam ples used in [15] at
gamma en ergy lines of a wider range.

The MCNP ra di a tion trans port code [17] can, in
prin ci ple, pro vide the high est ac cu racy and pre ci sion in
mod el ing the phys i cal in ter ac tions in a mat ter ap plied in 
cir cum stances of ten un avail able for ex per i men tal mea -
sure ments. From the lit er a ture [2, 4, 18-21], MCNP is
an ef fec tive tool for sim u lat ing gamma trans mis sion ge -
om e tries and cal cu lat ing m/r val ues for dif fer ent types
of com pounds or mix tures. 

On the other hand, the com puter pro gram
XCOM [22] is usu ally used for the the o ret i cal es ti ma -
tion of  m/r val ues and in ter ac tion cross sec tions for el -
e ments, com pounds, and mix tures. The XCOM pro -
gram cal cu lates the m/r val ues in the gamma en ergy

range 1 keV-100 GeV us ing the Hartree-Slat er cen tral
po ten tial the ory and it has been ex per i men tally ver i -
fied to give re sults that are close to the ex per i men tal re -
sults [23, 24].

Based on such con sid er ations, MCNP5 [17] was
used to model a sim ple gamma trans mis sion ge om e try
suit able for ex plor ing the gamma shield ing prop er ties of
the six glass sam ple simu lants of the PbO-Li2O-B2O3

sys tem pre vi ously pre pared by Kumar [15]. To eval u ate
the suit abil ity of the glass sam ples as op ti cal shield ing
win dows in nu clear re ac tors, the geo met ri cal model was
used to de ter mine the  m/r val ues at twenty gamma en -
ergy lines: 0.107, 0.114, 0.122, 0.139, 0.159, 0.170,
0.182, 0.208, 0.238, 0.254, 0.271, 0.276, 0.356, 0.511,
0.662, 0.835, 1.173, 1.275, 1.332 and 7.12 MeV. These
en er gies cover a rea son able range to study the
gamma-shield ing ca pa bil i ties of the sim u lated glass sam -
ples and cor re spond to the en ergy range of gamma-rays
oc cur ring in nu clear re ac tors dur ing ura nium fis sion [3].
In ad di tion, the XCOM pro gram was used to cal cu late
the m/r val ues for the same gamma en ergy lines, and the
re sults were com pared with those of MCNP.  This serves
to im prove the ac cu racy of the sim u lated MCNP val ues
and to eval u ate the ap pli ca bil ity of the pro posed ge om e -
try for gamma trans mis sion pre dic tions.

The ex per i men tal val ues of MFP re ported in [15] 
were used to de rive the HVL val ues for the six glass
sam ples. The val ues of m/r , MFP, and HVL, as well as
the ex per i men tal re sults for the ef fect of PbO con cen -
tra tion on these gamma-shield ing pa ram e ters [15],
were com pared with the MCNP val ues at gamma en -
ergy lines; 0.356, 0.662, 1.173, and 1.332 MeV. 

MA TE RI ALS AND METH ODS

Ap pro pri ate ge om e try and in put data for the pro -
posed gamma trans mis sion model were mod eled to re -
duce the po ten tial sta tis ti cal and sys tem atic er rors that
could af fect the pre ci sion and ac cu racy of the MCNP
val ues. The sim u lated MCNP ge om e try is shown in fig.
1.  The  model  con sists  of a cy lin dri cal lead, Pb, cap sule 
with  an  in ner  di am e ter of  1  cm,  an  outer  di am e ter of
5 cm, a length of 4 cm for the cav ity, and a length of 5 cm 
for the Pb cap sule.  The Pb cap sule con tains the gamma
source, which is con sid ered to be a mono-en er getic iso -
tro pic point source in an in fi nite me dium.

The orig i nal di rec tion of the gamma source was
par al lel to the beam axis, which was as sumed to be the
X-axis. The source strength was set to unity to rep re -
sent a nor mal ized source, and the MCNP code was ex -
e cuted in pho ton trans port mode only. The pho ton
weight ing fac tor is 1 in all cells and zero in the cut off
re gion (out side the bound ary sur face of the prob lem).
The cross-sec tions were taken from the ENDF/B-VI
and the NJOY li brar ies.

The ini tial gamma-rays from the source were
collimated by a cy lin dri cal lead collimator of 1 cm in ner 
di am e ter, 12 cm outer di am e ter, and 15 cm length. The
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thick nesses of the glass sam ples in [15] range from
0.684 cm to 0.741 cm. How ever, the glass sam ple in this 
work was sim u lated as a cy lin dri cal disc with 10 cm di -
am e ter and 0.7 cm thick ness. The trans mit ted pho tons
were collimated by a cy lin dri cal lead collimator with 1
cm in ner di am e ter, 12 cm outer di am e ter, and 10 cm
length.  It  is  worth  not ing  that  the  glass  sam ple  was
2.5 cm along the X-axis from the two collimators of the
gamma source and the trans mit ted pho tons.

To count the in ten sity (I) of trans mit ted pho tons,
a 7.5 cm ´ 7.5 cm NaI (Tl) de tec tor was mod eled and
par tially shielded (con sid er ing the read out of a phys i -
cal  NaI  de tec tor)  with  a  cy lin dri cal Pb  collimator of
1 cm thick ness. Pulse height tally F8 was se lected to
cal cu late the en ergy de po si tion in the NaI(Tl) de tec tor, 
with the di rec tion of pho tons be ing nor mal to the sur -
face of the de tec tor. To in crease the pre ci sion of the re -
sults, the sta tis ti cal er ror was re duced by per form ing
the MCNP cal cu la tions with 107 his to ries and count -
ing the trans mit ted spec trum for 100 seconds. These
op tions pro vided a suf fi cient num ber of counts (frac -
tion of his to ries that hit the NaI de tec tor), re sult ing in a
sta tis ti cal er ror of less than 0.3 %.

The ac cu racy of the MCNP re sults was in creased 
by broad en ing the ini tial re sponses of the NaI de tec tor
us ing the Gaussi an en ergy broad en ing op tion (GEB)
[17]. The GEB is a spe cial treat ment for the de tec tor
re sponse called by in sert ing the FTn op tion into the
tally card of the MCNP in put file. This is in tended to
better sim u late a phys i cal ra di a tion de tec tor in which
the en ergy peaks ex hibit Gaussi an en ergy broad en ing,
thus re duc ing the ef fects of such sys tem atic er ror.

The en ergy res o lu tion [%] of the de tec tor was
de fined by the full width at half max i mum (FWHM),
of a sin gle photopeak us ing the fol low ing eqs. [25, 26]

R
E

= ´
FWHM

o

100[%] (1)

FWHM = 2 2 2ln s (2)

Here R is the en ergy res o lu tion, Eo – the cen tral
en ergy of the photopeak, and s = N  – the stan dard
de vi a tion for the mean num ber of counts N  gen er ated
in the NaI de tec tor.

The use of the XCOM soft ware re quires knowl -
edge of the mass frac tions of each con stit u ent for each
glass sam ple. There fore, the mole frac tions of PbO,
Li2O, and B2O3 were con verted to mass frac tions for
each glass sam ple us ing the for mula

c i
i i

i i
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n M

=
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where ci [g] is the mass frac tion of one con stit u ent
com pound. The term niMi – the mass [g] of the con stit -
u ent com pound, con sist ing of its mole frac tion ni [mol] 
and its mo lar mass [gmol–1]. While the term n Mii

N
i=å 1

rep re sents the to tal mass [g] of the mix ture.
The mass frac tions of the con stit u ents of each

glass sam ple were in serted in the XCOM da ta base pro -
gram to de ter mine the the o ret i cal m/r  val ues at gamma 
en ergy lines from 0.107 to 7.12 MeV. It is worth not ing 
that the XCOM soft ware gen er ates not only the m/r
val ues but also the el e men tal mass frac tions for each
glass sam ple. These el e men tal mass frac tions are
needed to spec ify the ma te ri als of the glass sam ples
(by a mass frac tion) in the MCNP in put files. There -
fore, the MCNP sim u la tions for each glass sam ple
were per formed us ing the XCOM anal y sis re sults in
terms of the el e men tal mass frac tions of each sam ple. 

The lin ear at ten u a tion co ef fi cient m [cm–1] of the
stud ied glass sam ples is de fined from the ex po nen tial
at ten u a tion rule for nar row mono chro matic beams for
thin ab sorb ing ma te rial [27]

I I t= -
oe m (4)

The to tal val ues of the m/r [cm2g–1] for ma te ri als
with mul ti ple el e ments are the sum of the ( m/r)i val ues 
of the in di vid ual el e ments us ing mix ture rule [28]

m r m r
i

/ ( / )= åwi i (5)
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Fig ure 1. Geo met ri cal model
em ployed for the MCNP
sim u la tions



where wi is the weight frac tion and (m/r)i – the mass at -
ten u a tion co ef fi cient of the ith con stit u ent el e ment.

The val ues of m were used to de ter mine MFP and
HVL for each glass sam ple. The MFP [cm] is the thick -
ness of the shield ing ma te ri als for two suc ces sive col -
li sions and was cal cu lated in [3] as fol lows

MFP =
1

m
(6)

The HVL [cm], is the thick ness of the shield ing
ma te ri als that re duce the pho ton den sity by 50 % of the
in ci dent ra di a tion. The HVL is ex pressed in units of
length [29]

HVL =
0693.

m
(7)

Based on eq. (7), the ex per i men tal val ues of 
HVL to be com pared with those ob tained by MCNP
sim u la tions were de rived by mul ti ply ing the mea sured 
val ues of MFP for the six pre pared glass sam ples by
ln(2)»0.693.

The sim u lated glass sam ples were tar geted us ing 
the spec tra of gamma-ray pho tons from the point

source, while the in ten si ties of the trans mit ted pho tons 
for gamma en ergy lines; 0.107, 0.114, 0.122, 0.139,
0.159, 0.170, 0.182, 0.208, 0.238, 0.254, 0.271, 0.276, 
0.356, 0.511, 0.662, 0.835, 1.173, 1.275, 1.332, and
7.12 MeV were cal cu lated. The trans mit ted in ten sity,
I, and ini tial in ten sity, Io, of the pho tons were cal cu -
lated with and with out the glass sam ple, re spec tively. 
For each glass sam ple, the lin ear at ten u a tion co ef fi -
cients m [cm–1] were de ter mined us ing eq. (4) and then
used to de ter mine the m/r val ues. The mole frac tions,
chem i cal for mu las, den si ties, and thick nesses of the
glass sam ples stud ied are listed in tab. 1 [15].

RE SULTS AND DIS CUS SION

The MCNP val ues of m/r for the six sim u lated
glass sam ples were com pared with those cal cu lated the -
o ret i cally by XCOM and with the avail able ex per i men -
tal re sults re ported by Kumar in [15]. The data were or -
ga nized and pre sented in tab. 2.  From tab. 2, it can be
seen that m/r of each glass sam ple de creases sharply in
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Ta ble 1. The mole frac tions, chem i cal for mu las, den si ties, and thick nesses of the in ves ti gated glass sam ples [15]

Sam ple
Mole frac tions

Chem i cal for mula Den sity [gcm–3] Thick ness [cm]
PbO Li2O B2O3

Sam ple 1 0.60 0.00 0.40 Pb3B4O9 6.306 0.741

Sam ple 2 0.55 0.05 0.40 Pb11B16Li2O36 6.144 0.712

Sam ple 3 0.50 0.10 0.40 Pb5B8Li2O18 5.786 0.648

Sam ple 4 0.45 0.15 0.40 Pb9B16Li6O36 5.553 0.659

Sam ple 5 0.40 0.20 0.40 Pb2B4Li2O9 5.378 0.756

Sam ple 6 0.35 0.25 0.40 Pb7B16Li10O36 5.138 0.684

Ta ble 2. The MCNP, XCOM, and avail able ex per i men tal data [15] of m/r for the six glass sam ples at gamma en ergy lines
from 0.107 MeV to 7.12 MeV

En ergy
(MeV)

Mass at ten u a tion co ef fi cients [cm2g–1]

Sam ple 1 Sam ple 2 Sam ple 3 Sam ple 4 Sam ple 5 Sam ple 6

MCNP XCOM Exp.* MCNP XCOM Exp. MCNP XCOM Exp. MCNP XCOM Exp. MCNP XCOM Exp. MCNP XCOM Exp.

0.107 3.7151 3.6630 3.6251 3.5750 3.5241 3.4740 3.4251 3.3600 3.2921 3.2270 3.1361 3.0710

0.114 3.1056 3.0990 3.1016 3.0250 2.9476 2.9400 2.8516 2.8440 2.7466 2.7320 2.6165 2.6020

0.122 2.6705 2.6250 2.6085 2.5630 2.5376 2.4920 2.4366 2.4110 2.3426 2.3170 2.2336 2.2070

0.139 1.9016 1.8910 1.8576 1.8470 1.8076 1.7970 1.7506 1.7400 1.6836 1.6730 1.6064 1.5960

0.159 1.3847 1.3690 1.3437 1.3380 1.3157 1.3020 1.2747 1.2620 1.2277 1.2150 1.1725 1.1600

0.170 1.1774 1.1650 1.1514 1.1390 1.1214 1.1090 1.0874 1.0760 1.0474 1.0360 1.0017 0.9903

0.182 1.0198 0.9931 0.9880 0.9713 0.9732 0.9465 0.9449 0.9181 0.9120 0.8852 0.8735 0.8467

0.208 0.7495 0.7287 0.7411 0.7133 0.7167 0.6959 0.6968 0.6760 0.6737 0.6529 0.6466 0.6258

0.238 0.5542 0.5410 0.5455 0.5303 0.5312 0.5180 0.5232 0.5040 0.5070 0.4878 0.4881 0.4689

0.254 0.4738 0.4689 0.4658 0.4599 0.4545 0.4496 0.4428 0.4379 0.4342 0.4243 0.4183 0.4084

0.271 0.4148 0.4082 0.4132 0.4006 0.4009 0.3920 0.3911 0.3822 0.3807 0.3708 0.3674 0.3575

0.276 0.4148 0.4082 0.4132 0.4006 0.4009 0.3920 0.3911 0.3822 0.3807 0.3708 0.3674 0.3575

0.356 0.2501 0.2436 0.240 0.2456 0.2399 0.235 0.2406 0.2357 0.233 0.2349 0.2309 0.228 0.2285 0.2253 0.220 0.2213 0.2188 0.215 

0.511 0.1451 0.1397 0.1432 0.1383 0.1411 0.1367 0.1387 0.1348 0.1361 0.1327 0.1331 0.1302

0.662 0.1045 0.1022 0.101 0.1042 0.1015 0.100 0.1028 0.1007 0.0995 0.1015 0.0998 0.0985 0.1000 0.0987 0.0971 0.0986 0.0975 0.0968

0.835 0.0828 0.0810 0.0821 0.0806 0.0814 0.0802 0.0806 0.0797 0.0798 0.0792 0.0790 0.0786

1.173 0.0611 0.0608 0.0601 0.0609 0.0607 0.0598 0.0608 0.0606 0.0598 0.0607 0.0605 0.0594 0.0605 0.0603 0.0591 0.0603 0.0601 0.0589

1.275 0.0581 0.0573 0.0579 0.0573 0.0576 0.0572 0.0573 0.0571 0.0570 0.0569 0.0569 0.0568

1.332 0.0563 0.0557 0.0551 0.0560 0.0556 0.0549 0.0558 0.0556 0.0548 0.0556 0.0555 0.0546 0.0555 0.0554 0.0542 0.0553 0.0552 0.0539

7.120 0.0433 0.0403 0.0426 0.0398 0.0419 0.0393 0.0411 0.0387 0.0402 0.0380 0.0392 0.0372

*Exp. – ex per i ment



the  low  en ergy re gion 0.107-0.356 MeV. This can be
at trib uted  to  the   pho to elec tric  ef fect   that  pre vails  at
E < 0.4 MeV [30]. The m/r val ues then grad u ally de -
crease in the higher en ergy re gion 0.356-7.12 MeV for
all glass sam ples con sid ered. This can be at trib uted to
the fact that Compton scat ter ing and pair pro duc tion are 
the pre dom i nant re sponses in the 0.4 MeV < E < 1.330
MeV and E >1.02 ranges [29, 30].

As a mea sure of agree ment, the per cent rel a tive
dif fer ences RD(%) be tween (MCNP and XCOM) at
gamma en ergy lines from 0.107 to 7.12 MeV and
(MCNP and ex per i ment) at gamma en ergy lines;
0.356, 0.662, 1.173, and 1.332 MeV, were cal cu lated
for all glass sam ples con sid ered with re spect to the m/r
val ues. The av er age of the RD [%] val ues for each
glass sam ple was cal cu lated and the re sults are pre -
sented in tab. 3. As can be seen in tab. 3, the av er aged
RD be tween (MCNP and XCOM) and (MCNP and
Ex per i ment) m/r val ues are very small and are in the
ranges 1.93-1.77 % and 2.79-2.38 %, re spec tively.
There fore, a sat is fac tory agree ment is achieved and it
can be con cluded that the pro posed gamma trans mis -
sion ge om e try is suit able for es ti mat ing the m/r val ues
for the six glass sam ples at the gamma en ergy lines un -
der in ves ti ga tion. 

The dis crep an cies be tween the MCNP and ex -
per i men tal val ues of m/r could be at trib uted to sev eral
sources of sys tem atic er ror. The sim pli fi ca tion of the
geo met ric model of the MCNP, fig. 1, is one of these
sources. The dis tance be tween the source and the de -
tec tor was re duced to 35 cm to im prove the ef fi ciency
of the NaI de tec tor [16], and the lead shield ing con -
tainer as well as the three lead collimators used in [15]
were elim i nated. On the other hand, the dis crep an cies
could be due to the un cer tainty in the en ergy res o lu tion 
of the NaI(Tl) de tec tor model. Also, the un cer tain ties
in the cross-sec tion data li brar ies and the ma te rial
com po si tion in the cur rent MCNP sim u la tions could
be ad di tional sources of sys tem atic er rors that af fect
the ac cu racy of the cur rent MCNP sim u la tions.

The dif fer ences in the MCNP and XCOM val ues
can be at trib uted to the dif fer ences in the cross-sec tion
data li brar ies con sid ered for each method and the dif fer -
ent na ture of the two tech niques used. The MCNP code
mod els the phys i cal in ter ac tions in a mat ter, whereas

the XCOM com puter pro gram is typ i cally used for the -
o ret i cal es ti mates. In ad di tion, the dif fer ences could be
due to the sta tis ti cal un cer tain ties in the MCNP re sults,
which were re ported to be less than 0.3 %.

The ef fect of PbO con cen tra tion (mole frac tion %)
on the m/r pa ram e ter was also in ves ti gated. Fig ure 2
shows the vari a tion of the sim u lated and ex per i men tally
mea sured m/r val ues with the PbO con tri bu tion at the
four gamma en ergy lines: 0.356, 0.662, 1.173, and 1.332
MeV. As can be seen in fig. 2, both the sim u lated and
mea sured m/r val ues in crease with in creas ing PbO con -
cen tra tion and de crease with in creas ing pho ton en ergy,
with the best gamma shield ing for the sam ple with the
chem i cal for mula Pb3B4O9 with 60 % PbO at 0.356
MeV. The re sults re gard ing the vari a tion of sim u lated
m/r val ues with in ci dent pho ton en ergy, listed in tab. 2,
and with PbO con cen tra tion, pre sented in fig. 2, are in
agree ment with those of Kumar [15].

The re sults re lated to the vari a tion of the sim u lated
and mea sured m/r val ues with the en ergy of the in ci dent
pho tons as well as with the PbO con cen tra tion im ply that
if we in crease the en ergy of the in ci dent pho tons, we will
ob tain lower m/r val ues and there fore higher MFP and
HVL val ues. On the other hand, if we in crease the PbO
con cen tra tion, we will ob tain higher  m/r val ues and thus
lower MFP and HVL val ues. To in ves ti gate this con clu -
sion, the sim u lated val ues of MFP and HVL were com -
pared with the ex per i men tally mea sured val ues for the
six glass simu lants at gamma en ergy lines of 0.356,
0.662, 1.173, and 1.332 MeV. The re sults are pre sented
in tabs. 4 and 5, re spec tively. In ad di tion, the vari a tions of 
sim u lated and mea sured MFP and HVL val ues with PbO
con cen tra tion at gamma en ergy lines of 0.356, 0.662,
1.1732, and 1.332 MeV were graph i cally shown in figs.
3 and 4, re spec tively. As ex pected, tabs. 4 and 5 and figs.
3 and 4 show that both MFP and HVL val ues in crease
with the in crease of pho ton en er gies and de crease with
the in crease of PbO con cen tra tion, for all six sim u lated
glass sam ples.
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Ta ble 3. Av er age of rel a tive dif fer ences RD [%] be tween
(MCNP and XCOM) and (MCNP and ex per i ment)  val ues 
of  m/r

Sam ple RD [%]
(MCNP-XCOM)

RD [%]
(MCNP-Exp.*)

Sam ple 1 1.9306 2.7889

Sam ple 2 2.1037 3.0293

Sam ple 3 1.8059 2.4514

Sam ple 4 1.7510 2.4583

Sam ple 5 1.7879 2.8191

Sam ple 6 1.7684 2.3814

*Exp. – ex per i ment

Fig ure 2. Vari a tion of MCNP and mea sured [15]  m/r 
val ues with PbO con cen tra tion at gamma en ergy range
0.356-1.332 MeV



CON CLU SIONS

In this work, MCNP5 was used to de velop a sim -
ple gamma trans mis sion model and in ves ti gate its ap -
pli ca bil ity in cal cu lat ing m/r, MFP, and HVL val ues
for the six sim u lated glass sam ples pre vi ously pre -
pared by Kumar [15] and used for an ex per i men tal
study. The MCNP val ues of m/r, MFP, and HVL
shield ing pa ram e ters were de ter mined at twenty
gamma en ergy lines rang ing from 0.107 to 7.12 MeV
and com pared with those of XCOM and the avail able
ex per i men tal val ues. In ad di tion, the ef fect of PbO
con cen tra tion on the sim u lated val ues of m/r, MFP,
and HVL was also in ves ti gated and com pared with the
avail able ex per i men tal re sults at gamma en ergy lines
of 0.356, 0.662, 1.1732, and 1.332 MeV.

It is found that the MCNP re sults fol low a sim i lar 
trend to the ex per i men tal re sults in [15] and there fore
con firm the fea si bil ity of us ing the cur rently pro posed
MCNP model to cal cu late pho ton at ten u a tion pa ram e -
ters for dif fer ent glass com po si tions, which is par tic u -
larly use ful in cases where no ex per i men tal data ex ist. 
On the other hand, the re sults dem on strate the ap pli ca -
bil ity of the six glass sam ples as trans par ent shield ing
win dows in nu clear re ac tors and iso tope cen ters.
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Ta ble 4. The MCNP and avail able ex per i men tal data [15] of MFP for the six glass sam ples at
gamma en ergy range (0.356-1.332) MeV

En ergy
[MeV]

MFP [cm]

Sam ple 1 Sam ple 2 Sam ple 3 Sam ple 4 Sam ple 5 Sam ple 6

MCNP Exp.* MCNP Exp. MCNP Exp. MCNP Exp. MCNP Exp. MCNP Exp.

0.356 0.6341 0.6607 0.6627 0.6926 0.7183 0.7418 0.7666 0.7898 0.8138 0.8452 0.8795 0.9052

0.662 1.5175 1.5701 1.5620 1.6276 1.6812 1.7370 1.7742 1.8283 1.8594 1.9150 1.9739 2.0106

1.173 2.5954 2.6386 2.6726 2.7217 2.8426 2.8902 2.9668 3.0317 3.0734 3.1462 3.2277 3.3044

1.332 2.8167 2.8780 2.9064 2.9647 3.0973 3.1538 3.2389 3.2982 3.3503 3.4307 3.5195 3.6109

*Exp. – ex per i ment

Ta ble 5. The MCNP and avail able ex per i men tally de rived val ues of HVL for the six glass sam ples at
gamma en ergy range (0.356-1.332) MeV

En ergy
[MeV]

HVL [cm]

Sam ple 1 Sam ple 2 Sam ple 3 Sam ple 4 Sam ple 5 Sam ple 6

MCNP Exp.* MCNP Exp. MCNP Exp. MCNP Exp. MCNP Exp. MCNP Exp.

0.356 0.4395 0.4580 0.4594 0.4799 0.4979 0.5141 0.5314 0.5473 0.5641 0.5857 0.6096 0.6273

0.662 1.0519 1.0881 1.0827 1.1279 1.1653 1.2040 1.2298 1.2670 1.2889 1.3271 1.3682 1.3933

1.173 1.7990 1.8285 1.8555 1.8861 1.9801 2.0029 2.0735 2.1010 2.1553 2.1803 2.2711 2.2899

1.332 1.9524 1.9945 2.0146 2.0545 2.1469 2.1856 2.2450 2.2857 2.3391 2.3775 2.4663 2.5024

*Exp. – ex per i ment

Fig ure 3. Vari a tion of MCNP and mea sured [15] MFP
val ues with PbO con cen tra tion at gamma en ergy range
0.356-1.332 MeV

Fig ure 4. Vari a tion of MCNP and ex per i men tally
de rived val ues of HVL with PbO con cen tra tion
at gamma en ergy range 0.356-1.332 MeV
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Nasreldin A. A. EL[EIK

MONTE  KARLO  MODEL  TRANSMISIJE  GAMA
ZRA^EWA  ZA  KARAKTERIZACIJU  MULTI-GAMA  ZA[TITNOG

STAKLA  OD  OKSIDA  TE[KIH  METALA

Primenqivost jednostavnog Monte Karlo gama transmisionog modela ispitana je
karakterizacijom masenog koeficijenta slabqewa, sredweg slobodnog puta i poludebqine za {est 
simuliranih uzoraka od stakla sastava PbO-Li2O-B2O3, koje su prethodno drugi pripremili.
Izra~unati su maseni koeficijenti slabqewa i upore|eni sa onima dobijenim XCOM programom
i dostupnim eksperimentalnim podacima za dvadeset gama energetskih linija od 0,107 MeV do 7,12
MeV, sa dobrim slagawem. Efekti PbO koncentracije na simulirane vrednosti masenog
koeficijenta slabqewa, sredweg slobodnog puta i poludebqine sloja, izra~unati su i upore|eni
sa  dostupnim  eksperimentalnim   podacima  u   opsegu   energije   gama  zra~ewa  od  0,356  MeV  do
1,332 MeV, i tako|e je utvr|ena dobra saglasnost. Uzorak stakla sa optimalnom gama za{titom za
sve razmatrane gama energije bio je uzorak sa hemijskom formulom Pb3B4O9. Sa jedne strane,
rezultati MCNP programa potvr|uju primenqivost predlo`enog modela za izvo|ewe dodatnih
prora~una svojstava slabqewa fotona za razli~ite sastave stakla, a sa druge  strane, s obzirom na
energetski opseg fotona gama zra~ewa u reaktoru tokom fisije uranijuma od 0,10 MeV do10 MeV,
rezultati sugeri{u da se ispitivani uzorci stakla koriste kao opti~ki za{titni prozori u
nuklearnim reaktorima. 

Kqu~ne re~i: Monte Karlo simulacija, XCOM, staklo od oksida te{kih metala,
                          parametar za{tite od gama zra~ewa


