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Cal i bra tions of neu tron de vices used in area mon i tor ing are of ten per formed by radionuclide
neu tron sources. De vice read ings in crease due to neu trons scat tered by the sur round ings and
the air. The in flu ence of said scat ter ing ef fects have been in ves ti gated in this pa per by per form -
ing Monte Carlo sim u la tions for ten dif fer ent radionuclide neu tron sources in side sev eral
sizes of con crete wall spher i cal rooms (Rsp = 200 to 1500 cm). In or der to ob tain the pa ram e -
ters that re late the ad di tional con tri bu tion from scat tered neu trons, cal cu la tions us ing a poly -
no mial fit model were eval u ated. Ob tained re sults show that the con tri bu tion of scat ter ing is
roughly in de pend ent of the geo met ric shape of the cal i bra tion room. The pa ram e ter that re -
lates the room-re turn scat ter ing has been fit ted in terms of the spher i cal room ra dius, so as to
rea son ably ac cu rately es ti mate the scat ter ing value for each radionuclide neu tron source in
any ge om e try of the cal i bra tion room.
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IN TRO DUC TION

In stru ment read ing for any neu tron ir ra di a tion
var ies with ex per i men tal con di tions. One of the fac -
tors is the scat ter ing by walls and air within the room.
Quan ti fy ing the im pact of this fac tor is im por tant for
fa cil i ties per form ing in stru ment cal i bra tions [1-3].

Cal i bra tions of neu tron sen si tive in stru ments are 
usu ally car ried out by ir ra di at ing the de vice with a
phys i cally small neu tron source of known en ergy and
emis sion rate [4, 5]. Proper cal i bra tion pro ce dures re -
quire that the in stru ment read ing be cor rected for all
ef fects that may in flu ence it, in clud ing neu tron scat ter -
ing by air, also known as room-re turn. The re sult ing
cal i bra tion fac tor is in de pend ent of the char ac ter is tics
of the cal i bra tion room, and the re sults are re pro duc -
ible be tween dif fer ent cal i bra tion fa cil i ties. Neu tron
room scat ter ing cor rec tions de pend upon neu tron
source fea tures, de tec tor type, source-to-de tec tor dis -
tance (l), and cal i bra tion room con fig u ra tion [6, 7].

For a point de tec tor and a point source in an
evac u ated space, the prod uct M l2 is a con stant, where
M is the deadtime cor rected count rate of the de tec tor,
in duced by the source at a sep a ra tion dis tance l. Since
the cal i bra tions are gen er ally per formed in small cal i -

bra tion halls, and source neu trons scat tered by the air
within the room and re flected by the walls, this sim ple
re la tion ship has to be con sid er ably mod i fied [8, 9].
The gen eral func tional re la tion ship for de tec tor read -
ing in open ge om e try, M(l), as a func tion of the sep a ra -
tion dis tance, is given by
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where C is the source-de tec tor com bi na tion char ac ter -
is tic con stant, func tion F1(l) – the ge om e try cor rec tion
[10, 11], FA(l) – the air at ten u a tion (air outscatter) cor -
rec tion, ¢F l2 ( ) – the cor rec tion func tion which de -
scribes the ad di tional con tri bu tion from neu trons that
can be rep re sented by [12]

¢ = + ¢ +F l A l Sl2
21( ) (2)

where S is the frac tional room-scat ter con tri bu tion at
unit cal i bra tion dis tance, while A'  is the air inscattered
com po nent.

FA(l) can be given by a good ap prox i ma tion as
[13]
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For a point-like de tec tor F1(l) = 1, eq. (1) can,
thus, be re writ ten as
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and A is given by
A A A= ¢ - ¢¢ (6)

In eq. (5), Al is the to tal frac tional com po nent
(inscatter mi nus outscatter) due to air scat ter ing. The
scat ter ing fac tor F2(l) can also be ob tained from
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where Mt(l) is the to tal de tec tor read ing, Ms(l) – the de -
tec tor read ing due to scat tered neu trons, and Md(l) –
the de tec tor read ing from source neu trons alone.

When the scat ter ing ef fect is con sid ered a com -
plete data set of neu tron spec tra mea sure ments, the
func tion of dis tance in the cal i bra tion room can be
used to have a better eval u a tion of those wall-re turned
neu trons. How ever, this so lu tion is not al ways fea si -
ble, due to time-con sum ing ef forts; thus, Monte Carlo
cal cu la tions are com monly used to de ter mine neu tron
scat ter ing cor rec tions [14].

The In ter na tional Or ga ni za tion for Stan dard iza -
tion rec om mends sev eral radionuclide sources for the
cal i bra tion of ra di a tion pro tec tion mea sur ing de vices,
with their own en ergy spec trum and mean en ergy
(ME), rang ing from a few tenths to a few MeV [15-17]. 
How ever, in ideal con di tions, the se lec tion of the
source to per form the cal i bra tion with should de pend
upon the neu tron spec trum of the field in which the in -
stru ment is nor mally uti lized and the vari a tion of its re -
sponse with the in ci dent neu tron en ergy.

The main goal of this pa per is to in ves ti gate neu -

tron trans port in side con crete spher i cal rooms in or der

to de ter mine the value of the scat ter ing, as well as the

fea tures of pa ram e ters A and S. Thus, ten radionuclide

neu tron sources: 241Am-Li, 238Pu-Li, Po-Be, 241Am-F,
252Cf, 241Am-B, 241Am-Be, Ra-Be, 239Pu-Be, and
242Cm-Be [18], hav ing dif fer ent en ergy spec tra, were

placed in the cen ter of seven 100 cm-thick con crete

wall spher i cal cav i ties, whose ra dii are 200, 400, 500,

800, 1000, 1200, and 1500 cm, so as to de ter mine the

changes in the neu tron spec tra due to scat ter ing in sev -

eral l and, in ad di tion, as sess the pa ram e ters A and S for 

each of the con fig u ra tions of the source room.

MA TE RI ALS AND METH ODS

Now a days, the Monte Carlo method is widely
used for solv ing var i ous sci en tific prob lems in volv ing
sta tis ti cal pro cesses and is par tic u larly well-suited for
med i cal phys ics and nu clear en gi neer ing ap pli ca tions, 
due to the sto chas tic na ture of ra di a tion emis sion,
trans port and de tec tion pro cesses. In the pres ent work,

the Monte Carlo code MCNPX2.6 [19], with the lat est
cross-sec tion li brary ENDF/B-VII.0 [20], was used to
sim u late the 100 cm-thick con crete spher i cal shell
rooms. For the ther mal do main, the S (a, b) treat ment
was em ployed in the sim u la tion. The S (a, b) treat ment 
takes into ac count the ef fect of chem i cal bind ing and
crys tal line struc ture dur ing the scat ter ing of ther mal
neu trons. The con crete den sity whose el e men tal com -
po si tion was 0.6% H, 50.0% O, 1.7% Na, 4.8% Al,
31.5% Si, 1.9% K, 8.3% Ca, and 1.2% Fe amounted to
2.35 g/cm3 [21]. In the model, a point-like neu tron
source was lo cated at the cen ter of the spher i cal room
air and the de tec tors lo cated at dif fer ent dis tances from 
the source, up to a point lo cated near the room's in ner
sur face. The air fea tures were dry, near sea level, with
a den sity of 1.205 kg/cm3, with their el e ment con cen -
tra tion con sid ered to be 79.1% N and 20.9% O. The
num ber of his to ries was large enough to reach a sta tis -
ti cal er ror of less than 1% [22].

In the first step, the de pend ence of scat ter ing due 
to the shape of the room was eval u ated. In or der to de -
ter mine the be hav ior of the scat ter ing value in terms of
the room shape, cal cu la tions were done for the three
room shapes, i. e., spher i cal, cu bical and rect an gu lar
parallelepiped. In these sim u la tions, two sets of rooms
with equal in ner sur face ar eas were stud ied. One set
in cluded a spher i cal room with a ra dius of 500 cm, a
cu bical room with di men sions of 723.60 cm, and a
rect an gu lar parallelepiped room with di men sions of
1017.33 cm ´ 700 cm ´ 500 cm; an other set was con -
sti tuted by a spher i cal room with a ra dius of 800 cm, a
cu bical room with di men sions of 1157.76 cm, and a
rect an gu lar parallelepiped room with di men sions of
1530.63 cm ´ 1200 cm ´ 800 cm. The in ner sur face
area of these two sets was 314.16 m2 and 804.25 m2,
re spec tively.

Af ter wards, seven dif fer ent sizes of spher i cal
rooms whose in ner ra dii (Rsp) are 200, 400, 500, 800,
1000, 1200, and 1500 cm were sim u lated. The
radionuclide neu tron source was sup posed to be at the
geo met ri cal cen ter of each room, and the de tec tor at dif -
fer ent dis tances along the spher i cal cav ity ra dius. Num -
bers of these dis tances were con sid ered from 10 to 20 sit -
u a tions de pend ing on the size of the room. For each
sit u a tion, us ing point de tec tor tally (F5), the to tal fluence
due to di rect and scat tered neu trons was de ter mined.

By cal cu lat ing the ra tio of the to tal neu tron
fluence to the di rect fluence for each source-to-de tec -
tor dis tance (l), the scat ter ing cor rec tion fac tor, F2(l),
is quan ti fied. Then, by the fit ting of these val ues as a
func tion of l based on eq. (5), one can de ter mine the A
and S pa ram e ters for each neu tron source and room
size.

RE SULTS AND DIS CUS SION

The cal cu lated val ues of Ms(l) mul ti plied by the
square of the source-to-de tec tor dis tance, l, are plot -
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ted against l2 in fig. 1. This fig ure com pares the frac -
tion of scat ter ing in three room shapes, i. e., spher i cal, 
cu bical, and rect an gu lar parallelepiped, whose in ner
sur face area (a) is 314.16 m2 for the four radionuclide
sources: 241Am-Li (ME = 0.56 MeV), Po-Be (ME =
=.2.04 MeV), 241Am-B (ME = 3.27 MeV), and
242Cm-Be (ME = 5.50 MeV) [18]. Fig ure 2 also pres -
ents the cor re spond ing re sults for the three room
shapes with a = 804.25 m2. In or der to ac com mo date
the pre sen ta tion of twelve curves in a sin gle fig ure
and pre vent clut ter, the re sults of some sources have
been mul ti plied by fac tors.

By com par ing figs. 1 and 2, it can be ob served
that the scat ter ing neu tron fluence is far from  1/l2 be -
hav ior; for the same l in a smaller room, there is also
more room-re turn con tri bu tion in com par i son with the 
larger room. In deed, fewer neu trons hit the sur faces of
the larger room per unit area than in the smaller one,
which leads to a re duc tion in wall scat tered fluence in
the larger room. It can, thus, be noted that the scat ter -
ing fluence is de pend ent on the in ner sur face area of
the room, and that it is also ap prox i mately in de pend ent 
of its shape. The larg est dif fer ence is for 242Cm-Be and 
for places where the de tec tor is close to the wall, with
the rel a tive dif fer ences be ing less than 13% ; how ever,
for other points, it amounts to less than 8%.

Mea sured or com puted neu tron spec tra are in
most cases orig i nally ob tained as group fluences in en -
ergy bins. Each of the bins is de scribed by its lower
bound ary, Ei, and its up per bound ary, Ei + 1. The group
fluence in the ith en ergy bin is given by

ji d=
+

ò FE
E

E

i

i

E E
1

( ) (8)

For graph i cal rep re sen ta tion, the log a rithm of
neu tron en ergy is used as the ab scissa. In this case, it is
an ap pro pri ate rep re sen ta tion of the fluence per unit
leth argy. Upon sub sti tut ing lnE for E in eq. (8), one ob -
tains, again us ing the mean value the o rem
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From eq. (9), it is ob vi ous that the ap pro pri ate or -
di nate for the rep re sen ta tion of spec tra is the group
fluence in a bin di vided by the dif fer ence in the log a -
rithms of neu tron en ergy, i. e., by leth argy.

To com pare the vari a tions in the neu tron fluence
spec tra, re sults of 241Am-F and Ra-Be as rep re sen ta -
tive sam ples are plot ted for the small est and larg est
spher i cal room ra dii. These sources were se lected be -
cause their mean source en er gies are 2.46 MeV and
4.78 MeV, re spec tively. In figs. 3 and 4, the 241Am-F
neu tron spec tra in the rooms of 200 cm and 1500 cm
ra dii are shown.

Here it can be no ticed that for both rooms and for
a small l, the spec tra have sim i lar shapes. As the l in -
creases, the spec trum tends to be come softer; how -
ever,  in  neu tron  en ergy (En)  be low 10–1 MeV and
10–3 MeV, the fluence re mains ap prox i mately con stant 
at all l for 200 cm and 1500 cm-ra dius rooms, re spec -
tively.

By com par ing the spec tra at 100 cm in the 200
cm-ra dius room with the cor re spond ing spec trum in
the 1500 cm-ra dius room, the max i mum fluence (in
En = 3.5 MeV) is 12 times greater in the smaller room
com pared with the larger cav ity, which also ap pears
to be softer.
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Fig ure 1. Com par i son of the scat ter ing fluence times the
square of source-to-de tec tor dis tance l for four neu tron
sources in side dif fer ent room shapes with a = 314.16 m2

(to pre vent clut ter, the re sults of Po-Be, 241Am-B, and
242Cm-Be have been mul ti plied by fac tors of 10, 8, and 5,
re spec tively)

Fig ure 2. Com par i son of the scat ter ing fluence times the
square of source-to-de tec tor dis tance l for four neu tron
sources in side dif fer ent room shapes with a = 804.25 m2

(to pre vent clut ter, the re sults of Po-Be, 241Am-B, and
242Cm-Be have been mul ti plied by fac tors of 10, 8, and 5,
re spec tively)



In figs. 5 and 6, the Ra-Be neu tron spec tra at var -
i ous l are also shown in the small est and the larg est ra -
dius rooms.

These fig ures show that for en er gies of 10–7 to
2×10–3 MeV in a 200 cm-ra dius room and 10–7 to
2×10–4 MeV in a 1500 cm-ra dius room, the spec tra
have a sim i lar shape at all dis tances; how ever, for
both rooms in other en er gies, as the l in creases, the
fluence of Ra-Be de creases. For the same l in the
smaller room, the to tal neu tron fluence of Ra-Be is
greater; how ever, this in crease is less in com pres sion
to the 241Am-F source. For ex am ple, the fluence of
Ra-Be   at  100  cm  in  the  200  cm-ra dius  room,  for
En = 3.5 MeV, is only about 1.5 times greater than the
cor re spond ing fluence in the 1500 cm-ra dius room.

In figs. 5 and 6, the be hav ior of the fluence of the
Ra-Be source at low en er gies is sim i lar to the
241Am-F source, since both do not emit nei ther epi -
ther mal nor ther mal neu trons; how ever, the con crete
cav ity due to room re turn cre ates the epi ther mal and
ther mal neu tron fluence.

Us ing the Monte Carlo sim u la tion in side seven
sizes of a spher i cal con crete cav ity, the cor rec tion fac -
tor F2(l) was ob tained based on eq. (7) at dif fer ent dis -
tances for ten radionuclide neu tron sources. These cal -
cu la tions were per formed for 107 his to ries which
pro vided a rea son able sta tis ti cal er ror. The range of
rel a tive sta tis ti cal er rors for the to tal de tec tor read ing
in the sim u la tions of each neu tron source is given in
tab. 1.
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Fig ure 3. 241Am-F neu tron spec trum, at dif fer ent
source-to-de tec tor dis tances, in side a 200 cm-ra dius
con crete room

Fig ure 4. 241Am-F neu tron spec trum, at dif fer ent
source-to-de tec tor dis tances, in side a 1500 cm-ra dius
con crete room

Figure 5. Neu tron spec tra of Ra-Be in side a 200 cm-
-ra dius con crete room at dif fer ent source-to-de tec tor
dis tances

Fig ure 6. Neu tron spec tra of Ra-Be in side a 1500 cm-
-ra dius con crete room at dif fer ent source-to-de tec tor
dis tances



The re sults for any room size were fit ted based
on eq. (5), and pa ram e ters A and S were cal cu lated for
each neu tron source. The achieved val ues of pa ram e -
ters A and S are listed in tabs. 2 and 3, re spec tively. For
all sources, the val ues of pa ram e ter S from tab. 3 were
plot ted as a func tion of the room size in fig. 7.

It can be ob served that the value of pa ram e ter A
is neg a tive, ex cept for two sources, i. e., 238Pu-Li and
Ra-Be, in side the 1500 cm-ra dius spher i cal room.
Based on eq. (6), hav ing a pos i tive value of A means
that inscattering by the air is greater than outscattering, 
and vice versa.

Here, the S value de creases as the room size in -
creases, and in each room size it var ies for each neu -
tron source. This is be cause of the fact that in the
smaller room there are more neu trons scat tered by
walls in com par i son with the larger one.

This fig ure il lus trates an in verse square de pend -
ence of pa ram e ter S val ues to the ra dius of the spher i -
cal room. In other words, pa ram e ter S var ies with the
in ner sur face area of the room; how ever, it is in de -
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Ta ble 1. Range of rel a tive er rors ob tained from
 cal cu la tions of each neu tron source

Neu tron source Range of rel a tive er ror [%]
241Am-Li 0.007-0.91
238Pu-Li 0.007-0.92

Po-Be 0.008-0.98
241Am-F 0.005-0.85

252Cf 0.01-0.98
241Am-B 0.01-0.90

241Am-Be 0.02-0.94

Ra-Be 0.006-0.82
239Pu-Be 0.006-0.92

242Cm-Be 0.01-0.92

Ta ble 2. Pa ram e ter A of eq. (5) for the best fit of the cal cu lated frac tional com po nent of scat ter ing vs. the source-to-
-de tec tor dis tance (l), for the dif fer ent radionuclide neu tron sources in side seven spher i cal rooms

Neu tron source (ME) 200 cm 400 cm 500 cm 800 cm 1000 cm 1200 cm 1500 cm
241Am-Li (0.56 MeV) –1.46E-03* –7.10E-04 –6.10E-04 –3.10E-04 –2.60E-04 –1.80E-04 –2.00E-05
238Pu-Li (0.60 MeV) –1.25E-03 –5.60E-04 –4.70E-04 –2.60E-04 –2.20E-04 –8.00E-05 +3.00E-05

Po-Be (2.04 MeV) –1.09E-03 –3.80E-04 –4.10E-04 –1.40E-04 –1.50E-04 –7.00E-05 –3.00E-05
241Am-F (2.46 MeV) –9.90E-04 –5.00E-04 –3.60E-04 –2.00E-04 –2.00E-04 –1.10E-04 –2.00E-05

252Cf (2.54 MeV) –8.90E-04 –4.80E-04 –3.00E-04 –2.10E-04 –1.90E-04 –7.00E-05 –2.00E-05
241Am-B (3.27 MeV) –7.30E-04 –3.50E-04 –4.10E-04 –1.50E-04 –1.60E-04 –1.30E-04 –5.00E-05

241Am-Be (4.46 MeV) –7.50E-04 –4.10E-04 –3.10E-04 –1.80E-04 –1.80E-04 –1.10E-04 –7.00E-05

Ra-Be (4.78 MeV) –7.20E-04 –3.50E-04 –3.10E-04 –2.10E-04 –1.60E-04 –9.00E-05 +1.00E-05
239Pu-Be (5.40 MeV) –7.10E-04 –3.70E-04 –2.30E-04 –1.30E-04 –9.00E-05 –1.00E-04 –5.00E-05

242Cm-Be (5.50 MeV) –7.40E-04 –3.90E-04 –2.70E-04 –1.40E-04 –1.00E-04 –7.00E-05 –5.00E-05

*Read as –1.46×10–3

Ta ble 3. Pa ram e ter S of eq. (5) for the best fit of the cal cu lated frac tional com po nent of scat ter ing vs. the source-to-de tec tor 
dis tance (l), for the dif fer ent radionuclide neu tron sources in side seven spher i cal rooms

Neu tron source (ME) 200 cm 400 cm 500 cm 800 cm 1000 cm 1200 cm 1500 cm
241Am-Li (0.56 MeV) 2.700E-04 7.000E-05 4.000E-05 2.000E-05 1.000E-05 7.832E-06 4.902E-06
238Pu-Li (0.60 MeV) 2.600E-04 7.000E-05 4.000E-05 2.000E-05 1.000E-05 7.592E-06 4.779E-06

Po-Be (2.04 MeV) 2.100E-04 5.000E-05 3.000E-05 1.000E-05 8.762E-06 6.038E-06 3.873E-06
241Am-F (2.46 MeV) 1.800E-04 5.000E-05 3.000E-05 1.000E-05 7.690E-06 5.286E-06 3.350E-06

252Cf (2.54 MeV) 1.800E-04 5.000E-05 3.000E-05 1.000E-05 7.905E-06 5.396E-06 3.451E-06
241Am-B (3.27 MeV) 1.500E-04 4.000E-05 3.000E-05 9.893E-06 6.447E-06 4.519E-06 2.868E-06

241Am-Be (4.46 MeV) 1.400E-04 4.000E-05 2.000E-05 9.101E-06 5.913E-06 4.083E-06 2.638E-06

Ra-Be (4.78 MeV) 1.200E-04 3.000E-05 2.000E-05 8.484E-06 5.454E-06 3.752E-06 2.327E-06
239Pu-Be (5.40 MeV) 1.200E-04 3.000E-05 2.000E-05 8.021E-06 5.127E-06 3.631E-06 2.316E-06

242Cm-Be (5.50 MeV) 1.100E-04 3.000E-05 2.000E-05 7.459E-06 4.786E-06 3.336E-06 2.161E-06

Fig ure 7. Pa ram e ter S of the F2(l) vs. the room's ra dii for
dif fer ent neu tron sources



pend ent of room ge om e try. There fore, pa ram e ter S
was fit ted as a func tion of the ra dius of spher i cal rooms 
by

S G
Q

Rsp

=
2

(10)

where G is a co ef fi cient, Q – the neu tron emis sion rate,
and Rsp – the ra dius of the room. In MCNPX code, the
cal cu la tion was per formed for Q = 1.

The ob tained val ues of co ef fi cient G from fit ting
by the least square tech nique are listed in tab. 4 for
each neu tron source. The fit ting was done us ing Or i -
gin ver sion 8 soft ware. It can be seen that the co ef fi -
cient G de creases with an in crease in the mean en ergy
of the neu tron source.

In or der to eval u ate the ac cu racy of this fit ting,
the val ues of scat ter ing achieved by eq. (10) and ob -
tained by Monte Carlo sim u la tion were com pared. As
an ex am ple, for four dif fer ent sources in side a 700
cm-ra dius room, the cal cu lated val ues of Ms(l) mul ti -
plied by the square of the source-to-de tec tor dis tance
are plot ted against l2 in fig. 8. The room was sim u lated
with out air, so as to as sess only the con tri bu tion of
room scat ter ing. Us ing eqs.(5) and (10) in eq. (7) and
con sid er ing A = 0, the de tec tor read ing due to scat tered 
neu trons can be ob tained from

M l
G

R
l M l

sp

s d( ) ( )=
2

2 (11)

By in sert ing Md(l) based on the in verse square
law, the above equa tion may be re writ ten as

M l
G

R
l

sp

s ( ) =
4 2

2

p
(12)

It can be seen that the agree ment be tween the
amount of scatterings ob tained from fit ting eq. (12)
and Monte Carlo sim u la tions are quite good, bear ing
in mind that, for the 241Am-Be source, the dif fer ence is
rel a tively higher; how ever, the larg est dif fer ence is
less than 6%.

Thus, eqs. (5) and (10) can pro vide a rea son able
es ti mate for the room-re turn scat ter ing in any size of a

spher i cal room. Fur ther more, based on the in de pend -
ence of room-re turn scat ter ing from the room
geo met ric shape (figs. 1 and 2), these re la tions can ap -
ply to any cal i bra tion room hav ing an in ner sur face
area equal to the area of a spe cific spher i cal cav ity.

CON CLU SIONS

A Monte Carlo study has been per formed to
eval u ate the ef fect of 100-cm-thick con crete spher i cal
rooms on the neu tron spec tra of 241Am-Li, 238Pu-Li,
Po-Be, 241Am-F, 252Cf, 241Am-B, 241Am-Be, Ra-Be,
239Pu-Be, and 242Cm-Be radionuclide neu tron
sources. The cal cu la tions were car ried out for spec tra
at dif fer ent source-to-de tec tor dis tances in cav i ties
con tain ing air with ra dii of 200, 400, 500, 800, 1000,
1200, and 1500 cm. The re sults were used to achieve
the room-scat tered com po nent, S, and air-scat tered
com po nent, A, for each source-room con fig u ra tion.

There is strong ev i dence of the in de pend ence of
the room-re turn scat ter ing con tri bu tion from the geo -
met ric shape of the cal i bra tion room, the dif fer ence
be tween the scat ter ing con tri bu tion of spher i cal, cu -
bical and rect an gu lar parallelepiped rooms be ing less
than 13%; how ever, the scat ter ing value is ap prox i -
mately equal for dif fer ent rooms hav ing the same in ner 
area sur face.

Fur ther more, the room-scat ter ing com po nent, S, 
has been fit ted as a func tion of the in verse square of ra -
dius (sur face area) of the spher i cal room. The dif fer -
ence be tween the scat ter ing con tri bu tion ob tained
from MCNPX sim u la tion and fit ting equa tions for a
700 cm-ra dius room was less than 6%. 

There fore, the pro posed equa tions, along with
the listed pa ram e ters and co ef fi cients, can be viewed

R. Khabaz.: Es ti ma tion of Scat ter ing Con tri bu tion in the Cal i bra tion of Neutron ...
52 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2015, Vol. 30, No. 1, pp. 47-54

Ta ble 4. Fit ting co ef fi cient G for the achieved pa ram e ter
S vs. room ra dius for each source

Neu tron source (ME) G – co ef fi cient
241Am-Li (0.56 MeV) 10.811 ± 0.081
238Pu-Li (0.60 MeV) 10.445 ± 0.099

Po-Be (2.04 MeV) 8.350 ± 0.082
241Am-F (2.46 MeV) 7.251 ± 0.080

252Cf (2.54 MeV) 7.251 ± 0.081
241Am-B (3.27 MeV) 6.060 ± 0.099

241Am-Be (4.46 MeV) 5.633 ± 0.086

Ra-Be (4.78 MeV) 4.808 ± 0.023
239Pu-Be (5.40 MeV) 4.807 ± 0.016

242Cm-Be (5.50 MeV) 4.439 ± 0.053

Fig ure 8. Com par i son of the scat ter ing fluence times the
square of source-to-de tec tor dis tance l for four neu tron
sources in side a 700 cm-ra dius room ob tained from
MCNPX cal cu la tion and eq. (12) (to pre vent clut ter, the
re sults of 252Cf and 241Am-Be have been mul ti plied by
fac tors of 4 and 3, re spec tively)



as a vi a ble tool for as sess ing and quan ti fy ing the con -
tri bu tion of scat ter ing for each radionuclide neu tron
source in any ge om e try of a cal i bra tion room.
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Rahim KABAZ

PROCENA  DOPRINOSA  RASEJANOG  ZRA^EWA  KALIBRACIJI
NEUTRONSKIH  URE\AJA  POMO]U  RADIOAKTIVNIH  IZVORA  U

PROSTORIJAMA  RAZLI^ITIH  DIMENZIJA

Kalibracija neutronskih ure|aja za mon i tor ing sredine ~esto se obavqa pomo}u
radioaktivnih izvora neutrona, imaju}i u vidu pri tome da su o~itavawa ure|aja uve}ana usled
rasejanih neutrona iz okoline i vazduha. Tema ovog rada je uticaj rasejanog zra~ewa koji je
istra`en obavqenim Monte Karlo simulacijama za deset razli~itih neutronskih izvora unutar
sferi~nih prostorija razli~itih dimenzija (Rsp = 200 cm do 1500 cm) sa betonskim zidovima. Za
prora~une kori{}en je model polinomijalnog fitovawa, kako bi se dobili parametri koji se
odnose na doprinos rasejanih neutrona. Dobijeni rezultati pokazuju da doprinos rasejanog zra~ewa 
bitno ne zavisi od geometrije kalibracione prostorije. Parametar koji se odnosi na rasejawe iz
okoline fitovan je prema polupre~niku sferi~ne sobe, kako bi se dovoqno precizno mogla
proceniti vrednost rasejanog zra~ewa za svaki radioaktivni izvor neutrona u bilo kojoj
geometriji kalibracione prostorije.

Kqu~ne re~i: neu tron, kalibracija, doprinos rasejawu, radioaktivni izvor, MCNPX


