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The multi-sphere method, a neu tron de tec tion tech nique, has been im proved with a BF3 long
cy lin dri cal coun ter as a ther mal de tec tor lo cated in the cen ter of seven spheres with a di am e ter
range of 3.5 to 12 inches. En ergy re sponse func tions of the sys tem have been de ter mined by
ap ply ing the MCNP4C Monte Carlo code of 10–8 MeV to 18 MeV. A new shadow cone has
been de signed to ac count for scat tered neu trons. Al though the newly de signed shadow cone
is smaller in length, its at ten u a tion co ef fi cient has been im proved. To eval u ate the sys tem, the
neu tron spec trum of a 241AM-Be source has been mea sured.
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IN TRO DUC TION

Neu tron par ti cles play an im por tant role in many
fields of sci ence. These par ti cles find use in a di verse
ar ray of ap pli ca tions in phys ics, en gi neer ing, med i -
cine, nu clear weap ons, pe tro leum ex plo ra tion, bi ol -
ogy, chem is try, nu clear power, and other in dus tries
[1-8]. The bi o log i cal ef fec tive ness of neu trons and
neu tron-in duced sec ond ary par ti cles is so high that
any un con trolled ex po sure to free neu trons is haz ard -
ous [9-11]. On the other hand, the neu tron’s qual ity
fac tor de pends on its en ergy, while the re sponse of ex -
ist ing neu tron mon i tors and per sonal do sim e ters is en -
ergy-de pend ent. Thus, spec tro met ric in for ma tion on
the neu tron ra di a tion field plays a cru cial role in ra di a -
tion pro tec tion. Among many types of neu tron spec -
trom e ters that have been de vel oped, the sys tem known 
as the multi-sphere, or more com monly, the Bonner
sphere spectrometer (BSS), has been built and used by
more lab o ra to ries all over the world than any other
type of spec trom e ter avail able [12, 13].

It con sists of a ther mal de tec tor, a set of poly eth -
yl ene spheres and as so ci ated elec tron ics in the case of
an ac tive de tec tor like BF3, 

3He or scin til la tors like
6Li(Eu). Sev eral pas sive sys tems have been built, e. g.
those uti liz ing gold foils or TLD pairs, too. The BSS
char ac ter izes the neu tron field from ther mal to GeV
[14-21].

The BSS sys tem is very use ful, since it is sim ple
to op er ate, por ta ble, has an iso tro pic re sponse, cov ers
a wild range of en ergy and data and can be un folded

and in ter preted fairly eas ily [22]. Sev eral dif fer ent
types of ther mal neu tron sen sors have been used at the
cen ter of BSS. The pur pose of this pa per is to pres ent a
study on the BSS based on a long pro por tional coun ter
filled with BF3 gas.

In this work, the re sponse func tions of en ergy for 
the BSS with a BF3 cy lin dri cal de tec tor have been cal -
cu lated by means of Monte Carlo cal cu la tions us ing
the MCNP4C com puter code with an ENDF/B-VI
neu tron cross-sec tion and S(a, b) ta bles for ther mal
neu trons [23]. The sim u la tion in cluded a de tailed de -
scrip tion of the ge om e try of the BF3 coun ter filled with 
0.92 atm (1 atm = 1013.25 hPa) gas. By ap ply ing a
long BF3 coun ter, the re sult ing con tri bu tion of scat -
tered neu trons was also great. Thus, the dis tance be -
tween the neu tron source and the cen ter of the sphere
needs to be de creased. How ever, for a more pre cise de -
ter mi na tion of scat tered neu trons, a new shadow cone
with an ap pro pri ate length and neg li gi ble trans mis sion 
of di rect neu trons needs to be de signed. At the
NLFUM (Nu clear Lab o ra tory of the Ferdowsi Uni -
ver sity of Mashhad), the en ergy spec trum for a
241Am-Be neu tron source was mea sured by this sys -
tem. Lastly, the ef fect of the scat ter ing con tri bu tion on
the spec trum was stud ied.

THE RE SPONSE MA TRIX OF
THE BSS SYS TEM

The read ing Ci of the ther mal neu tron sen sor in -
side the i th Bonner sphere, when ex posed in a point of a 
neu tron field, can be ex pressed as
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where F(E) is the neu tron fluence, and Ri(E) is the re -
sponse func tion of the sphere. The re sponse ma trix of
a spec trom e ter is a set of en ergy re sponse func tions of
dif fer ent spheres. In this work, en ergy re sponse func -
tions of the BSS sys tem were cal cu lated with the
MCNP4C Monte Carlo code.

An ABF3 cy lin dri cal pro por tional coun ter with a 
height of 28.2 cm and di am e ter of 2.54 cm (LND2210
type) was lo cated in the cen ter of seven poly eth yl ene
(C2H4)n spheres with di am e ters of: 3.5, 4.2, 5, 6.5, 8,
10, and 12 in* (from 8.89 cm to 38.10 cm); the den sity
of the poly eth yl ene was 0.9 g/cm3. The BF3 wall was
made of cop per with a thick ness of 0.89 mm, while the
ef fec tive length of this coun ter was 25.4 cm and the
pres sure of BF3 gas fill ing, ac cord ing to the man u fac -
turer, was 0.92 atm at 293 K. In this de tec tor, the en -
rich ment of 10B amounted to about 96%.

The re sponse of the BSS was cal cu lated as the
num ber of counts per in ci dent neu tron fluence. The ir -
ra di a tion ge om e try is based on a disk source, hav ing
the same di am e ter of the sphere un der study. All neu -
tron tracks were parallel to the source-de tec tor axis
and fully in cluded the en tire sur face of the mod er at ing
sphere (fig. 1).

The en ergy re sponse func tions for seven de tec -
tor con fig u ra tions were cal cu lated for en er gies from
10–8 MeV to 18 MeV. Dis crete neu tron en ergy val ues
were se lected at log a rith mic equi dis tant in ter vals and
at de cade bound aries. The cal cu la tion of the re sponse
was ac com plished by se lect ing the tally F4 of the
MCNP4C code, con sid ered to be the (n, a) re ac tion as -
so ci ated to a card mul ti plier that con tains the vol ume
of the de tec tor, the area of the disk source and the atom
den sity (atom/barn.cm) of BF3. For the ther mal do -
main, the S(a, b) treat ment was em ployed in the sim u -
la tion. The sta tis ti cal un cer tainty was less than 4%. In
fig. 2, the en ergy re sponses of the BSS sys tem cal cu -
lated with a BF3 long cy lin dri cal pro por tional coun ter
are shown.

In or der to com pare the cal cu lated re sponse ma -
trix with an other coun ter, en ergy re sponse func tions

for spheres of di am e ters of 3.5, 5, and 12 in with a 3He
de tec tor (typ i cal SP9) [18], are plot ted to gether in fig.
3. For the 3He spher i cal coun ter with a di am e ter of 3.2
cm, the gas fill ing was as sumed to be 172 kPa.  The re -
sponses were nor mal ized to the value cor re spond ing
to the en ergy of 5.0 MeV for a 12 in sphere. This was
nec es sary be cause of the dif fer ent sen si tiv i ties of the
re spec tive ther mal neu tron de tec tors.

It is ob vi ous from fig. 3 that the re sponse ma tri -
ces are ap prox i mately alike in shape; how ever, in the
case of BF3, the scale of the re sponse func tion for
small spheres, i. e., those of 3.5 and 5 inches, is less
than the one for spheres of the same size equipped with 
3He. This may be ex plained by means of the long coun -
ter. When a long BF3 is lo cated in the cen ter of the
sphere, a part of the coun ter is out of the sphere; there -
fore, the ef fi ciency of the de tec tor de creases. Also, the
be gin ning of the 3He gas is at a dis tance of about 1.6
cm from the cen ter of the sphere to ward the source,
while the be gin ning of the BF3 gas is at a dis tance of
around 1.5 cm from the cen ter of the sphere back ward
from the source. Con sid er ing the shape of the re sponse 
func tions, as cer tain that the BSS sys tem is equipped
with a BF3 long coun ter.
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Fig ure 1. Gen eral view of the geo met ric set-up simulaed
in the cal cu la tions

Fig ure 2. En ergy re sponse func tions of the BSS with a
BF3 long cy lin dri cal coun ter, as cal cu lated by MCNP4C

Fig ure 3. Com par i son be tween the en ergy re sponse
func tions of BF3 and 3He [18] for 3.5, 5, and 12 in.
To nor mal ize the re sponses of 3He, they have been
mul ti plied by a fac tor of 0.213* 1 in or 1" means 2.54 cm



DE SIGN OF THE NEW SHADOW CONE

In an ideal ir ra di a tion fa cil ity in free space, with
no back ground due to air and room scat ter ing and no
source ani so tropy, a de tec tor would ex hibit the so
called free-field re sponse. In prac tice, when the BSS
sys tem is ex posed to a neu tron source, the count in the
ther mal de tec tor is due to di rect (un-col lided) and scat -
tered neu trons. The con tri bu tion of room-re flected
neu trons to the re sponse of the de tec tor may be sig nif i -
cant, par tic u larly if the coun ter is sen si tive to low en -
ergy neu trons re sult ing from room scat ter [24].

There are many tech niques that have been used
to eval u ate scat ter ing cor rec tions nec es sary for the
proper cal i bra tion of neu tron spec trom e ter in stru -
ments, one of which is the shadow cone tech nique.
This tech nique re lies on the ex per i men tal de ter mi na -
tion of scat tered com po nents, due to both wall-re -
flected and air-scat tered neu trons, and a shadow cone
de signed to pre vent any neu trons pass ing di rectly
from the source to the de tec tor. The said method de -
pends crit i cally on the de sign of the shadow cone and
its po si tion rel a tive to the source-de tec tor ge om e try.
One par tic u lar de sign of the shadow cone con sists of
two parts: a front end, 20 cm long and en tirely made of
iron and a rear sec tion 30 cm long and made of poly -
eth yl ene [25].

In or der to tend to the unit, gen er ally, the ge om e -
try-cor rec tion fac tor for the fi nite source or de tec tor
size, mea sure ments are made at a dis tance of greater
than twice the shadow cone length [26]. There fore,
con sid er ing the given shadow cone, the min i mum
source-to-de tec tor dis tance must be no less than 1.0 m.

By us ing the MCNP4C code, the BSS sys tem
con sist ing of a BF3 coun ter was sim u lated based on the 
NLFUM (11.5 m × 9.0 m × 4.0 m) with 40 cm con crete
walls. In the sim u la tion, the neu tron ref er ence spec -
trum in ves ti gated an 241Am-Be source (50 mm in
height and 30 mm in di am e ter). The spec trum for this
source was ex tracted from the stan dard ISO 8529-1
[27]. For de ter min ing the to tal count due to di rect and
scat tered neu trons, the 241Am-Be neu tron source was
con sid ered to be at the cen ter of the NLFUM, at a

height of  2.1 m; the sep a ra tion dis tance be tween the
neu tron source and the cen ter of each poly eth yl ene
sphere was 1.15 m. The po si tion of the source was cho -
sen with the aim of min i miz ing scat tered ra di a tion
within the sphere it self. For cal cu lat ing the con tri bu -
tion of scat ter ing, the shadow cone (30 cm poly eth yl -
ene and 20 cm iron) was placed be tween the neu tron
source and the sphere, while the dis tance be tween the
cen ter of the sphere and the back face of the cone was
50 cm. The con tri bu tion of di rect neu trons was given
by subtracting the scattered counts from the total
count.

Since the prob a bil ity of a source neu tron scat -
tered from the walls of the lab o ra tory to be de tected by
the de tec tor was small, the forced col li sion method
was used for scoring de tec tor cells in or der to in crease
the num ber of col li sions that may pro duce large con tri -
bu tions in the de tec tor. This tech nique forces the par ti -
cles to un dergo col li sions by split ting them into col -
lided and un-col lided parts and then ad just ing the
weight according to col li sion prob a bil ity.

In these con di tions, the ra tio of the scat tered neu -
trons to di rect neu trons for small spheres (3.5", 4.2",
and 5") was more than 2.05, while it is ex pected to be
less than 0.4 [26]. Be cause the long coun ter was used,
a lot of scat tered neu trons reached the coun ter from a
part of BF3 that was out of the sphere. To elim i nate this
prob lem, the ex ter nal part of the BF3 was cov ered with
3.0 cm of bo ric acid (H3BO3). In this man ner, the scat -
tered neu trons are pre vented from reach ing the ex ter -
nal part of BF3, due to the mod er a tion and ab sorp tion
into the bo ric acid. The ra tio of scat tered neu trons to
di rect neu trons de creased to 1.23. With an other cal cu -
la tion, it be came clear that less than 4% of neu trons en -
tered the ex ter nal part of the coun ter; thus, it was not
nec es sary to use ad di tional lay ers. Ta ble 1 pres ents the
nu mer i cal val ues for all cal cu la tions.

The next stage was de creas ing the sep a ra tion
dis tance be tween the neu tron source and the sphere,
lim ited by the length of the shadow cone. A new
shadow cone, smaller in length, was de signed. It was
35.0 cm long and made in three sec tions: the front part, 
made of iron, 17.0 cm long; mid dle sec tion, con sist ing
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Ta ble 1. Cal cu lated val ues of the to tal counts scat tered counts and con tri bu tion of neu trons ar riv ing to the ex ter nal part of
BF3, for the old shadow cone with out and with bo ric acid (B-A) on the ex ter nal part of BF3, and the new shadow cone with
bo ric acid on the de tec tor; the counts were for 106 neu trons emit ted from an iso tro pic 241Am-Be source

Diameter
[in]

Old cone without the B-A on BF3 Old cone, with B-A on BF3 New cone, with B-A on BF3

Total Scattered
Interring the

external par of
BF3 [%]

Total Scattered
Interring the

external par of
BF3 [%]

Total Scattered
Interring the

external par of
BF3 [%]

3.5 0.853 0.598 35.9 0.370 0.217 3.9 0.483 0.133 2.1

4.2 1.230 0.843 22.6 0.849 0.482 3.3 1.079 0.286 1.7

5 1.845 1.241 16.5 1.432 0.790 2.8 1.968 0.488 1.6

6.5 3.037 1.986 10.1 2.711 1.444 2.1 3.921 0.912 1.1

8 3.455 2.166 7.3 3.111 1.571 1.5 5.023 1.098 0.9

10 3.974 2.276 5.2 3.779 1.831 1.1 5.424 1.118 0.6

12 3.575 1.856 4.7 3.376 1.609 0.9 5.103 1.020 0.5



of wa ter and 5% bo ric acid, 14.0 cm long; and a rear
sec tion, 4.0 cm long, en tirely made of bo ric acid (fig.
4).

The neu trons emit ted from the source reach the
iron and are mod er ated to a lower en ergy due to the in -
elas tic scat ter ing in ter ac tion. Fol low ing this, neu trons
en ter the wa ter (with 5% bo ric acid), and some of them
are thermalized or ab sorbed by 1H and 10B. Fi nally, in
or der to achieve a high cap ture cross-sec tion for 10B,
thermalized neu trons are ab sorbed by the bo ric acid.
This de sign optimizes the length, mass, and at ten u a -
tion co ef fi cient of the shadow cone.

In a free space with no back ground, the de tec tor
counts be ing Mo with out the shadow cone, and M
when the shadow cone is be tween the source and the
sphere, the at ten u a tion co ef fi cient will be M/Mo. Ta ble
2 shows the cal cu lated at ten u a tion co ef fi cient  for  a
241Am-Be neu tron source and half an gle (the an gle be -
tween the axis and the bound ary sur face of the cone)
re lated to each cone, as sum ing old (50 cm) and new
(35 cm) shadow cones. As can be seen, the new
shadow cone is smaller in length, but its at ten u a tion
co ef fi cient has im proved.

Us ing the new shadow cone, the sep a ra tion dis -
tance be tween the 241Am-Be source and the cen ter of
the sphere was con sid ered to be 75.0 cm. The MCNP
cal cu la tion re vealed that the ra tio of scat tered neu trons 
to di rect neu trons at this sep a ra tion dis tance, for small
spheres (3.5", 4.2", and 5"), and large spheres (6.5", 8"
10", and 12"), was less than 0.38 and 0.25, re spec -
tively.

SPEC TRAL MEASUREMENT

For test ing pur poses, the multi-sphere method in
com bi na tion with the newly de signed shadow cone
was ap plied to known neu tron-en ergy spec tra. A
241Am-Be source (50 mm in height and 30 mm in di -
am e ter) was used. The mea sure ment was per formed at
the NLFUM. The de tec tor was placed in the cen ter of
the lab o ra tory with the source in a po si tion which al -
lowed it to be moved along a hor i zon tal line at the
same height as the de tec tor. In this ex per i ment, the dis -
tance of the de tec tor from side walls and the rear and
front of the room was 4.50 m and 5.75 m, re spec tively.

The counts of the de tec tors were de ter mined at a
source-sphere dis tance of 75.0 cm. The sep a ra tion of 
neu tron-in duced events from pulses due to noise or
gamma ray-in duced events, was per formed by in tro -
duc ing a dis crim i na tion thresh old be low the lower
limit of the neu tron-in duced pulse-height dis tri bu tion
in MCA, whilst the re jec tion of noise pulses did not
have a sig nif i cant ef fect on neu tron sen si tiv ity.

In or der to ac count for the scat tered neu trons, the 
newly de signed shadow cone (35.0 cm in length) was
used be tween the source and the sphere. The
source-shadow cone dis tance was 5.0 cm. In this ex -
per i ment, three types of shadow cones with dif fer ent
ob scured di am e ters were ap plied, fig. 5(a).

The re sult ing val ues of these ex per i men tal mea -
sure ment with dif fer ent de tec tors for to tal (di rect plus
scat tered neu trons) and scat tered neu trons are listed in
tab. 3. Fig ure 6 shows the com par i son be tween di rect
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Fig ure 4. The newly de signed shadow 
cone; front end, 17.0 cm in lenght,
made of iron; mid dle sec tion, 14.0 cm
in length, con sist ing of wa ter with 5% 
bo ric acid; rear sec tion, 4.0 cm in
lenght, en tirely com posed of bo ric
acid, the 241Am-Be source has 50 mm
in height and 30 mm in di am e ter

Ta ble 2. At ten u a tion co ef fi cient and open ing an gle cor re spond ing to each of the old (50 cm), and new (35 cm) shadow
cones; as calculated, the dis tances be tween the source and the cen ter of the sphere for both the old and new shadow cones
were 115 cm, and 75 cm, respectively

Diameter [in]
Old shadow cone (50 cm) New shadow cone (35 cm)

M/Mo Half-angle (degrees) M/Mo Half-angle (degrees)

3.5 3.90×10–5 0.97 3.16×10–5 1.49

4.2 4.24×10–5 1.41 3.87×10–5 2.16

5 4.01×10–5 1.92 3.92×10–5 2.94

6.5 5.96×10–5 2.86 5.08×10–5 4.39

8 6.17×10–5 3.81 5.24×10–5 5.83

10 8.65×10–5 5.07 6.97×10–5 7.74

12 1.22×10–4 6.32 9.81×10–5 9.64



count rates mea sured by the BSS and those cal cu lated
by the ISO stan dard neu tron spec trum for 241Am-Be.
The mea sure ment and cal cu la tion are in good agree -
ment if the ex per i men tal er rors are taken into ac count.
For some spheres, the mea sured di rect count rates are
slightly greater than the val ues es tab lished by cal cu la -
tion. This can be at trib uted to the over shad ow ing of
these spheres during the measurement.

The re sults ob tained by the BSS sys tem were un -
folded with a mod i fied ver sion of the SANDII code
[28]. This code uses an it er a tive per tur ba tion method
to ob tain a best-fit neu tron flux spec trum for a given

in put set of mea sured de tec tor counts. The pro ce dure
con sists of a flux spec trum that serves as the ini tial ap -
prox i ma tion to a so lu tion.

The di rect counts of the 241Am-Be source and
en ergy re sponse func tions that have been cal cu lated
by MCNP were used as in put val ues in SANDII.
There fore, in this cal cu la tion, the neu tron spec trum is
de ter mined at the po si tion of the de tec tor. Also, to
eval u ate the ef fect of the con tri bu tion of scat ter ing on
spec trom e try, an other ex per i ment with an old shadow
cone (30 cm poly eth yl ene and 20 cm iron) was per -
formed. In this ex per i ment, the sep a ra tion be tween the
241Am-Be  source  and  the  cen ter of the sphere was
115 cm, and the ex ter nal part of the BF3 was cov ered
with 3.0 cm of bo ric acid, fig. 5(b). 

Fig ure 7 il lus trates the ex per i men tal neu tron
spec trum of the 241Am-Be source that un folded with
the SANDII pro gram, in com par i son with the ISO
stan dard spec trum [27], us ing the new shadow cone
(35 cm) and old shadow cone (50 cm). As can be seen,
a sat is fac tory agree ment has been ob tained for the
spec trum 241Am-Be source us ing the new shadow
cone, if the low en ergy res o lu tion of the BSS sys tem is
taken into ac count. In the mea sure ment with the old
shadow cone, the spec trum in creases in low en er gies
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Fig ure 5. The set-up of the mea sure -
ment with the BSS sys tem at the
NLFUM; the sys tem was placed at a
height of 2.1 m, while the dis tance of
the de tec tor from the side walls and
those at the front and rear ends of the
room was 4.50 m, and 5.75 m,
re spec tively
(a) with new shadow cone, (b) with old
shadow cone

Ta ble 3. Ex per i men tal mea sure ment de ter mined for
dif fer ent de tec tors in 1000 seconds

Detector Sphere diameter
[in] Total count Scattered count

1 3.5 14565 ± 121 4152 ± 64

2 4.2 26001 ± 161 7028 ± 84

3 5 44781 ± 212 10593 ± 103

4 6.5 76554 ± 277 17377 ± 132

5 8 106478 ± 326 21268 ± 146

6 10 111897 ± 335 22276 ± 149

7 12 105030 ± 324 20959 ± 145

Fig ure 6. Com par i son of the di rect count rates mea sured
by the BSS sys tem and those cal cu lated as a func tion of
the sphere di am e ter

Fig ure 7. Com par i son be tween the ex per i men tal neu tron 
spec trums for 241Am-Be, us ing the new shadow cone
(35 cm), and old shadow cone (50 cm), and the ISO
stan dard spec trum



val ues and de creases with higher en er gies val ues.
Also, the peak of the spec trum shifts to lower en er gies.

This de vi a tion can be ex plained by the large ra tio 
of scat tered neu trons to di rect neu trons. Di vert ing the
shape of the spec trum in low en er gies hap pens due to
the ex ces sive in crease of this ra tio for small spheres
and the re sult ing in crease in er ror counts. In gen eral,
one can con clude that when scat ter ing con tri bu tion in -
creases, the spec trum de flects to lower en er gies.   

 The fluence-av er age neu tron en ergy, EF, was
ob tained as fol lows

E E E EF = ò F( )d (2)

where F(E) is the neu tron fluence. Ta ble 4 pres ents the 
fluence-av er age neu tron en ergy cor re spond ing to the
use of new and old shadow cones, and com pares the re -
sult with ref er ence to val ues and the re port of Bedogni
et al., [29]. As can be seen, the re sult for us ing the new
shadow cone is in agree ment with the ref er ence.

CON CLU SIONS

A Bonner sphere spec trom e ter sys tem based on the 
BF3 long cy lin dri cal pro por tional coun ter has been de -
vel oped. The en ergy re sponse func tions of the spec trom -
e ter  have  been  ac cu rately  sim u lated  from  10–8  MeV to
18 MeV. Al though the scale of the re sponse de creased
for small spheres in com par i son to the 3He re sponse; the
shape of the re sponse was proper for spec trom e try stan -
dards.

One of the main aims of this work is the de vel op -
ment of a sys tem which would be less af fected by scat -
tered neu trons. To de crease the ef fect of scat tered neu -
trons, the rear part of the BF3 long coun ter on the
out side of the sphere has been cov ered with 3.0 cm of
bo ric acid. In the next stage, to de crease the sep a ra tion
dis tance be tween the neu tron source and sphere, a new 
shadow cone of a smaller length and im proved at ten u -
a tion co ef fi cient was de signed. An ex per i men tal val i -
da tion lim ited to seven spheres, ap ply ing the new
shadow cone for cal i bra tion, was per formed via a
241Am-Be source. Al though the BSS sys tem has an in -
her ently poor en ergy res o lu tion, the re sults pre sented
herein in di cate a sat is fac tory agree ment, since the de -
vi a tion from the fluence and neu tron en ergy av er age of 
the ref er ence value is low. An other ex per i ment re -

vealed that the shape of the spec trum will be changed
due to the in crease in scat ter ing con tri bu tion. There -
fore, the BSS sys tem equipped with the BF3 long cy -
lin dri cal coun ter, if the said break throughs are
applied, can be used in neutron fluence spectrometry.
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Rahim KABAZ, Ha{em MIRI HAKIMABAD

MEREWE  NEUTRONSKOG  SPEKTRA  MULTISFERNIM
POSTUPKOM  SA  UPOTREBOM  BF3  BROJA^A

Multisferna metoda, jedna tehnika detekcije neutrona, unapre|ena je upotrebom dugog
cilindri~nog BF3 broja~a kao termi~kog detektora, sme{tenog u centar sedam sfera sa
pre~nicima od 3.5 do 12 in~a. U intervalu od 10–8 MeV do 18 MeV, odre|ene su funkcije energetskog
odziva sistema primenom MCNP4C Monte Karlo programa. Novi konusni zaklon projektovan je
radi ura~unavawa rasejanih neutrona. Mada kra}i po du`ini, novoprojektovani konus ima
unapre|en koeficijent slabqewa. Radi ocene sistema izmeren je neutronski spektar jednog
241Am-Be izvora.

Kqu~ne re~: spektrometrija neutronskog fluensa, Bonerova sfera, funkcija odziva, konusni
........................zaklon


