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This ar ti cle fo cuses on the in-situ cal i bra tion of area ra di a tion mon i tors by ex am in ing changes 
in back scat ter fac tors. A mo bile X-ray ir ra di a tion de vice was de vel oped, and a ref er ence ra di a -
tion level was es tab lished. Us ing the Monte Carlo method, an in-situ cal i bra tion mea sure -
ment model was cre ated to study back scat ter fac tors at dif fer ent dis tances and ra di a tion field
con di tions for ra di a tion qual i ties rang ing from N-60N-200. The ac cu racy of the sim u la tion
was ver i fied, with a rel a tive de vi a tion be tween sim u la tion and ex per i men tal re sults not ex -
ceed ing 4.7 %. In ad di tion, the vari a tion of the back scat ter fac tors with dif fer ent cham -
ber-wall dis tances and wall ma te ri als was sim u lated. Re sults in di cate that back scat ter fac tors
for all ma te ri als de crease as the cham ber-wall dis tance in creases. For con ven tional con crete,
the max i mum back scat ter fac tor within the stud ied en ergy range did not ex ceed 1.35. It is im -
por tant to note that for heavy con crete and lead, the pres ence of K ab sorp tion edges can re sult
in a sud den in crease in scat tered ra di a tion.
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IN TRO DUC TION

Nu clear power plants, ac cel er a tors, and ra di a -
tion en vi ron ment mon i tor ing sta tions uti lize nu mer -
ous fixed X- and gamma-ray ra di a tion do sim e ters.
These de vices are used for area ra di a tion mon i tor ing,
on line eval u a tion, and early warn ing of ra dio ac tive
haz ards as so ci ated with nu clear fa cil i ties [1-4]. Con -
sid er ing the ac cu racy of mon i tor ing, the ca pa bil ity of
do sim e ters with high sen si tiv ity and quick re sponse
are usu ally re quired. The con ven tional method for us -
ers to en sure the re li abil ity of mea sure ment re sults of
such fixed ra di a tion do sim e ters is to reg u larly dis as -
sem ble them from the sur face of the in stal la tion wall
ev ery year and trans port them to the pri mary stan dard
do sim e try lab o ra to ries or sec ond ary stan dard do sim e -
try lab o ra to ries for cal i bra tion [5-7]. This method has
draw backs, in clud ing cum ber some in stru ment dis as -
sem bly, lengthy sub mis sion cy cles, and the risk of los -
ing con trol of mon i tored points dur ing sub mis sion.
Ac cord ing to the stan dard IEC 60846-1:2009 [8], the
con ven tional mon i tor ing quan tity of the do sim e ter is
the am bi ent dose equiv a lent H*(10) or air kerma Ka.

The ra di a tion per for mance mainly eval u ates its sys -
tem atic er ror, mea sure ment re peat abil ity, and en ergy
re sponse char ac ter is tics. Nar row-spec trum se ries
(N-se ries) fil tered X ref er ence ra di a tion or 60Co, 137Cs
and 241Am radionuclide gamma ref er ence ra di a tion
can be used in cal i bra tion. The cal i bra tion fac tor of a
do sim e ter is de fined as the quo tient of the con ven -
tional true value of the mon i tor ing quan tity by the in -
di cated value (with nec es sary cor rec tions) of the do -
sim e ter. It can be seen that the ac cu racy of the
con ven tional true value mea sure ment at the test post
will greatly af fect the ac cu racy of the cal i bra tion fac -
tor. The ISO 4037-1:2019 in di cates that the con tri bu -
tion due to scat tered ra di a tion in the fixed ref er ence ra -
di a tion field should be less than 5 % of the to tal dose
rate at the test point. How ever, dif fer ent from the stan -
dard lab o ra tory, in-situ cal i bra tion re quires spe cial
con sid er ation of the im pact of scat tered ra di a tion gen -
er ated by the sur round ing en vi ron ment on the dose
rate at the test point.

Dur ing in-situ cal i bra tion, scat tered ra di a tion is
af fected by the in stal la tion wall of fixed do sim e ters,
and by ob sta cles on the wall sur face (such as pipe lines, 
junc tion boxes, and hosts that are com pat i ble with do -
sim e ter probes). Usu ally, these ob sta cles are small in
vol ume and po si tioned out side the ra di a tion field,
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hence the dose rate at the test point is less af fected by
the scat tered ra di a tion from these ob sta cles. In con -
trast, dur ing the in-situ cal i bra tion, al most all the ra di -
a tion fields are per pen dic u lar to the in stal la tion wall,
re sult ing in a larger ex posed area and a greater in ter ac -
tion prob a bil ity be tween the in ci dent X-ray and the
wall. The in stal la tion po si tion of the do sim e ters is usu -
ally close to the wall sur face, and the back scat tered ra -
di a tion gen er ated by the wall may se ri ously af fect the
dose rate of the test point, re sult ing in sig nif i cant de vi -
a tion in the cal i bra tion fac tor mea sure ment re sults.
There fore, it is im por tant to de ter mine the im pact of
back scat tered ra di a tion from the fixed do sim e ter in -
stal la tion wall on the dose rate at the test point when
in-situ cal i bra tion is adopted. In sum mary, the back -
scat tered ra di a tion is mainly re lated to the ra di a tion
qual ity, field size, wall ma te rial, and the dis tance be -
tween the do sim e ter and the wall.

In this study, a mo bile X-ray ir ra di a tion de vice
was de vel oped for in-situ cal i bra tion, and its ra di a tion
char ac ter is tics were sys tem at i cally ver i fied ac cord ing
to the stan dard ISO 4037 [9]. Monte Carlo sim u la tion
and ex per i men tal meth ods were used to eval u ate the
changes in back scat tered ra di a tion of the in stal la tion
wall un der dif fer ent dis tances, ra di a tion fields, and
wall ma te ri als. The re sults pro vide im por tant ref er -
ences for in-situ cal i bra tion us ing mo bile X-ray ir ra di -
a tion de vices.

THE ORY AND METH ODS

Es tab lish ment of mo bile X-ray
ref er ence ra di a tion

The ref er ence ra di a tion field gen er ated by the
mo bile X-ray ir ra di a tion de vice is used to carry out
in-situ cal i bra tion of the fixed do sim e ters, which the

typ i cal lay out is shown in fig. 1. An XPO EVO 225D
por ta ble X-ray tube (YXLON In ter na tional GmbH)
serves as the X-ray source with a 20° tung sten tar get
and a max i mum power of 1200 W. The tube volt age
ranges from 25 kV to 225 kV (1 kV/step), and the tube
cur rent ranges from 0.5 mA to 10 mA (0.1 mA/step).
The de vice fea tures a collimation de sign, us ing 2 mm
lead and 1 mm stain less steel shield ing around the tube
to re duce the im pact of leak age ra di a tion on the mea -
sure ment. These do sim e ters are mounted on mov able
sup port plat forms, elim i nat ing the need to re move
them from the in stal la tion wall dur ing the in-situ cal i -
bra tion. The la ser po si tion ing mod ule en sures that the
X-ray tube fo cal spot is at the same hor i zon tal height as 
the cal i brated do sim e ter ref er ence point and that the
cen tral axis of the X-ray beam is per pen dic u lar to the
in stal la tion wall.

In back scat tered ra di a tion mea sure ment, the cal -
i brated do sim e ter ref er ence point is re placed by the
geo met ric cen ter of TW 32005 (PTW) sec ond ary stan -
dard ion iza tion cham ber, the ver ti cal height of the test
point is 150 cm and re mained un changed in the fol low -
ing dis cus sion. The dis tance from the X-ray fo cal spot
to the cham ber (SCD) var ies from 100 cm to 300 cm,
which is com monly used. The dis tance from the cham -
ber to the in stal la tion wall (CWD) ranges from 2.2 cm
to 50 cm, with 2.2 cm cho sen as it cor re sponds to the
ra dius of the TW 32005 cham ber. Three dif fer ent sizes
of ap er tures that can re spec tively ad just the out put
X-ray to con i cal beams with an gles q of 5°, 8°, and
10°. For a spe cific SCD, the ra di a tion field will be -
come larger when q is in creased. Ac cord ing to the di -
men sions of com mon fixed do sim e ters, beams with an
an gle q of 8° are most suit able for in-situ cal i bra tion,
and  cir cu lar  ra di a tion  fields  with  ra dii  r  of  14  cm,
28 cm, and 42 cm (in clud ing pen um bra area) can be
ob tained at dis tances of 100 cm, 200 cm, and 300 cm
from the fo cal spot, re spec tively. La ser lo ca tor 1 is
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Fig ure 1. Typ i cal lay out for in-situ
cal i bra tion us ing mo bile X-ray
ir ra di a tion de vice



used for spa tial align ment be tween the fo cal spot and
the test point, while la ser lo ca tor 2 en sures that the
field is per pen dic u lar to the in stal la tion wall.

Ta ble 1 shows the char ac ter is tics of ref er ence ra -
di a tion qual i ties used in this pa per. The ad di tional
filtrations are made of Pb, Sn, and Cu sheets with a pu -
rity better than 99.9 %. Ac cord ing to the mea sure ment
re sults, the in her ent fil tra tion of the ir ra di a tion de vice
is 4.01 mm Al [10]. The cal i brated ion iza tion cham ber
and type UNIDOS E electrometer are used to mea sure
the dose rate at the test point, where the im pact of scat -
tered ra di a tion from the sur round ing en vi ron ment can
be ig nored (that is, the dose rate in free air), and the
value is trace able to the pri mary stan dard of 60-250 kV 
X-ray air kerma.

Monte Carlo sim u la tion

Monte Carlo N-Par ti cle Trans port Code
(MCNP), Ver sion 5 [11] is used for the sim u la tion of
back scat tered ra di a tion. The MCNP is a gen eral-pur -
pose, con tin u ous-en ergy, gen er al ized-ge om e try,
time-de pend ent, cou pled neu tron/pho ton/elec tron
Monte Carlo trans port code. Fig ure 2 shows the
MCNP model for back scat tered ra di a tion cal cu la tion,
which re pro duces the geo met ric struc ture of the in-situ 
cal i bra tion ex per i ment in fig. 1. A point source with
N-se ries pho ton fluence spec tra is set up at the fo cal
spot of the X-ray tube, and the source terms used in the

sim u la tion are shown in fig. 3. Fig ure 3(a) shows the
cor re spond ing brems strah lung spec tra, which is ob -
tained from the cal cu la tion model of cath ode elec tron
beam bom bard to 20° an ode tung sten tar get. By in cor -
po rat ing ad di tional fil tra tion con sis tent with the ma te -
rial and thick ness spec i fied in tab. 1, the N-se ries pho -
ton fluence spec tra are ob tained, as shown in fig. 3(b).
Us ing a DIR card the beam is shaped into a con i cal
form. It is then fur ther ad justed with a beam ap er ture,
en sur ing the sim u lated field range re mains con sis tent
with the ac tual mea sure ment.

A spher i cal cell with a ra dius of 2.2 cm is used to
sim u late the sen si tive vol ume of the trans fer cham ber.
Us ing an F4 tally card to re cord the in ci dent pho tons
flux, and its phys i cal quan tity is as fol lows

f yV
V

E t V r E t    
1

d d d dW W( , , , )


(1)

where fV  is the av er age flux in spher i cal tally cell (par -
ti cles-cm–2), V  [cm3] – the vol ume of the tally cell, E –
the en ergy of pho tons in ci dent on the tally cell,  


r [cm]

– the  par ti cle  po si tion  vec tor ,  W – the di rec tion vec -
tor, t – time in shake (1 shake = 10–8 s), and y – the an -
gu lar flux fa mil iar from nu clear re ac tor the ory. Then, a 
DE/DF card is used to con vert flux into air kerma. The
ICRP Re port 74 [12] pro vides the con ver sion co ef fi -
cient Ka/f [pGycm2] of air kerma per unit flux, which
is a func tion of in ci dent pho ton en ergy.

In this pa per, con ven tional con crete was first
cho sen as the sim u la tion scat tered ma te rial, which was 
com monly used in lab o ra tory wall con struc tion. In the
sim u la tion, the di men sions of the fixed do sim e ter in -
stal la tion wall were set to 600 cm  350 cm  30 cm
(i.e., length  height  thick ness). These mea sures re -
mained un changed. The CWD was set to 4 cm, and
SCD was se quen tially set to 96 cm and 200 cm. The
tube volt age range was ad justed within the range of
60-200 kV, cor re spond ing to ra di a tion qual i ties
N-60~N-200. The sim u lated val ues were com pared
with the mea sured re sults to ver ify the validity of the
MCNP model and cal cu la tion method. Sub se quently,
to com pre hen sively eval u ate the back scat tered ra di a -
tion vari a tion in con ven tional con crete ma te ri als, the
vari a tion  ranges  for CWD and SCD were set to 2.2-50 
cm and 100-300 cm, re spec tively. These ranges, com -
monly used in in-situ cal i bra tion, were se lected to
study the vari a tion of the back scat tered ra di a tion fac -
tor with CWD and SCD. In ad di tion to con ven tional
con crete, brick, heavy con crete, iron, and lead were
also em ployed as sim u la tion scat tered ma te ri als. The
rea sons are that brick is used as con struc tion ma te rial,
iron is used as holder ma te rial for fixed do sim e ters,
and heavy con crete and lead are com monly used as ra -
di a tion shield ing ma te ri als. The de tailed sim u la tion
pa ram e ter in for ma tion of the above five ma te ri als is
listed in tab. 2, and the rel e vant data is sourced from
the re port pub lished by Wil liams, [13].
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Ta ble 1. Char ac ter is tics of ref er ence ra di a tion qual ity

Ra di a tion
qual ity

Tube
volt age

[kV]

Ad di tional
fil tra tion [mm]

Mean
en ergy
[keV]

HVLst
(in mm Cu)

Pb Sn Cu
N-60 60 – – 0.77 48.08 0.24
N-80 80 – – 1.97 65.40 0.59

N-100 100 – – 4.94 83.14 1.15
N-120 120 – 1.01 5.02 100.63 1.75
N-150 150 – 2.49 – 119.03 2.43
N-200 200 1.16 3.10 2.03 167.99 4.18

Fig ure 2. The MCNP cal cu la tion model for
back scat tered ra di a tion



Cal cu la tion method for
back scat ter fac tor

To quan ti ta tively dis cuss the im pact of back scat -
tered ra di a tion from the in stal la tion wall on the dose at
the test point un der dif fer ent CWD and SCD, we in tro -
duced a back scat ter fac tor.

For ex per i men tal mea sure ment, the back scat ter
fac tor kME is cal cu lated as fol lows

k
D

D
ME

ME

ME0

 (2)

where DME0 [mGyh–1] is the dose rate at the test point
in free air, and DME [mGyh–1] – the dose rate at the test
point with in stal la tion wall back scat tered ra di a tion.

For sim u la tion cal cu la tion, the back scat ter fac -
tor kMC is cal cu lated as fol lows

k
D

D
MC

MC

MC0

 (3)

where DMC0 [pGy] is the dose at the tally cell when the
in stal la tion wall is filled with air and DMC [pGy] – the
dose at the tally cell when the in stal la tion wall is filled
with con ven tional con crete, heavy con crete, brick,
iron, and lead [pGy].

It should be noted that for MCNP sim u la tion, ad -
just ing the tube volt age can be ac com plished by set -
ting pho ton source terms with dif fer ent spec trum dis -
tri bu tions. How ever, ad just ing the tube cur rent can not
be sim ply achieved by chang ing the num ber of pho ton
trans ports. In creas ing the num ber of pho ton trans ports 
will only re duce the sta tis ti cal fluc tu a tions of the sim u -
la tion re sults. This means that with N dif fer ent tube
cur rents, N mea sured back scat ter fac tors kME will be
gen er ated, cor re spond ing to only one sim u lated back -
scat ter fac tor kMC. The cur rent of the X-ray tube is pro -
por tional to the in ten sity of the pho ton source. For a
spe cific en ergy spec trum dis tri bu tion, when the out put 
of the X-ray tube is sta ble, there is no sig nif i cant
change in the back scat ter fac tor, which has been stud -
ied [14]. There fore, in the fol low ing dis cus sion, we
will ig nore the de scrip tion of tube cur rent.

RE SULTS AND DIS CUS SION

Ex per i men tal ver i fi ca tion of
back scat tered ra di a tion cal cu la tion model

The back scat tered ra di a tion ex per i ment was car -
ried out in the lab o ra tory of the China In sti tute of
Atomic En ergy, and the lab o ra tory wall ma te rial was
con ven tional con crete. The sta tis ti cal un cer tainty of
the sim u la tion re sults is less than 2 % (the num ber of
pho ton his to ries is  set  to  108).  The  com par i son
between kME and  kMC  at  beam  an gles  q  of  5°,  8°, 
and 10° for SCD = 96 cm and 200 cm, is shown in fig.
4(a) and fig. 4(b).

In fig. 4(a), the ra di a tion field ra dius (r) pro jected
at the in stal la tion wall changes from 8.5 cm (q of 5°) to
17 cm (q of 10°). The in ter ac tion prob a bil ity be tween in -
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Fig ure 3. Source terms 
used in the back scat tered
ra di a tion sim u la tion;
(a) brems strah lung
spec tra and (b) N-se ries
pho ton fluence spec tra

Ta ble 2. Sim u la tion pa ram e ters of five ma te ri als in
 in-situ cal i bra tion

Wall ma te rial Com po si tion in for ma tion
Den sity
[gcm–3]El e ment Atomic

num ber (Z)
Weight

frac tion [%]

Brick

O 8 52.50

1.800
Al 13 0.50
Si 14 44.90
Ca 20 1.40
Fe 26 0.70

Con ven tional
con crete

H 1 0.40

2.180

O 8 48.21
Na 11 0.22
Mg 12 1.41
Al 13 6.94
Si 14 27.75
K 19 1.30
Ca 20 8.02
Fe 26 5.75

Heavy
con crete

H 1 0.36

3.350

O 8 31.16
Mg 12 0.12
Al 13 0.42
Si 14 1.04
S 16 10.79

Ca 20 5.02
Fe 26 4.75
Ba 56 46.34

Iron Fe 26 100.00 7.874
Lead Pb 82 100.00 11.350



ci dent pho tons and the wall will in crease, lead ing to an
in crease in back scat tered ra di a tion. The kME changes
from 1.13 (q of 5°) to 1.22 (q of 10°) when tube volt age is 
120  kV, and a sim i lar pat tern can also be seen in fig. 4(b).
When q re mains un changed (tak ing 10° as an ex am ple),
ad just ing the SCD from 96 cm to 200 cm will also in -
crease the ra di a tion filed ra dius, and the kME changes
from 1.22 (SCD of 96 cm) to 1.25 (SCD of 200 cm) when 
tube volt age is 120 kV. The rel a tive de vi a tion be tween
the sim u lated and mea sured re sults in fig. 4 is within 4.7 
%, which ver i fies the va lid ity of the back scat tered ra di a -
tion cal cu la tion method and the MC model.

The vari a tion of back scat ter
fac tor with CWD

The val i dated back scat tered ra di a tion MC cal cu -
la tion model was used to study the vari a tion of the
back scat ter fac tor of con ven tional con crete walls with
CWD un der dif fer ent tube volt ages. The beam an gle q
was set to 8°, SCD was se quen tially set to 100 cm, 200
cm, and 300 cm, and the cal cu la tion re sults are shown
in fig. 5.

As shown in fig. 5, the back scat ter fac tor kMC de -
creased with the in crease of CWD and grad u ally ap -
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  Fig ure 4. The CWD of 4 cm, q of 5°, 8°, and 10°, the com par i son of kME and kMC when; (a) SCD of 96 cm,  (b) SCD of 200 cm



proached 1.00. As the wall grad u ally moves away, the
in flu ence of back scat tered ra di a tion on the dose at the
test point will grad u ally de crease and even tu ally dis -
ap pear (when the dis tance is far enough). At CWD of
50 cm, the back scat ter fac tor can be re duced to be low
1.01 when SCD is 100 cm, while at SCD of 200 cm and 
300 cm, due to the in crease of ra di a tion field size, the
back scat ter fac tor can only be re duced to be low 1.04
and 1.06, re spec tively. Due to the long dis tance be -
tween the wall and the test point, the fluc tu a tion of the
back scat ter fac tor with the tube volt age is small. On
the con trary, when the wall is ad ja cent to the test point
(CWD of 2.2 cm), the back scat tered ra di a tion will be
more eas ily de tected. As the SCD in creases from 100
cm to 300 cm, the max i mum back scat ter fac tor can in -
crease to 1.22, 1.25, and 1.27, re spec tively. At this
time, the fluc tu a tion of the back scat ter fac tor with the
tube volt age is greater than that at CWD of 50 cm.

The afore men tioned stud ied the vari a tion of the
back scat ter fac tor at the test point when the wall ma te -
rial is con ven tional con crete un der a com monly used
in-situ cal i bra tion lay out. Dur ing the in-situ cal i bra -
tion, the ra di a tion field size can be rea son ably se lected
based on the ac tual sit u a tion, and the im pact of scat -
tered ra di a tion can be re duced by ad just ing the mea -
sure ment dis tance or the beam ap er ture size.

The variation of backscatter
factor with wall material

The in stal la tion wall was se quen tially filled with 
brick, or di nary con crete, heavy con crete, iron, and
lead ma te ri als, and the vari a tion of back scat ter fac tor
kMC with CWD was sim u lated and the re sults are
shown in fig. 6. The beam an gle q was set to 8°, ra di a -
tion qual ity was set to N-60 and N-200, SCD was set to 
100 cm and 300 cm, and CWD was set to 2.2-50 cm.

In fig. 6, the back scat ter fac tor kMC of all ma te ri -
als de creases and ap proaches 1.00 with the in crease of
CWD, which is con sis tent with fig. 5. When the wall is
ad ja cent to the test point (CWD of 2.2 cm) and SCD
was set to 100 cm, back scat ter fac tors of the five ma te -
ri als un der ra di a tion qual ity N-60 in de scend ing or der
are: heavy con crete (1.48), lead (1.17), brick (1.16),
or di nary con crete (1.11), and iron (1.09). How ever,
back scat ter fac tors of the five ma te ri als un der ra di a -
tion qual ity N-200 in de scend ing or der are: brick
(1.24), or di nary con crete (1.21), lead (1.09), iron
(1.09), and heavy con crete (1.05). The back scat ter fac -
tors for heavy con crete and lead at N-60 are ap prox i -
mately 41.0 % and 7.3 % higher, re spec tively, com -
pared to those at N-200. In con trast, the back scat ter
fac tors for brick and or di nary con crete at N-60 are
about 6.5 % and 8.3 % lower, re spec tively, than those
at N-200. The back scat ter fac tor for iron re mains al -
most un changed. When SCD was set to 300 cm, a sim -
i lar pat tern can be ob served.

Be cause the re ac tion cross-sec tion is re lated to the 
in ci dent pho ton en ergy and the ma te rial type, the back -
scat ter fac tor var ies with the ra di a tion qual ity. Un der the 
X-ray en ergy of 200 keV, the main forms of in ter ac tion
of pho tons with mat ter in clude pho to elec tric ab sorp -
tion, Compton scat ter ing and co her ent scat ter ing. The
NIST XCOM pho ton cross-sec tion da ta base pro vides
de tailed data on the re ac tion cross sec tions of the above
five ma te ri als [15], as shown in fig. 7. In ad di tion, the
X-ray fluence spec tra of N-60~N-200 are also shown to
char ac ter ize the rel a tive weights of dif fer ent re ac tion
cross sec tions un der dif fer ent en ergy pho ton.

Com bin ing the back scat ter fac tor in fig. 6 with
the re ac tion cross-sec tion in fig. 7, we can see that for
brick ma te rial, when the pho ton en ergy is 20-50 keV,
the pho to elec tric ab sorp tion cross-sec tion is larger
than the Compton scat ter ing sec tion. When the pho ton
en ergy ranges from 50-200 keV, the pho to elec tric ab -
sorp tion cross-sec tion de creases rap idly and Compton
scat ter ing grad u ally be comes dom i nant. For con ven -
tional con crete ma te rial, the vari a tion is sim i lar to that
of brick, and the cross-sec tion of pho to elec tric ab sorp -
tion and Compton scat ter ing of these two ma te ri als are
al most the same near 60 keV. There fore, for brick and
con ven tional con crete ma te ri als, the back scat ter fac tor 
at N-60 is smaller than at N-200.

For heavy con crete and lead ma te ri als, pho to elec -
tric ab sorp tion is al ways dom i nant within the pho ton
en ergy range of 20-200 keV, mainly be cause the ef fec -
tive atomic num ber Z of the ma te rial is large, and the
prob a bil ity of pho to elec tric ef fect is pro por tional to the
Z 5. How ever, the bar ium (mass frac tion 46.34 %) in
heavy con crete has a K ab sorp tion edge at the pho ton
en ergy of 37.44 keV. For N-60, more char ac ter is tic
X-rays  will  be  de tected,  re sult ing  in a sharp in crease
in the back scat ter fac tor. Sim i larly, for lead ma te rial,
there is a K ab sorp tion edge at the pho ton en ergy of
88.00 keV, which di rectly leads to a sud den in crease of
back scat ter fac tor un der N-100 and N-120, as shown in
fig. 8.

Based on the above anal y sis of the changes in
back scat ter fac tors of five ma te ri als un der dif fer ent
en ergy pho tons, it can be con cluded that in the ac tual
cal i bra tion pro cess, the main ma te rial of the fixed do -
sim e ter in stal la tion wall should be fully con sid ered.
Ac cord ing to the ra di a tion qual ity and en ergy range
used in the cal i bra tion, it is nec es sary to con sider the
sud den change near the K ab sorp tion edge on the back -
scat ter fac tor.

CONCLUSIONS

In this study, a mo bile X-ray ir ra di a tion de vice
was de vel oped, and ref er ence ra di a tion lev els rang ing
from N-60~N-200 were es tab lished. A Monte Carlo
model for back scat tered ra di a tion cal cu la tion was
built and val i dated. The vari a tion of the fixed
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dosemeter in stal la tion wall back scat ter fac tor with
SCD, CWD, field size, and wall ma te ri als was in ves ti -
gated. For or di nary con crete ma te rial, the vari a tion of
back scat ter fac tor with pho ton en ergy un der dif fer ent
SCD and q was ver i fied, with a rel a tive de vi a tion be -
tween mea sured and sim u lated re sults within 4.7 %.
Re sults showed that the CWD and the size of the ra di a -
tion field di rectly af fected the mea sure ment re sults.
Dur ing the cal i bra tion pro cess, the im pact of scat tered
ra di a tion can be re duced by ad just ing the mea sure -
ment dis tance and us ing ap pro pri ate beam ap er tures.

Fi nally, the vari a tion of the back scat ter fac tor with dif -
fer ent wall scat ter ing ma te ri als was stud ied us ing
ra di a tion qual i ties of N-60 and N-200 as ex am ples. It
was found that or di nary con crete and brick ma te ri als
ex hib ited sim i lar pat terns of change, with a max i mum
back scat ter  fac tor  not  ex ceed ing  1.35. For heavy
con crete  and  lead ma te ri als, the back scat ter fac tor
sig nif i cantly  in creased, near the en ergy re gion of the
K ab sorp tion edge, be cause of char ac ter is tic X-rays.
The max i mum back scat ter fac tor is 1.57 for heavy
con crete at N-60, with CWD of 2.2 cm, and SCD of
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300 cm. This re search high lights the im por tance of
con sid er ing wall ma te ri als, de tec tor size, ra di a tion
field size, and pho ton en ergy in the pro cess of in-situ
cal i bra tion us ing mo bile X-ray ir ra di a tion de vices.
The find ings pro vide a solid the o ret i cal ba sis for
in-situ cal i bra tion and of fer valu able data to sup port
fu ture stud ies.
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Fig ure 8. The  q of 8°, ra di a tion qual ity N-60 and N-200,
SCD of 100 cm, CWD of 2.2 cm, the vari a tion of back -
scat ter fac tor with pho ton en ergy un der heavy con crete
and lead ma te ri als



Y. Xu, et al., Study on the Wall Back scat ter Fac tor in Mo bile X-Ray In-Situ Cal i bra tion
Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2024, Vol. 39, No. 4, pp. 270-279 279

Jang SJU, ^en LUO, Jen HUANG, Kebin \A, Juentao QU, Min LIN

PROU^AVAWE  FAKTORA  REFLEKSIJE  OD  ZIDA  U  MOBILNOJ  IN  SITU
KALIBRACIJI  RENDGENSKOG  ZRA^EWA 

Ovaj rad fokusira se na in situ kalibraciju monitora zra~ewa ispitivawem promena
faktora refleksije. Razvijen je mobilni ure|aj za rendgensko zra~ewe i utvr|en je referentni
nivo zra~ewa. Koriste}i Monte Karlo metodu, kreiran je merni model in situ kalibracije za
prou~avawe faktora refleksije na razli~itim rastojawima i uslovima poqa zra~ewa, za kvalitet
zra~ewa u rasponu od N-60~N-200. Verifikovana je ta~nost simulacije, pri ~emu relativno
odstupawe izme|u simulacionih i eksperimentalnih rezultata nije ve}e od 4.7 %. Pored toga,
simulirana je varijacija faktora refleksije sa razli~itim rastojawima izme|u komore i zida i
materijala zida. Rezultati pokazuju da faktori refleksije za sve materijale opadaju sa pove}awem
udaqenosti komore od zida. Za konvencionalni beton, maksimalni faktor refleksije u okviru
prou~avanog energetskog opsega nije prelazio 1.35. Va`no je napomenuti da za te`ak beton i olovo,
prisustvo K apsorpcionih ivica mo`e dovesti do naglog pove}awa rasejanog zra~ewa.

Kqu~ne re~i: mobilan rendgenski ure|aj, in situ kalibracija, kerma u vazduhu, faktor
.........................refleksije, Monte Karlo


