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The aim of this pa per is to ex am ine the en ergy and an gu lar re sponses of thermoluminescent
(LiF:Mg,Ti and LiF:Mg,Cu,P) and op ti cally stim u lated lu mi nes cent (Al2O3:C) do sim e ters 
with ex per i men tal mea sure ments and Monte Carlo sim u la tions. Nine ra di a tion qual i ties,
with mean en er gies rang ing from 33 keV to 1.25 MeV, and five an gles of in ci dence, be tween
0° and 80°, were used to con duct this anal y sis. The IEC 62387:2020 in ter na tional ra di a tion
pro tec tion stan dard was used as the do sim e ter re sponse mea sure of qual ity.  The ex per i men tal
and sim u lated data ex hibit that the do sim e ter re sponses meet the stan dard's cri te ria, with cer -
tain ex cep tions on lower en er gies.
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IN TRO DUC TION

Pas sive per sonal do sim e ters are in cluded in the
reg u la tory con trol of oc cu pa tion ally ex posed per son -
nel. Do sim e ters are used for the es ti ma tion of the user's 
ef fec tive dose by mea sur ing ei ther the per sonal dose
equiv a lent or the am bi ent dose equiv a lent.  Aside from 
the most com monly used thermoluminescent do sim e -
ters (TLD), op ti cally stim u lated lu mi nes cent do sim e -
ters (OSLD) are in creas ingly adopted [1-4].  In pre vi -
ous re search, for the pur pose of as sess ing the
per for mance and com pli ance of these types of do sim e -
ters with in ter na tional ra di a tion pro tec tion stan dards,
they have been ir ra di ated in a wide range of pho ton en -
er gies and an gles of in ci dence [5].  These fields can of -
ten be found in var i ous ion iz ing ra di a tion ap pli ca tions
(in dus try and med i cine, in clud ing di ag nos tic ra di ol -
ogy and ra dio ther apy), while dif fer ent an gles of in ci -
dence were used to re al is ti cally rep re sent real-time
work place ra di a tion ex po sure con di tions. The fo cus of 
con tem po rary re search is mostly re lated to the per for -
mance of pas sive do sim e try sys tems in low-en ergy ra -
di a tion fields, where nu mer ous ra di a tion pro tec tion
in stru ments ex hibit ei ther a pro nounced over-or un -
der-re sponse or even the in abil ity to per form re motely
ac cu rate dosimetric mea sure ments [2, 6]. These ef -

fects have been re ported in spe cific ap pli ca tions of
ion iz ing ra di a tion, such as di ag nos tic ra di ol ogy, and
low-en ergy ra dio iso tope brachytherapy [6, 7].  In this
re search two types of TL de tec tors were used –
LiF:Mg,Ti and LiF:Mg,Cu,P, along with one type of
OSL de tec tors – Al2O3:C. Monte Carlo sim u la tions
rep re sented a method of val i da tion of the pre vi ous ex -
per i men tal re sults.  Sim i lar re search eval u ated the per -
for mance of TL de tec tor ma te ri als by us ing ex per i -
men tal mea sure ments along with Monte Carlo
sim u la tions [8-10].

This pa per aims to com pare and val i date the
beforementioned ex per i men tal re sults with Monte
Carlo sim u la tions and to an a lyze if the sim u lated en -
ergy and an gu lar re sponses of the tested do sim e ters
ful fill the re quire ments of the in ter na tional ra di a tion
pro tec tion stan dard IEC 62387:2020 [11]. These do -
sim e ter char ac ter is tics rep re sent cru cial con sid er -
ations for their use in var i ous fields where ra di a tion
mon i tor ing is re quired, in clud ing in dus trial, med i cal,
mil i tary, and en vi ron men tal ap pli ca tions.

MA TE RI ALS AND METH ODS

The TL dosimeters

The TLD used in the ex per i men tal pro ce dures
have con sisted of a slider and a fil tered holder, pro -
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duced by Mirion Tech nol o gies [12], with ei ther
MTS-N (LiF:Mg,Ti) or MCP-N (LiF:Mg,Cu,P) de tec -
tors, man u fac tured by TLD Po land [13, 14]. Al though
the case it self can hold up to four crys tals, fig. 1, only
two are needed for the cal cu la tion of the per sonal dose
equiv a lent Hp (10), which is de ter mined as the av er age 
dose value of the two crys tals un der the 0.5 mm alu mi -
num fil ters [15]. This is the ra tio nale why the plas tic
fil ter and the un fil tered slots were left empty dur ing
the ex per i men tal pro ce dures. Af ter ir ra di a tions, the
TLD were read with a RE2000 reader, also pro duced
by Mirion Tech nol o gies [12]. For fur ther ref er ence,
TLD with MTS-N or MCP-N de tec tors will be de nom -
i nated as MTS-N or MCP-N do sim e ters, re spec tively.

The OSL do sim e ters

Landauer's InLight OSLD [16], in her ently con tain
four Al2O3:C de tec tor el e ments un der var i ous fil ters
(alu mi num, cop per, plas tic, and un fil tered), fig. 2. Since
the do sim e ters were in vari ably ir ra di ated at 1 mSv, the
low dose func tion was au to mat i cally se lected on the
microStar reader for better photomultiplier tube sen si tiv -
ity dur ing read outs, as doses equal to or above 100 mSv
are clas si fied as high [16]. Counts from all four de tec tor
el e ments are used for the cal cu la tion of the per sonal dose
equiv a lent value. An al go rithm can ac com mo date a
range of pho ton en er gies from 20 keV to over 1.3 MeV
with out prior ir ra di a tion field knowl edge by us ing
smooth cor rec tion fac tor curves based on in di vid ual de -
tec tor count ra tios [17]. The microStar reader is also
man u fac tured by Landauer [16].

Ir ra di a tion time

A sec ond ary stan dard spher i cal cav ity ion iza tion 
cham ber and electrometer sys tem mea sured the ref er -
ence air kerma rate val ues of the used ra di a tion qual i -
ties, which were pre vi ously es tab lished in ref er ence to

ISO 4037-1 [18]. Nar row-en ergy spec trum or N-se ries 
ra di a tion qual i ties rep re sented ref er ence X-ray fields,
while ra dio iso topes 137Cs (S-Cs) and 60Co (S-Co) rep -
re sented ref er ence gamma ra di a tion fields. The ir ra di -
a tion time needed to de liver the pre de fined per sonal
dose equiv a lent value was cal cu lated with the fol low -
ing
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where Q(E) rep re sents the ion iza tion cham ber and
electrometer  sys tem  col lected  charge,  Nk  (E)  the cal -
i bra tion  co ef fi cient  of  the  ion iza tion  cham ber,  and
hk (E, q) the air kerma to per sonal dose equiv a lent con -
ver sion co ef fi cient [19]. Quan ti ties E and q sym bol ize
pho ton en ergy and pho ton beam an gle of in ci dence,
re spec tively.

En ergy re sponse
ex per i men tal mea sure ments

In the in ter est of ex am in ing the do sim e ters' en -
ergy re sponses, a wide pho ton en ergy range was used,
which cov ers mean en er gies from 33 keV to 1,25 MeV, 
tab. 1. A sum of 60 do sim e ters (20 MTS-N, 20
MCP-N, and 20 InLight) was ir ra di ated per ra di a tion
qual ity to ob tain re sults with low sta tis ti cal fluc tu a -
tions. The do sim e ters were po si tioned equi dis tantly
on an ISO wa ter slab phan tom, which im i tates a hu man 
torso and can ac com mo date up to 20 do sim e ters per ir -
ra di a tion.  The point of the test was 2 m from the ra di a -
tion source and the de liv ered per sonal dose equiv a lent
Hp (10) value was 1 mSv, re gard less of the ref er ence
air kerma rate.  The do sim e ters' en ergy re sponses were
cal cu lated by di vid ing the mea sured Hp (10) value of a
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Fig ure 1. The TLD com po nents: de tec tor el e ments, a
slider, and a fil tered holder

Fig ure 2. The OSLD com po nents: a slider con tain ing
de tec tor el e ments, and a fil tered holder



given ra di a tion qual ity with the ref er ence S-Cs value. 
The IEC 62387:2020 per for mance re quire ments for
Hp (10) do sim e ters are pre sented in tab. 2.  It is im por -
tant to point out that three out of nine used ra di a tion
qual i ties fall be low the stan dard's lower mean pho ton
ra di a tion en ergy bound of 80 keV.  The rea son be hind
us ing these ra di a tion qual i ties in the anal y sis is to ex -
am ine how the do sim e ters per form on lower pho ton
en er gies and if they ful fill the stan dard cri te ria in this
unprescribed range.

An gu lar re sponse ex per i men tal
mea sure ments

In or der to si mul ta neously cover wide en ergy
and an gu lar range dur ing the an gu lar re sponse ex per i -
men tal mea sure ments, three ra di a tion qual i ties (N-40,
N-150, and S-Cs) and five an gles of in ci dence (0°,
20°, 40°, 60°, and 80°) were used.  A to tal of 12 do sim -
e ters (4 MTS-N, 4 MCP-N, and 4 InLight) were ir ra di -
ated per an gle of in ci dence and per ra di a tion qual ity. 
The do sim e ters were mounted on an ISO wa ter slab
phan tom, which was pre vi ously po si tioned on a ro tat -
ing wheel.  The point of the test was 2 m from the ra di a -
tion source. To en sure that the set dis tance was con -
stant through out the ex per i men tal pro ce dure, the
do sim e ters were aligned with the wheel's ver ti cal axis
of ro ta tion, fig. 3. Ad di tion ally, the ir ra di a tion times
were in di vid u ally cal cu lated with eq. (1), so the de liv -
ered per sonal dose equiv a lent Hp (10) value was ex -
actly 1 mSv for ev ery ra di a tion qual ity and an gle of in -
ci dence. The do sim e ters' an gu lar re sponses were
de ter mined by di vid ing the mea sured Hp (10) value of
given ra di a tion qual ity and an gle of in ci dence with the
ref er ence S-Cs value at 0°. Ac cord ing to the IEC

62387:2020 cri te ria, the in ci dent an gle rated range
cov ers the ex tent from 0° to  ± 60°.  Equiv a lently to the
case of the en ergy re sponse ex per i men tal mea sure -
ments, an ad di tional an gle of in ci dence was used to
test how the do sim e ters per form on large an gles of in -
ci dence and if they ful fill the stan dard's cri te ria in the
unprescribed range. Ad di tion ally, it is im por tant to
point out that the do sim e ters' re sponse is sym met ri cal,
as pre sented in re cent re search of OSLD per for mance
test ing [20].

Monte Carlo Sim u la tions

The sim u la tions of the ex per i men tal mea sure -
ments were per formed with Monte Carlo code MCNPX 
[21]. The sim u lated ge om e try in cluded a pho ton source, 
an ISO wa ter slab phan tom, and TL and OSL do sim e -
ters.  The phan tom was mod eled as a rect an gu lar prism
made of PMMA walls filled with wa ter.  The thick ness
of the front wall was 0.25 cm, while the other walls were 
1 cm thick. An ad di tional 3 mm PMMA layer was in tro -
duced in front of the do sim e ters to ac count for the sec -
ond ary charged par ti cle equi lib rium in high-en ergy
S-Cs and S-Co ra di a tion fields [18].

The sim u lated TLD model is rep re sented in fig.
4. The model con sists of two cy lin dri cal tab lets 4.5
mm in di am e ter and 0.9 mm thick.  The tab lets are cov -
ered by two 0.5 mm thick alu mi num fil ters (one in
front and one be hind the tab lets). On the other hand,
the sim u lated OSLD model con tained four cy lin dri cal
tab lets 5 mm in di am e ter and 0.3 mm thick.  Each of the 
four tab lets has dif fer ent fil tra tion (alu mi num, cop per,
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Ta ble 2. The IEC 62387:2020 per for mance re quire ments
for the rel a tive re sponse due to mean pho ton ra di a tion
en ergy and an gle of in ci dence [11]

Mean pho ton en ergy
E [keV]

An gle of
in ci dence q [°]

Rel a tive en ergy
re sponse r

80 £ E £ 1250 0 £ q £ ±60 0.71 £ r £ 1.67

Ta ble 1. Ra di a tion qual i ties used in the ex per i men tal
mea sure ments, along with their re spec tive mean pho ton
en er gies [18]

Ra di a tion qual ity Mean pho ton en ergy [keV]

N-40 33.3

N-60 47.9

N-80 65.2

N-100 83.3

N-120 100

N-150 118

N-200 165

S-Cs 662

S-Co 1250

Fig ure 3.  An gu lar re sponse ex per i men tal mea sure ments 
setup – four do sim e ters mounted on a phan tom placed on 
a ro tat ing wheel



plas tic, or un fil tered), as spec i fied by the man u fac turer 
[17]. The OSLD tab lets are also fil tered from both
sides, as in the case with TLD. Fig ure 5 de picts the
sim u lated TLD on the phan tom.

The tab lets them selves were ei ther made of LiF
or Al2O3:C, whose com po si tion was taken from [22]. 
Ini tially, the MTS-N and MCP-N do sim e ters were
sim u lated sep a rately, but since their chem i cal struc -
ture barely dif fers, their sim u lated re sponses were
prac ti cally iden ti cal. This rep re sents the rea son these
two TL ma te ri als were sim u lated only as LiF.

The sim u lated pho tons were emit ted from a
point source.  The dis tance be tween the source and
the cen ter of the fron tal phan tom sur face was 200 cm.  
The en tire fron tal sur face of the phan tom was cov -
ered by the sim u lated cone beam.  The N-se ries ra di a -
tion qual i ties were ap prox i mated as monoenergetic
sources, whose pho ton en ergy val ues were equal to
the ISO 4037-1 mean en er gies [18]. The S-Cs ra di a -
tion qual ity had a dis crete en ergy value of 662 keV,

while  the  S-Co  qual ity  had  dis crete  en er gies of
1.17 MeV and 1.33 MeV.

As pre sented in fig. 5, a to tal of five do sim e ters
were placed on the phan tom for the en ergy re sponse
sim u la tions.  On the other hand, only the three cen tral
do sim e ters were used in the case of the an gu lar re -
sponse sim u la tions, since the source was suc ces sively
re po si tioned, as de picted in fig. 6. The dis tance be -
tween the source and the cen ter of the phan tom's fron -
tal sur face was con stant.

The num ber of sim u lated pho tons was 25 mil -
lion, which en sured a low rel a tive er ror for all tal lies. 
The F6 tally was used for the do sim e ter-mea sured ab -
sorbed dose cal cu la tions, which cal cu lated the en ergy
de po si tion av er aged over a cell in MeVg–1.  The cal cu -
lated per par ti cle en ergy de po si tion was con verted to
Hp (10) value in [Sv] by us ing the rel e vant con ver sion
co ef fi cients [23]. To de ter mine the ab so lute dosemeter 
re sponse, the sim u la tion of ref er ence air-kerma mea -
sure ment was nec es sary.  That be ing the case, an ad di -
tional F6 tally was po si tioned 1 cm in front of the fron -
tal phan tom sur face cen ter. The ab so lute re sponse eq.
(2) was de ter mined as the quo tient of the ref er ence
per sonal dose equiv a lent value and the av er age value
mea sured by the do sim e ters [24].
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Ad di tion ally, the rel a tive do sim e ter re sponses
were de ter mined by nor mal iz ing the ab so lute re sponse 
val ues, de ter mined at cer tain en er gies and an gles of in -
ci dence, to the ref er ence ab so lute re sponse de ter -
mined for the S-Cs ra di a tion qual ity at the 0° an gle of
in ci dence.
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Fig ure 4.  The sim u lated TLD model

Fig ure 5.  The sim u lated TLD on the phan tom

Fig ure 6. An gu lar re sponse sim u la tion spa tial
con fig u ra tion



RE SULTS AND DIS CUS SION

En ergy re sponse

The com par a tive ex per i men tal and sim u lated rel -
a tive en ergy re sponse re sults for the MTS-N and
MCP-N do sim e ters are pre sented in fig. 7. The sim u -
lated LiF-based TLD dis play a sim i lar en ergy re sponse
trend in com par i son to the ex per i men tal re sults.  In the
case of the MCP-N do sim e ters, the sim u lated re sults de -
vi ate from the ex per i men tal data less than 10 %, ex cept
in the case of the N-60 and N-80 ra di a tion qual i ties (ap -
prox i mately 22 % and 16 %, re spec tively). Even though 
the MTS-N ex per i men tal and sim u lated data have sim i -
lar trends, a pro nounced overresponse in the lower en -
ergy range is not vis i ble in the sim u lated re sults. A pos -
si ble ex pla na tion for this dif fer ence may be the
ap prox i mated monoenergetic X-ray beams used in the
sim u la tions, in stead of the com plete X-ray spec tra. As
pho tons with en er gies higher than the mean en ergy of a
given ra di a tion qual ity are not pres ent in the sim u la -
tions, they can not be ab sorbed by the tab lets, which
would cer tainly con trib ute to the ab sorbed dose of the
do sim e ters.  Ad di tion ally, stan dard con ver sion co ef fi -
cients may not be ap pli ca ble for air-kerma to per sonal
dose equiv a lent con ver sions, as the scat tered ra di a tion
is par tially ac counted for.

Con sid er ing the IEC 62387:2020 cri te ria, the
MTS-N do sim e ters have per formed in line with the re -
quire ments in the man da tory en ergy range (80 keV-1.25
MeV). Fur ther more, the MTS-N do sim e ters would also
ful fill the stan dard's cri te ria in the unprescribed range be -
low 80 keV. Since the ex per i men tal MCP-N and sim u lated 
LiF re sults are quite sim i lar, they only fall slightly out side
the stan dard's re quire ments in the case of the N-150 and
N-100 ra di a tion qual ity, re spec tively. Cor re spond ingly,
both re sults would meet the stan dard's cri te ria in the
unprescribed range down to 33 keV.

The com par a tive ex per i men tal and sim u lated
rel a tive en ergy re sponse re sults for the InLight do sim -
e ters are pre sented in fig. 8.  The sim u lated OSLD data

dis plays a sig nif i cant un der-re sponse in com par i son to 
the ex per i men tal re sults for all the X-ray ra di a tion
qual i ties. The dif fer ences range from ap prox i mately
14 % (N-40) to 41 % (N-80).  As be fore, this dis crep -
ancy could be ex plained due to the use of
monoenergetic X-ray beams in the sim u la tions, which
leads to dif fer ent low-en ergy pho ton in ter ac tions, es -
pe cially ab sorp tion. An other fac tor to ac count for is
that OSL do sim e ters have pre de fined crys tal sen si tiv i -
ties, which change over time dur ing us age.  Since there 
is no way to re cal cu late these char ac ter is tics, they can
have a sig nif i cant ef fect on the ex per i men tal re sults. 
This is a ma jor short com ing of these com mer cially
used OSL do sim e ters.

Re gard ing the IEC 62387:2020 cri te ria, both the
ex per i men tal and sim u lated OSLD re sponses meet the
criterium in the 80 keV-1..25 MeV man da tory en ergy
range. Ad di tion ally, both re sults would per form in line 
with the stan dard's cri te ria in the unprescribed range
down to 33 keV.

An gu lar re sponse

The com par a tive ex per i men tal and sim u lated
rel a tive an gu lar re sponse re sults for the MTS-N,
MCP-N, and InLight do sim e ters are pre sented in figs.
9-11.

Look ing at the LiF-based TL do sim e ters, the sim -
u lated and ex per i men tal re sults for the S-Cs ra di a tion
qual ity are anal o gous for all the five an gles of in ci dence
fig. 9(a).  The sim u lated re sults min i mally de vi ate from
the ex per i men tal data. The larg est dif fer ences for the
MTS-N and MCP-N do sim e ters are for the 80° an gle of
in ci dence (8.51 % and 5.68 %, re spec tively).  The sig -
nif i cant un der-re sponse pres ent at the 80° an gle of in ci -
dence both in the sim u lated and ex per i men tal data is the
re sult of a sub stan tial part of the in ci dent ra di a tion be ing 
ab sorbed out side of the do sim e ter crys tals. Re gard ing
the IEC 62387:2020 cri te ria, in the man da tory an gle
range (0°-60°), both the ex per i men tal and sim u lated
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Fig ure 7.  The TLD ex per i men tal and sim u lated rel a tive
en ergy re sponses

Fig ure 8. Thee OSLD ex per i men tal and sim u lated
rel a tive



data were per formed in line with the stan dard's re quire -
ments.  As for the unprescribed 80° an gle of in ci dence,
only the sim u lated rel a tive re sponse of 0.68 slightly
falls out side the stan dard's cri te ria.

Con sid er ing the OSLD, the ex per i men tal and
sim u lated re sults are com pa ra ble fig. 9(b).  Tak ing the
IEC 62387:2020 cri te ria into ac count, both the ex per i -
men tal and sim u lated data ful fill its re quire ments in
the man da tory an gle range.  Ad di tion ally, both re sults
would meet the stan dard's cri te ria for the unprescribed
80° an gle of in ci dence.

In the case of the N-150 ra di a tion qual ity, both
the ex per i men tal and sim u lated TLD data dis play a
sim i lar trend fig. 10(a). Dis re gard ing slight, sta tis ti -
cally in sig nif i cant in creases, a rel a tive re sponse de -
crease is ob served with the in crease of the an gle of in -

ci dence. As with the pre vi ously men tioned S-Cs qual -
ity, the most sig nif i cant un der-re sponse is pres ent at
the 80° an gle of in ci dence. Re gard ing the IEC
62387:2020 cri te ria, the MTS-N do sim e ters and the
sim u lated LiF data met the stan dard cri te ria for the
man da tory an gle range (0°-60°), while the MCP-N do -
sim e ters  did not, due to the un der-re sponse also pres -
ent in the en ergy de pend ence tests at 0°.

The OSLD ex hibit an anal o gous be hav ior as the
TLDs for the N-150 ra di a tion qual ity.  Their un der-re -
sponse in creases with the in crease of the an gle of in ci -
dence fig. 10(b).  The larg est de vi a tion from the ex per i -
men tal and sim u lated data is 46.28 % for the 20° an gle
of in ci dence.  Still, both the ex per i men tal and sim u lated
data fall in side the re quire ments of the IEC 62387:2020
stan dard in the 0°-60° an gle of in ci dence range.
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Fig ure 9. (a) TLD and (b) OSLD ex per i men tal and sim u lated rel a tive an gu lar re sponses for the S-Cs ra di a tion qual ity

   Fig ure 10. (a) TLD and (b) OSLD ex per i men tal and sim u lated rel a tive an gu lar re sponses for the N-150 ra di a tion qual ity



Re gard ing the N-40 ra di a tion qual ity, the ex per i -
men tal and sim u lated TLD data ex hibit a sim i lar trend
as in the case of the pre vi ous ra di a tion qual i ties – a re -
sponse re duc tion with the in crease of the an gle of in ci -
dence fig. 11(a). Sim i larly, the max i mum un der-re -
sponse is pres ent at the 80° an gle of in ci dence. Even
though the N-40 ra di a tion qual ity falls be low the mean 
pho ton en ergy bounds of the IEC 62387:2020 stan -
dard, the TLD ex per i men tal and sim u lated data would
still fall in side its cri te ria for the man da tory 0°-60° an -
gle of in ci dence range.

The OSLD ex per i men tal and sim u lated data also 
dis play a sim i lar trend for the N-40 ra di a tion qual ity
fig. 11(b).  How ever, their min i mal re sponse val ues
are at the 60° an gle of in ci dence, as an in crease of re -
sponse is no tice able at 80°.  A pos si ble ex pla na tion for
this re sult, which falls out side the bounds of the IEC
62387:2020 stan dard both in terms of en ergy and an -
gle of in ci dence, could be that the low-en ergy pho tons
are still ab sorbed by the tab lets un der plas tic and with -
out any fil tra tion, while pho tons strik ing cop per and
alu mi num fil ters are be ing scat tered due to a high an -
gle of in ci dence and ab sorbed in the beforementioned
tab lets.  In the case of the unprescribed N-40 ra di a tion
qual ity, the ex per i men tal and sim u lated OSLD data
would not ful fill the IEC 62387:2020 cri te ria for the
man da tory an gle range due to the un der-re sponse
pres ent at the 60° an gle of in ci dence.

CON CLU SIONS

Due to the fre quent use of pas sive do sim e try sys -
tems in both in di vid ual and am bi ent mon i tor ing, it is of 
the ut most im por tance to in ves ti gate their char ac ter is -
tics. Ex ten sive per for mance test ing of pas sive
thermoluminescent and op ti cally stim u lated lu mi nes -
cent do sim e try sys tems has been con ducted, by ex am -

in ing their re sponses in re al is tic poly-en er getic and
multi-di rec tional pho ton ra di a tion fields and com par -
ing the re sults with the re quire ments of the IEC
62387:2020 in ter na tional stan dard. The used X-ray
and gamma-ray ra di a tion fields were de fined by the
ISO 4037-1, while the Monte Carlo sim u la tions were
used to val i date the ex per i men tal data.

Re gard ing the rel a tive en ergy re sponse of the
tested do sim e ters, the ex per i men tal MTS-N, ex per i -
men tal InLight, and sim u lated OSLD data meet the
man da tory cri te ria of the IEC 62387:2020 stan dard,
while the ex per i men tal MCP-N and sim u lated LiF do
not in the case of the N-150 and N-100 ra di a tion qual -
ity, re spec tively, due to an ex ist ing un der-re sponse.

In the case of the rel a tive an gu lar re sponse of the
tested do sim e ters, the ex per i men tal MTS-N and sim u -
lated LiF data fall in side the man da tory re quire ments
of the IEC 62387:2020 stan dard for the S-Cs, N-150,
and N-40 ra di a tion qual i ties.  The MCP-N ex per i men -
tal re sults do not meet the man da tory re quire ments
only for the N-150 ra di a tion qual ity due to an un -
der-re sponse also pres ent in the en ergy re sponse mea -
sure ments.  Fi nally, the ex per i men tal InLight and sim -
u lated OSLD data ful fill the man da tory cri te ria for the
S-Cs and N-150 ra di a tion qual i ties but fail to do so due 
to an un der-re sponse for the N-40 ra di a tion qual ity.

In gen eral, the ex per i men tal and sim u lated data
dis play sim i lar en ergy and an gle of in ci dence de pend -
ence trends, mean ing that the sim u la tion suc cess fully
val i dated pre vi ous ex per i men tal mea sure ments. No ta -
ble dis crep an cies be tween the sim u lated and ex per i -
men tal data may be at trib uted to the fact that the sim u -
lated X-ray beams were monoenergetic, whose
en er gies cor re spond to the mean pho ton en er gies of
the re al is tic spec tra.

The data dis crep an cies are more pro nounced in
the cases where the joint ef fects of in flu en tial quan ti -
ties are pres ent (i. e., low en ergy pho ton spec tra and
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Fig ure 11. (a) TLD and b) OSLD ex per i men tal and sim u lated rel a tive an gu lar re sponses for the N-40 ra di a tion qual ity



large an gles of in ci dence).  The val i da tion of the ex -
per i men tal tests with Monte Carlo sim u la tions could
be used as a ba sis for fur ther ex am i na tion of the do sim -
e ter per for mance while be ing ex posed to non-stan dard 
ra di a tion fields, whose prop er ties could re late to re al -
is tic fields in an im proved man ner. A pos si bil ity for
fur ther do sim e ter test ing would be the ad di tion of lin -
ear ity in flu ence along with the en ergy de pend ence, or
the in flu ence on en vi ron men tal char ac ter is tics on the
do sim e ter per for mance such as am bi ent tem per a ture
and rel a tive hu mid ity air den sity pa ram e ters.
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Filip Haralambos S. APOSTOLAKOPOULOS, Nikola Q.  KR@ANOVI],
Predrag M. BO@OVI], Koviqka \. STANKOVI], Luka S. PERAZI]

KOMPARACIJA  EKSPERIMENTALNIH  I  SIMULIRANIH
ODZIVA  TL  I  OSL  DOZIMETARA  U  POLIENERGETSKIM  I 

MULTIDIREKCIONIM  FOTONSKIM  POQIMA  ZRA^EWA

Ciq ovog rada je ispitivawe energetskih i ugaonih odziva termoluminiscentnih
(LiF:Mg,Ti i LiF:Mg,Cu,P) i opti~ki stimulisanih luminiscentnih (Al2O3:C) dozimetara
eksperimentalnim merewima i Monte Karlo simulacijama. Devet kvaliteta zra~ewa, sa rasponom
sredwih energija od 33 keV do 1.25 MeV, i pet incidentnih uglova, izme|u 0° i 80°, kori{}eno je za
sprovo|ewe ove analize. Me|unarodni stan dard iz za{tite od zra~iea IEC 62387:2020 kori{}en je
kao mera kvaliteta odziva dozimetara. Eksperimentalni i simulirani podaci pokazuju da odzivi
dozimetara ispuwavaju kriterijume standarda, sa odre|enim izuzecima na ni`im energijama.

Kqu~ne re~i: ugaoni odziv, energetski odziv, Monte Karlo simulacija, opti~ki stimulisana
..........................luminiscencija, li~na dozimetrija, fotonsko zra~ewe, termoluminiscencija


