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In this paper, we report the prediction of thermoluminescence responses of Neodymium-doped SiO2 optical fibre
with various dose ranges from 0.5 Gy to 4.0 Gy by 6 MeV- electron irradiations without requirement for experimental
measurements. A technique has been developed to calculate prediction of 6 MeV- electron response of Neodymium-
doped SiO3 optical fibre by observing the measured T'L response of 6 MV - photon and the ratio of known measured
photon/electron yield ratio distribution for Ge-doped, Al-doped optical fibre and standard 7LD 100 dosimeter. The
samples were kept in gelatin capsule an irradiated with 6 M V- photon at the dose range from 0.5 Gy to 4.0 Gy. Siemens
model Primus 3368 linear accelerator located at Hospital Sultan Ismail, Johor Bahru has been used to deliver the
photon beam to the samples. We found the average response ratio of 6 M'V- photon and 6 MeV - electron in Ge-doped,
Al-doped optical fibre and standard 7LD —100 dosimeter are 0.83(3). Observing the measured value of 6 M V- photon
irradiation this average ratio is useful to find the prediction of thermoluminescence responses by 6 MeV- electron
irradiation of Neodymium-doped SiO> optical fibre by the requirement for experimental measurements with various

dose ranges from 0.5 Gy to 4.0 Gy by 6 MV - photon irradiations.

PACS: 03.65.Pm, 03.65.Ge, 61.80.Mk
1. INTRODUCTION

The study of the thermoluminescence (T'L) response
of optical fibres to ionizing photon and electron ra-
diation is of great practical importance for dosimet-
ric applications [1,2] because it has T LD phosphor
whose atomic properties are almost equal to atomic
properties of the human tissues. In regard to the
TL response of doped Si0O, optical fibres, such ma-
terials have attracted attention due to their possible
application as radiation dosimeters, as they offer a
higher chemical stability and a relatively lower effec-
tive atomic number than for instance films. The pres-
ence of impurities or the addition of dopants to SiO-
can greatly enhance the sensitivity of the medium to
ionizing radiation and indeed even to ultraviolet ra-
diation by providing an increased number of traps.
In addition, new defects and absorption bands are
formed [3].

Recently, we have started to use doped SiOs opti-
cal fibers as a radiation dosimeter in order to measure
absorbed doses in radiotherapy patients, seeking to
overcome a number of limitations of existing dosime-
try system [1,4-7]. These T'LDs are also impervious

to water to the extent that in some instances it be-
comes possible to locate the fiber dosimeter within
a particular tissue of interest [8-10]. These optical
fibers are also able to maintain a consistent T'L re-
sponse after repeated exposures. The Si0Os commer-
cial optical fiber demonstrates useful T'L properties
and is an excellent candidate for use in T'L dosimetry
of ionizing radiation. Based on the previous studies,
this study is very important to find the prediction of
TL response of commercially Nd — 107 doped silica
fiber by 6 MeV electron irradiations. This material is
irradiated at doses from (0.5...4.0) Gy using photons
of 6 MV energy to measure the T'L response.

2. MATERIAL AND METHODS
2.1. Nd-doped SiO, optical fibres

Silicon dioxide, also known as silica, is an amorphous
material, devoid of long-range periodic order. In the
current research, we focus on the TL response of
doped S0y commercially available optical fibre. The
doped SiO5 optical fibres have an outer diameter of
124.7 + 0.1 ym and a doped core diameter of 9 um.
In fibre optics, doping with selected atoms permits
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the creation of a refractive index radial profile that
leads to total internal reflection. This is essential for
an optical guide [1]. In this study, neodymium has
been chosen due to their high sensitivity exhibition
to irradiations and has low attenuation. We cut the
fibres into individual lengths of 5 mm and accommo-
dated the variations in actual length by normalizing
the TL response to unit mass of the T'L medium.
The details of Ge-doped and Al-doped optical fibre
and TLD — 100 were presented [1].

3. EXPERIMENTAL PROCEDURE

For this experiment, the T'L materials were kept in
a suitable container to avoid the places of high tem-
perature and ultraviolet radiation. The Nd — 107
doped fiber and T'L D — 100 were placed in the gelatin
capsule for routine storage, handling, and for irradi-
ations. Each capsule contained 5 pieces of Nd — 107
doped fiber, each capsule contained 1 chip. The ex-
perimental details was presented [4,5]. In annealing,
the T'L materials were put in a furnace. The furnace
was connected to a computer and Thermosoft soft-
ware was used to control the process in the furnace.
Before starting the annealing process, Time Temper-
ature Profile (T'TP) for Nd — 107 doped silica fibers
were set at the computer and fibers were placed in a
planchet which was placed inside the annealing oven.
Samples were exposed to 6 MV - photon by
using Siemens model Primus 3368 linear acceler-
ator located in the Department of Radiotherapy
and Oncology, Hospital Sultan Ismail, Johor Bahru,
Malaysia. The dose delivered by the LINAC machine
was 20...400 MU (monitor unit) with a field size of
10 em x 10 em. By using T'LD Reader and WinREMS
software, readings were obtained after irradiation. In
this research, Harshaw 3500 TLD Reader with hot
nitrogen gas as a heat transfer medium was used.
Pre-heat temperature was 50°C' and the maximum
temperature during data acquisition was 300°C. To
acquire temperature, the rate was 10°C per second.

4. RESULTS AND DISCUSSION

Thermoluminescence sensitivity is a measure of the
amount of TL signal per unit mass produced by a
given material after exposure to a radiation dose.
The effects of T'L light yield proportionality to dose
and by establishing the ability to accurately calcu-
late electron response, the experimental implications
of dosimeter T'L yield proportionality to dose can
be studied without the requirement for experimental
measurements. This technique also provides a more
detailed characterization of electron response than
experimental techniques that rely on the use of multi-
ple radiation sources. To demonstrate this technique,
we have calculated the ratio of measured response of
Ge-doped, Al-doped optical fibre and T'LD — 100 by
6 MV - photon and 6 MeV - electron irradiation [4].

Fig.1 shows comparative studies of T'L response
of Ge-doped, Al-doped optical fibre and T'LD — 100
with various dose ranges from 0.2Gy to 4.0 Gy by
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6 MV - photon and 6 MeV - electron irradiation.
The TL yield as a function of dose is linear; the
response for electron irradiations in each case is
greater than that for photon irradiations. The re-
sponse of Al-doped optical fibre is negligible to
TLD — 100 and distribution of photon and elec-
tron response as a function of dose is overlap to each
other for Al-doped fibre. We have calculated aver-
age ratios of response of 6 MV - photon and 6 MeV
- electron irradiation numerically and were found
0.81(3), 0.85(2) and 0.84(3) for TLD — 100, Ge-
doped and Al-doped optical fibre respectively. There-
fore the average of response ratios of 6 MV photon
and 6 MeV - electron for any dosimeter is 0.83(3).
We found that the Nd — 107 doped optical fibre
have a significant linear dose to signal relationship.
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Fig.1. TL-response (nC/mg) of Ge-and Al-doped
optical fibres, and TLD — 100 rods for 6 MV -
photon and 6 MeV - electron irradiation

Fig.2 shows comparative studies of TL re-
sponse (arbitrary unit) of Neodymium-doped
Si04 optical fibre with various dose ranges from
0.5Gy to 4.0Gy predicted by 6 MeV - electrons
and measured by 6MV - photon irradiations.
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Fig.2. Relative response of Nd-doped optical fibre
by 6 MV - photon (measured) and 6 MeV - electrons
(predicted) irradiation

By comparing previous results of TLD — 100, Ge-
doped and Al-doped optical fibre to both measured
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TEPMOJIIOMUHECIHEHTHBI OTKJINK OIITUYECKOT'O BOJIOKHA C
JOBABJIEHUEM Ge-, Al- I Nd HA OBJIVUHEHUE 6 M5B - 9JIEKTPOHAMU N
6MB - @OTOHAMMUA

I. Hossain, M. A. Saeed, H. Wagiran, N. Hida, N. H. Yaakob, A. A. Moburak

Mp1 10KIaabIBaeM MIPEACKA3AHUA TEPMOJIIOMUHECIIEHTHOrO OTKIUKA, S1(0y ONTUYECKOrO BOJIOKHA ¢ m0bapJe-
nreM Heomuma npu pasHbix go3ax obmydenusa 6 M3B - siekrponamu B unaTepsasie 103 or 0.5 Gy g0 4.0 Gy
6e3 HeoOXOAUMOCTH IKCIEPUMEHTAIBHON [IPOBEPKU. Bblila pa3sBUTa TEXHUKA PACYETA [IPEACKA3AHUA TEPMO-
JIIOMWHECIIEHTHOTO OTKIuKa Si(y onTudeckoro BOOKHA Ha 6 M3B - ajexkTponbl myTem HabAHOmEHUsT Tep-
MOJTFOMUHECIIEHTHOTO OTKJMKa Ha 6 MB - dboToHBL B H3BeCTHOrO M3MepeHHOro oTHolreHust photon /electron
BBIXOIOB OITHYECKOro BOJIOKHA ¢ mobasiaenueM Ge u Al u cranmapraoro T'LD — 100 gosumerpa. O6pasin
ObLIM 3aKJIIOYEHbI B >KEJIAaTHHOBbIE Kamcyabl U obiaydensl 6 M B doronamu B gumanasone 103 or 0.5 Gy mo
4.0 Gy. Jluneitabiii yckopuresnb Mmomenu Siemens Primus 3368, pacnonoxkenusiii 8 Hospital Sultan Ismail,
Johor Bahru, 61 ucnonb3oBan anst obsryueHuss o6pas3nos ¢poroHaMu. MBI HAIIM CpeHee OTHOIIEHUE OT-
kJIKOB it 6 MB - poronos u 6 MaB - 371eKTpOHOB B OITHYECKOM BOJIOKHE ¢ pobapienneMm Ge u Al u cran-
naprabiv gosuMerpoM T'LD — 100, pasabiv 0.83(3). 3amepentast BeJIMYMHA 3TOTO YCPEIAHEHHOIO OTHOIICHY ST
npu obnydennn 6 MB doronamu gaBsgeTcs MOME3HON I HAXOXKIEHUS OKHUIAEMOr0 TEPMOTIOMHHECIICHT-
Horo orkJjuka Si0s ONTHYECKOro BOJIOKHA ¢ gobapienneM Heomuma TpebyeMbIX A1 SKCIIEPUMEHTAIbHBIX
usMepenuil 103 B uarepsadie or 0.5 Gy 10 4.0 Gy upu 0baydenun 6 MsB - sjiekrpoHamu.
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TEPMOJIIOMIHECITEHTHU BIATYK OIITUYHOI'O BOJIOKHA 3 IOBABKAMMN
Ge-, Al- I Nd HA OITPOMIHEHHA 6 MeB - EJJEKTPOHAMM I 6MB - POTOHAMMN

I. Hossain, M. A. Saeced, H. Wagiran, N. Hida, N. H. Yaakob, A. A. Moburak

Mu gomnosizaemo nepenbadeHHsl TEPMOIIOMIHECHEHTHOrO BiaryKy SiOs ONTHYHOIO BOJIOKHA 3 100aBKaMu
HEOIMMY TpU Pi3HUX mA03ax ompominenust 6 MeB - emekrponamu B imTepsasi 103 Bix 0.5 Gy no 4.0 Gy 6es
He0OXITHOCTI eKCITePUMEHTAILHOI TepeBipKu. Bysa pa3BuHyTa TEXHIKA PO3PAXYHKY MepeADATEHHST TEPMOIIO-
MiHECIIEHTHOrO BiAryKy Si02 ONTUYHOrO BOJOKHA Ha 6 MeB - eleKTpoHM NIISXOM CIIOCTEPEKEHHS TEePMO-
soMiniciienTHro BiAryky Ha 6 MB - dboronu i Binomororo Bumipsinoro sianorennst photon/electron suxonis
ONTUYHOIO BOJIOKHA 3 mobaskamu Ge u Al i craggapraoro T LD — 100 gosumerpa. 3pas3ku Oyiau po3miliexi
B 2KEJIATHHOBUX KalcyJjax 1 omnpomineni 6 MB - ¢poronamu B gianasoni 103 Big 0.5 Gy a0 4.0 Gy. Jliniiiauni
npuckopoBad Mozesi Siemens Primus 3368, posmimenuit 8 Hospital Sultan Ismail, Johor Bahru, 6ys Bu-
KOPUCTaHUl [iisi ONpOMiHeHHs 3pa3kiB (poronamu. Mu 3Hallmim cepeaHe BimHomenHs: Biarykis mis 6 MB
- ¢oronis u 6 MeB - eslekTpoHiB B onTHYHOMY BOJOKHI 3 mobaskaMu Ge u Al i cTaHIapTHUM JTO3MMETPOM
TLD — 100, axe mopisaroe 0.83(3). BumipsHa BETHIMHA THOTO yCEPEIHEHOTO BLIHONIEHNS TIPU OMPOMiHEHH]
6 MB - doroHamu € KOPHCHOIO JJisi 3HAXOJXKEHHsI OYiKyBAHOI'O TEPMOJIIOMIHECHEHTHOrO Biaryky SiOs on-
TUYIHOTO BOJJOKHA 3 JOOABKAMHU HEOIUMY, sIKi OTPIOHI /st eKCTEPUMEHTAIPHUX BUMIPIOBAHB 03 B IHTEPBAJIL
Bix 0.5 Gy no 4.0 Gy npu onpominenni 6 MeB - exexkrponamu.
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