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29F: o] =RojX= d AH AolZ A RE FL 2 o] 7Hx] AF 27004 7€ AJ7HE] OSL (TR-OSL) Al Z o] tigt &
24 AT ARE A5, 7129 AT ATHET HE- AR T TR-OSL 4159 B4 Bstel, 0|8l Aol ALge Aoz
= A2 o2 JFer(life time)S 7H & F 71 4380 EAES sttt &, B4 £ 100 ps, & 7] 250 us, Y&
HHEZ 10° el HA ZA A fast AR W= 102 £ 0.7 usZE, slow L2 WP 99.6 + 4.3 us2 AFZE Yk &
3, fast AJ&9] W2 B2 7], E WA 2= A7E 2AMRk| BaetA AstR o, slow &S W HA
F719F 2AMARF] it &&24dS UElith TR-OSL A3 E o]-8-sto] 413t & =2 (thermal assistance) B/d3} oA = fast
AE O] 749 0.05£0.01 eV, slow FE2] 739 0.07 £ 0.01 eVo]l e, E A3 (thermal quenching) EAIS} of| L X|+= fast AEL
7%-0.76 £ 0.05 eV, slow AE-0] % 0.82 +0.03 eVE F AJEol| A G-AFH Zho] T2 = 9iTt.

FR0{: X{0IZ, OSL AChEY, ARKZ8H OSL (TR-0SL) A=, W&+, BX =3/ 28 of X

ABSTRACT: In this paper, Time Resolved-OSL (TR-OSL) spectra of heated zircon were physically investigated under various experimental
pulse conditions and the results were discussed in comparison with those reported in previous literatures. Analyses of the TR-OSL signals
have shown that the decay consists of two components with lifetimes of 10.2 + 0.7 us for fast component and 99.6 +4.3 us for slow component
on the conditions of pulse width of 100 ps, dynamic range (pulse duration) of 250 us and sweep number of 10°. Considering the relationship
between the lifetime and the dynamic range, the preheating temperature and duration, and the magnitude of radiation dose, the fast component
showed independent results while the slow component was found to be dependent on the dynamic range and the magnitude of radiation dose.
Based on the variations in TR-OSL intensities depending on measurement temperatures, the thermal assistance activation energies of 0.05
+0.01 eV for fast component and 0.07 + 0.01 eV for slow component, and the thermal quenching activation energies of 0.76 + 0.05 eV for
fast component and 0.82 + 0.03 eV for slow component, which were found to be very close to each other, were evaluated.

Key words: zircon, OSL dating, TR-OSL signal, lifetime, thermal assistance/quenching energy
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WA olef] frie 3Fof7] SRl Optically Stimulated
Luminescence; ©]3}, OSL) A13= A|R9] EA41} T2E
Bojota ARt opfel, wustol L} 4 Aet Hofol Al
Avja, ke BofolMe] HALA AL 24 5 of
2] Holof| $-8-= 4= 9Ick(Hong et al., 2001; Galloway, 2002a;
Wintle and Adamiec, 2017). Y1191 3] 7|(optical stim-
ulation) W} g, Az B2 AITE FHe] WlE 2o
FaL o] 2 QI3 WEE+= OSL AT 5 A7 o2 ALEst
o Z2A5H= A|7HES) OSL (Time-Resolved OSL; ©]8}, TR-
OSL) A& thea} 7+ A o] itk Chithambo ef al.,
2016). $4, Hes(pulse) ol ZHEE OSL A1) 218
& 27 72719 714 ST LAFIEE OSL A5
23EE 2 2947 59 OSL 89 A5 o) FHen]
(signal-to-noise ratio)7} Wj-& =c}. E3L Tor]|o] HA
Zo] wj-$- Z7] ol Fol7|2 3 HEE= 2 AR}
(trapped electron)®] Bl&o] FAIT Hr 2 Ao} HHEZ| Q)
OSL A% H&o] 7Fssitt. npR|g e g, A| 7o) W34
(lifetime)& AFEE 4= Qo] OSL 415 W& 9 99
Y422l OSL A2 S4)(recombination center)o]] thgk
BEE wpodt o= Qlok WEr2 X3 Axpr} Foi7)
2 8 AxAT A HEE F AZY A7 =25t
= b 28 &= AR 9ujgit) ekl OSL AdiS78 9
785, 7] B4 9} ws YA gsta o
2 ARE IEF AR B 7181 FejFl continuous-
wave OSL (CW-OSL) 4137} o] &E|x]at, CW-OSL Al&
Tro 2= OSL 413 W&y 39 A5 AR E94
BEE wolstr|= RE35it) WA, TR-OSLEHRE o
2 Ygprgo] gigt JHE= OSL As &34 o] 53t
A m7tiES A8 4= Jeug, OSL AYSH e A
A 270& 2AsHAU A= OSL AdiS7 % 9] 7
2 OSL A5 239 A= =8 A7l o 785t
Al 284 4= Sloh A3 vk Zo|, TR-OSL 415+ 4l
3 o F2H7F wi$- %7] el OSL A1% RIZFE=(OSL
sensitivity; ©9] 2, ©¢] SAFY W=k OSL 4l
9] M|7])7} Zrot A5 A 82 (counting statistics) 22
E3 AR AdiSA AlF = 2 e AdiSAH A
Tof| 0]-§& = k. AF7HA] A= AtSAER N
£2 02 TR-OSLS ©]83t A741E0] Wo| =]
O F2 AFS e 3 Ygo] tiFEoltiGalloway,
2002b; Ogundare and Chithambo, 2007; Spooner et al.,
2019).

A Z(Z1Si04)2 E|ZFol| A &3] W=, o}sha o
2P ot ol S2hE, EF WSS thg ol

ro

18
p

%
ret

Qlo], Y AzkE(internal dose rate)©] 2)5- A& (external
dose rate)ol] Hl#) -2 B2l S48 AU ek ufeby
OSL A&7 SHoA %=, AojZo] A H F A3t Al
Zbo] ot itolH Foet ATl HElehs i
o 93| oJu]§li= OSL A& A&0] 7hs37] wizoll, 32
Age] kBt Prst §-8-0] AP 1s ] ShiekSutton
and Zimmerman, 1976; Godfrey-Smith et al., 1989). 18
U B ZZoA A7 2|9l oE2(Turkin et al., 2006)3}
Ar2of4 OSL A1%59] X}¥7 4~ (anomalous fading) A}
(Templer, 1985) 5 AA| ANSA B2 o= ALgsE7] S5l
S ajor 3 BAlSo] 03] ot Utk AFHA Aol2
9] 2oy Adi&A A3-= TL (thermoluminescence)
52 CW-OSL AZE o] &3 237} 2ol (van Es
et al., 2000; Turkin et al., 2006; Hanh et al., 2013; Schmidt
et al., 2024), TR-OSLE 0] §3F AL Aogo]ut F4o]
ula) A& o 2 oS Wekgr Ao]ck Bulur ef al. (2014)
o] agt Aol TR-OSL Al¢| B2)2 Exof that
71 fUe A3 A7 AR oA, oj5L Aol
TR-OSL 4l&o] thgt A5 &3, AolZole= A= oE
WSS Holk F /o] A5 ARo] EAjsH, o] F 4
2 25 1 GyollAl 1 kGy7IR| 9] ®PAM] AL whet A&
A AZI7F AR A o2 ST wEsich B3 o] &= 4
H9] & 437 o] X|(thermal quenching energy) Zk=9°] A
2 AT Bustct

o] dtola= Bapdo] YAA|Ql @ AEE Aol Al
79 TR-OSL A3 E S4sto] YFrgS AbEstaL, A
SH YBEY Fol7] A 7] &4, E AAY o&
A W AL RS 2RI BT S Y Lm0 o
2} 2 TR-OSL A1 &5 0]-8-5to] G2 =3 (thermal as-
sistance) o|JX|e} & A (thermal quenching) o X| &
AZBI o] A8 Fa) £2H Aoh FF Aol29
FrdAdL A5 5 o83t A2 AZAdSAE Y AN
o 42 ol Evj7t 2 A= 7|ttt

2. TR-OSLOl OI2X HHE

TR-OSL-2 A& & AIRE 52t of2] wio] HAs 5
3, BAE 7Phe B HE e Fululd A8 (on-time
signal)of H2 Fof] WEEE FrldAdL A (off-time
signal) & AIRF= 0.2 st S3ke 7ot Al =]
7] BAE 7Hshe B¢ YAEE TR-OSL Ale= A
ROl WEEE FodlAA A1S, o713l Agkd U,
223 HE719) A Feo R e v, e
ol H&El= TR-OSL Al A&7]9] A71% Fgofut 4
e et avbdoR Wty Aol o8 TR-OSL
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AT Foly] DA AR 4T, H o] B Aol
Rl AR ARolA WEEE A A (off-time
signal) 2 oJu|akch. webA] TR-OSL 24 91t A7k
02 o] Fee] 28 o() = ok} Po] w@H.

Q, for 0 <t <t !
0 foryy<t<T (1)

JOE

TR-OSL Al&8] W&o thgr /-4 71arst ofui ] o]
E(energy band theory)2, &X|tj(forbidden zone)ol] &
ARAET dd AEY S0l EAsh, AREFolA
Hl=x Hx}7} A= uj(conduction band) 2 o] E3t & A2
3} =4l (recombination center)of| A A-&(hole)1} Ag} 5}
OSLE HF&=3k= A|(system) S HIERO 2 $tH(Mckeever and
Chen, 1997). 3, o] AleIA Foi7] BAZ <8 22
ool 23 HARpe] et AR oA WEE HAL
A2l AEZ(re-trapping)H= A2 FAL et
el 7Rt o] - Foi7] oA AARLE R
EA sk AALY] Hahg-2 th3 3 o] FAHT

dN(t)
dt

=pA—IN(t) )

9l AolA] p= ZAAT] ZRT WAL 9] A B
7)== g0l Ax ARET 299 AR 27]
Ur, A= 74 A<(decay constant)o|T}. o] 4]0 2 HE|
A|Zrg g 7)o ofFt AA}F D=9 Wk th3a o] ¢
o2l

N =P (- ) 3)

OSL A9 &2 At 9 NO| HIl2RE Hojx)7]
(@ L) = aN(t)dt), F7] B& B st BE
B2 OSL 4159 Al7]= 2)(4)2F Zo] EFE 4= qlth.

1,(t)=pA(1—e ") 4)

o] 1 OSL A1£.2] 51717} ol 7|7k A& 0] 13-
8 A% @4H0E F/lsL Eokge ey, ol
ol7] W A ko] AR ERISH WAL
2L H&3 BEE A FE AU WHS
She ulgo] AT B gol BRTE ol ofo}
re e olgle] Foldl AZE Bet WA AT

SLALS WE82 RE5 ohe Tt Uk

M

N
> ot f

m

o

1,(t) = aAN(t,)e "7 (5)

A Aol N(ty)2 1 AR FSE o718 AR g=o1H, 2
(H=HE o5} o] g2l

L(t)=pAe " (" —1) (6)

5l Fagol7] 3, OSL 4157}
A4 PR O ZAFE ojujeith. AAR Bao| ofgt

A&719) 4714 et T
B o] A age] GO FATE Flo] AurEolct. =,

i)
o |
=2
lo
o

Y

I(t) :Z Al‘eiA\’t-O-B (7)

of71oIA 4,2 A i) AES) et 2] 22 o
Aok, B AE719) 8718 gk urebd A7)0
PR 3R] OSL A& A7) thgat o] AT 4
9Iet.

I :f Az‘eimd’f = Az, ®
0

7104 7, = A RO WS oujgict E=3, 4, 9]
Zoj7) ARF S HEE OSL Al50] 282 dL(t) = AN(t)dt
o] TA AT} A(4) 2 RE of33} Zo] FEE

L=LA ) - (10)
ofwf 1, > 1,91 7%, A1(10) Tha} Zo] s} Het.
L=">(1-¢ ™) (11)

oA o] 2o] ofshl, SEAHexcited state)ell 1z 7
o OSL A58 WEY S4B Ao ewo 93
o whet) o2 (o Qlat OSL A5 9] HHES A}
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7] 15l grbd o2 A-GE= Mott-Seitz v 91 2E 2dS
Aoz ¥& 7Hs3tcHDi Bartolo, 1968).
R(T)=F,, +Fk, +k (12)

rad phonon

A7VA k= 1/c9 TAE o]-&3HH, YFTHY 2= &
o) et A2 T3} o] THFTH Yukihara and Mckeever,
2011).

1 1 i %
= ve "7 4 7601,‘14(—@)

k,T (13)

9 AoA (7)) = EE/HFE OSL AZYE7HA] 9] Y
B, 1, A% 0 KXY B34, r= 2% 9
EAE, o= E= e, e 93 A3 ke Boltzmann
A2 SjulFiT), E7 A F 2 v 242} uldAKnon-radia-
tive) T ol T H & A (thermal quenching) E-4J3} o
Urleh RELolk. whel B} B G RAR
W, SEH XY B FFrEE ohe Ao e}
a4 3k

o)

N

Trad
_aE (14)
1+c ™7

(7)) =

APNONA, € = v/r,, & Jul3ich. OSL A5 Z9A| 27
TE2(thermal assistance) dAto] BHAsHH 24 227 =
obel wet OSL A152] 4717k Z7}skud, o] A OSL
Az 0 AI71E &5 =0 gt 2 sk v 3
2 ettt Spooner, 1994). o] AL Aslr] 3|
A A(13)0 FH 02 Q=g sk o A(E) 3
< n&3fjof 3taL, ol th Ao 2 FHHL

4E E,

1=( 1 +yeim)ek8 (15)

5202 4(15)% YESEoR Fste chet ek

E,

kT

T, €

o rad
T= —E (16)
kpT
1+ VT aq€

ro

18
p

%
ret

Hx Hol7] £9] OSL A5 A7|1& 24(7)2 EPE
RIA) 8] OSL A5 A7) 1(1) = Ag, olB2 ¥
o] A4 7,7} Bl ojH £ 7oA 2] OSL A15.9] A
71= [(T) = Az, = [,7} BT} mabA OSL A 5.9] A7)
2)(14)0l| M2} o] 2= o]&A o] #3t oz Yepd
PR

Iy
_4E (17)
1+ Ce

I(t) =
kpT

A(17)0l FF=rrgol A g T} FUHA A= A4
o nEshE Y A7)9) LE JEEL HFHOZ T
k1 71—1—4..

il

E,

kT

Le

I(7)= (18)

1+¢c "

3. A= X &HEH

o] Aqtof| A= Bt Minas Gerais | 99| 3p73¢tof| A
gt AojFE(Ward’s Science)Z A|RZE AMESIEOH,
Holze] Zululds 24 ARES FAA7]7] lstel
A 2= H7]|2(DAEHEUNG Ltd., DSF-7S)olA] T.-2(90
0C)02 of s Eot AReiste] Zol AL UES
AR ARE SRAPLS ol g3to] TA| B 5 9]
29 AAS 9Jstel HCLT HNO,Z 348} Hefahelon],
A A 225 E FEFAZ ~ 125 um 27|19 A=
Adsto] Aol ARG o] S Bkl Hojzl Al
759 Ao]Z &Ee= e FEATHGET 4A-&
o %91 XRD (Panalytical Ltd., X’pert-pro MPD)E AR
sto] ZRlstglon, 1 Aut Hed AlRo Aol T
99 %%t

TR-OSL 41%.9] S§4of|l= 7t F5d5dol 4
A% 5% FuuldA 2557874 (Rise TL/OSL-DA-15)
7} AFR-E| ¢ith(Botter-Jensen ef al., 2000). Foi7] FLo
2L Y 29 50 mW/em?Ql A Wgtho] © &(Nichia
type NSPB-500S; 470 £+ 20 nm)7} AREE| It} o] g0
AR SOl AE S0l o739 HRo] GG
420 ZE|7} FAFE o] Qlo] o713 A&7t WESh= OSL
415.0] F3Fo] 7Hs st AojE2 380 nm I FH o
A OSL A157} HEE]7]| wl&Zof(Smith, 1988), A]&2] TR-OSL
Al5= Hoya U-340 HE|E F=Z vl (Photomultiplier
Tube; Model: EMI 9635QA) AHo] X&lslo] A&



M= U2 Al

A28] A ZARE ool $2E NSy W iee
AFgsto] ool A0, o] MUYl HFEL ~ 0.12 Gys
ek

o] AL BE 23 thato] 24 37 obgel 1
A g(sub-sample)7h AHSHALH, LA ZYTAE E
FUAE ool

1
YFY A A A AL o] 23 AN AL
@ A=, TR-OSL A% 54 02 o] RojRt}. o] A
A= AojE AR 100 Gy<] HAMIS 7kt &, 150C
o] A 900% F2t €A X5} o H(Bulur ef al., 2014),
A Z 100 ps, BA 7] 250 psel HAZ 10°9 vhE st
#|o}Z8] TR-OSL 455 SA3H3Th 7]1& AFolA B
2E A o]F9] TR-OSL Al 3= olF A+ FE=
7V 2 Aol 91, o) Aolzo] F 7)) g
2= 2 oJul e Bulur ef al, 2014). ThebA, of A7
X A Aol2 AlRe] WB5HE 248 TR-OSL Al
S5 th&3} 72 stretched-exponential $H(3=1)2 241
&K curve fitting) 5} AF=3}TH Chithambo ef al., 2007).

I(t) = B+ Lexp(—t/r)) + Lexp(—t/z,) (19)

o] AoA 1, b FBRE, ¢, r,= YB, B A7|A
HSAEE e, o] ol Hol 1, o, “fast”
At slow” 0.2 22k gl

TR-OSL A% 9] TGS 9I51e] Levenberg-Marquardt
AE)EE o] 83} HjAE FARK5H(non-linear least square
method)©] 285 Origin (version 6.1) 2ZE|6]E 0|83}
th(Hayes et al., 1998). ZA-%te] Z-AAL FOM (figure
of merit) Frof &Jske] TS 4~ lth(Balian and Eddy,
1977). FOM 3t &7 TR-OSL 439 ZA%3e] 24
2 @ojZl TR-OSL A% Zpol& 2|3t gfo= v
I Zo] FEEH™, FOM gho] oF 3% olsto]™ FA7gto]
Zh o] ROl R 3= omgitt.

FOM(%) — Y | 7R OSL— CH 20)

Y crF

9 AoflM BE(ZCF)= S-S 5319 4H&H TR-OSL
AEE BF ARE gholw, EAk= TR-OSL 433 =4
& TR-OSL 4159 2o 5 B &7t gholot. o] A+t
o A AF=E FOM 2 1.7%2 o= TA AT o] AT H e

ZH20i OSL = EY 219

6.0){103 T Q Experimental data
Curve fitting
2z
‘@
=
Y
N
= 40x10'
o4
w
<
=4
[
2.0x10’-

200 300 400 500 600 700
Time (ps)

Fig. 1. Arepresentative TR-OSL signal measured from Brazilian
zircon sample, which is annealed at 900C for ~ 5 min..
Lifetimes are evaluated by curve fitting using the equation
I(t) = B+ Lexp(—t/7;) + Lexp(—t/z,). The sample was
given a beta dose of 100 Gy and preheated at 150°C for 900
s before the TR-OSL measurement. The TR-OSL measure-
ment was carried out on the conditions of pulse width of 100
us, dynamic range of 250 s, sweep number of 10°.

2 o] o H S ueith. I 12 9hA gt EA =4
22 Foj7| AE A= 7I5te] AS3H TR-OSL A2 5 =
AT ololth. AR Polal Aol2 WBLH fast
AEL 10.2+0.7 us, slow AE-L299.6 + 4.3 us= A=E|
Sleu, of o] Aol A AT Aol 2] H%, HolE 2
7N ool A FAlol EARE Sfuigttt. Bulur ef al.
(2014)8] A ofZof| thgt oju]d Ao A 4hEd FFrT
9] fast AE-LS ~ 17 us, slow EL ~ 110 usHt.

4.2, $B+T0 0| BA FI| YEY

TR-OSL A%+ of7] HAo A% 239 ut g
A 4 7] wigoll, TR-OSL &4 A goi7] F2of gt
&S APl b Favt Qi o] dFolAE Fo
7] B20] HAZS 100 ps, B ¥HESE 10°2 2%
=, H& F718 WEA7IH TR-OSLE S43t] A&
Ygarg HskE Btk olF fske] Aol A=
200 Gy 9] WAMI& ZARRE &, BXA 715 50 psoflA 300
us7kA] 50 ps ZtH o2 HIPA| 7| A Zhzhe] " F7]0

€ TR-OSL& 34313t 11 2+ o2t A9 =39
A ol I F7]of whE gy Hato] Wik o]
th o] A3} fast g2 & 77|90 PPy Ao]of A 5=
5tk Zpol7t QIglon, slow H29] W32 150
us9| B 7] P2 S7Fske Fde Ak TR-OSL
AZE ARE AT 7719 g2 HAR ALFH0R o
718k, 42t gARRE SHE Fouids Ass &
Alsted S35 whol, wiek Al o718 2o 2J3F TR-OSL
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Fig. 2. Dependence of luminescence lifetime on dynamic range
(pulse duration) with fixed pulse width of 100 s and sweep
number of 10°. Open symbols refer to fast component and solid
symbols slow component, respectively. The samples were giv-
en a beta dose of 200 Gy and preheated at 150C for 900 s before
the TR-OSL measurement.

AE7t s A7) dof WAF 7ishd 4R Fld|
AL Az zho= °16P°:l ekt WY #%‘% A7) of
A} wheh], fast L] A9 Wakgo] ok 10 s o

AT B BE B4 27100 zmai wE B

F7] FA QAT FFr e HAAR slow 42

of Z$olliz W] OF 100 usL AL 1, o] A2
o QY WHSES Q7] SPAE Holw o 150 sk
o 21 AZke] W2 71 Aelsol $g SJmlgich Hong

B F7]0] 2 Age] Wy ws]

etal. 2018)2 HA =+ 7oy
et ATATE Bt o 50) AL 200 use]
A 1000 us7HA] B A 2712 WA 7| 243 9o Y

o] ol Ao BHE Aol slow HRY| ¥
0 wislel AR RS BS BASHELh 5, 499

o] 250 us] WA F
o oliE B
HHch

717HA) Z7Feke 2418 ol
2719 Z7ko) BAgel WY g2

4.3. 239 2 MM =S

A2 A$H o2 o] &3} HFALA-E FAKirradiation) 3
A Ao Aol EAEHA] Y= gFor Eqt
3t OSL 4157} EA5HA Hrt. whaba] A AolA WA
A& ZARE A B2 RE 9207 ¢Hg3t OSL AlZThS
SA517] Yste] 54 Aol FiEA] E AA ] BAES AA

OF gt} o] Aol A= theket B AA 2| 29 AJ7tof| wh
E YErEY NS AESHA olF fEiA Al
200 Gyo] HAHS 2ARGE & &4 AAE] 255 110T o
A 230 CAR(GAX 2] A7k 900%) 20 CH Z7HA]7]H
TR-OSL 4125 S35t ZF G HA 7] 2=of|A 9 ¥
TS otk o] AR fast, slow &9 Wgr
2 B5E 4 AA Y =0 IE 9GS HolR] ¢t
9 3a). € AT 2=E 150C2 1At 8 AAE Al
7FS 50 20| A 12002 7HA] Z7}A)7]H TR-OSL A3 &
A5t Ao A, fast} slow AR 2% & Ax2] A7t
of| W2 O)ES Ho|A| YUTHLH 3b).

o] A A= Bulur ef al. (2014)0] A o2 tjs] 4=
33t 7|2 Ak}l & x|t 3HH, Galloway (2002a)=

g A2 A7l wE A Qo @grg HItol gt At
oA, 500C 2] B AEe 49 ¢ 8 HAF AZk
g YFrrg whd, 800 C 2 71 E A9

o 0—‘] Bﬂﬂ7]’ @x\.‘ RN
<= € AAE ALY 7t whet YFrE e A Skt

AN

235

140
O Fast component (a) (b)

1204 @ Slow component ; b

100 —e—2—+ $ | 5 ; 5 —
7 80 1
S
) 4 ]
§ 60
-
& 40z Z = =z
—

0 —g—e—0—0 8 o | oo —5 3

0 e B L I S B S B S| T T T T T T T T T
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Fig. 3. Dependence of lifetime on preheating temperature (a) and time at 150°C (b). The samples were given a beta dose of 200
Gy and TR-OSL measurement was carried out on the conditions of pulse width of 100 s, dynamic range of 250 s and sweep

number of 10°.
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4.4, HEABO| FAKIZ O|EN

OSL A% &7 th M=ol ZALSH= o] 23 WAMAS
ARE o] 2371l o]z HE AYEH AFAA = AR
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Fig. 4. Dependence of lifetime on the size of radiation dose.
TR-OSL measurement was carried out on the conditions of
pulse width of 100 /s, dynamic range of 250 /s, sweep number
of 10°.
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activation energy ( A E) were derived.

Table 1. Kinetic parameters of each component evaluated using TR-OSL signal intensity.

thermal assistance activation energy (eV) thermal quenching activation energy (eV)
fast component 0.05+0.01 0.76 £0.05
slow component 0.07+0.01 0.82+0.03
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