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22 o] 7|ER 1A A= A o]Z& o] &3 OSL A=A 71a/fEe 3f, AF M= OSL (linearly modulated optically stimu-
lated luminescence; LM-OSL) 7|92 0]-85}¢] A o]22] OSL A& EAS AR Ao]22] LM-OSL A& dut X}~ 5
8} = dl(general-order kinetics)Z 7|HFO.2 47]19] A& AJE(fast, medium, slowl, slow2)2.2 B3] o, Bl ZF A& A
£ F o] 23 9 A2 1077107 em’e] REE Btk AHolE LM-OSL A15.9] o7]Fa(HA Fgrio| e &)of gt 415 2
73} & -&(signal resetting efficiency) AF 4], F o] &3} g F o] 713 & fast A5 JE-2 of7]34-¢ 9] Yol eE = o] AFgHo
Z A7) oF 62 Ao BE AAES #ASIE L ¥HH, medium, slowl A3 AEE9S] LM-OSL A& = A3 o 2 7HA
stHom, slow2 413 4429 LM-OSL Al 5= 18029 Yl =S A7h 5ot 558 Tkt g7t Qigle). 2 LM-OSL A% 429 %
AP 2]&/d(dose dependency)of] tiet AF A, slow2E ALt BE A% AFE2S0] HAMIZ disf 9 23| 5
uket F7181g o, fast A& AJE 2] -9 oF 170 Gy, medium, slowl AEEL2 F 350 Gyol| A ATFEZSHdose saturation)o]] =8
ahgic.

FRO: MO{Z, 07| RO|HIMA AHEY, MHHZT F02| RO|HMA 41D, M RS, AR 2|F Y

ABSTRACT: In this techinical report, with a view to developing a zircon OSL dating technique, we investigated the physical properties
of OSL signals in zircon using LM-OSL (linearly modulated optically stimulated luminescence) measurements. By applying a general-order
kinetic model, the zircon LM-OSL signals could be deconvoluted into four constituent signal components (fast, medium, slow1, and slow2),
the photoionization cross sections of which were in the range of 10”7 cm® and 10! cm’. We then examined the signal resetting efficiency
of each LM-OSL component in response to optical stimulation. In this experiment, the fast signal component, which has the largest
photoionization cross-section, was observed to decrease linearly and to be fully reset within ~ 6 s of blue-light stimulation. On the other hand,
the medium and slow1 signal components exhibited exponential decay, reaching ~ 10% and ~20% of their initial count rates, respectively,
after 50 s of optical stimulation. The slow2 signal component showed no distinguishable decrease in intensity over 180 s of blue-light exposure.
As the absorbed dose increased, the intensities of the fast, medium, and slow1 signal components showed clear dose dependency, which was
well described with a single saturating exponential function. The fast signal component reached dose saturation at ~ 170 Gy, whereas both
the medium and slow1 signal components became dose-saturated at ~ 350 Gy.

Key words: zircon, OSL (optically stimulated luminescence) dating, LM-OSL (linearly modulated OSL) signal, signal resetting, dose
dependency
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A(restrospective dosimetry), S5AsF 24 5 thoksk &
ofe] S-85 71 QIti Aitken et al., 1964; Hong et al., 2001;
Mckeever, 2011; Wintle and Adamiec, 2017). o] 3-8
ool A3H g wol o] U TL AZE= ARE &
A 27| AR S 2 7Hgste S35k, OSL A&
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A & (photoionization cross-section) 27| W AxpA3%H 7+
of Apojel W e Wge Telo] ek Wekd LM-OSL
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Utk Aol ek E3, ole w2 W AgezE ¢
o, Mol o AL ZARIO] Mol Wike] Al
UE g ZXFS o]-&3t A=A (auto-regeneration dat-
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SA0] Y= FEZ FEWA QItK(Sutton and Zimmerman,
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AolEE o83 FujddL AYESH 7ol g =
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N=7]1 = 3FE T Smith, 1988). 0], Turkin et al. (2006)
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] w]o]Z(energy band theory)o.2 AYg 4= Qich oY
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2] M= peal) FEIZ hehisl, ol ofdfe] Aoz =
Ag

_ dn(t)

1
T nyrtexp(——ort*) )

L) = ;
) Aol 0, 27] AXAT] £ HAje] o],
o o] o 7ML HiAIE AN AT  oles} Tl
ot} webd] LM-OSL A159] 258 A7he 3 44
Yo} 7 o] &3 T Ao XujS Wt E3 4 )
ol 831% LM-OSL A159] 72 o4 (L,,,,) 3} 72 H1
ol ELFH AI7H(,,,) S TR o] B2 % e,

—— /g 3)

"y

Ly = 1o/ 07 exp (= %) = 0.607 4)

t

max

= ollx o) 7T 2] ARET A HEE A
A7t Aol AEITE 71 4E Teid ik A 5
o8} B d(general-order kinetic model)of| A&, SV o
7138949 S8 2 AR LEEE 4] (59 ol xEH
th(Dallas et al., 2008).

dn(t)
dt

= —aytn®(t) &)

oJ7)1M @ =o/nf 10|13, = 0} 10] opd TR} A
(dimensionless paramater)o|t}. ©] 2] LM-OSL A&

0x

Uz X702k O|FY 221

ESFLM-OSL A159] 0|3 Hofd =g Al7K¢,. )3 1
O] Hoh A(L,0 ) Tht Z}

o 2
tmax =y o (B+1) (7

ol
s
o
)
2
)
lo
lu
N
il
o
o
ﬂl?if
N
s
&
o)
g
g
]
2

o|H

3 A7oAE Aojie] LM-OSL A524 9 £4
2 913 B2Fd Minas Gerais 2|919] 814l 4] AHE sl

Z|o]Z(Ward’s Science)S ARSI THHong et al., 2025).
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Fig. 1. Representative LM-OSL signal of a Brazilian zircon
sample measured after annealing at 1200C for 5 min. Four
OSL components (i.e., fast, medium, slow1 and slow2) were
identified by curve fitting using a general-order kinetic model.
The sample was irradiated with a 400 Gy beta dose and sub-
sequently preheated at 150°C for 15 min. The LM-OSL signal
was then observed for 3600 s at a readout temperature of 120C.
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Table 1. Trap parameters of each zircon OSL component evaluated from deconvolution of LM-OSL curves.

Initial number of trapped

Photoionization cross-section (o)

Component electrons (1) (cm?) Kinetics order (8)
fast 2.42 x10° 8.98 x 1077 1.79
medium 6.51 x 10° 7.06 x 1078 1.44
slowl 1.13 x 107 1.13 x 1078 1.46
slow2 1.01 x 108 1.83 x 107! 1.24

£ &A 5 E fast, medium, slowl, slow2 Al E© 2 g3}
AthJain et al., 2003). A G 9] AL, oA O 2 fast A&
By 3 o2} Tha#o]  ultrafast /3o EARITHE B

17} I 2K Choi ef al., 2003b; Jain et al., 2003, 2008)
o] Aol A AREE A o2 Al mol A= WEE A okt
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2 fast AT JRL oF 62 w9 97133 ol 93
Aoz st s A7 = %20, medium
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o8 qHaste] 50xol= Z47h 27] 4159 oF 10%%} oF
20%¢f] EGSFAT: WH, slow2 A5 JE2 17134 e
& T 102 59 oF 10% = sty oLy, o) o o)
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Fig. 2. Normalized zircon LM-OSL signals measured after the exposure to blue-LEDs for different times (0, 1, 5, 10, 20, 50, 180
s). (b) Decrease in each zircon OSL component with increasing light exposure time. Zircon LM-OSL measurements were per-
formed after the administration of 100 Gy of beta dose and a preheat at 150C for 15 min.
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A $ER 0 2 ZHA3l= medium} slowl A& AJE2]
24, 2 (12)9 2 2709) Aeakg o] g3 MY 2o

2 7P 2 34 HeE A
2
medz'um,sluwl = Z a;eXp (bz't) (12)
i=1

o] medium¥} slowl AE50] OSL W& IAo| A 3
Zlo](phototransfer) @42 Z917] fEo= Hdch
zo] @l AxpA gl EA sk gF-9 HAEo] 97]
Freol A WA FAHphoton) 2} ¥F-g-5te] ATt 2 o]F
gt & Ax AT AEY = AT A& Q1 FRpete] w3
o oJaf thA| H=E AX A2 FHT 2 st OSL
A5 E WE3h= AARS 9Ju]gttH(Chithambo ef al., 2017).
o|eh= g, F o] &3} T o] thE A5 AE-E H]3|
Z fast A3 JE2 B2 97]FY &= OSL 457}
s AEEY] il ZAEF A HEE FAE A
2= = F Aojdide] LM-OSL A15.9] o] 2343
o2 JFE E 5 glo] Aol 7k st e JRoZE 7
&gz Ao 2 A dnt.

4.3. LM-OSL £1=9| BiAME o| =Y

OSL Adfd#te] =& Qlo] Fa%t 84 5 shiel &
7HX e (equivalent dose) ZA-2 A3 AA A& FA}
ot A o] WA FF| wWhE OSL A& A|7|9] S7F A,
2, OSL Al& A=A (dose response curve; DRC)S H}
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=
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37} QA T4 WA} olwat AR A Rolo]
7= A] AsHA whotsh= 212 OSL A2 41|
=5 JHsP] 913 712 gdoltar & 4= Qiek o' A
oA HolE LM-OSL 4150 patila NS B
3}7] Y3 AojZ A& 0 Gy, 10 Gy, 30 Gy, 60 Gy, 120
Gy, 240 Gy®] HAMIE ZARET 150 C oA 587 47
A3t &, 120 Col|A 36002 E<¢F LM-OSL X135 717t
a1t AlRe] doluh RS Alolo] B2)H B4
T2 LM-OSL 459 2}oli= 50 Gyo| AIE Watioz
WEE LM-OSL 43z HAsth A 23, AoAE
LM-OSL A159] A7l Aol A7t F4at WALl
o] 270 weh F7ISFRTHIE 3a). EZE AolE LM-
OSL 435 oyt 4= FH3F 2dls ARE-5lo] 47](fast,
medium, slowl, slow2)2] A& AJEo 2 B3t & 0 Gy
oA 500 Gy7HA] Z+ A& Ai-2] AR o8 A
Hetoh 29 3bofl yehd A 2ol slow2E A3 He
B Q0] A7\7 Aol ket Tl a4 g4
(single saturating exponential function; /=Iy(1-exp(-D/Dy)),
I= 2y 489 OSL A& A7), Ire =S} el A 2
OSL 415 A7), D Aolito] F45 WA, Dt 5
%S ughE w2t S8k SAdwell whe OSL
NEO| 2715 HOPFFe B ToAS Tast A4S T
ek 7k ool Wieol] thgt AL Hong et al. (2013)
“3.2. AUESA 7R Aol AAEHA Z1eE o 9L
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I}slowl A1S AEES2) 2Dy 7k 9F 350 GyFH 2L slow2
429 A--olle ARl it oj&/do] mi-¢- mjm|sked

i

200

O Fast
Medium
Slow 1

Slow 2
150 +

100 +

50 + ¢/

Normalized LM-OSL intensity (a.u.)

Dose (Gy)

Fig. 3. (a) Zircon LM-OSL signals measured at 120°C for 3600 s with varying absorbed beta doses. Before measurements the
zircon samples were preheated at 150°C for 15 min. (b) The DRCs of each zircon OSL signal component. The signal intensities

were normalized to the signal responses to a test dose of 50 Gy.
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