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Elucidation of the mechanism of radiation-induced luminescence using electron
behavior analysis and experimental validation
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Radiation-induced luminescence is used for radiation detection in various
situations. However, the luminescence detectors show some problems. For example, the luminescence
sensitivity depends on the radiation species. In order to elucidate the cause of such problems in
luminescence detectors, we researched the process of converting the incident radiations into
luminescence. First, we developed a model of the nanoscale behavior of secondary electrons emitted
by the incident radiations. Then, the developed model was experimentally validated by predicting the
experimental value of the sensitivity change of the phosphor to the heavy ions.



B X C—19, F—19—1, Z—19 (@)
1.%%%%%@@%%

VT L —F IR SN D BRI R SO RITTE R O B B ESCHEREIRE O E S 0 B ER &
fﬁﬁ%ﬂ%ﬁﬁéﬂ B BRIBEGICBW T HMBIEZITO Mg & LTRHENTWS, Lo
L., WHRITREA A7 EOBLIERED K& e TR iR 2 B2 &y OB RIS T
HARDfT 52 R F—Y7= 0 OFNERMET L, EZ SN2 2 & 233 k&ofw
%o ZDOX D7, BRI T D EEERORNDRORTIL, MEBERTXLIX—ff5(1C
BT EIEILOBEENEL 2D N1 KMa7e & ORI A kA RATHI %Wbtt@f
bHEEZOND, ZOREEIT D IO II BRI BRI ART L THBRNICEDL £
TOWMBREZMN < HET DLEND 5, RIS AS U BRI IRE 2 4EKT 5, 2D
WEFNEIDIIEBFEZARL, BV A MNIBWUNEEF & EALNFEREE T2 & T
HIZED, ZDH 5, IREFHEEE BB IND E TOT RV BB LI (M
THY ., ZFEOFEMI D #ofw@wt®M%#*b%hé

2. MIEEOHB

AR Tl RO BRI 5 B I %m&&@Qﬁ%%mwt@M%®%%%%&
T DI, R L0 A LT TREF OB 2 BRI X0 b L. ds IR B Tl
RPN ARSI N DB E AT A 2 FEhi 9 5, £z, BEROER I T 55821
ZRE U, BUEFH & EERAICREET b,

3. WDk
- %4ﬁ/mkﬁﬁﬂ%b(mﬂm)iﬂﬁ%&ﬁ%ﬁﬁ%ﬁ%ﬂ%%kbf%ﬁﬁ%g
THWLNTWA, PHITS (213, AKHIC DZEE & FERNZ R T 2 & TR g

re—~K ﬁ)fﬂy?LLiﬂfU‘Z) ﬂxﬁf)ﬂ‘%LﬁMﬁﬁﬁ CIIAE LSO BEAER Z —D2—D
BHL, ARETOREZBZRICETET 2 TIETH Y . MEIFICAR U7 B3 5 i 2
ENDHETOBBREZHN<BYTSZ &ﬁf%éoth\ﬁM%LMﬁﬁ%ifmf®wE¢
HEN<BRET HILEND Y | TOWEMIIWEITKTT 5, £2 T, 20O X5 e R &R
Wra— REEERIOSAT 28— LT, IWHNRREESEYE TH D Si FOETOIRYN % fif
Wrd 2 BRI o — R 2B Lz, & I, SR ORI T D 0B O FEERE %
PHITS (2 X W HE+ 5 Z & T, PHITS Z AW HUEFHEIC L0 EAEDIIE A I = X L OfEHA
MNARETHDH I EE LT,

AP ES

@%mM%meﬁ%:~b@%% IV ARTE LA EER Z & OWE BN LETH D,
R = L X — B LRI ORI BB LN D WE~DO TRV X —BBERSA TH Y E
BREE L TROOND =D, ¥—7 v NWWEORMEZ EBENR L T D, ZOHEFHT R X —
PR AN D Z & TEFBROMAEMN Z L OBmfE» N EHTE 5,

FZ 7T, Si @IZ\/I/#‘P{%%B@%&%%M%MODWE{’FH%B'HZ’\%L?‘:#‘Eﬁﬁzﬁﬁ Z L ORrmiE

EEE L, K11 BIFA2EFOWEMEZR~T, SilCBWTRAT ZMMEEE., 74/ v
=HE. BhiE. %LT%\”T“% L OEREENF OB ERE A EH T 5 2 kﬁxf%to S5l %
FHERICB W CESDD Si lI0EBT DT RUX—OfER oMz EH L, Sil 75@%ﬁm
BIEEARATET L Z2 B LTz, B L7-E7 /L% PHITS ICHAA AT Z & T Si 2 BIT 5 B HTR
RS AR R 2 — R 2B LT,

10°F —e—gtos

+ ICRU 3711
'£10° .
= ]
H

$10° -

107 .
107 100 107 165%' 100t o
. 10t 10® 10° 10" 10

| = ~ - »
AFHEFOIRILE—[eV] ASBEFIRILE—[eV]
X1 MEFERILICHELESIiO X2 SiHDOETFORE

TRV —HE KB



B L7ma— RFOKIEE LT 2ITRT X O 7%

Si FOEFOME LB RO F AL —DKRE [x10% S ———
FHE L, A LZE ORI ICRU 3TN TR
SNTND Si FOEBEFHMOMIE L —F L=, 2,
X 3T X 97 Si IR A5 ¥ — L)
EE T OAEREOBUR b FHE Lz, A& Lt E
THIIMT 5 RV — B LTz, & OB X 1T e i
LRI TR (e fHE 1T Si ~Dff 5o g LF—24
720 OFEE T ORERTH D, SREHRE LR
ITHRESNTWVWD 3.62eV ZHE L7-, I EDOFER
£ 0 BR%E U 72 TR R M S AT B R 2 — R ITR
HEDIGEZHETE D2 LN o,

WA EICARDO—FE T & 2 HeHIIE AR o ki1 A N T
BUCKT D RADEOIE T & WE T O = 3L % — 0 2000 10000
(SR E TX % PHITS 0 < 2 o s BEEFH
HAWTHBE LT, i N , .

TR T IR IS O FOL RIS F o BE A RATy X8 SHERT AN G=R L=
REFITH D EIE L TG RV XF— Lt B O BR
RofafnORIR % )R EBE E U TH W=, v #RiThE
FRREHRTERANF M EEENNS S BERRICE =XV —2 45 LT D7D, F
FTH 72 = RV X —fF 5388 B L AR RR D = R L X — (5B EE NS Ly, JHFTHI 72 = %L F—
T HEEILFERIC L DMMEDNNETH 50, BHEREOT RV X —(F 5EEITHELE LT
FENARETH D, & 2 T, v MRIAHEERIZ X 0 8RO & & B RORR %2 HIE LIS R
ELT, RHE LM G R VX —BEICZONEBEEZERNSE5 2 L TEIBROINRE
WE L,

X 4 \ZYEHI Y EA Td % BaFBr:Eu @ *He, 2C, 2Ne \Zxi1 5 36%=%= % <4, BaFBr:Eu ®
FEINRITER FIRFREE (HIMAC) ([CBWTHIE Lz, 27 nREBEE AW ZFHEMIE R
7 o BRI W AU NERDER Z 30~50 nm ERE LT & X ERELE —FH LT-, ZOREN
5 PHITS @ 7 v ff&B%a W5 2 LT, BT vt R L2 TR #3235
R TEHBETE,

AWFFETIL, AR R DI A B = X L EHHREICHAT 5720, RN 3L ¥ —%
53 28 2 K5 BT 2 B T RS AT o — R2BR L, I DICEERoIsE 235
Wk I 7 e ENS TR L, BLEL Y, PHITS 2 W HBUEEEIC L 0 3O ERDREA =
R IZFES SRR T BINEBANRATH D Z 2R Lz, 5. & F I E 806kt
LIRS AT RIS X D ISE T 21T 9 2 L T, BAA D= XL A HEN & 51T
FHZEDRMRFEIN B,

FtEIRILF— [eV]

] ATEE
] 10 nm
-------- 30 nm
1 EBRE 50 nm
] - e 100 nm
L C ~ 200 nm
1 * “Ne ——300nm

50

05 4He e

1 . 1 . | ] 0.4 - L
' ' 0 100 200 3
KT LET (kev/um] Kep FEHLET [keV/pm]

00

B4 BaFBr:Eu O BRI F#R KT 2 FEENHR D LET (K17
[1TICRU Report 37. On Radiation Units and Measurements ICRU Report 37; 1984.



1 1 0 0

Hirata Yuho Sato Tatsuhiko Watanabe Kenichi Ogawa Tatsuhiko Parisi Alessio Uritani Akira

published online

Theoretical and experimental estimation of the relative optically stimulated luminescence 2022
efficiency of an optical-fiber-based BaFBr:Eu detector for swift ions
Journal of Nuclear Science and Technology 1 10

DOl
10.1080/00223131.2021.2017372

69

2022




