Geo-Pol. Sci., Med. Geol. and Urban Geol. 2016 Vol.12 , p.5-9
Report: Received 11 Jan. 2016; Accepted 22 Feb. 2016

IR DR EALZERER D AR RIE D=0 A 4 o< (4 U O E— LG

FIADTITIEDRFE
A & U )IEREE T b 2-Parajuli Raj Kumar ' TEERE 2 WA A *-#ILEA &2 rikEiE 2 =dEk b
MAEM-TER 181

1 BESRS T376-8515  HERSULHAA AT 1- 5-1

20 [ENTIIFERITSE N R TRV RO Bl I ISET  T370-1292 RS IR TIRATENT 1233

Development of lon Microbeam Induced Luminescence Analysis Technique

for the visualization of microscopic chemical composition in mineral targets
Wataru KADA ', Shunsuke KAWABATA *? Raj Kumar PARAJULI?, Masashi KOKA? Naoto YAMADA?,
Akihito YOKOYAMA *2, Takahiro SATOH?, Kenta MIURA®, Tomihiro KAMIYA? and Osamu HANAIZUMI *
1:Gunma University, Tenjin cho 1-5-1, Kiryu City, Gunma, 376-8515 Japan
2: Takasaki Advanced Radiation Research Institute, National Institutes for Quantum and Radiological Science and Technology, Watanuki machi 1233, Takasaki City, Gunma,
370-1292 Japan

Abstract

To reveal microscopic distribution of chemical composition in mineral targets, ion beam induced luminescence (IBIL) spectroscopy and
imaging system was developed and combined with conventionally available analysis technique of particle induced X-ray emission (PIXE).
Complimentary analysis and imaging of IBIL and PIXE imaging was achieved by analytical probe of focused proton microbeam with energy
of 1 - 3 MeV, maximum analysis area of 800 pm x 800 pm, and typical spatial resolution of 1 pm. As a trial of the micrometer-scale analysis of
mineral targets, IBIL imaging and spectroscopy were performed on a mineral samples of magnetite and fluorite sample. The fitting result of
peak assignment on the spectra revealed that IBIL analysis is effective to obtain chemical composition of trace elements distributed in the

crystal.
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KA - KB Z U THIVE 7 OB A MR T 2 AR 7ok i [#]
DEAT IV AEZBRTHZENEETHD, WEBEERS
BREOMMIZIL, VE— YT DL) R~ akit
MoK ST, 7 v TOOPTEN & Mk TEELR
T ER T EBx N, BlxE, KRB+ (=7
T v) OSHTCRW T, KR ORI 8o B2
IFEME LCOBRD B OHWNREE TH L0, MR
BT DM 72 bk & T 95 2 & T, ki3 BRER
WCHZDWBRPHET D ENAEEE 72D CER D, 2010).
7Y VST, K opm-mm BREOBREESTRETH
STh, BEHTHEE 2D L5 AefiEIcs (trace element),
ST 72 AL AR R A3 AT B3 2 D LIRS BRBERS 2 BT D 1E
hHx 284580184 < (Audétat et al.,, 1998; Miller, et al.,
2003), 245 2B B ANTT D HAT & 72 2 S RRE RN O
WHABHEIZ X 2 @B E R ENBEEREN TN D.

ZhicxtL, EMETE—LA7u—7%2FH LIERBER
ST EARE OBR%E - B AL HED 5T\ 5. E R (Electron
beam probe) % V% EBIMEL & X #ifa s - obds 4
FA G W I E AT E T HMEIC L D =L — 80 X
Wy 6iE (SEM/EDS: Secondary Electron Microscope /Energy

Dispersive Spectroscopy) K NVETF#~A 7 a7 77 A%

(EPMA: Electron Probe Micro Analyzer) Z#)f L7- jtH#l
BT AR, W XBRATIE & [RERIRI MO @& ar i
EELTURLFIAESNTWS (Bl 5, 2007). T4 Tk
BECHEMRZ LV REE IO T 2729, BRI~ SIN
oS TEREZERA A E— a0 e T e —T L L
BT S BRsE ST b (SRS, 2007). 2D )
b, BfE 7 —7 & LIFEE LT, R X%

(Particle Induced X-ray Emission: PIXE) Z3#71i% (Johansson
et al., 1988 ; i 17>, 1993) 2P INTWA. PIXE
BIXEHMEEZ SIN RSFITE 5 Fikd L THIERE
FREHCH TSGR L AFTET S (Ryanetal., 2002 ;
Murao etal., 1997 ; Sieetal., 1996). X5z, koI
BoMA A=Y T HARRE 725 TV D, PIXEIEIE, B
RHEAREF L E LTI, SR FE O HT I
JGA & TV (Shimizu & Dobashi., 2013; Toérék et al.,
2015) .

WFFEBRRIC L 0, KA PIXE 234k (Ishii et al.,, 2001 ;
Seraetal., 2008) & WEiZi 25 FERMASRMBAIE S, ikl
THERKHFICERH L TONEITS ZENriEE o7z, R
FETIE, BERABE~OBEANLERLS, BERAHER
EOKEEL AR A EH T 5HEIOSGT B ARETH D .
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22 3 AR RO TE BRI X 2 TIT D PIXE s L v
DL D HOD, —HRH 7 SEM/EDS, EPMA i4 & T
BHERICREZHETILERENAPHFETHY, &K
ppm BRE S L <IXZ L FOMHRFIZ LY, KoHrFik
DREFVENTRD HIL TV 5 (Kuisma-Kursula, 2000) .

L LR35, EAEDSE um BEORE 2 ot g &
D &0 AT, AR O FEBIEN 22 T I — I
HEEChHD. A A ~A /e —b%Fa—7 L L= PIXE
HETH, HokeV FEEOEME X M5, KK eV IE D LHERH
MEDOLI RIEFHEREZRET2FIRS TERY
(Przybytowicz et al., 2002, H&d# : Kaveig, 2005). AFR
Bzt L, Fox OWF3E 7 V— 7T, R A A E— A
WEFIE LZoEEZBERLTWD. #iC, kiR
BhE OMBEERIC XY, £k XBRERIFFICEC DA 425
EF K (lon Beam Induced Luminescence: IBIL) (Malmgqvist et
al., 1996) ICEHFH L, ZOFHEE#HE L7 (Kada et al,,
2011). IBIL ®=3/L¥F—%, REHERTEM OLEREE
WHGT 2BNEE SOV — AN ET DL, 20
728, IBIL ZBaediu, sERNE O S AR A3
B&T&E 5 &5 255 (Kada et al., 2014; Markovi¢ et al.,
2015).

KIFFETIE, A A v~A 27 —2%ZHH L B
AOTIETH H~A 7 1 PIXE 498k & IBIL ZRAlA &4,
WL OMDFERBLD A A — 20 7 F ORI IS
AL oW THET 5. EHRA A E— LR EET
B WT, eV RED IBIL BB o dTHAT OB 417
o7- (Kadaetal, 2011). &RMEE LB T2 0 RAER
D72 IBIL 208 L THXT 570, B EROM
HER O M F2h=., SIN % i b L7z (Kada et al., 2014) .
~ A 7 1 PIXE &[RRI IBIL B ST 24T 5 AT A
RIS HZ & T, A v—7 (Lairdetal., 2011) T
HHED BN TWD, IBIL ZFIH L@l fica Ensd
MEBELROOINEBAEEL 725, 2 bomEfIZL Y,
LR ORI 72 ST OV <ALE oA 78 & DAL ZERR
THHRES 2 TREL 975 2 & & BIEEICHBR 21T 72

14 UFEEADITEBDORRK

JR T IR TR A REHF SRR RR (TIARA) (Z5%
BN 3MV YTy KRR %2R L, BFZECH]
95 MeV BERA AL E— 25T e —73%
PIXE JLHRAA AN, IBIL FEIEH OO EM AT <
TWw5 (Kadaetal., 2011). Fig. 112, B~ A 27t —2A
i D FEPE X R TN IBIL % 53 Y/ br 9 2 B SEE o 5%
B A 7. 16k, ARFEBRIERIZIE, 3MeVH A F v~
A7nbE—2b%x7u—7L LT, REEZERFICRELE
EETHOMBAEERKRE~A 7 7 PIXE AR BEIZ B
F& I 4L (Sakai et al,, 2002), ZHICIGHINLTWNS. Koy
P CIEf imm UG FEE OFBHI T B M 3 T RE T
HD. REHIEZET = NP EET 5 LSME, B— A
HEZFATHZ LT, RRPICHELZEENNTTSZ
EBARETHD. ZOHE, £ <ITK Tum JE O & 551 Hilk

6

ZE—LAMHELE LT, BEF = A — A EERICIUHE
MEbE & bIcRE 2B (11 5. AOiRR ki, %77
AN, INEN L R E N B ONTRE T HEEE D
72 % IBIL BEFRSY Y0 HT IR R %, PIXE F X SR 1o 5t L
b AR S ONLEIZERE L, PIXE & IBIL O[FRFFHZ
AEEE LT

A UFERAEDTDOR

IBIL £ A=V

Y Haf24%  (Hamamatsu Photonics, H10682-210) T
HWEND IBIL OFPUEE I/ SVAEETHY, FEAE X
FRIR IR T DIV D BEPE XBRE R D15 B & [RIAR O Bl 23 Al
BETHD. DL LT, PR L e —aEliE
Mlym O~A 7o —a7n -7k ERL, TOME
HRESR L2 DRE X BB LW IBIL 50 i %17
5. ZhITkY, ©—AROZERIEET PIXE LTV IBIL
WIZOWT2RIEA A=Y E MG TE 5. £/, IBIL DS
RICE /) /R A—FEEANTHZ LT, KETHEEEICA
45 IBIL O REZRETHZ LT, FEHKERETD IL
BABUGFRETH 5 (Kada et al.,, 2013). fFRANICIE, 8
BONETHEEE 2R Lo bRitEnTns.

IBIL Yt 5347

IBIL 33 Hr AT M A ORIE T, B HEE %
AL 1 F LV OFNIIBER S DB OD, HHEHA
%} CCD %y ):%% (Spectra Co-op, Solid Lambda CCD) 23|/
AHRETH DH. IBIL A~ hUIE 5K 20 ms 2> 5 B2
AHETH D (Kadaetal, 2014) . BT TORKIESN
TWDH, BEHOREREZHT 5V v F L —2 e %)
AL, MEZLICKRERIEEZBMAFETH S (Kada et al.,
2012).

FEATARIEIC K 0, S840 - B AETEDLIR & 52 %ok
IHTT —Z_X—=Z (FLERERPANT FEIR) MBS
T3 (MacRae & Wilson, 2008) 23, & 5%, & 51,
A M) B R0 & FE T AR ERUBHC BRI 24TV, X
R MVTF=ZEERB LTS, BERBOST -4 %
MERB OSSR T 2856, EE5xHE (SIN) o
PN BESND 20, BMOESLBENLE LD, B
K, EBRAICEE SN AT BT —2IZx LT, "R
V7 U =TI K EMEE Y — 7 RER, BT 0T
S T ERLELTWS . AEKEICSHE Lz ke i
it U, PIXEED TTHRAMAAER & I 5 2 & T, M
DALEMHD LV EERHEERFTREL 2> T 5.

MELMERHD IBIL A A —D 2 T EEH
A A=V 7R E LTO IBIL OJEH ATREME 2 79
L7202, ETHEMOEYEE A &2 R L LIz TR
ZRAT L7, BB 2 REHICRE L B — A& R R
FHRIFT T, EBILE T OERDE L WEHZ SV T
RWHOEETORHEATHI> 2L LA TH LA (Figl
AR TORRE Y 2 ), ROpHradThl TlidA A e —
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Fig. 1 Schematic drawing of IBIL microscopic spectroscopy combined with PIXE analysis system.

LAOFERBE REE) Icxt L, BREVESLZ /NS H|DH Z L T,
BAT E 71RO E R OIRAE % B L 7.

Fig. 212, =7 %% A b & LTI EZ T 2830k
DWW T PIXE BN IBIL A A — 2 % RIFEEUS U726 & 7~
PIXE CIXEZELHE L LT (FeKa) PMHShi. Zh
WZxf L, IBIL TIEABI~EBRARHCA T2 27 T v 7 485
WEEICRBWT, —EB#EE 25 450 nm TR CTo IBIL
DRI ENTND., Thad A A=Y 72X S L7246
M Fig.2 THD. Bk z G eRzMkEKD &, 7
A F (Si) MHEEAICED L TER STV BERT 235
BTE. BRTIE, 7R ¥ A bo—E M S0 A
FRIEEHDIRMAEL TR, b LIF~v I R4 A4 T
BE#H @ Intrinsic 2 Yt H 0> (\=470 nm, Balbergand & Pankove,
1971) ICHME T A FBAPERE L CTFEELLE I EPHEES
nNTna. WTIRoOEATYH, IBILPIXE EE5HTTIT,
TE X G RE E TR D I ARIET 2% 6 (Fig. 2 R
M) THLZEOREEEURHE E DD N v T AD
HENL L TR kT 5 Z R HREL e D.

- .‘:TI

Fig. 2 An example of PIXE and IBIL imaging of micro-meter-sized

structure existed in a clack on a mineral assigned as a magnetite with
microprobe of 3 MeV protons.

WMEHWHR O IBIL RARS < ILEREH
WNT, IBIL AT L & a8k ey T i iy o % ot 38
(trace element) /4T Z54T L7z, @A (BRI : 7E) %

A B L, HEREF O 100 um P72 5O, IBIL %
SR L 0 A EERIIL Fig3 () 1SR & 9 7 IBIL @
A7 MAREHBI STz, THiRY 7 U =7 (OriginLab
Origin Pro 9.2) (2 X% E— 7 K#iz, #3k o Voigh B3k
WOERGDE & L TOWRESH (Figs FRZR) %
1To7=.

AT SN Te B — 27 R & BRI IO 4 B & e is A i %
&, PIXE Tl FEREL T OEEBHE TR SIS T 5 s
E—7 RN 38U ERETDIZENHLNE s Bk L
T, 3 i A7 4 (dysprosium) o A (Dy*: A =
483nm, 588 nm, 673 nm, 750 nmand 760 nm), 3fli7' 7 &
Z < 2 (praseodymium) A # > (Pr¥* : A=525nm, 537 nm
p 606 nm, and 642 nm), 3 fli7 /L &7 A(terbium) A A >
(Tb* : A =436 nm, 544 nm, 546 nm, and 582 nm), % "3
ik 4 2 (neodymium) - # > (Nd* : =795 nm and 866
nm) fLA35%Y L7= (Gaft et al.,1998; Sidike et al., 2003). h
Fio, KA FATHE, AROMEITTHES, a7k
HIE ST O FTFRER TH O TV R L AE
S41% 800 -1000 nm EEEDOF RIS L — 27 bBRE S LT
KN — 7L, TNENRPEYER OWMEITTHEN LD
BHORMOBERERE IR T 2580 EZEX NS,
PEo T, MEBTERERTE LEDOEHLEL MO ARE L
T 5 2 & T, MEITEMAE R L iR 03 il HE
LB EHESND.
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Fig. 3 Example of IBIL spectrum obtained from fluorite by 3MeV proton microbeam. (left) experimental result. (right) fitting result of the spectrum

with multiple Voight functions

FEH

KWFFETIE, A A~ —2%ZFH L Hizn
DI - A A=V THEMiE LT, 4 4@k (BIL)
DB AT EAT ORI 24T o 72, JTFMER G 235357
TX5~A 71 PIXESHEEHEFATE % IBIL 0o %
FRFFIAT 22 & T, eIV ThH, BED(LEY
73 5 6 B RO FTHALRR, PIXE TOMH 28 L ikt
DORIENFRETH D Z &0, PIHFER 2 fllc LV RSz,

AREWOISA & LT, METREHLREFMH LI
HEER ERMFTTE L. S OME TR O A LERITE
MOBEMT LICERNH D Z ENMEEEIND. IBIL 035
Briiffiz PIXE QPR L, SE#3lEl o R i /e o R R TE %
PMEER Z & I E TR R E U CTHIE LT ITIE, IBIL
TOWUEAERIC X ORI Z DY SLH 213 2 £
e LCRHIAT 2 ERAETHDIEEBEZLND.

Lth DEANMSL O T2, TERR 0N mairEiiiok B -
EEAL EAT LT, SARZREEY - BREEARME R 2 1)
L7 PIXE/IBIL B2 — % OINENFETH D, L0 EE
AR EHEIH OMRR O T2, RS A EME L5
HUERBL B BT ZEE & OB EICOWTHERT TH 5.
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