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Analyzing System of Minute Radiation Tracks with Optical Microscope by the Use of Localized Surface Plas-
mon Resonance
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Ken'ichi Kuce *, Takahiro Apacar ™, Atsuhiro UmemoTo **, Tatsuhiro NAkA . Satoshi KopaIra

E B ERMEE ORI GO S 7 U FRR BRI R BUR SRR 720 5 22 0, SIS IEFHMEO S REEL D /NS <
b LR ETH 5. ZOBUGHN F 2% IR OGS Tk, REERE 77 A€ v L8 (Localized Surface
Plasmon Resonance: LSPR) 12X 2 M & LCHETEX2 2 A0, &2 CIEEFHEME L erlEmEcR L) 728
BT, ML) AR A4 X EMBEET L7z HMTIE50nm 34 A0k o AL L THRBTEZ. S5
TRSTIC & 0 HE S OBERE Rt MR IED MG U T2 A2 Eh s, B LZRFORIL D B EAVREEN. &
SISUFENTFEOURIC L A%, a2 I A MO ELHEo72. LSPR # W /- mErE L L, muvafiies & b1,
EIEH - BiEHe &% OFERE 5 2, SHROBEHERIENTI~OG T TFEE %0 9 5.

Abstract Radiation tracks recorded on nuclear emulsion plates with high-resolution are composed of fine developed silver-clus-
ters and it is difficult to detect them with a usual optical microscope when their sizes were under the resolution of
optical microscopes. We observed them as shining points with an epi-illumination optical system by the use of local-
ized surface plasmon resonance (LSPR). Minimum cluster size and interval between clusters were analyzed by ob-
serving the same area with optical and electron microscopes. A cluster of 50 nm size was detected as a shining point.
As brightness and color of the clusters changed along with the polarized angle of the illumination light, it is suggested
that adjacent shining points were distinguishable by the change of polarized angle. This method using LSPR will be-
come a useful method to detect minute radiation tracks because of not only the high resolution but also the track in-
formation about polarization or color.
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Key words: Radiation track, Fine developed silver grain, Optical microscope, Localized surface plasmon-resonance (LSPR) ,
Super-resolving microscopy method
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LGS S NG, ZNDZFDOBOBUFMIEERIZB W
TOfEE Y, Ny ALgULET S N CTBUGHN T & 2
D, FREMEZ ORFAOEE BN L THET 2 RS E L
TR s, FIOFEME BRI N TS L Laed
5, MBI SEERIZL O X ORI E BlgT 500k
RIKRAET 2 H8mN 2 RAE2H 0, gL TIEr7Ze
200 nm BETH 2 7.

RGO S N % BT FUA Tl a o7 ALk
AZXPE10nm TH Y, BEHEKNFIE7 147 2 ¥ MK
IDINIDREL LD, TR THIFHEMEE T~ DB
RIBRL T2 R L TS 201N CH L. ZokHrkmL
¥ AFRONEEREE T 2 A IR & W A 720 ol R
MRS A RE SR TEY Y 20144ED ) —~ )L
FHEIZH Lo TW5. @K TIA 2 S % 2 TR
FR S ALTANTREF LIS U CTIRR L 9 2 iR SR E k25K
DLHNTNS.

BRI ST O IR 2 F BT R 2S¢ Tt 5
TEiZhY, HAOKLEEPLIRIN TS, LLEIRERNC
HGEBEE O TS 5 BB b 2 s L2, —7,
nm A4 X DOEEBA T ZRIELH 77 X > 0 (Localized
Surface Plasmon Resonance, LAf% LSPR & W&3) 12X D 3w
BELLE T T 5. BUEGR T LM 2B 7+ Th 5720
LSPRICE D EHDT, ThEHWTHINTL2ZENERD
N5, H3FEEHED Umemoto 513 LSPR 2324 BAMSE 0 & 1%
TR L 2 70 Wil 22 BUR SO T b LA B TSt & %
BRI L LTHW) 22 8%, EHICmEEEHWT
BigET 2L 7 47 A2 MRBUGSHR T O X 5 ITRIRE T ME%
RO 8 A B~ DRI 2 H50 2 L 2 i L 1M,

ANFFE T B BRI SR TR FE Sk S AL 72 S TR B D e
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VI CBUG SR T & G- W & B e oW ) CTBIZd
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15 12D ONFHMBEOBELRMHFIIOVTOIMEL, 20
Fikoa M EMEEL 72,
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RLEE 052 um @ AgBr NIRRT 5 7 5 K IEFLA =
BT AMNEAT LTl & L7z, BUGS FoIIRBIg 0 72
DI, TOWHBICERKEHN 10 sn75y a5y 7Hk
TG 2 7 OHRRIRER & FLER T 5 72000, IR S
ATRZET D N5d g HIMAC 12X D 290 MeV/n DjR#EA +
Y F 7213150 MeV/n DAY w7 A A F ¥ % SIS AR T 4t
L7.

PR BLG SN T 2 (E RS 2 ka4 Lo/, D725
HIHG A BN 720 OB T2 7%, BIF 2 BURER
WA ERTE Ihd 0% 200 BICAH L 72 D72
BURH % FWTC, BURIRE 20 °C T 5 ~ 40 7 [IH0HIHLG L 72,

BUGHNR T OB T HMSIBIE D02, ThETomg? &
MU ARBEO—H2H DALY, HFL LT sIE
THGEHR T2 WL, BFHEMEHERY 7Y v Fo 6
WO THEERE L L, a7y VBT R 2 IREED
GRS 272012, ¥5F 7N h 7 rugk o
WX AMRBERE L ER L 72, S o 0% %8I T B
$ (H7 H-7650) TEIZEL 72,

A BUG SN T- D LSPR OBIZHE K 11,12 2B F 12 L7
A RBISE O e 2 HOLEEMSE (=2 » ECLIPSE Ni-U) #&
JV, EEOKRS v Ao =N — VSRR (=
> U-EPI DFL) %0 £, @k 5 o ghta 55 5 %
S * 2 —7 (=2 ¥ DFLE) # HWCT¥ oL 58
gLz BRGERBOTICHLE Narys 7 EE L
THRIHL, FUHABOE»SBE L2 100 5oL »
A% HWT, BFHIL Y XDH T A LRABOIFRD [ < —
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oo G EREOME, 7 X TORIONEEIC, FhEN|EE
WHRERRE 7 4 Vo — 2 AL TR TORE21T-7. 2
CCTHW SRR 2 2 72 BT 0 5 E. % Figl 12
R EROLER L BB RO ZNENDONGRONIE & K
FID, ETmY. %ot EEBOMG CHRETRTH L. T2
DONRFEEBOF2—THON=TIT—DE, ADA
AT OO 2O C OB IR EERRILT 4 V& —
EFiATAHILENTE, MAEEZEZ THETE2LH1C
AT, 2BHDMET 4 VT —DHEEZTNZENEZ
ek &®, LSPRIZ X AL OB R L, R H
DEN TRz

FROETHEMBI TSRS 57201227 v FEIERL
BUGSRR T ORE 2, LEHmEEco Bz L. 7Yy ML
DO —=N—%bLIZFA—T) TEFEL, WLTYTE2ET
BHIRER LOCEBAMEE oM CRIZE L7z, Sk ) W UBUEHR
W3 %, SBFHMBEOEBG L EHHES% TO LSPR

Fig. 1 Photograph of epi-illumination optical microscope to observe
the localized surface plasmon resonance (LSPR) of devel-
oped silver clusters. A: camera, B: reflection-exposing cube, C:
polarizing filters D: mercury lamp for epi-illumination system,
E: halogen lamp for transmitted system.
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3. EBER

BT % BUEER 2 20, 30, 40 M & Z 2 CHIEL 2
RO BUGERK T OB T-BAMSE G I % Fig. 2 1R 9. ¥ 95~
FVH T NViERHWTWAEDOT, MEIRICAL kTS
AN ALK T OH 72 ZATH B, Ny ALl
BT ORI 520 nm TH S A%, ZEIE B L Z 300 ~ 500 nm
ERRNHHE L 72D DERoTWE, ZOHICHh b BVERIRR
T 4T AV MROEHPBURIRKT-TH 5. BUFOIIZBURR
W IEEPENETH 5705, BBERHOLERE EHITT 4
Z A Y PROMEWBUGFIRA~ZML L T —75, BUERH
WZ22b 63, ERIROBUNBUGIR FHREL TnE. 2
IR L LB HB I N TR SN T Bbh s,
=N LR T RICEBEOBURRPAE LTS 50
BB, BEBEOTHEPELTVD I LERT.

L ANE—DRFA A V2 RS LTIUR L -2 Rl %
ENREONFHMSIEE % Fig. 3187, KO LidiE®
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B, TIX%EEHETH D, Mo/ BURKR 5 40, £H1X15
STH L. AR TIIBURHIR T D REREL T 5720,
BEMETHRYZRRTE LD, EROE 5 5O BUEHERH
WZBWTIE, REFE VRS BURER 13 T 72/h S Wi iE g
TIHRGEET, RIFZRFEE L ThOIRICE#RTE 520
Thb. —J, HEETERIGHEETIIE SNy 7 0HC
LSPRICE A/NE MM E LTIE- X VlTE, ThZh
O OF & U TR TE 5. LML nsgs, #
BB DL H L. 7272 h X FMTHSL SIZEdbETH
BiEZIT> T bH0T, HOmE TN w2 HAE7E 4
Hotz 155 HOBUETIEZERER T D IRIEATEHE T E 225,
LSPR R CIXFITOMESH AL CTnb. E ¥ M EwE S
HAIHBEMBFIZES>TWDBDT, HEEDE) PIDOMRYIZ
LSPRAZTH TR TEA > TV DA, E#G L ) R0 RE
BIESNTHS.

Fig. 2 LW U B ECTHERLZETHMSN 7)) v FEICH
Bl —#k &, EBEmMEE &L T ENENBIE L/
BH%Z Fig 4 18T, BUERERMIZ 20 0B CTH 5. Fig (a)
E MRS TH Y, Fig (b) XFEUHEFTE~—H—I

Fig. 2 Electron micrograph of developed silver clusters for development periods of 20 (left) , 30 (center) and 40 (right) min by D72 develop-
er diluted 200 times. Samples were obtained by gelatin-gel capsular method; white circles are the envelope of silver-halide grains, and

black spheres or filaments are developed silver clusters.

5 mi o
min 10 um

15 min

Fig. 3 Optical micrographs of radiation tracks by carbon ions of 290 MeV/n recorded on nuclear emulsion plates with development periods of 5
(left) and 15 (right) min. Top: transmitted-light image, bottom: LSPR image
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Electron
¢ Microscope

(a)

Fig. 4 Electron and optical micrographs of the same area on a grid with developed silver clusters after 20 min development. (a)

crograph, (b)
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KRBT 20 H235. Mmoo, B
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Umemoto 5 D ¥ & —$ 5%
KHICOEIZH S L TFHEIHIEWATF S, HLAED
ZALICE VB o2 VB o720 § AN EZ R L
TWa. WGAE LR T ORMATEIRT S & &l fkf |2
X, PATTHLE XML RoTVD, 1272, FOEBEOILN
RO UAECHRLTEY, HIEROREZTTIE%R
WwWEHE RS KHDDED 2 MEH O KT ORI KD
300nm IFETH Y, RIF Y FE— o r ALK F BB
ENZZHOTHA ). 1 HOFEIIRF D L H ITHNTED,
2ODR T EAESATH EMGHENERLT L L EEME,

PATICR 2 L Z I o T D, 7272, AT
{, EEFREHADOT2 OO EHMTE L. AORFIE

AT HEICHE M TnTREse
G 7z Bbhnb.
AT CIIIRAREE LT OB L 72 DR T 1350 &
Ny, 1o LTk s. Fig 4 TH—OR T2 5
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FNENEHELCWAR T LML ED L, A X 230,
300, 330, 420nm, C &% :320nm, 440nm TH Y, #HED
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%, B A 100, 180, 190nm,, D % :190nm T & 4. A
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BN, TNRBIDEFEROMGEISEVNETH 5.
COLHIZLSPRETHMEV 1 >0l s LTHgsh
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Optical Optical
Microscope Microscope
Transmitted LSPR Image
Image

. optical micrograph with transmitted-light image, (c)

(c)

: Electron mi-
: Optical micrograph with LSPR image observed through a polar-

ized filter. Clusters A and B are designated by the color of the arrows.



ATak— - GEHTE - WAL - WK - F IR

EABZITHSRTINS. Unemoto S L7z & 512,
W THEET 52 2 L TlLHMOR T2, H5E L7 2 ok T-%
BT B ENUTREL 2 5.

LSPRIZ & 2B TIIHEI A REH TV LD, FR
b — M2 KB E 55 5. ARSI & 22565 720,
LSPRICE M I ZOHICHELTLE . KA EDiRS
FEROIEREEMRLTB Y, PR ORENRE LTH
WHENDEH T AW, PET 74 0VA, TACZA VLD,
H T AMNI A7 <, BT 7 LSPR IC X % piffh3pigs
EN7=295, PET R TAC 7 4 )V A TIXHEMR O G A58 <,
BISEAWEETH 72, T TPET 2 N— X & § H8HRICH
IANVF—=DON) T LA F v EREL, BUEL THLNR
B % B ER CRIZE L 7245 B % Fig 6 1R 3. SBIRM & A
AFTHENZFIUC 2BDET 4 V7 — & & SISO A
TR 2 IR ZIFA LTV, L2 oE#lg, WE7 4
W& =&AL TR LSPR 1%, #HEHRY 2 ANLIGED
LSPR{%, S SHIZ2HMORHET AV —%ERTHL)ICA
NWEDO LSPRIETH L. ERTAELT7 4 V5 — 28L&
ALY OIFAIZE Y LSPRICE A E LI 2 BA%, Zh
YERIZERO G 25885 F 5720 bF A basm L,
LSPR (2 & A MR RSB ICHRBI CE A X ) ko 72

4, EE

WHOEBEGORFHEMEBETIMERL 2V L) %
50 nm FEEE DN BURHRL T, FHEIC L Y RFAURY
LSPRIZ & D FFAEARAI S N7z, ElIR TR & L Callik
TE RS HRAFOMER Y 25 % 5D, Fig. 3 DKM

JRAERI 7 T A E ¥ I & I 72 a2 B & B B BUR RORBREATEE - 301

WORT &) WA RS oOF L LCRIBITREE 2D, Zo)
BN 2 B RERBF OIS TH B Z & 2Ry, E4E
FRBFH O B FAEEEARC BT, BOHIREM R 0 720128
10 nm DN 1 7 LSRR T2 S 7 B Bk TAA AW S h
Tz Y, Zok XBGIR T LN R b0, BHEO
TS BIERE CIIRBE 2 R CTE L VWELID 5. FERIC
BURGR T2V S W, Fig. 30 X ) IERETIZIZARD
L7z 1D0OKREREE LPRZ RV, —J, HHHME TR
BHREOHOEF Y L LTHAICE#RTETEBY, LSPR 28
IR L D 72 D O RIF GRS E LTHHTES 2 L
ZRLTW5.

1o T 7 AL T ESIK & L7 B o BUE SR T
DX, WFIRGEDT OUEHE LR FRETIIRE R 1
BOMEEZ>TLE). 272 BEHIE7 152 v MRIC
RT3, WREEEREL, BLTHETLEIhb0
T OME & 7 MR A EEIE U 725889 2R 3. oG EE % [nl
EEEDLEPNLITHLELIENTE, Fig 5OMFD DX
AN AT HEE U CRk Bl R 7 BRSO F O LI B W T D,
Umemoto 5 D5 2 12 5 L 912, 4Ok T% X 5125
PR L TR TE 2 REMEYH 5. 84 ORFIZERIE A
LIRELT74 I A MRIZEZD, ZOLEICEDLH R
LSPR R RN E DB & /R T D OMGENLETH D, F72
Rz HN2IZH7zoTIE, NTFDOBRELLEZEZEALRZD
HGELSBOBETH L., BUREES R LE, 71452
Y MRBOMU R, BURORMGAEN T b DITERIE
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Fig. 5 Optical micrographs with LSPR image of developed silver clusters after 20 min development at the same area on a grid observed
through a polarized filter are shown as six pictures on the right side. Polarized angle is represented as the arrows on the left-top side.
The electron micrograph same as the one in Fig. 4 is also shown for the comparison on the left side. Clusters B, C and D are designated
by the color of the arrows. Fig. (f) is the same picture in Fig. 4.
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a) Transmitted-light image

b) LSPR image
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c) Same as Fig. b + visual field diaphragm

d) Same as Fig. c + two polarized filters with a right angle

Fig. 6 Optical micrographs of radiation tracks by helium ions of 150 MeV/n recorded on nuclear emulsion plates with PET base. a: transmit-
ted-light image, b: LSPR image, c: the same image as Fig. b with visual field diaphragm. D: the same image as Fig. ¢ with two polarized
filters on the light-source side and the camera side. Both are arranged to make a right angle.
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