@ JAEA-Review
: 2024-005

DOI:10.11484/jaea-review-2024-005

R DOEGEDEREICK D

DEMREIT T ORIBES th F iR DML
(E5EHR)

— S 3FE BNEEELCRFORLREN - AHERISEESRE—

Establishment of Characterization Method for Small Fuel Debris
Using the World's First Isotope Micro Imaging Apparatus

(Contract Research)

-FY2021 Nuclear Energy Science & Technology and Human Resource
Development Project-

REMERFAAIM EERRBERNSE RREERERATEY Y —
TZEBEKRFE

Collaborative Laboratories for Advanced Decommissioning Science,
Fukushima Research Institute, Sector of Fukushima Research and Development
Kogakuin University

June 2024

Japan Atomic Energy Agency | BARIRT DR KRE




AR VRN — MIESIHFZERHTEEN B AR T e B B 23 S E NS F8AT 9 2 R &5 T
ARUR—=NMNIZ VAT 47« 2T R EKRA0EHE 74 B ZADOTICRESILTHET,
ARUBR—FORE (FT—F&25T) ICEEEIBELRZVEATH, RT7A VR LFRED
KECTRIH LT 7Z&V, (httpsi/creativecommons.org/licenses/by/4.0/deed.ja)

ek, RUAR— FOET AR IR Y = 79 1 K (https!//www.jaea.go.jp)
FUOREIHLTVWET, ALAR—KMIBELTUITRRE TEBMEELIZI W,

ENZAFFERA T8 E N BT 7 AT JEEA s bR AP JEBA S HEMERD BB TE RER
T 319-1112  ZRIFIFAREIARHHERT R TASAL 4 Fith 49
E-mail: ird-support@jaea.go.jp

This report is issued irregularly by Japan Atomic Energy Agency.
This work is licensed under a Creative Commons Attribution 4.0 International License

(https://creativecommons.org/licenses/by/4.0/deed.en).

Even if the results of this report (including data) are not copyrighted, they must be used under

the same terms and conditions as CC-BY.

For inquiries regarding this report, please contact Library, Institutional Repository and INIS Section,
Research and Development Promotion Department, Japan Atomic Energy Agency.

4-49 Muramatsu, Tokai-mura, Naka-gun, Ibaraki-ken 319-1112, Japan

E-mail: ird-support@jaea.go.jp

© Japan Atomic Energy Agency, 2024



https://creativecommons.org/licenses/by/4.0/deed.ja
https://www.jaea.go.jp
https://creativecommons.org/licenses/by/4.0/deed.en

JAEA-Review 2024-005

PRI ORI SIHTIE RN & 2 D BIREFT 7 ) OPRIRIE R A ik O fEsL
(ZREHFIE)
— 0 3R S & i LR DREEAN « MBS —

AR /W Fep e R SATTEBR I 48 BT e FE ML
FESFBR BT E R AL AT 7E o & —

(2024 42 H 26 H=HH)

H ARG - IR JE B A (JAEA) BENFBREZIEIBRILRIBISEE o &% — (CLADS) Clid, Afn 3 &
MAFEE LI R OB EIR - AMBRHEtERESE (LIF, TRFE) Lvo,) %ML T\,

AREEIX, RLENR—NT 4 0 7 ARASHEEE IR ETORFE L5 & LR
T3 B OREMERICH BT 2720, ENAAOTEAMZFEEL L, fRx e B O R R0 BR A 1ERT
ORI B OBE A B 2 TR ICE G « 8 S 2R - BRI M Bk 2 HEE T 5
ZEEEMELTVD,

SERK 30 A OB B GREE D © Tl B Z SCHFF A 2D JAEA IZBATT 5 2 & T, JAEA &7
BT IT oA L, BEFICET D PRI - AMERE L0 ZER DOk
BN TR 2 (AT 2 A 5L L 7=,

AL, AF0 3 AL ICBRIR SN ZERRE D 5 B, THERGI O [FNL AR TS E I £ 5 0 Bolghkt
T 7 U OPERAHRE AT FIEDORESL ] OFFN 3 FEDHFFRREICOVWTEY LD bDTh D,

AWFFRIL, D ERELT 7 U OB LR IS KR E RN 72T — & A R T 9lh THUS L CEE
fii + BFEIT-> TV Z &2 A& T 5, SEM-EDS %<2 TEM-EDS TIZRINZAFERISS Pu, B D4HT
MTEIR, —J7, ICP-MS ZED /)L 7 i TV IMEEF COFEWRMBKRET 5, 2FEV ., BEFOJ
ETCIEL RPERIEEERE R (Nd & U OfiLkth) . THEFEY) Gd o IR E B DF(E 7R &
DISFT T — & 50 TREYT 7 VR Z R T 2 720 O 5T R 20 2 & 3R & 2 ¢
D, JAEA RYEHFZEATICE AN LIZ[RNIR~ A 7 oA A= ZHEE (TR RES) (T
ORINREHI W I T ATV e 23 B RIS 72 & O R E&T — ¥ N &ICHE L, RE
T 7 U OMEREZEL L 2 oufICiE TE D, A 3 BEIL, R~ A 7 u A A= JkE
DERMEDI EDT- D DR R EIT- 72, BRI, EERB~OxG & LT, Mo
Mo —L RO 2R EHE A OB R 21T o 1o, o, T A L—7"» ML ED7-9,
FE) CHRENLI o IO BBl - @Rk a 1T, IR CEERRIZOWT, A 72 05
FUACA X — LD EITo 72,

AEEIL, BARE - IR O EEICBIT 2 EFEER & LT, LFRERFENER L
PR ZRDFEL DD TH D,
FEIF B BT E PRI R 2 o 2 — @ T979-1151 @ B W BERD & BT 54K 52 F 1% 790-1



JAEA-Review 2024-005
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Imaging Apparatus
(Contract Research)
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Collaborative Laboratories for Advanced Decommissioning Science,
Fukushima Research Institute, Sector of Fukushima Research and Development
Japan Atomic Energy Agency

Tomioka-machi, Futaba-gun, Fukushima-ken
Kogakuin University
(Received February 26, 2024)

The Collaborative Laboratories for Advanced Decommissioning Science (CLADS), Japan Atomic Energy
Agency (JAEA), had been conducting the Nuclear Energy Science & Technology and Human Resource
Development Project (hereafter referred to “the Project”) in FY2021.

The Project aims to contribute to solving problems in the nuclear energy field represented by the
decommissioning of the Fukushima Daiichi Nuclear Power Station, Tokyo Electric Power Company
Holdings, Inc. (TEPCO). For this purpose, intelligence was collected from all over the world, and basic
research and human resource development were promoted by closely integrating/collaborating knowledge
and experiences in various fields beyond the barrier of conventional organizations and research fields.

The sponsor of the Project was moved from the Ministry of Education, Culture, Sports, Science and
Technology to JAEA since the newly adopted proposals in FY2018. On this occasion, JAEA constructed a
new research system where JAEA-academia collaboration is reinforced and medium-to-long term
research/development and human resource development contributing to the decommissioning are stably and
consecutively implemented.

Among the adopted proposals in FY2021, this report summarizes the research results of the “Establishment
of characterization method for small fuel debris using the world’s first isotope micro imaging apparatus”
conducted in FY2021.

The present study aims to obtain, for the first time in the world, the important data necessary for clarifying
the retrieval of small amounts of fuel debris, and to evaluate and examine them. SEM-EDS and TEM-EDS
cannot be used for isotopic identification and analysis of Pu and B. On the other hand, bulk analysis such as
ICP-MS lacks the information in a micro region. The important issue is that there is no analytical method for
understanding fuel debris properties, including local analysis data such as burn-up rate index (composition
ratio of "®Nd and U), abundance ratio of neutron poison Gd and neutron absorber B. The isotope micro-
imaging apparatus (developed by Kogakuin University) introduced at the JAEA FMF can obtain local
quantitative data such as isotope composition while processing cross-sections of radioactive micro-samples,
which can be used to determine the properties of fuel debris. In 2021, improvements were made to improve
the practicality of the isotope micro-imaging apparatus. We developed a radiation shield for the detector and
a safe sample introduction mechanism to handle high-dose samples. In addition, in order to improve the
analytical throughput and practicality, we automated and remote-controlled the mechanism that required
manual adjustment, and developed the optimum resonance ionization scheme for important nuclides.

Keywords: TOF-SIMS, R-SNMS, Isotope Imaging, Isotope Ratio, Fine Particle

This work was performed by Kogakuin University under contract with Japan Atomic Energy Agency.
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NARGHTIZEB D TRBIEO R E L ORELT 7V ICER LD tRORHEO A& Z2ERT 57290
2, EREOMKIBEREZEM U, BHERELT 7 U @ SEM Bl 0fE R4 X 3. 4-8 1277, ¥
3.4-8 /75, 100 um KRG ORIA- N4 L TV DR R S v, EH2 B2 ST b2 L%
R TE T2, [FNLIRSHTIZOW TR, THEBERFECTHAT D RNE~A 7 af A= JHEE
ZRWTE” I, EELHE (Ce. Zr, Fe, B) IZRLT, #&ELE (Nd, Gd, Cs, 1) ZF5ER
KTz ENTE, ARENIRA A=V 7 BERSG T2 Enb, BEAR < RN
ST R D Z L MR TE -, X 3. 4-9 ([Z LHFE RSP THOMN LT 7 ) oW Taii%
OFT% X 3. 4-10 IZ[RNIARA A= v 7 v, HE IS W CEEZ B IS,
Ir 2 Gd IZBWTHAIICOM L TS Z ERNbhol-, 2RO ORI, BT 7V Tlid
HH, EREHZEBWTIX, "B U & ED L) RALERRICH S D0, "B & "BD, 6
W, Zr, GAZENMUD TR E ED X I ICHBEEZIZEE L TWA DMt Wo - ERE 52550
LEZHND,

bz e, BRI OO E TCO—HEOEEXETRE7n—42RETDHELEHIT, a—
v BRI W 7o iesBi B 2@ L C, IR {55 7 Lo BIREFT 77 U o PEIRIEIR IR
A[R 7% SEM Z3#T, RIRCARSHT. TEM 204 O — 8 O T 3R 72 <ATZ 2 FIEEWNLT 5 2 &0
T& 7,

Hii2IERS HiEZmB4
[ T aomzrm A | | AHHIcEBYRY ,| SEMERGGSH | | SEMHF
L fAMLE-ASVvRES (RSO —E#ZEFE) B2k RE T (A )
Y
P ] ANFASETHFED
(#100pmB ) —HRERR
) HEmA!
y ' I REYRESERAL: ANFASHETERY
LD (HmmiE) SEER UML) ’_"“ [
— ;
W aougicsons |-
LECICCERE
N <37 MBqD 5 &
Bl _EDFlE HEBIERS
2 RE R HS37 MBq [ i & 53 47 - TEM P
FETHAZEDHR | FBmI) | VED
(< #Hmg. <Hmm’) it ;
TEM o| SEMBEMZIRSY | | ERifROH | 1 SEMZHT | (i8—22)
(FIBIOT %) AT I ' ; =
BT LBCTUTRERN
>37 MBaDiZ &
BRSO &, MEY) || SEMEREIH —
BRSEAVERE (| SfATyy [ Tohah e RS TR
YR B E) MBI o

3. 4-4  AERRRE OO OEETIRY v —
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3.4-5 B,CEREIOLIHr

3.4-6  B,C FBIO I
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SEM# 47 FH Bk 547
A RILE KRR AEARLY
=
l BET—7
‘ /

(a) AR (b) KANIH

3.4-7 SEM FR[FEINZAR AT HEE~ &7 > K

< : .-,5 \
00 pm

3.4-8 — L NEHERELT 7 U o SEM B1E34E 3
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Field of view 30.0um SPEED 1.25lps Fiedd of view 30.0um SPEED 0.625fps
Az ErmEi T » HABRAF—S%Z180°EESHE.
BimZIEmh SEHE

3.4-9 Wi LA ORdET 7 U ki1 DOFET-
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XNFIB¥220310% BRF ") (BRI 5787 ¥ 1_Map1_FoV50_Pos¥SelAreal¥mapdata bin

Total lons Sum 10B Max 4 Sum 1B Max7 Sum 28Si Max5 Sum

52Cr Max 14 Sum 56Mn Max 3 Sum 56Fe Max 23 Sum

2
90Zr Max86 Sum 116Sn Max 4 S5um 133Cs Max 4 Sum 140Ce Max 93 Sum ;’C\
)

165Gd Max 39 Sum

Total lons Sum R:Zr, G:Ce Max86 Sum 144Nd? Max7 Sum

X 3.4-10 f&#ET 7Y OWHEHWNDRNARA A —2 7

(2) 1F {59 > 7LD orHT

ARFFETIE, FMF ICRRE SN TWDRNMKR~ A 7 n A A= Z3EE L2 W, HRES HD
D OEEE S T 1F 1HYeY T L ORECSCIRNARE AR D o ir & a3 2 5Fl & LT\ 5, 4y
Mrom—i%, 3.4.2(1) KX 3.4-4 TRLTZEEBD ., @FIT/IZ—2 1 T SEM oHr—[RINLK Sy
Hr—TEM 3Hr ORI CTHEIET 5 Z ENBEIND 0N, SF0 3 FEEIX, /¥ —>2 2 ® TEM ofr—
[FINCARSHT DFEAIZ BT, TEM FFEHIR D T/hSWEE (19 10 pmX 10 pymX< 0.1 pm) & 73
%2 EDE, TEM HFREHZ X T 2 RNASHT BT D 2 L 2T 5 2 E ROSIMS E— K (1
— WA A b7 L) OFUTCRERTHOAEEN S ZBHEOGEEHRET L2 L2
SAIZ, IR {5« > 7 W T RINEAR AT 24T - 72,

NI L7230BHE, 1F @ 2 SRS MIASR N A (X-6 1 EiBfL) OBRICHEH L4k
FEWIG LB O EY A TR L 72 b 0O NTHh Y | ORI UK 7235 L2 b
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DTHDH, MtEfings SEM ik~ 7 > MUY (T 72 EE T — 71 LA, EE T — 71
HE D T B3 7e UKL T DWW TSR IT SEM AT 23 Tod7z, SEM-WDS + » & 7 DOfE R % X
3.4-11 1277, ¥ 3. 4-11 25, 3BEHIK 30 um O KK+ TH 0 . BHREICIZR/ATIZ U 4
MR SN, 2O UKL 6 FIB M LIZ X 0 KR OWrim st 2 8B L. TEM A v~ &
2 RSO AT 724 . TEM 823 To4u7-, TEM-EDS = v B0 7 OfE R4 3. 4-12 KT 3. 4-13
W T, [X3.4-12 K ONK 3.4-13 706, 930 pm MK F-7P1C U-Zr—0 4, Fe—0 #H & O¥ Fe—Cr—
0 FHDOGFIENFER Sz, S BT, SAHITHKT 5D TEM-EDS AR v M #re& I k95 % 11
P ZEBS L, ALFHIE AT > T2/, o Uy Zr) 0, (x2~0.6), cFes0s KT c-
(Feo.5Cro.5) 304 ZFF ORI U G HH KR F AR L TWA Z &R ST U-Zr-0 fHDE
BRI OV TIEK 3. 4-14 B ),

O TEM W &3 T L= U S IR 7122\ T, FMF ORINIK~A 7 a A A— JHEE
Z N RS T 2 3206 L7z, TEM TS B W TEE L7= TEM H A v = CHLRR. 7 O Wi
AERBRRE Y AT BT b D) & RN HREN~ 7 > MOEE T — 7 TR D R, RINCA
N LTy 2O K VBT EEARY MV AKX 3. 4-15 725K 3. 4-19 [Z/~k$°, TEM-EDS
SHICBWTHHEREINTZ Fe R0 7r @ 2 IRA A UAEZDBHE ENZIED, 7r0 D FA 4o D
FEa B TE T, UIZ DWW T 20, 2800, 00, DEFERMT L2 LIk L, £72. 4
[BIDSHT TIE 20 ° Pu, & DM EILHE DE FIIHER I N2 oo, ZHIFBROEEA Y
MDY 7 7T 070 RUSULREWEEIZLD, PURPuEDREN NNy 7 770 RIZ#H
BN TLEY ZETHRHENEINZD ST A[REMENE Z b D, 7B, SROFEHT 20 BnEF
T A AEIS X TR S 372 280, 2800, 2800, O o Tl b M IR EE 23 5 ) 23800 (/2
= 254) DIEHEOE—7 by 7OfEE 1 L LIgE, EErmHEan e m/z = 240 5
mz = 262 £ TONRNY 7 7T 0 ROFERM AT MEOEIEH 0.083 ThHho7oZ &b,
U DIFLELEDY 8.3 WA ETHIIE, mz = 251 CFV0) ICH SR —27 L L TR ER D Z &
MNTPRIND, KV T2 &, m/z=240 00 m/2z=252 DI NEDOART DX (4
B 1, K43Qo) THY ., AT MLDOE—T DEFKS/N=3 b T5E, /A AN EZ DN
LEBL. VT FISIT 129 725, 3800 (m/ 2z = 254) DIEZDE—27 kw7 OfEA 1380 counts
TNy I 7T 0 ROYEELGWTAEIL 1265 counts TH Y, LlFLED Il
L TR T & D08 129 counts & T 5 & #E1L0.102 TH D, > T, AEIDOZA~7 |k
JUIZEBWNT, 10 BREE DOPRMEE T 25U WFEL TWDEA, mz = 251300 It —27 £ LTE
RCXHMETHRHBINDZ ENTHRIND, ABEIHEE LZFEFTIEL, 290 23 10 %EL T ORAE
ETHoTlORIETE o L T L=, SRIOSHTCld, MEOTLREE DT 2FED
EERABIHTERpollzd, RERTFWOREOFENA A+ THLZ b, 5%IF Ny
77Ty MR REZ L, WEREZB ESE5 2L T, METELESD-E2EEORH
2TV, REARTHEOREBOFEEZONTIHMEL TW PETH D,

AT, TEM A v & 2 \ZBE O (T T2 LR F DA A —2 0 ZFER (FREFIE 20 um) %X 3. 4-20
WZRT, X 3.4-20(b) DA A LB OFERNHIX. TEM 8 TH /L S a7z 28 Bk %L um Ok
T DIFEZHER TE T2, ¥ 3.4-20 () IZBWTIX “Zr 27k, U 2F TaniT LRy, Yr &
U ME UM THEIEL TS Z R ahnd, [X3.4-20(d) I8V Tid “Fe &k, U 2 F CTa
ST LTEY, Fe & U DGMMBTHEL THEL TWD Z ENGD D, Z DA ORERIL TEM
IHTOREFRE RS —ELTEY, BYRFENK~A 7oA A=V THBOBENAEETHH Z
LEERTDHENTE T,

LH%1E, ERROANY 7 7T 0 ROKERIERE & bic, FNLR~A 7 a4 A —2 0 JEE N
O FIB Ol % b3 5 2 Sl L 0 mofigiem £ (f A —Y v 7 BgomEgn L) 22Xy, 4
Bl U EFMKRF2EDO TS EIER IF HYY > T AT OW TRV 3T 2 520 L T <
TETHD,
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30pum

3.4-11 UEHHIKIT D SEM-WDS 434k 5

rm—
Spm

3.4-12 U@ AHRLKKIF D TEM-EDS 3 #Tii R (ffi5=%)
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.
‘_
4
&>

3.4-13 U GHHIKI 0 TEM-EDS 2305 (&f5)

rmm—
lpm

dyo =2.71A (UO,ERF&1E : 2.74A)
dyo =1.93A (UOFBFEIE : 1.93A)

3.4-14 U EHHIHRI D U-Zr-0 FA OB BT XK
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(@) SREBFR B) 244 (D EBUONE  (d) SFekPUDHTH
7 1 99Zr, # : 238U %%:56Fe, & @238y

3.4-20 UGHMKKFDRNIEA A= 7
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3.4.3 £&®
(1) ZEE R

FMF OFRIfE~A 7 aA A=V 73EZ Ry Noirttkk & T2 720 0EE i (D &8k
T 7V S YRR E T D 72D OFFRR AT BUS L OV BB RERT ) ZFEME L., 2 b okt
nESET LIz, £72. FMF ORINIE~ A 7 oA A =20 FHEEIZHOWT, ZnRloxtd 5 Hhm 1
A ALEFREE T H IO DA A b L —HF — O B 21T\, B % OERhM: I RE D
RN EEmER LT,

AR AR, TEBERT s L JAEA RIEAFZERTICERE L CW D RIIIR~ A 7 o A A —
Dy THEEOIBA F AL L — O R AT 5 & L bIT, TR TR Lt
TR B OV B R ETE D D72 OBSEE A JAEA KPEHFFEHT O HEE ~FAIA TG T H
2o

(2) 1F {58Y > 7LD 53T

IF GG TN WTedR y Bt OFRTHEERER & LT, D ERET 7 VIS4 20 &
FBRUTEETRY v —2/a L, = —/L FEGEERUE 2 W TRBHR L) 60 £ ToOFik (%
AFVRELD B A ZBNOFEHGIET « N5 15 K OFUBHR A% D 54T 7 — 2 OIS AT & Ol & &
te) HHESL LTz, E£7z, Rk~ A 7 A A= 0 Z8EZ-IWT, BE D bk s
12 1F {5392 7L DR RN ARG 8IS ER 2 S & S hE L 7=,

TRAERIE, N7 7T N ORI K O o fFRE R LRz b L. 1F > 7L OfRINL
Koy GRERR. [FRCIRTE ) ZfkFi L. U, Pu, Gd. BHEOGHT — ¥ 2 &M T 2.
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3.5 A A ALAFT—L D% GEEES : JAEA)

BEFIZ B W CHRLARIE S LB & 72 5 U R0 B B A S T DMkl ot D7, Ltk
A A NEAF— L ERETT 5, ZORAOTD, SHEIMROP B w A ST D YAG L
— YR AE L — PR EEHT D, SHICEONE YT URR Y REOR Y — R
TN U, B A F A TEL D T v 7O MERTIOMI b 2+ 20618
IINEHAIS AT L ST D,

IF OFEFEEICBWT, FRNORET 7V B i LIZEER TRO—2>Th b, S 44
FELLRR IS B R 7 ) OFRBREELY LB S TR Y, BELT 7V O FBEERGHEIC B
WT, Rz Zy (U) - 7V h=7 L (Pu) XA YA (Nd) - HFY =74 (Gd) - A VE (B)
LEOMBUZET 2 HERBVLEATR T D,

L—P—JRG A Akld, FrE LR REERTWR A A AT 2802 FETH D3,
YT 7 ) OB ATICTE T 212H 720 | 0k I & IR LA A b A ¥ — L &L
TOMENRD D, B 3 EEIL, WA A UMb A — LA ORFBICHE L D EFE L —F—k
WROEESiE e A A AR 5 2 BUIT D 72D DT NS ) 53 HEHAIS AT AOBEEIT ST,

(1) L —V—JIROE

A A A A — LOBARICHNDEREAIEO /LA L —F = E LT, AR TIE
Nd:YAG L —H —fhig ez L —W—2HHT 52 & & Lz, Nd:YAG L—H%—|%, LOTIS TII
HILS-2137N TH Y . WEHERKIZK 3.5-1 DBV THHM, 75 v 2507 (FE 24)
IZED 2ARDNA:YAG 2 K (BB 7 KON 12) #Ei L, MO NdG:YAG ey K BB T) (I
DNTIE 2 DI T — (FEE 1 LU 8) THERL S 45 RN CRER A A TERK L 72 IRBE T
Ry Zwn (FBE3) OQAAL v TFEEZITHIZLICED, T /7B 2O FE 1064 nm
L—P— NIRRT &N D, ZOL—F =T TR Nd:YAG 2 v B Fe12) 12k
DR &, KTP f5dh (B 5 13) ICAST 25 2 & TF 2 @il (& 532 nm) O L—F—%
DRI IND,

BEFED Nd:YAG L —H — D H DK% 1064 nm K TN532 nm D 2 FESH T - 7228, AHFFET
TR L —VF—%2 R 500 nm LR CHERT 2729, BhEXE TH 5 Nd:YAC L—H—%
5 3 mihi (R 3556 nm) MAERK SN D KO WE Lic, BEARRICIE, Hr#llichiE A L7z DKDP &
fh (5 21) Z B0 LTIk E 1064 nm % 08532 nm OF1JEE 2 5% L BErIIZ#9 140 mJ/pulse,
2L ARE 16-18 ns (fIA£) , #VIKL 10 Hz O E 355 nm L—H—H &5,

I, W5 355 nm L —V— WA R E L TaEL -V -0 T2, FEL—F
—{%, LIOP-TEC L8 LiopStar-VN TH V., PEERRXIZX 3.5-2 D& BV THL, HE
355 nm L—WF—HIT 2O E—L AT Y v H (FSBSI KUBS2) 12XV 3 KDL —P—3
T B, HarATL—H TV T T AL T U7 LTHaELRE L 2 BEOE
N (FEE KL KK ICBEEND, KIDRALL—FZ KR TI T THTHY, K2 DAL
TUTHTH D, BEIZONTIE, BIETOREEREN D S O ILISFHEEHE E A 250 nm T340 TH
L2 EFEELMW, JE 500 mimdoL—Y—NEHNTEH7~V 307 2EHL, Hi
WAL 2 OV —F 2 L—F EZHNT 2 FEOE LA A ICHHE LI AEEZ IR ST,
Nd:YAG L—H —Z it KR & L7c & & O alRe 7o sk K DN R rI 28 D Ak A X 3. 5-3 1T
F1[13], BFEL—F— A2 HHICHEA L7 BBO I L, AL —Y—0% 2 &K
Th DR 250 nm AL —V— N2 Epk Lo, BEric, 177 140 mJ/pulse D 355 nm
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S YLk LT, #7789 24 mJ/pulse (ZEHZhRK 17 %) DK 500 nm ta3E L —HF —H LW
FOE 2 EmiE & LTH KI5 n)/pulse DR 250 nm 4L —F— a5, o, BT
e+ GBS Gl RONG2/M) OMFEEA PC i ECHIEI L, (L —P—JK&E 490-510 nm (Zf 2
I T 245-255 nm) OFPA T EDF 2 —=0 VIPMTR 5 2 & 2R LIz, —#HOIEEE
DHEBEINEZ K 3. 5-4 1T~ T,

(2)  SEAT NS SIS AT I OREEE

Wiz, L= =B A A AUE B E BT 2720 DT AR HEH S AT AOW#ES %
Tolee HANNIHREIZ, WET 7 A~HORA « 4 IC T2 L —F— a2 BE L
BRI L — =D X DA« 55D S A ERN OELH EER OE 722 ke LT
BNDHREDOZETHY . ZHEFIH LA - 53 T OO HIERIAT NN ) 53kiETH 5 0,
4 3.5-5 (MBI RS TN ) ko7 vy 7 MErRd, KURRT « 0 Z B RE L2
REET, Fa v IR RELREZ LI L —Y 2R 5, WEEROLEZEE
BEOELE LTROVHL, vy 2407 72 HWTERBERE CAMRKEEZIT)> LD T
bbb, ZOHETIE, BE~A 7 a2 — LD,V Rg %2 - HMES 2B & 5 16,

— 5T, WET T AHOIRF N L —F—HTHEHEA T AL SN DG, ERESNDE
FRHRNITEMIZED DT, EREROMBA AT AN 7 Gk b HEg U TR A
— NV DOBENA FACEEPEBRI SN D, SCERI17] T, 7Y — REBIZ U B8 A S R4
(Ne) HAREASNT-ARB Y — T A2/ UL ANE 6 ns D Nd:YAC L—HF—fihta L
— WP —Z WKL, UDHBRA A AMUE DT VAT — OV AR TEBAI S TND, 20
A A A EFIIAEFOEREICHETH Enn, L—Y—DiE% U OB E
MTCAF Yy THZELI2LD, b—Y—dmla A AUE B0 CHIE S5 LA 4 {1k A
X7 MV ERRRIR AR AR LNURF O HT =2 REGICHHATE S EEZXbND,

TR, AR O B LLRTIZ ENZAFZER F8 15 NP HA IR SRS (JST) o Sebma il oA i
fit - HERBRIE 7 1 7T b TEE TR D mUREE AT DT O D th A F AR OBRFE ) (AR
28 PR, F— LU = — AR (LFFEKRT)) 1BV T, Photron D U A h
V— R IV L 10 kHz O Nd:YAG L —H —Jihie Ti:Sa L —H —Z W& L TEH O
U DS A A AbESZ2 S SIS U FFO 2 8 2 B A A b A F— L OB 21T 72 E
FER 0 U8 RAFIE TIERIRR 72 YR AL L O AR ) 3G AT BB ST 5 2
Ll L, AL, b—P—JJRIE 3.5(1) T4V IK L 10 Hz O Nd:YAG L —H —JhiEd
FL—¥—Tbs,

R LTINS ) 3 EHAI 27 L& 2 4 3.5-6 129, AL, bR TH S
Nd:YAG L —H—2H5D 5 LR 355 nmmAARIZ 1 B THY ., FED 1 BICHOWTIE 4ok
IS LB L — =R 2B L. S 4 FEICHIR O E 532 nm LA S 15 355 nm
HARIZEH BT 2053 2, e 3G HINS AT Lo THRa Y — K7 U 7TEG O
BEZM 3.5-7T 271, ZOFEETIE, Photron #EldD Gd A VY — R T o 7 NRE SN T
WD, BREFT 7 U ORAHTICIRIT 2 FEEILHE U-Pu-Nd-Gd-B D5 H U & Gd (F Photron
tHHoFRah Yy — K7 7% Nd & Bidifak h=7 2forsa Yy — R o 7E#HEL
TEY., PulAD 4 TRIZONWTHER DY —RFT7 TR 2 EOAFE L —F—EREZY 0 &
2D EZKOHTNNAR ) SN E DA A ANUEFEBRITEX 5L 512> T 5,

A4 L, BRSO =— XD E Nd KT 6d D 2 e E OISR A A LA F— 4
DRBHEATH TETH D,
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3 FLo

WREFT 7 U OB HTIZ LT L 72 5 EFILHE DI A A M AF— A EHBT 5720,
FEA[ZED/ OV A L—H—JHE L TND:YAG L—Y —fhiE a3k L — — IR 250K L7=, BJR
FOIFHEE R 250 nm LA DWW ERIE R E AT D720, FRIZ7~ Y 2> 307 2L,
Hi77 140 mJ/pulse O 355 nm hEFEiZxk LT, 708 24 m]/pulse (ZEHAZNFEK 17 %)
DO 500 nm AFK L —HF —J R OE O 2 S & L TH//I 5 mJ/pulse DR 250 nm 45
S —P—WEGT-, B TOAELZTHEL, AR L —F —KE 490-510 nm (58 2 &
T 245-255 nm) OHFPHCEEDTF 2 —=0 7T H T L Z2MER LT,

WIZ, JST Jedima bl oW Eaily - BB 7 0 77 A CHIF LIS R A 2B LT, BRET
TV OMESICBIT A5 TFE4CFEUNd-Gd - BlZOoW TR h Y — R o7 %Nz 2 6
2 WA A A AT KBTI Gy SeE S 2T MR LT,

B0 AL, FRTONT=— XD @O Nd K ONGd O 2 L& FNZIEBA A AL A F— A
DRFREATH) TETH D, INF O~ A 7 A A=V ZHEFETIE TiiSa L—H—%2H\ 57
W, BFEL—Y— LT E AN RS (TiiSa L —H—TILFEARK 700~900 nm, 2 %
BT 350~450 nm) 72, AFE L —V—&F HOZRFHE Ti:Sa L—Y —DFIEf[FER K E4#
FIZTITY TETH D,
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2
oD T o lG s 200 4 Shoits e S i SR o 9

==  —————— |
¢ i M T
¢ &
/ 5 /
19/ 22/ 18 21/15 22 \14 W 12 1 1/ of 23/
1064 nm

1 - rear mirror; 2 — intracavity telescope; 3 — Q-SWi; 4 - polarizer; 5 — corner cube prism; 6 —
intracavity rotator; 7 — oscillator AE; 8 — output mirror; 9 - turning mirrors (1064 nm); 10 — rotator
45°; 11 — external telescope; 12 — amplifier AE; 13 — SH crystal; 14, 15 = WS (1064/532 nm), 16
— WS (532/266 nm); 17-19 — WS (355/1064,532 nm); 20- FH crystal; 21 — TH crystal; 22 -
absorption filter ; 23 - photoprobe (1064 nm); 24 - flash lamp; 25 — reference pate; 26 -rotator
90°; 27 - intracavity shutter
X 3.5-1 Nd:YAG L —H—D PN [12]
(BEEDLEE O H )3 Fl% 1064 nm KTV 532 nm TV, AWFFET 355 nm NAEK SN D L5 %R

L7ze 266 mmiZA 7 a3 THY, ARIEETITHIILARY,)
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B52

BS1

M3 %

M1-M5: HR-Mirror BE: Beam Expander

BS1-2: Beamsplitter OC: Output Coupler

L1, L4: Expanding Lenses TP2/2: 90° Turning Prism

L2, L3, L5: Focusing Lenses TL1, TL2: Telescope Lenses

G1: Grazing Incidence Grating K1: Oscillator and Preamplifier Dye Cell
G2/M: Littrow Grating or Tuning Mirror K2/B: Main Amplifier Dye Cell

S1-53: BeamShutter

3.5-2 G L —Y—DOPEBHERX [13]
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Dye Peak Tuning Range Solvent  Conc [g/] Effic. Pump
Oscillator Wavelength
Exalite 428 427 420-434 p-Dioxane 0,15 16 355
Stilbene 3 425 419-434 Ethanol 0,22 15 3s5
Coumarin 120 a41 429 - 453 Ethanol 0,25 14 ass
Coumarin 2 448 434 - 463 Ethanol 02 15 355
Coumarin 47 460 442 - 478 Ethanol 0,25 14 ass5
Coumarin 102 473 452 - 490 Ethanol 0.4 15 355
Coumarin 307 500 480 - 540 Ethanol 0,4 14 as5
Coumarin 153 535 517 - 570 Ethanol 15 15 355
Coumarin 152 525 510 - 565 Ethanol 03 15 355
Coumarin 153 535 517 - 570 Ethanol 1,6 15 355
Fluorescein 27 550 540 - 570 ELOH basic 04 27 532
Rhodamine 6G* 565 555 - 580 Ethanol 0,09 28 532
Rhodamine B* 594 580 - 605 Ethanol 0.2 26 532
Rh B + Rh 101 614 599 - 628 Ethanol  0,17/0,04 26 532
Sulforhodamine B 580 585 - 600 Ethanol 0.2 27 532
Rhodamine 101 624 614 - 650 Ethanol 0,25 25 532
DCM 635 607—663 Ethanol 0,34 28 532
DCM 651 628 - 680 DMSO 0,34 28 532
Pyridine 1 693 667—720 Ethanol 0,25 20 532
Pyridine 2 720 695—745 Ethanol 0,25 20 532
Styryl 7 720 701—749 Ethanol 0,12 18 532
Styryl 8 745 715—777 Ethanol 0,15 15 532
Styryl 9 816 790—839 Ethanol 0,13 10 532
LDS 867 866 835—000 Ethanol 0,15 10 532
LDS 925 860 870—1040 Ethanol  0,8-1.2 11 532
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