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AR, EEPKRKBEAFEL - —BRAMAEL Y — KBV TER4 FEBLU S FFE AT 2012
V—HF -l 75 A2 FA L& XBL - — BT ALY T DD TH S,

RXEL—F— i3, EROXBFELLEL CHaicdn, BVWEELEVIL-V VY A2FTIHRXK
BThs, XBL—F—%2FHTIE, XL —F-CREJQITCELVEVEED 77 X< 0HBEEFOBH
UL R 20T, BIAEV—F—BRAMRICBIIBH TSI A~OIcHMHF IS, T BE
23 ~ 44 nm DOEEIRIE [KOR (water window) | LIFHSHh, KPOEEREOBHE PHEELBATE S
FHEBTHL, CTOLHIRHKXBLU—HY—DRARBR, TENBLUZRPICEELERE D - T,

BFESHEL AL, An=088B (FEFH 0L L2WER) PRXBERRICENL, BZ 7T
X2 TiE, TOAn=0 BBV /S AP R F—8kic BT 5,

T, BEOKXEL—F—IlBnTH, BEREIRIN TS, B, BEAXEL LTV-¥—
BRAMECERTARBEOARB DL —F—PLETH ), E20L-OMAERBIELATN S, 77 X7H
DEFHEEARICLIBRXBL —F—KOBIWHRICL o TAR 7 AT EMFHIREND L TFHEEN
5, BETHEMHKXML—F -0 J=01 BEELTFRAIA TV IFIBIHF O TR, HARBGHERH
L D RBTAIHXBL - — K, BEXETA ryae— LY PERIGEWEEL b0 & FHRENB, B
Fo &S B XBL - - KDWELHT T 2PELHES I L. BERGOREL, BIRHROMHESL
SUBAKRBIBEICL 22 ae— Ly ADMLER ST VBRXBL—F—XoEHELL EAMSERTE
hlEZLND,

D EOWMEEEDS, VL—F—HERTIAIPORET IHRXBARS PUVBLUKXR LV —F—DR4E
BELEEL, RXGL —F - 0SFIBEROER. Zloe—-Lry2omt, gt hOocE®fT
ol AR, KD 11 LML DKL 2

E1BIHRTHY, BRXBRLV -V -0t ROV TRX .,

28T, BEFESTE Z ~ 80) DV—HF—HERKT/IATHhORETIRIBARI PVE. &
BESB TR L EREL R Lo AR MVIZETNE NBEESD An=1 BBBLU An=0
BBIROVWT, HoHEBH (UTA) ¥ b LIKEHL. 3~5m EiKHNS 2 0OV — 72 An=0 8
CWRERTAZEEHL ML

% 3BT, §NNVA KF L—F -2 B LA-BETFEESHEEKZRREAAL OV — o %
BOBRXBL —F— OV TERER LR L, BEBEOHEREIKXBRL —F - KO MBS 5%
BEEBEL],

8 4 BT, GVATIRAV-F Kt BELERLE T xR4T 5 BT BHEERIREAE
BFMNIYAL A 0 7= o BERCERXBL—F— oW TERER YR L., B HRIFKXRL
— Y —KDOBIFILE5 X 5B ERL I

# 5 BTk, BTERBEMAA VB VIS Y ARXBL - - CBT2EBRMRER L. 5 A0
LV — OIS IR L, %KE 196nm D J=0-1 BEHEISMUOBE LB L THEENZ S5
TVhTEILEERR, ERERYAEEHEL D L ICERL, ABREN /I AT EHEHL ML
oo B 6 BT, AAUVEIVI Y ARXEL -V 0B E ZORAICOV TR, BIZ
ROMELEHBE LEMs —7y FOFEHICL Y, FHFIC 196 nm RICOWTELCHENSEMT 22 L %
RlTme S/, Bly—4y P EFREEBERXBRFELFEH L ABTABERICBENT, # 1mad OE
— AREAY L OKRXMBL —F—E— ADERICOVWTHEN 2,

# 7 B, BRXBL—F—R0OZHae— Ly AOWTERL, RXKRL—HF—E—ABH I AH
RS R AT HHERENIE (quasihomogeneous source) ThH b & DFT R 52 72 72, B 6 BZBWT
BERBRIEICL o TEONRVWE - ARBANZEH I — VY ADAELEFRICBRT S LB,
L7

% 8 ET., SRERELRIEY AV THEE 19.6 nm BOBFKKEYIFL 2EBERCOVWTREX, 77




A2hD7 75 73R EABAHEHOMBICOVTER L 2,
HOBTIR, /AT TUIOVAHEIBICE DR 19.6nm # (J=0-1) OA0OBRWBHE & SHEYRILH
AETHHZ LB,
B0 ETI, BELABKXB 7 A VAR AVTHRIBL —F - KD RV ¥—%5HE L 7=,
BBNEIKRTH), BOonRERREL T LD, ARXERE L 7
HETR. AR L THEALERXBESE, ae— Ly bEE, BREGHERECOVWTE LD 2,
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BL1E MR
BRI KR

BXL—F— ki, HEROKFEL VEHEEL oI e— Ly FPEARXBEL LTIEB L UEYSE
~OBAPIREN TR S, L, XML —F -1, BERI THRS L URIRO L — ¥ - L 18
LTKESHORBEVELL, 20-0ERHCE A NVE-FEOGBENLETH 5,

1985 FE L —H—HER 77 APl BV TRXMOBIEFEE S TR, EFHRBDEMKXKL —F
—OHRESEICEE L, BETH [A0R) BERTIHXML—F—OREXBMESL T D, E 12,
DL REREANOBENE LI, BMXBL—F—DFze—- L MEfECRMEIHRES L, 7T
CISAERFRE SN TS,

TOETH., XML ¥ — RO THGB L CEHPERCOVTRR, ETERARHENS L UBTFE
RS XML —F — 2 PO IR R B,

BX

[1.1] BRX& L —H — Dt & T2 2
A BEE TS X< EA
B. £ E o HI

(12]) &XL —F — 0% 5
A BTHAREAIEARXKL —F —

(i) BBHEE
(ii) eGSR DT
B. EFHRphe RS X R L — —
() BBER
(ii) BRSO B
C. ¥ XiE LV — —

13] BEFEEGHEN L BETHREIEMKXMA L —F — D 11
[1.4] ARFRLOHEEK 13
S E




[1.1] XL - - L TH0EH

RXMU—F—Hid, EROKE (BHEPL—F—T7F X XRE) LhEVEEEZ b ae—-L Y}
BERXMIFETHL, A~X7 MVHEE B (Spectral brightness) 1. A TFoOXCERS L, &% [KFRERE
JERERY - BATK € — ARBA HHEE] oBfITHEINS,

B= N

TIT, NIEFE. At[s] B/7VV AR, AA (mm?] BEXERE. AQ [mad’] 1T ¥ — AFEA. AML [0.01%
BW] RTFBIETH 2. 1.1 KHERDOKF L OMBEOLB % RT, XBL—H—d, BEOKFEEHEKL
THTHREREENHEEL2 LD, REROAFEOHEN 7S AR BEFE— LOBEERECRTIZDIIL,
RXBUV—H— KR T7IXATORELXII2PICBIEEREEL DD M keVOT I AP ORET HHX
BL—HF-—KTOEHGeV OHEEEL D) o

BXBL—¥F— e LT,

(i) BEEFEV

(i) BHEETH S

(iii) B THHELr 6o
LENETFOND, COBLENEL S OBRXBL VX IHFSNI2EELTEZNCHE. BFE /X
IREARHAFILBVT, SEETEIIBERLHAT LI L TH A,

Wavelength (nm)

— 1021540 124 12.4 124 0.124 0.0124
g T T - T T
Q s
o= *
° 24 | o
gl5 10 vt
Q o o ) -
1] bt &
§ vg 1022} o
[ B - '0' =
SR o2k s PEP UND |
£
€ i ! He-lik & ]
— 918 L S OLNd e-like ,
2 10 [ “ Selaser ClplasmaHie-like
il Ti plasma
£ 106 F (20.6nm) i
£
o | -
2 10k /\ SSRL wiggler |
s NSLS UV bend
O o -
8_ 1012 L 1 1 1
» 1 10 100 1k 10k 100 k

Photon energy (eV)

B 1.1 BKRXAL—F— LREROKXMIE HEPLV—F— 73 X< X)) O
DB, BRIKXBL -V —DHRBALRL TS, (W11 LH)



F1E MR

ASBETS YO
ki3, BABFEEL LD 7 I XA LGB TE LV, V- —BREIBIL51FTIv 7 BEBES

TARDEEREL T A0 REEEORXRE KRXBRL—H—) BLELLD, BE L OABRA
FTHLEDTELSFIARDBRETHE 0 3, HEDFER ). AT OBM e LHEm . KOWRL
PHWTD T L) icEEN S,

- 4m’egmc?

c 822/2 (1_2)
A@m) &LTy 0 =11x10"A m?) ThHb, B 1.2 KRXBOBREBREEOMEERT . BIR L,

B 1 nm DBRXARIZ, ¥ 107 cm® OBFHEEEZ 277 XA DB TEEL % %,
73X OREFIEN AEREE 0 LETEE 0, T AV TRATERY 5o

0.5
o2
e (1-3)

L—H—HERTI X2t BFEHELGEL DL, L2 TEITRICHE L b2, BINRLYE L b oG+
DO¥EIE, LToRTREND 2,

2]

T, s BHIER, r REBOFENS MV THE, RRMLEHROMEBREZR I, BETEEQELE
REFEEYHNT, LT L) IEL S,

(14)

R= 2-n,

~ grad(n,) (1-5)

LI, V—HF—Ef 7 I XAvFONREFEEARIL > TER LB OEET 5. XKLV —F
— %A%, BVWBIR 75 L=vh % (ET ABICEIRFIRIC L » THBHEREI LT A &, ®XBL—HF—K
BRI L 2<% B,




E1E &R

0.01 0.1 1 10 100
Wavelength (nm)

K12 &XBOBEEE 75 XAOBREFEEORG. BEN2 FEI
T 5,

B. & H B OELRI

REEBED KIRIUWROHEICH S [ADE (water window) | EIRIEN BEEHER (23 ~ 44 nm) Tit,
B 13 XREND LI IKCEINIBEORIIMERSLBHY/NES L, EYOELBEERTHHRED
REEHR PR EV, COREEBROKXBL—F —2FHTiE, KhotsBe st zguay
FIAMTHATE, EYWELIKRELSEFSTHHREREE S > T 5,

§2.0 r——p—r—r—r——r—r—r
3 - —C(Z=6)| -
2 5| ——-0@-5)] |
o .
© 3 water window 4
o
- 10 =
[ I’ﬂ
..g [ " 9
e s
A " 7’
2 -A
o 00 =

0 6 8 10

Wavelength (nm)

K13 kEBLUBRERTORNMEREOEEEKEE,
[KDR (water window) | B FER % B TR T,
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[1.2] #XBL—Y—-DHAE 2]

V—HF—HER 75 A< (FH L-EFERHAEMCEFHRBEEKXBRL —H —1c L b, 1985F 128
XBOWIENME SN TV B4l ThoDH b, FAERBEY L TV HHXML — ¥ — 3 BFERE)E
BThb, SOFNTIR, T TIHBAEIE 5% [KOB] HEBRTOMIE (6] & KICHEII L., ARZ MY
18 [7] A X2 MV OBEANE 8] PFIEIR TV, 2610, [KOB] BEROKXEL —F— K%
FIA LR 0BENRES LTV 5 9], ETEESRER T, ETHREEE & HEL THWE)

BEROME TRV,
LTI, 4 BRI HIERINLTVAIKXBEL —HF - FRICOWTHRE,

A BFEHEDHEV# XIEL — Y — (Electron recombination-pumped soft-x-ray laser)

14 IZRT LI, BEFFHOHEMKXMBL —F— ik, KR (~10eV) T 5 XhDOETFIEH
EBBICLNA TV EHEET AR, A4 Y OREREMECREFH AR T2 E2FAALLONOTSH
b BT ERHOSHEMKXBL —F -3, AEBA T RV FILEAFT VE2FIALZbOBH 5, KFE
BAA 2BV Tis, 3d-2p EBMICRESHAVEL LT ERFIAL TS (10l 720 VFULkRA A~
CBWTIE, 4F3d $ 7243 SE3d BBMICKESASEL S T EE2FIA L TV 5 1] BEHDKFERS + ¥
KFANVT— o # (182 mm) KBV THEREHH 8§ 1HF LTS [4,12]

Electron recombination-pumped x-ray laser

H-like scheme Li-like scheme

3d 1s24f

. T ]
2p 1s%3d
—_—1s 1s22p

M1.4 EFFESREEKXKEL—Y— () kEEfA T (B) YVF9 A
BAA DO An=1BBYFALTVE,

() BBHE
KEHAA D ORET SV — o#f 3d2p) DEBEER. BEFETD 2 FIKIIBT 5, BRI,
KRERREAA VOV — o BB (3d2p) BLUNVT— BBE (4d2p) DEBERILTNL) L

5, (IH&c &)

N7 — o B . 182 nm
Ny=— &% 135 nm




E1E RN

T, UF ALY (BRERRBOETFAE 152s) OBEE. VFILABA 4 Y ORNARETFIARE
F (1s) OEBHNREEZSIL-DCHENLETH 5., EBEEIIZEFESO 2 RICRLET 5,
VFIAETNVNIZOALATY (Z=13) DEFRUTOEETH 5,

15°4f-1s3d &% . 15.5 nm
1s°5f-1s3d &% . 10.7 nm

(ii) REGA O

KRERRKENANT — o« BEKXBL—F—0BAE. L—¥—8BE (3d2p) OF& (~10ps) LEBELTT
AL A O REEN OBB (2p-1s) OFA (~ 0.1ps) PEVOCRESHOERSTHETH L, T/, h
SOEBBEICKESMMEL 5720121, BEHEX%: LRDL 2L CLEMNNOEFORRVLETH D, 7
FARPFOBMEBELRET 2720, L-V—BBOBARBEFEGL VBNV ITTSI A @M L,
BEATLLEN DD, T2, TIXYOBTFHEEY. BBO LEM A thermal limit & % 5 BFHE npy

IU@(&B&U&@&B&WOC@%%%Enn‘wﬁ)M\GMmBKlofﬁiBﬂTW6ﬂﬂo

05 _ -
e ( )2,
H

(1-6)

C I T, ki3 Boltzmann E¥. T, # 77 A DBETmME, ZAETES. n SERTHR(EEMOERETH).
Ey BAROERL ANV F¥— (Ey=Ry=136eV) Tho, Bliid, KRRRE NSV —a RV —HF -0l

A, Z=6. n=3THY, Te= 10EV) EIRET A L. n, ~ 25x10%cm*eh B, THDEHI LTI A=K

BEEHATHLORBAEACO N TV A HER, /)AL —F—BEICL > TEBEED 7S A2 ERK L,
TN WBREELFA L2288 L> TBR 79I XA~ 2 BRT A 5ETH b, COFETIR, B L —
-0 VAR (BLUER) RPEHEEBRT L5 -7y MEEUHEN L BIBORE 2 5,

B. B+ HREHEAYHR XL — ¥ — (Electron collisional-excitation soft-x-ray laser)

Electron collisional-excitation x-ray laser

Ne-like scheme Ni-like scheme
2ps3p 3d%d
e e
3ps3s 3d%p
S 2p6 I 3d10

1.5 BFEHRpEMKXBL—Y— . () 2+ 1403723 (H) =v»n
BAF D A=0BB2F)H LTS,



B1EER

BFHEMEMKXBL - -1, 2T VBAA Ry S WA TV E2FIRAL b 00 H 5, BFH
REEER T, BiR (~ 1keV) D7 I XTI BIT 2 BFEHRICL D ERKRBD A 4 » 2Eha2 iR 1 Eh
X, TRAFEGIEVE X IIRESMITER I NS, L—F — A L BRKEVHOXNEEBEEBAIC
LHRBILEWDIL, 79 XAH TCRESHIEEFNICHEEIN S,

15 IRT LI, A F B4 47 (BFEE 1528°2°) KL 2 BEFHREEKXEL —HF — 1, 3p-
3s BRI KESABEL b, T2, Sy r VA 4 Y (BTFEE 152s2p3s°3p3d°) KL AHMXML —H
— i, 4d4p BERMICKESHBEL 5o

(i) BBEER

BEFEHEpEETE, V-¥—#EL L TUBHNEFESORKEWLESBEIN L, Cn/lzn, BFHEE
SRR (An=1BB%{EH) LBA20A44+2D An=0EBLFIAT 5, BT EHEpM R, FETH
PHMEFHOME CHER (B L 3p #EAL) THIRVE—DKE GED 20, KESHROBESHFS L
LEBOEEREVEERICHET 2. B, 24 VB V2= AL —F— BB (3p-3s ER) .
¥ 8om DHEEHMEAIILENoTwE, $/2, v rviEa—a¥ v a0l —¥F—BH (4d4pBE) . &
E#E ¥ 4nm Th b, EFELEAGRMLABIC, BFESFEIMT 5 LXK L —F — 0BRSS
%, (K1.72H)

(i) RS ORL

BIHRBENCBV TRESAMPEL L0101, BFEHRICL > TEREMN» 6 LHENAA F V55
Banhiindtohv, A4 VA A VX FALERXBL - —0BE, RALETERILTOLS
26N TwA (1],

(N

e

_ 15/7 _ q\375
), = 4x10°(Z-9) ()

BIziE. 24 SV A (Z=32) TS 10°cm® DFEBRICFIBBRET 5, EFHEESHE
PBIEHRIBESNS, L L, BFEEFELE 25, FFREHRTH L VIZBUEL T 5, &
DEBRFEBEOH 2IEDETFHEETH 5,

AN DB I ERESHEN T bNE -OBEFREIBVHFEI LV, B LI TELLR
TEIRBICBIT L. Mk BT HREE BEABREIC L ARMENRE LKBE 2 5, BFEREER 7
5 ATRBEPEBRT 20 REEAVOLTWAFER, BBHEVW VALV —F—BiILL>TTSI L=
YERTAIHETHL, COFETH, KEHOBEEESERSI 0T, BHEMERCHAZIALL
HAOL—HF—% EBERAIATYS, BE A Gm) ORXEL —F— BRI RET 50 pEY -
P CERINIBBLEOBEHBEIWem) 12, 323 VEA TV BIT= v WA+ Y 2RAT 25
&, FREFALTFTORXTELZOND 6],

I, ~12x10"(A/4.5)™ (1-8a)
I, ~2.5%10"(A/4.5)" | (1-8b)

BIzE. 24 VAV AL D ERE 20nm 2RI L 720121349 6 x 10° Wiem® O BRGTRBELE



b, FERRIL,

10° W/em® f2EE 0 BG4 A O RIS D RET 5,

g1¥ &R

12 KR T Sy T VB4 A V2 FIRT ARG, GLOBRBESH 040D 112k 5,

Ne-like scheme

Radiative decay

2n,3 2ps, . J=0

2p°3p (2p;.39 ),

(1/2,1/2) 0

(1/2,3/2) 2

/ (3/2,3/2) 0

20%3s E'B (3/2,3/2) 2

(29 1135 1) P (3/2,3/2) 1

jrejeld (3/2,1/2) 2
(172,1/2) 1

F'ADC

(3/2,1/2) 1

Collisional excitation

Ni-like scheme 3d%4d 11, 12)J
(3/2,3/2) 0
(5/2,5/2) 2
(5/2,5/2) 1

(3d 4‘12 ]

(52,3/2) 1

(3/2,1/2) 1

Radiative decay Collisional excitation

3da23d .y, J=0

X 1.6 BEFHFRPBEMKXBL -V -0 F V¥R L—F B .

(f£) #4814,

(B) =vr i1+ %FHLEZER.

£ L1 =y o ufkd 4 Y RO BT HRRMENK XS L — 5 — DLBRE)
ey | B AEHRE
i (nm) (em™) gl B Sttt g—4 v b SEIR
E g :gggg ?0?)3 | Nova(LLNL) 3.5cm-long foil
4 ‘u63) C 7 100 1.11 4; 7x10°W/em? 50ug/cm? EuF2 [14]
] D 6.583 0.61 0.53um, 1 ns | on 10ug/cm* CH
Yb g gigz 1- 0 | Nova(LLNL) 1.7cm-long foil
z=10 ¢ | seu 11 | 14x10"W/em® | 100ug/em® Yb [15]
= D 5.023 12 " | 0.53um,1ns | on 10ug/cm* CH
T g ;‘712?/ ] | Nova(LLNL) 1.7cm-long foil
7 _a73 C 5.097 ) T | 4.6x10“W/cm? 127pg/cm? Ta (16]
e D 4.483 1-6 "1 0.53um, 0.5ns |on 24pg/cm? Lexan
w g ;igg - ) Nova(LLNL) 3 cm-long foil
@=m| c | - ' ~ | a0 wiemt | sopgrem w [16]
) D 4.3185 2_6 7 0.53pum, 0.5ns {on 20ug/cm? Lexan
A g - ] " | Nova(LLNL) | 1.26cm-long foil
(Z -u79) C 4 2-08 ) T | 5.6x10“W/cm? 140pg/cm* W [6]
i D 3‘560 2.2 2-8 0.53um, 0.5ns |on 20ug/cm? Lexan
1) 1.6 8H

2) IR (A3 (@) x77XA<K (1)

HALEBERGLERT, F11 &R




F1E MR

F£12 AF VBT ERAVLBETERDEEKXKRL —F - 0ERE (D

. W& FIHR R
BB (am) (em™) gl il hp-Jee =45 b BE
A 45.94 unlasing -
B 47.21 unlasing - GDI)(E}LE)
: zT—l - g j‘;gg - | Nova@INL) | 3.8 cm-long Ti slab (17]
= v 265 2‘ 3 T ] L7X10°W/em?
F : ] _ 0.53um,0.6ns
A 27.931 1.7 B
. g 28.467 17 " | Pharos IINRL) | 1.5cm-long foil
z _u2 9| D ) ) T ~1x10°W/em? 100nm Cu [18]
- E ” -111 2’ 0 " 1 1.054pum, 1-2ns | on 120 nm Formvar
F . - .
A 26.232 2.0 -
7 CB 26.723 2.0 " | Pharos III(NRL)
- _n30 b i i T | ~1x10"W/cm* | 2 cm-long Zn slab (18]
(2=30) ) i " | 1.054pm, 1-2ns
E 21.217 2.3 -
F - - .
A 24.670 - -
Ga g 25.111 i " | Pharos NI(NRL)
Z=131 D ) ) " | ~1x10®W/cm® |1 cm-long GaAs slab (18]
=31) > - - “ | 1.054um, 1-2ns
F - - -
23.224 4.1
‘g 23.626 4.1 )
] ~1x10"W/cm® | 1.5cm-long Ge slab [18]
Z=32 ] ]
@=32) g 24732 1.054um, 1-2ns
19.606 3.1 -
R 23.2 \7
B 23.6 38 ’
: " | VULCANRAL)
Ge C 28.7 3.0 - 10°W/cm®  |3-2cm-long Ge slab (19]
Z=32)| D 24.7 2.2 . R
¢ ) E 196 27 _ | 1.054pm, 0.9ns
F ) - -
1) 1.6 &8

2) FISRM (B () x79 X<k ()




£12 2F VB4 V2RV BTERBEMKXGEL -V —0ERA ()

EI1E BN

. TR FIfs R %
=B m) emt) BT AR =47} BEIM
A 21.884 - -
As 2 22'_256 5:4 _ | Pharos I(NRL)
Z=33)| D ~Ix10°W/cm® | 1 cm-long GaAs slab [18]
B E ) ) " | 1.054um, 1-2ns
F - - -
A 20.6 5.5 6.5
S g 22(224 > 6.3 Nova(LLNL) 1.1cm-long foil
z-w| b | 2os ' | sxrorwiem? 75nm Se B3]
B E 18'243 ] " | 0.53um,0.45ns | on 150nm Formvar
F - - -
g ggg?lg :g i 1 cm-long foil
Se C 26294 i _ | PharosIN(NRL) | 100 nm-thickSe
: 1 2
@=34)| D | 22028 i i 1"3;‘ o ’W{C;" on 120 nm-thick (18]
. m, 1-2ns
E | 18243 2.6 i # Formvar(C, H,,0,)
A 1641 44 -
S g 1665 40 i Nova(LLNL) 2.2cm-long foil
@ _r38) D ] i i 1.3x10"*W/cm? 80pg/cm* SrF, [20]
- E | 150 ) " | 053umosns | on 1pgem® cH
F 13.30 - -
A 15.50 5.3 20
Y g > ) i Nova(LLNL) 3.8cm-long foil
Z=39| D ) ) T | 1.5x10"W/cm? 90nm Y 21]
) E (15-50) i " | 0.53um,0.5ns | on 100nm plastic
A 13.10 4.1 -
B 13.27 4.2 - 1.73cm-long foil
Mo C - - - Noval(‘LLNLZ 74ug/cm* Mo,N
7 =42 4x10"W/cm . [22]
Zz=4)| D 13.94 2.9 | o.53um0.8ms on l4uglem
E 14.16 - - ) v Formvar
F 10.64 2.2 -
A 9.9365 9.4 .
B 10. 4 -
Ag C 12 (2)3;(7) 6- _ | Nova(LLNL) 0.89cm-long foil
@=4n| D | 105079 : _ | 8:6x10"Wjem® | ~160ug/em® Ag 23]
E 8 .1563 - . 0.53um,0.5ns | on 24pg/cm® Lexan
F - - -
1) B1.68R

2) FIREE A8 (@ x79X<E& (1)
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C. TN XL —HF—[11]

(i) XEBAKXHL —F—

COHATR, V—HF—EET7I7 X200 XBRFICL - TREYHEER L. REFHIHERI NS,
V—H—EBE LT Xe R Kt R EOPHHAARCER L EWFRAIN TV S [2425]c SHOHRTHE, T
TIRETERDELFEHAT A LICL > THRNERSZON TS, L-F—REDECFERINIBEL
—H—REES -y MR, BXRV - R TCHIN AL BRTIDOLLER LEWEN Lo 2V
F b b OBRXMEIBETIIENERINS, B2, XedA =Tz L—H— (HE 1089 nm) BWTit,
COLEVWEIRE IS¢V (16.5mm)TH b, COERL@LTV—F— 79 AvHXBEIZLENHEICES
nz, LHPL, SOHFRICL>T20m BEOHER THRORELX B -0, RXBL - —HEI
Li s L o&Rfk (ER) 2T 2L PLBICL 20 THMPREMRI LT 3,

(ii) HHAEBERE

EEESWVA L —H— b LR ERAE L OHEEAOERE LT, BREOREIBRES LTS,
B % > T, BREXOBBESRBPSELLTH 1 HiEEOHEBTLAIEL L2 VWFEEE (75 b )
BRWZEINl, COFAOEROFHEIae— LV Ml RONEIETHE, BlflshTwdae—
LY PO REH R TiALOy L—H — (i 806 nm) @ 109k (B 7.4 nm) [26] TH Y . EHEO

BRI Nd:glass L —H'— (£ 1053 nm) ® 135k (KEKE 7.8 nm) RN BB o5 Twa,

(iii) ¥EH 1 4 »1t (Optical Field Ionization) 2 & 28k X4 L —H —

BNV ABERELV— -2 EX L TRONIFVBEEE» AL 2BV EBRICLI VA4 Y HEHS h,
BEOTIZTHHEEND, COLILRREBTI AT IBY A EFEESHEEKXEL —F—1lBnT
HEEMN L —F — OEBRIITebh, BEFBEHIL T 5 28]

[1.3] BF¥B&ESHEY L TTFHRBHEIKXRL —F—OUR

BE, EFEAREERXKRL —F— ik, EFFooBenisFHIn, EFHRDEE CIETF
BEFOBVITENFEA SN TS, 17T CETHESLRXBL - —D0BBEEOBREERLZ. BWED
FEFHSHVEMT 3 L EBFHIELT 288 (An=188) TuE%l, ALEEFEADED (An=0
BR) KLoTHXIBL —HF—DTEEE LB, Z v FIVEEAF Y (Z2=79) 23, [KkoR] BERICL
—HF—BENHDLI DL D,
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An=0

y—r—p v
— H-like (4d,30-2p)
weame- Lilike (5f,41-3d)
+ Ne-like (J = 0-1)
x Ne-like (J = 2-1)
A Ni-like (J = 0-1)

Water window

—_
o

Wavelength (nm)
o

40 60 80 100
y4

1.7 WEOEFES & RESAVTREL BEOMR. RFHFIRKEL(LRSLIION
T, An=18BB»5 An=0BB%FIHL w5,

EFEHARREN L ETHEBEMKXBL —F — T, FAIBORETL V7 A5 MPE). K18 1T
BT FEARERN L EFHEEHENKXEL —F— LB 2RBOZEMI A OEAR %R T . BEFHHESE
REHXM L —F — Tk, FIFRRCARICEE LBEVRDNE RTHRIEE SFEMICHE> T2, BETEHR
BhERK XA L —F — Tk, FIBRIEERLWEIKICD 2> TRET 2,

gain

A gain
5> 10cm- ~5 x107cm/s A
p <1 x107cm/s
0 -~ <10cm '+
space 0
10~50 um T
g D space
>100 um

1.8 #MMLEFEEAREMN L EFHEDREAKXHL —F - DFROLH
SAEOHAE . (k) EFE&EARRMKXHEL - — (KEHREASNVT—a
8) L (B EFEEHEEKXEL—F— GAUErve=vh) ¥HICL
720
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1% HN
[1.4] FRXDER

BRI 1N BENGL VBRI NL, TRFROBEIBITAZERB L UERIE, DUTIRETRECER
SNz, BERICHACAHGHEBS L UEFYEABICRERMECL 2302 EH8EThTw 2,

F2ETIR, KRKZV -V —HHEHEL Yy —DBHKEEV2—V1IF (GMI) #5AL—HF—3 R
TARMVIEROBRIIOVTRR T, EHE, V-F—HREZ 77 X1 RET 2 HXER
N7 MVOEREESRHENS AR EHEL L TVD, AR MVIZEINS NBESHD An=1 BB LU
An=0;B%iX. MFinkenthal 3% (1 X9 T VAT T4 K¥5 7~ & hIESEBBE (UTA) %
bilERINT, ERERE. —RTWMB T — FILESTA-ID DEHEHERELHAVT L ATV v 54 v 7
DEREFOIRXBANRY MVOFBHE BTENEK; BAILKE) 2 b L CEEL TV,

FIFETR, ZEESF 74— F7 vy 7V MU BIRFTOENVAKE 5% v L—¥—3 25 A (SPRITE)
TR BRHECTREAKRFRERE AN T - a RV —F —EROERIIOVTRR TV 3, JZhang K& (59
74— FEFZERT) 104 2 —KICHitk 2 — F MEDUSA 102 12 & RIS DEEAER Y b LI10, ERERLER
LTwd, COERIE, KERKZLERSY 74— FIIRRE O HELFFEL LTEE SN,

BAETEH, KERKRZELV -V —-BRAMEL Yy — DB XU ST IAL—HF -3 AF A% FniE1
AHTAV—HF— KB L b BECHEIAEEF Y ANV — o LV —F —EROERICOVWTH
RTb, GlPert #idE (EENVKE) KL aNT7 I X< LFBOREHREY b & 10, BRI
BICL D EBREREERL TV 5,

FESEPLHEI0ETIH, KRKZELV -V —BRAM ALY I —DEEXI ST IALV—F - XF A%
RW1-BFHREA L VRSNV =) BRXMV —F —EBROFERICOVWTARRTW S, ERIERIE, 30
DEE (IM-07-GXII, IP-05-GXII, IQ-02-GXIl) IX#TVTWnd, ThoDERND—E (IM-07,IP-05) . Xk
BRARFERETF 7+ — FIFRFTE OBELFAMEL L CEBS Nz, ERERE, — KTk —F
ILESTA-1D DFTHEKER % b & ICKHEGEHRLFUGHEE L EIConTEREL TV 5,
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BoE . VW —ERBZT 3 X7HHONRHET
FoB . L HY-_4NEZT5X7h 50D NS

CHETIH, V- —EREGZXESSXHh oD NBRETFIIOVWTRITT 5, NEEETOPTHIc=
IHNEAF YD An=0 BB, KESHEHKTHIIEHONTWES, LaL, An=0 BBICERT
LB P XA R PV, &9 2 SRR % > TUTA (Unresolved Transition Ammay) FE% &% flv
TEBMICTHES N B LI I o TE I,

EBRTCI, FAEFEM»S DHRXMEXERF AL 2012, FHEI -5y MVCHSAL—F =KD 3
B (BE 351 nm) *BEHBEEH 4x 10" Wem® TR L, 7257 (W;2=74) , & (Ay;Z=
79) .8+ (Pb;Z=82) , EAT A (Bi;Z=83) "HDEHXMARZ MV (KEI0~60A) *BEESHEHN
AGFHEBR TR L2 T4, EBREHIBTIHELFEAL. BAFSHBOTHEAEEBIEL T, X
MEBSELREL

BRINZXBANRY MUVEBITT 272012, 30 BOEFEA (Gakkf £~ 4dp 25 Nd#kA & ~
404" ) ONZEB (An=0& An=1) I3+ 8B L BBHERSL UTAFELAVWTHEL, £8
MREHB LI, 77, EBRERTHTLVWANY T A —EFNVICLBETFYENy =V LS Lk
— FIRE o T Lz BITERICL DL 10" Wem BEORIBE VRS, BAEILEST 2 EFENMIL.
FIT4pA (n25) B LU A (n<5) BAIICHBITH 4-4B8 (200 ~400eV;60 ~30A) & 4-588
(600 ~ 800eV;20 ~ 15A) THAHI LMWL NI % o770

AMEICBVT, EFIEBRER L RE L. ERER OB A 7E O Finkenthal RIS & hiT%h
iz,

BX
[2.1] BL®IC 16
[2.2] =& 16
23] 75 ARG ERXBAR PVDYIab—Yay 20
4] NBAAVOEFF— I BIUVERKER L OULE 22
I. An=0 ER
II. An=1 &%

1L % £3% 30 ~ 50 A
V. % EIR 10 ~ 30 A
[2.5] $&» 29
BEZR
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FE2E V-V —HRBZ77 X956 ONEKS

[2.1] U BIC

V=¥ —ERHCERENIRZ 77 AP oRET HRXBARS MVICET 28583, EEMRE
(ICF; Innertial Confinment Fusion) . X# L —#—, KXMAROWRE L ERERLEELZ > T b, €
¥, VL—H—HKE Z 79 A ORXBH R, HBENERSHBRESEVD L > TITE bh,
FiICRAEBRSESAFE o, BV —F-HERLERPROR Sy — ) VPR EN TV, L L,
b LBFEDERBORL Y HBALT A LENDLEEAI1E, 75 A rh OB AL OS5 R ST % 55401

By B EVLETH S,

[2.2] =8

ERIE, VLY —HmMeMEt s —nMEE T2V IIE (GMI) #9AL—F—%FH L. B
2113, EROEELHEAMIIRLIZbDTH S, /W ANF 800 ps (FWHM) |, TRV F— 25] D 3 %5
FEX (BEE3S1mm) 2FES —4 v MIERE 100 um CEE YT L 72, BETEEIZH 4 x 10" Wem?

Thot,

Laser

' Transmission wavelength: 351 nm
grating pulse width: 800 ps
——| Fim energy 125

spot size : $100 um
irradiance : 4 x 10 "W/cm?2

K21 HEERSH ENAEDIHRNS PVETUIEROBER, BKXMHAR7 H
VIR ASD Hoes & BB R AT F 851 & 0 fllE L7

COEBROEELZAMNE, ¥ 727 (W;2=74) . & (Au;Z=79) . 8 (Pb;Z=82) ., EA<T X
(Bi;Z=83) ODV—HF—HEETI XD LDHXMARY MV EEREDRETHA L, N LETHESR
LABEBEYROLIETHE, COHMDDIEER 10 ~ 60 A %5 8F 28 ALK L
Too BIBU72ANRS PV E WHMBEERRET 572010, EBMOMBFSNEL AV TLELH AL
FORMLEIEL 2o ZBRMPFTFHNHRE, KESMEILENRY (W 1A) 25, BEEEIL <M

LR Tw3 (1],
A G525 GIS (grazing Incidence Spectrometer) & E:B R HT4& T 53 K2§ TGS (:I'_ransmission Grationg
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ot LW —HETHZ T I X hr b ONKEST

Spectrometer) 1, KRS — 5y MEMAD S 68.5° DAEICEE L 2o RMAHS S, €7~ F o
A FIVEEHEE, 1820 um DR Y v b, B & U 2400 lines/mm DA% IEFHAE G R KT (BLH) [2)
ok, BHSHEANRS MVORTRINTRETH L, O ras4 SV, EAE m) . ERIAM
(26 mm) DMFERELH L. R (74 04a) EKFHAOKESREMEGT 5. ORAFTH N
(GIS) DIEESMHEER, #005ATH 5,

ZBEI A FoHE: (TGS) ., JE X 0.4 um O£ 1200 lines/mm D EBRI BT 3] B L 72 b
DT, SOpm x 300 um DEHHOALET 5, TG X AED S 1515 mm DALEICED L, TG » LM LEF(7
AV A) FTOHBE 1480 mm Th o 72 RAFT NS L UEARMITIEFOHFITL DAY L%,
B X7 4 )V A Kodak 101-07 125283 L 720 SO 7 4 W AREER 10 ~ 1000 A TREQORIVHIN T2 —
RLBEEL LD @] 4=y P ERXBYAL—F KD —LF%Y, 40uymED Be 74 V¥ AL /-
XMEUER—=)VA AT (XPHC) 2L WHIEL 7,

V=BT X< olET 5 XEKEEE EQ)d (72t Elv) dv) &F5 &, BIAHGHED
T4WAEKEGINLXBAERUTOXTE L LN S,

_ Qs R(A)- x(4) - E(A)

Ig, A [Q:I
N ) s (2.1)

::T‘Qasdﬁkﬁﬁﬁﬁw%%I%ﬁ(%Mlmy)\MMdbU4ﬁWE%ﬁ®&%$\ﬂMﬁ@
ﬁﬁ%u%mu74wAL@xN7bwwﬁﬁﬁﬁt@&?%ﬁm@ﬁ(%mm)‘wwwmsu74w

LAEDARI FPVGELTH D,
FRICL T, TGS DXMAERUT O TEYE S,

— QTGs ) T’(A')' E()‘)

I TGS — dy
A | =2
res [ dl :'TGS

(2-2)

T, N REBREIET OEFFHE T, MD/ST A -5 DERIE GIS DHEFLALTH Do Qpog=
3.0 10° s, Apag =580 pum THho 72 M) = 0.10 BEBEK & > TROZMIFHETH 2. (15 A BH)
L%mgmmny Gmmymwuhmmsﬁ;wmm@ﬁ%mw‘%A%ﬁ%%tﬁﬁﬂ@ﬁ%

FRKBRDEDARY bVF— & RILE LR, EHETOEFERIELQ) 124 3.5 x 10° TFHE 2504
BEODOLEDERL B SNODEERFENLARY MU LEFEORELE EQ) 2 KO 72,

Kodak 101-07 7 4 WV A DBEEEMIKESATEY) (R ASR) | BFBELL XRELBIIERT
BIEDNTEDL [Slo FEI— ML o TEDLONL TV W2BIZ Kodak 101-07 7 1 )V 538 2 RS %
b0 Mo LL. ERMOWED T I X~ h o DUERBRAOEEESEA X7 PVid, BASTHIEFD
ARG MR vy ¥, ThbbRFEO KRR (kK 43.7A) oEERMIC32 FoEsEd %
RUTe CORBEOKBIGHORIE, ERFEFHFHNRRTOBA SN0 T, TORMUIEILT 1V
ADOHVHABERAT I EEZOND, KEOTHEIX88X10"ecm? . T42HH#1700A D CHE &
Bfgbons, BRISN/ARS PVIE, SOREDRPUIDWTIHER (6] ICEEES L T ARIMER %

RQ), A
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28 V—H—EKBZT5ZL<dbONSHS

fﬁ\/‘fﬁjﬂi Lf:_o
F22i, EROFEMIHEE-> THLN-BRHE (F—F v MEEHLS 68.5° DHME) ICHETAEEL
AU AR MVEARLTWwA, FOFL—Z2 @id, BFARS PNBRACTAHAEFHEI LI BECRY:

LTOBSAHBTH Y, I NF—DAF—VRERLAEODE: 0), ©KRT.

Intensity (16'* photons/A sr)

10 20 30 40 50 60

Wavelength (A)
= 10 [T e e
% (b) ]
< 8 ]
2
o
g ¢ ]
(=%
©w
5 4 ]
=
7 1
[
<
- oL FYETS FUUTE PN FOUIS FUTVE SVUTY IVUTT IO
0.2 04 0.6 0.8 1.0
hv (keV)
5 RAARILEALS RALSIALRS RAREERERRY
= 4
v
>
[
X 3
2
>
3 2
2
£
"
22 #MEEEEICELDNKRDIETT 0
FZ_’ TEES 0.2 0.4 0.6 0.8 1.0
X HhoDEXEARY Fiv, hv (keV)

X233, BTHE 4% 10" Wem® TIE607=W, Ay, Pb, BiDA F VY DARS MLk, #hFLEEL T
FNWF—DAy—NVTHELEZODERL TS, K23 D43 ~44A (290 ~ 280eV) 28T 5 Pb % Bi
DFPNZARY PVRERFIE, KEKO KBIURDOATE L BIEICER L TV 5255, 42 ~ 43 A(290 ~ 280eV)
WKBITDWR AuDEVREFIZ, 74 VADRIUCE DD THLEV, 4 DDARY MLIZIEED—f
BRI, 2 00RKEERBEETHIETHD, 1 213 400eVELE BOALT) OB 3V F¥—48
Behh, B4513400ev AT (B0ALLE) DEZFVF—$KTH 2,

SO, BlllENART P BEWL O DE -2 ORI TwE, Fho6d {23 & 24 108
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#28 . L—H—-&EHZT I X725 ONRES

WTABCBLIUDEL BBIANY—3, ZICHBAITHNDT, A~D L&MFIFTAZE— 7 B
DBEBIBLTVLEFTAZENTESL, Y—27 CiEPb E BiDARY MV TRAHEBTH o7z, F
LABWERETREE 14 x 10°Wem* DFEE (7). ¥— 7 BHREGRICBE IR TWIDI LTE -2 Akl
2&h LTw3,

6 10
8
4 6
5 4
| 2

0 5 0 bttt +
< 8 Pb(Z =82
4 3 . B ( )
— c
wn O

> 2 5 4
2 S 2
30 T 0
2 2 8
2 2 4
3 2
0 <0
8
4 6
5 4
2
0 0

02 04 06 08 1.0
hv (keV) Wavelength (A)

23 #AEEHCL D RD-BTLEISOBKXBANRY M, (E) BEFFIVF—
RS A NE—ICE BFR, (B) BREREXFRICLZERTH S,
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B2 V-V —AEERZ T I X7 5 DONgHET

4d" 4™ 59

4'—59 9 el
p 4d "4t

: 4d—4
. . 104¢ N
X-ray emission 4d "l

64401
4051 l‘tpsdd . 5f
‘ps4d'r‘»1
4p 4d” " 4Af

4pBad’

R I

b4 2, nt
- . 432%%1“
4s“4p; 4d

Wavelength

4524
-up_2 UTA . 7

loniation balance

> 10 20 30 40 50 60 "
Wavelength Wavelength (A)

24 () UTARLZFMOERRE (F) €ARZ POFMOMEER LTV, &
E1~3mDARZ MVid An=188. BRI ~5mm DAXRZ PVidz An=0 BB I1CKEL
TwahkEZLNLS,

[2.3] TS AVEMERXBANRT MDY IaL—Y 3

B, BRI LOAERICHLTAINEYI2ab—3a oW TUTRERS, FEXNF 3V F
AEFNVERY) ANS—RICHAE I — FILESTA-ID [T % FH L TTF 5 X2 REBR XA MV EKkD B,
t@&%%?wvu\i%%&ntﬁ&i?&z%%oﬁﬁmﬁﬂliW¥—q“u‘ﬁﬁmi%?w

(SHM ; Screened Hydrogenic Model) [8] 12 & » TEtH 8115, ¥ 72, BWESA P ¥ FHAREF ORFRIL,

2B 4 F#& (CRE ; Collisional Radiative Equilibrium) [9] /R L TV — P HEX LM T &10L o THRE
INd, S0, nERNOAF VHROSAME, HatFE 10 T AV TEHEIA T, fika—Fick
h, BELEEOEMAMOBHEIEEONL, CNLDTITAINTIA— SR EROA N T 4 7V
WKEISO RS L URIREASTET A2 20/ L, Thoofut, BHHEFREALErEb ¢
Ty XBARZ PVORBBREE25 25, L ATV T4 7 DHHHETIE, n=4 BAHD An=0:E8
BELXZXBRARYZ MVOBI I VT -5 (&0HE 4f-4d BB ~300eV,4d - 4p BB ~170eV [10]) %
5xpZ ehbhrol, MMiNDERSEMA% ILESTA-ID T I 2 b— b L7z, #E 351 nm, 800 ps DH 7 2
POWVAEFES =4y MiTAx 10" Wiem? THRE L7z V—F -V ADRKEE X t=12ns ThHb, ¥
Jab—=varildbe, XBPRVECELTABREE L7 7V —Yar7ary bOBOFERIZBW T,
%?ﬁ&ﬁS&V#%l%dVK%ﬂL\%EboumeWﬂgMWiT%ﬁTéo@lSM%%EZm

DHMNBEDETREEELLRLTVA, 3keV 25 100eV KBV TEDMBIRARIL 55 75 20 1221k
L. n=3 DK (GEERAL 3p3d° ; Ni HAu™) 75 n=4 QMK (GEERA 4040 Nd & Au™) 230,

L7zdso T, BROMICEBEL - n=d4 BULPFTELHSTH 2 EHFEINL, K2.6 ICEDORSHEA RS
FVERT,
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, FRACTION
L

F2E V- —HEEREZ 77 X726 DN

. FRACTION
T T

Bl S
. ":. - \\0’1’4 = 0
Q‘\ ‘\S 0 ’ 0.}:';‘:':” \\\\‘l / M ‘ m“\\\\\‘\ i " ":.:, “\ w l“m“ |
; ) h W o.m ) \\M} M N\\ ' m" \W /l OO‘Q
,0-:0 il ’I“ " oo / o‘ 10_, ’ . m‘ 'M‘\‘\ \\‘\ \“\ |

K25 BFEREECHTIEANF Y OFNEHEE Zeff OBfR. 75 A< DEEIX (E)1 glec(h)
0.1 g/CC Té%o

(KJ/CMr12/KEV )
T

(T\7/CMe 2 2/KEV) MAX= 1. 76 x10 2

1 1 . 1 "
o8 1.0

RADE(KEV)

3
{

° (TW/CMe s 2/KEV)

TIME (NSEC)

o.[o * s * e RADE(KEV)
RADE (KEV)

(6L)
BIFAHARY Mv, STESE I BSTMEE 4 x 107
W/em®', BV —F—D— 231215 TdH 5,

K26 €75 Xho0BEMIMARY VIVOFHE#ESE. | () 5837,

BRSO AR bv, (BT) &zl

W, Au, Pb DBFHFT A X7 MVED 2.7 (a) ~ @SR T o ATEMERENAM (5 —4 v MERED S 68.5°
DFE) OXIMIREE cosd A EHEL TAHE L, K23 @) ~ Q&H27@ ~Qx Fnthlk&T DL
KBROARZ PVOEETRPHEICL N IKCBRINTVI I ENbL D, XBEXROHEILEDL, W
DEBT—ID°30% BV EEXRITIE, LHEBEN BE 02 ~ 1.0keV O XBERHE (B &)V
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28 V- —-EEBZ75 X 5HONEES

FeBLUTAETHSLEXBEEEL V- F -3 NFX—CHo /) BERXMLTHIAL% ThHols
EFRESIaL—Ta VOELRBEVRERARY MVOBWIFANVF—-DESF (E—2 ABLIUBRY
I2b—3avTIR12oDY—2%) Thb, stEOY -2 L ERBROY—~ 7 3TZLITIF—HL Tz,

SR ERUNI NUNTN

Intensity (J/keV sr)

K27 W, Au, Pb i2xt¥ BBEESANRY
FVORERREEEREREORE, 51H

%{¢‘i@26&ﬁ]t'éé%o 0 ESTEETE NI STU VTN INTTE SUSUR FRUTI IR
02 03 04 05 06 07 08 09 1.0

hv (keV)

RAINBIF L DEFF— 28 SJUERER

C CTit, Finkenthal BIFIL L W R S NB Z A F VORKEARY VKT 5 HERRBIAL L TICRX S,
FEJEHENL 45p (Gat¥) % 4d™4f (NdHE) % b OBETEMD4-4 & 4-5EBE2ERL, B,
& (2=79) KL TIhit Au™ 206 Au™ KHET %, n=4 256 6 ~DBEBIIA<I0ATH Y, AER
TREFTPHRONTVWEVERBILD 5, $/5-5 BBRRVERRICH > T, RII N AKEROKERL)
SiRANTVS, .
72 BADAp, 4d, A BT % b DIEEHENL (Bl 4p'ad’ % 4d™af° 7 &) R AT 541013, FEDHERT
(UTA ; Unresolved Transition Amay) FHE% T RV ¥F—iEstE @A L2 (11), B ICRRB L, T0F
HECHEBOMI CHEAL O HABEO T L BHHH A SN D, BRE LT, ko> MO EASD
ﬁK&D?ﬁﬁEkmtﬂyFESXﬁKMTééoﬁﬁ@ﬂﬁﬁmCI@pmymMQmmwm)ﬂi%&

-



ok L—F—HERRBZ 75X <rbONZEAET

BA. B2 T ad'ap® FHIKEEAL IS B 4p'ad™! R 4p*adrAf BLAL DS G id. BB S /2 UTA CEILER
%% FEN EFER L1

BN BENBEZEE. 230 120232 20BFHHAL BB (F/213KITT) wb
BEid, SEIHNRN% ab-nitio T &)V ¥ —HEAL & BBHEDOFHHHGRASP [13] (Grant's General
Relativistic Atomic Structure _l:rogxam) %> Cowan's Hartree-Fock program for relativistic corrections [14] Dkk 4 % &
FTLEIHTH RELACFHE L EEXIN TS, E61C, RELAC SHEO# BRIV A WA L EREGTOFT
LERPEZETF (Z>70) DARZ P LELHEBEENL TV S,

L An=0E®

(a) ad°af BERALA 4 ~

F 2.1 ik Au™ (FEKECHT 4d°4f°) 206 Au™ (BJEKESNT 4d°4F) O 4d-4f BBICK L TIT %2 o 72 UTAGHE
DMRERLTV D, FLEBOLDICFELEME 2 PY™ 226 PO (XX T A5 HERORLTwE, &
NOEDFEE ARSI TDIVIRAFVDARS MUREREBEBD L W—3 (2ABH) ¥R L1

(W™ 256 W DOF—# 3R IS] IKERREINLTWE) ZITHRBLTWL 4d- 4 BBEEBEHBWEER
BHICEZELTOVIDEbD D, B, 0B 40 ~50A (310 ~250eV) TH 2,

(b) 4p'ad” FEERALA 4 >

INEDBFELIZ, BEEAN— RV —F—BIUP MY TIAILOEDHEITREDRLEANRZ PV
EDRMR T ENTE L (LHR 16 M) o EEEL 4pUd° D LIZH 2 2 ODEH#2IRAR 4p4ad™' & 4d™'4f
DR OB FMHESEM C1 (Configuration Interaction) #3461t (bunching) 12D %4%5 Z EHHEFH S LT
%o Apd” - 4p'adTtAf B X U 4pid” - 4p’4d1/2y3/2"” EBIEHRT 23200RFBEL LMD, ThH3DDER
B, ETOBBYERALELII LI > THBTFRMISN LT 20 A EIES> TARSZ PVIRE R
5, b L, RMNPAHEEASERINLE, AN— 2R L —-F—BLUP AT IS THLTEPr (Z
=59) 5 Yb (Z=70) I TCOERTELELLZLIIC, ERBINAVFBS~TADEKEGHICEE TS
T EIT B [16]o

#2210, RHHEERAOR BB T 572012 Nb #BRAETFRY] (FLEHEA 4p4d’) 0 d- BRI
T5UTAFBRHRE 4p-4d BB T 5 2 2DRIRFIOFH L AN F -2 olBoN b PLKERE IR
To #2205 2D0NDB XY L -2 055 bbb, LML, 23 IWKRLAZRbEESF Y Av™

(BLECRCAT 4p%d) AT A ML ERMHMEERAOEERICL S L. By (KEVIRBFHEEL b D)
4d - 4f BEY 54 A FHED 4p,, -4d BRERFIEBL-oTLESD (4p1/2 -4d BB RYIH 38 A R EST

3) o CNLDOIEREMBTAEEDHEEITIE 4p4d (n=1-10) BFERMIZ2O0DRFIIBXT S, 12
it 38 A (330eV) WHEHRL, M5 48 A (280eV) 2554 A (230eV) DEICEHS BT 5, F LS5 —
YHEW,Pb,Bi KOWTHRWAEEIRTWT, TANVF-—BNOZRASr—) YV ICHASTHIERDPV 7% B
> TWh, BMWRFIE, W T3 46A (275¢V) . Pb Tid 33 A (375¢V) ¥ 7 v ¥ 5,

(c) 4s4p FLJEEfIA A4
INGDA A LD 4sUpE - 4s4p & 4s4pt - 4sUptad b BN BIHIEAER (BhERM ORE) OB %L
Tt B 4s4ptt & 4sdptAd BERT AEA A VIOV TH D, RELAC 2— FAFA L-PHERICS
175 Cl OEHE&E R, DN Kedq 4 >~ (FEERAL 4p9) W & Au™ B LU GatkA 4~ (FERAL
4s4p) W™ & AU L2V THT b T, 20 DRAKEVHF-BR I DFHBEICL VL Mk o7,

_23.




#2¥ V-V —-HRHZTI X7 bONRZES

123 EBROBBIRT TR L) IRV ERIBICEPLTWEILTHD, 2203 IN6DEBD
uls (W T 46 ~ 47 A; ~270eV. Au Tl 37 ~ 38 A; ~330eV) 2, 40" % 4f DV /EI% % b oM 24
DEBFEMICLB DDAV ETH B,

EROBFENICBIT S An=0 BB ICE T 28513, ab-initio T ANV F—HEEICL > T W »5 Bi
Wt LTI 50 ~ 30 A (240 ~ 400eV) X PUEEE T ARV Y FiIg (5 ~10A) b T 52 8 FHE
ENhTw3,

Il.an=1E#

(a) 4d°af BERASLA A ¥

F2413, Au & Pb il T 2 UTAFTEOMR R R T, 4d-5p i3, 4f-Sg BB LA LBRRBICELET
A, RETHENKEVEDIEREDEELBEB TH L, 4f-5dBBIF4-4BBICEL-TLES (Blx
i A DA, K21 LHEBRLE) o ThODBFERMICBITA RS MV An=1 EBIEVIED UTA T
BETHIELWNERTILEND S, MEAORABEFRIILREFREL SO ICHBT A2, 251
HELHED Ag iE (FEIRYERL 44°4f) W™, AU, Pb™, B EFEALICO VT 4f-5d B 8 &L U4f-5g BB %
HACEE LR Y RT,

(b) 4p'ad” FLEENIA 4 ~
T, 20D LBILER L 2. #0003, BHELEED PdEEA 4~ (FEEEAN 4p4d°) L Rb KA F
v (BIERUL 4pd) THDH, INODBFAITIIFEML RELAC STEM An=1 KOV THETH b, RIZ,
ap’ad’ DIEJERAL % b D PO T TEALICH U THIT L7z S 6id. Nb W™, Ad™, Pb*™*, Bi™*? 4d - 5p
BRI UTAFEYHAVCEHE L, B26 WRLAET— 00 n &id, Hl2 i Av™ 6 Au™ ¥
TDA4d-5p BEAT1T ~ 23 A (730 ~ 540eV) DEDS %D, —F4d-5EH 13 ~ 16 A BERICRE KT 5
CEThb, TNWXIZ, Rbfke PARKOBOEFENMN S HLRELT 5 UTA . ERDERT AL F
REINAI LR D,

(c) 4s4p” BJERNLA 4 ¥

4p-5s L 4p-Sd BROBEEMBELX ML 2012, BALH%Y b2 KA 4~ (FERNA4) W™, Au™,
Pb*, Bi™ (25434 5 RELAC 518 %17 h o 2o E2TWRLAETFT— 95606 DBBIT 4p4d XERL %
SbOBETFBEMD 4d-5p R 4d-5SERFNICBL-TLE ) T &b h b,

WZIZ, W, Ay, Pb,Bi D An=1 BBOETFHEBTOMRIT. Gatk (FLERN 454p) » 5 PAFE (LK
BoAL 4p4d®) 2 b OBFEMNMTIEEL 2o THEB 25~ 10A (800 ~ 1000eV) KKEXT 2 220DY—2
B,

.3 &E% 30 ~50 A

Z>10%2 b OBBMA L Y ORKNS — VBT HMEIREINTVAE LI, 40A &£ S0A oSV F
40°4F & 4p*Ad Bk b DO BT ECALIC & 1) 4d°4F -4’46 & 4p°ad”- 4p’ad™ BB TRNT b, ¥V VATV
DEA. KK 448 2 50 W BIERE492A 3 pLETBIE6A DN Y FIZAd-A BB TR TS L
TFRRIND, BIZIE W™ (KB 4p4d°) O L) LBVEMKETIZ, 4p-4d L 4d- A BB LS 20
DEHEEHENL 4p'ad® & 4pad'af B3 11 TR/ & H WA HEER T 5, ERE L T2 00RFIDBEXMEL.
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28 L-W—-HEEKRZTIX<hbONREET

1 DIt 46.4 Az % b O 4pud’ -4p’1/2 AN L, iR 43 AR LES D, EHIKIK, TIXT

RS B EMRE 4Up BERN THE L TH L, HEEB 4p-4pm4di2 40A L S0A DETR
¥t B, THEHITLTHLE, W (FEEECNI4s4p®) i 46.1 A TRIEL. W GEEEAL 4s4p) i3

4p) iy, BBE ATAATRET 5o (5 Y7 AT YORKINS — ¥ B B RAMBEHROVE LB

CER [17] KR E N T 5, )

B EFRAOBITIC L > CTEEMAEERN 4 -4 BBOEF Y HBENRWBHEAY FIZo%25
EnH R, BEECESEBEO AT TS AL HDOW, Au, Pb, BIOR KA RS VT TIREREILTY
% [15,18,19)c BHE (10°cm®) THEEMIEHE NI A2 IS XTRFMERLIENTE L, BEED
V—HF— R T7I X TRELINATLE ), CEROSH IS, BREILAZWARZ FVdfn=7 (W) 250
=3 (W) £ TO 44 -40°4f & 4d°4f - 4445 BRICHT T 2 UTAGTE L E hTw 5, FHI&EHH
DARY FVOBIRIVW—EHBRONTwE, FEMIEIIHR (15 B 1)

T/, X191 K1k, Z=74-83 K BITHEIEFRIE 4-4 NV FPRSRAN D EDPRENT S,
FELEDOLV—F—L bATIDARY NVOLEIOLETIE, 2 EOREEMEOEBEEFED L —F
—HE TSI AT TCONBNY FORRRPMNEBEEZZELLELLEZWI EFRENTVS (18], L —F — M4t
=4y MCLDBERS ~200 A 1T 28D ARY MVIdB4 L 75 X<E&B B THIRESNT
V5, (Colliers® Eidmannil & 2 3CHR [201 ) LA L. EWEERICO 22 80HARY Mviz, BED
EBROFMEIGEVWES CREBNE TH L, AN Y -4y b EOBEEELS I 21 K5I Hsh T3
B, F—Fy MEENEY (FE—- LBHOBRRIEE) . AR MVSBERCOERBILE LI kDo &
WHREHAE OERIZ, 100 ~ 200 A D XTI 22,23] KEAT I TR COFEROERR L E- 2R
KNy~ ERLT D,

30~50A1CH3 Ay, Pb,Bi ARZ MLiZ 2200 —2%boTWnh, F2I3DF—FIZL B L, 444
& apde FEIKECAIIC BT S Ad-AEB WAL LETCRAETAILEZOND, TNLOBB T AEHES
Nn-EEIR, Au,Pb,Bi ARZ MVIZBIFTAY -2 A L—HT 5, ftEEEBROEVWEREBICLAL, E—7
AT A XA KRNI Auili T B n>5D4p4d L Pb R BillT5 n<5 D44 THD, 8
10* Wem? DBV EETREE D XA R 7 MV T, 40" ZEENLD 4d4f BRSAMIZ R 5,

F#22E#2312L5E, Ay, Pb,Bi ARZ MVDE—7 BRAAED L ) ITKEWIREFARER b bk
&Eﬁu%ﬁ?%qmr4mﬂmmgﬁt~ﬁbtoM®ﬂ%ﬁu4ﬂwﬁﬁﬁﬁu%Té4¢4mnw

W, , BB TH D, LI LTOBFRIUTORCB 3RO L) KEXRYTREVEZL 6N A,

BANE—DY— 22 D8 Vv FTATFVDARZ MIVIZED &, 4040 FHIERV xS 5 4d-4F & 4f -
w%§u8—93®§&EM%%&Téo:wE—awﬁﬁﬁwuqmr%&ﬁﬁ@4mm4dﬁﬁuﬁ

WUt 2, WA, Au,Pb,Bi KX T AV -2 AL BRWARZ FVILBWTEASLTHE—~Y -2 L% 3,

IV. iEE%10 ~30 A

FEICHENT & FhASHERL (40451, 4p*4d™'ST, 4sM4p™'SI" 2 &) D TD An=1 BB Ex 5L, ARZ MV
A F OB CBETH D, § v 7 AT Y OWPAITIE, W D 44940 - 4d°4P5p BRI 324 A 1o
LR SO 3ADHGAY FTEXL. IICH L 44040 - 4d%405g 3FGEEH 31A 0 08 A o3y Fig
TRET 5o @2, 445 DEAL TV R VEIKRE b OBTFHEMD An=1 K425 ~ 40 A BISERT 5
YU ITRTURKRDERE R DB, (CCER[15] £ £ 2.5 D7~ E8H) HICBHVIREITHEL b D 4f-5g &
BEELERTH D, WA, 4f -5 BB Y SORERMOELRTE LI W L Au ART PVOE—-S C %
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BoE V- —HEEBZ 75X h 5 DONREST

BT 5,

BRI LI R DA A 4pad” IS e B &, 4d-Sp BBAT20 ~ 30 A BIICRET 5. ThIH
LT4d- 568812 17 ~ 21 ASRIRICEFT 2, (F268H) LaL., 4d-SE BBORETIRE L 4d- 5p
BBOFNRELENTT 2B VDT, AR MTRO o EHAICLAEHFTESL, TNRERICLST
SBEPDLNTVE, 23 KRENBIVIAT VAR FIVIZ18ARKE—2%bD, ®2IZ, DI
Lo TRENBE— 2 n=10-5D4p4d" 1 D 4d-5SEBBIC L 5o EBEH TR, 2ORKOEHEI
Ronz L), dHo 4p4d BIBICHY T 2 FHEMKBIRS VW,

NI ANVF—E—s BTN IERICL > TEHRBIMLFHET 2 LB TE B, DFh, £26 »
EbHhb LI, d°BIBRVHCICONTELIZEN4A-5SIEBREDHESRITAUTIRENST % & FHl
ENb, ab-initio FFHEHALHOL L T &id, b LXEMNLEBEMKEL Av™ pdd) KHEVZSITHVT
WE¥—E—s 2 BARLMSTY 7 T 22 EThHD, EBREREE. BEC— s AC™ OFEERT 14A
KEo TRAZABL L TWwAS, LEL, BEAEDRLY AU HEDBIFIREISRTWEEEILN
Bo THIXILESTA-ID I— K [24] K & 2 FRIOFHBEMKBE RRIICL KT 2,

Pb E BiIDAXRZ MVid, W& Aullxf T2 LECOBITEFE L2 D o7, FICK 23 D Pb ANXRZ MV
BWoLK D ETLERYERENTCRIBLTE 16ADE -2 % 3o E N ERLTWVA, WZIZ, Pb &
Bi DANRY MVIZBIFH Y —2 D b 4p'd KRN A A v DOEIC 25 D 4d-SEBBICERT 5,

ERoEELF LD E, BRINAZE-R3FEUTOBBIER T A ELONS,

A: ZEEEERCT 44040 % 4p°4d” % b D 4d - 4f BB
B: AL 4p4d” 2 b D 4p, , -4d 2%

C: ZLIEECNT 4d°4F % b D 4f - 5g BB

D: ZEEECHL 4pid® % D 4d -5 BB

£21 A®* H»5 Au™ & Pb™ 25 Pb™ D An=0BBIIxT 5 UTA SHEER

Ion Au®* Au* Au* Au® Auv® Auv®™™
n 10 9 8 7 6 5
Transition Am(A) SAA) | Am(A) SAA) | Am(A) SAA) | Am(A) SAA) | Am(A) SMA) | Am(A) SAA)

44°4f° - AQA" | 4555 6.13 45.09 6.39 | 44.68 6.53 | 44.30 6.59 | 4394 6.42 43.62 6.18

Ton Pb* Pb* Pb*" PO Pb™* Pb*
n 11 10 9 8 7 6
Transition Am(A) SA(A) | Am(A) SAA) | Am(A) SAA) | Am(A) SAA) | Am(A) SAA) | Am(A) SAA)

Ad™4f" - 4d’af™' | 4227 5.59 41.89 592 | 41.55 6.15 | 41.24 6.29 4094 6.35 40.68 6.00




woE: L —HERBZTI X ONREST

2.2 NbHRYID 4d4f & 4p4d BB T 5 UTA L FRH R V¥ —DFH

Transition Transition
Ion 4p*d® - 4pad*af 4p®ad’® - 4p*12.304d°
Am(A)  SMA) Am(A)j=1/2  Am(A)j=3/2
w* 54.33 6.5 46.43 68.16
Au™ 48.05 6.1 37.53 60.0
Pb" 44.83 6.0 33.07 55.7
Bi** 43.83 6.0 31.7 54.3

% 2.3 Rb KA 4 ¥ ? 4d4f & 4p-4d BB 3T 5 RELAC #1E

T 'l' 0 J J w:h Au42+ Pb45+ Bi46+
ransitio - AmA)  gf AmA)  gf AmA)  gf Am(A)  gf
3/2- 502 5640 222 | 4925 401 | 4552 426 | 4438 429
4pad - 4p°af 52- 502 6177 072 | 5523 023 | 518 006 | 5084 0.04
32- 12 6138 301 | 540 343 | 5022 358 | 4904 3.62
32-1/2 4626 14 3793 121 3367 114 | 3235 112
3/2-32 4503 483 | 3705 389 | 3311 325 | 3181 3.75
] . 3/2 - 512 4929 323 | 4035 208 | 3575 172 | 3427 164
4p'dd-4pindd 52- 32 4575 32 3765 291 | 3344 29 3215 287
5/2- 502 4613 598 | 3795 521 | 3373 485 | 3242 4.6
52-72 4585 632 | 3808 33 3368 496 | 3236 5.13
32- 32 6434 13 5572 1.5 5132 1.6 4995 16
4p’4d - 4ppad’ 5/2 - 3/2 6265 1.7 5443 1.84 5022 1.9 4892 19
5/2-5/2 6261 222 | 5402 311 | 4985 34 4855 3.5

F24 F21 LFAULERKED An=1BBIxT 5 UTASHERER

Ion Au® Au** Auv* Au*™® Au™ Au™
n 10 9 8 7 6 5
Transition Am(A) SMA) | Am(A) SAA) | Am(A) SAA) | Am(R) SAA) | Am(A) SMA) | Am(R) SAA)

4d°4f - 4dAf*Sp 31.84 3.46 | 30.26 3.33 | 29.21 324 | 28.24 3.11 | 27.32 295 | 26.48 2.78
4d"4f - 4d°4e'5d | 55.02 2.50 | 51.26 2.33 | 47.71 2.08 | 44.64 1.84 | 41.88 1.62 | 37.20 1.17
4d°4f" - 4d"4f5g | 31.25 0.98 | 29.74 0.94 | 28.28 091 | 27.03 0.87 | 25.89 0.80 | 24.90 0.72

Ion Pb* Pb* Pb*™ Pb™ Pb™ Pb™
n 11 10 9 8 7 6
Transition Am(A) SAA) | Am(A) SAA) | Am(R) SAA) | Am(A) SAA) | Am(A) SAA) | Am(A) SMA)

4d"4f" - 4d°4f*5p 28.11 291 | 27.23 294 | 2586 2.81 | 25.05 2.75 | 24.27 2.66 | 23.53 2.54
ade4f - 4d4psd | 46.72 1.79 | 43.74 175 | 41.04 1.65 | 38.60 1.50 | 36.37 1.34 | 34.35 1.19
44°4f - 4d™4f5g | 27.03 0.76 | 25.18 0.75 | 24.69 0.73 | 23.68 0.72 | 22.75 0.69 | 21.90 0.64
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o LW KRB Z 7T XHh o ONBEST

#25 AgBA A (W™, Au™, Pb™ and Bi*) 24T 5 4f-5d & 4f-5g BH (An=1)

T . J J W)‘h Au32+ Pb!h Bi:&
ransition - Am(A) gf Am(A) gf Am(A) gf AmA) gf
5/2-3/2 4375 0.017 | 3168 0.18 26.75 0.2 2533  0.195
4d"4f - 4d"°sd 12 - 5P 4344 0017 | 3145 022 26.55 025 | 2515 024
52-52 ; 3099 0.01 26.13 001 | 2473 0.011
52-1 2833 6.54 2140 6.63 1847 670 | 17.62 6.68
4d"4f - 4d"Sg 1212 2847 0.24 2162 025 1868 025 | 1782 025
12-92 2846 8.95 2160 8.77 1866 886 | 1781 884
#% 2.6 Rb,Pdand Nb BT RFNIBIF 2 4d-5p & 4d-5f BH
T . u J J w27+ Au42+ Pb45+ Bl«»
ransiuon ) Am(A) gf Am(A) gf Am(A) gf Am(A) gf
4p*4d - 4p'Sp 32-172 22.56 038 1824 039 | 1625 0.0 15.66 0.41
32 - 32 21.09 004 1685 004 | 1490 0.04 1432 0.04
52-32 2179 047 1750 045 | 1552  0.45 1493 0.45
4p*ad - 4p*Sf 32-52 16.47 146 1340 160 | 1196 167 1153 1.69
5/2- 512 1690 0.12 13.81 03 1236 0.14 1192 0.14
52-112 16.84 226 13.76 249 | 1231 261 1187 266
T . tj J J WZM Aulh Pb!&— BiJ'H
ransiion . Am(A) gf AmA) gf Am(A) gf Am(A) gf
4p%d® - 4p%d"Sp 0-1 2798 0.06 21.57 0.06 18.74 0.05 1791 0.054
0-1 2982 0.32 2326 0.36 20.37 0.37 19.52  0.39
0-1 2900 0.50 2246 0.48 19.58 0.47 18.73 0.47
4pd® - Apd™st 0-1 20.53 1.00 1622 1.23 1427 1.34 13.69 1.38
0-1 2104 120 16.68 1.58 1470 1.76 1412 1.83
0-1 21.19 0.02 16.80 0.015 14.81 0014 1423 0.008
Transition J-J " A P Br
an ; Am(A) SA Am(A) SA Am(A) SA Am(A) S
4p*Ad’ - 4p*Ad'Sp 24.74 12 19.62 1.1 1731 1.0 16.62 1.0
#£27 Kr¥A 4 (W*, Au™, Pb* andBi'") ® An=1ER
T . tj J J W'JJO AUSM Pb4 1+ Bi‘Z{»
ransihon ) Am(A) gf Am(R) gf Am(R) gf Am(A) gf
4 - 4o’ 0-1 16.19 0.16 13.08 0.16 11.60 0.16 11.16 0.16
P -4pos 0-1 1840 0.50 15.18 0.55 13.66 0.58 1320 0.59
0-1 13.32 022 10.80 0.22 9.59 0.21 923 022
4p° - 4p’sd 0-1 14.66 0.76 1207 0.82 10.83 0.84 1046 0.85
0-1 14.84 0.02 1223 0.04 10.99 0.05 10.62 0.05
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[2.5] &8

COBETHRRERTIR, 4 20TE (FVvF7RA77, &, . EXTR) OFHES—4 vy MIEE 351
nm 2%V A1 800 ps D L —H — ¥ — A % BETARF 3.8 x 10" Wem® CTHREFL 2. BEESHBEMASTST S
THER 10 ~60A 2 HIEL-ETAH, €123 LTHE 20 A 128V T 4.4 x 10" photons/A/sr D BEHE

(emissivity) DR 5 N7, T/, HIE L KRR T, 42 % DXRERSEISHL NI,

COEREME, FHA XV EFVEIANE—HENDLAT) v T4 VBN RALE—RTTH T~
F ILESTA-ID iZ & o TEF M L& NIz, BEMOBEIMIZL — PHEXEB I E L - TRHEE N,

B ICBRENHDEFEMOOHOEREN TV S, 454p 25 44°4" T TCORKENLE b2 30 BOEF
AL DL 3 )V F—HEMBEROFMEBITICL D, BMXBBRENENRAA VD An=0E% (4-4) & An=1
BB 4-5) KBRLTVWAZ EPHHBTE 22, BMMMEEMEM (CI; Configuration Interaction) X &1 4 -
4 BRVPEBHECZRVEF—EF (200 ~400eV;60 ~30A) 2HLETHIHVERNY FIZEFRL, 4-5
BESEVIAILF—I (600 ~ 800eV;20 ~ 15A) BRI h B EFHO IR o1,

EEYM
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FIR L KEBRRENSNVT— o BV —F— BT HHF%

EIE KFEBRE/ NV —aBL—F—ICBTIHAR

EFEHOHEMKXBL —F— T, B/ VALV—F—12L 35 —5 v FOZkE F I8 BREER
KELERVEETHD, 0720, HWHBETHEIrBEL., BH LV -—F—BLURNOY—EIHEE
%A,

COETIR, XKESH 7+ — F7 v 7NV U BIEROKES T ¥ L—HF— Y 27 A (SPRITE) ¥ W&
FERHABEMAERERERXBL —F— (KE18.2mm) K2V THENRS, KK 0.268 um, 73V 1§ 12 ps,
IRANF—SIDKF IS V—HF—K2EETum ORE7 74 N—ICBE L THS 2 KERRE OV
T— a MORKH, V—F BRI L D200 ps BRTHAIS h 7z, BV —F —DRIROARE—HIC
DVTERL, BRIINNVT— o BOFIBRESFTFR L 0/, @H@D» BN ETREHES
NEFERELTHENTHAIEXNHL I o7,

HX

[3.1] BL®IC 31

(32] ¥YIab—Yarva—FictaFil 31

[3.3] £& 33

(34] EBMR L EE 35

[35] g&» 39
EE R
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#38 . KERKREN NV — e BL ¥ — LT LR

[3.1] B ®IC

EIETORRALH I, BEFBHEARREKXBL - -, 77 XPoBEHEEEE BT 5K
BADOEEEFAT 5, COHATIE, ALEBERICHEMABEREBEET 20 LELREALV —F -
DN I BFHRE EETHIHAE W [1], L L, EFFHEADEE TCRSHEEROMERIZENT
Wiy,

EFEEATRBHXMLU— Y —Tild, BEALV - —-C—BMRIn/ 773 X028 L GHBLEE R
D, SR LEBEBECDIROVE2DREL D, 79 XvOWBERICL AL FIAT 5613, B
BL—F—HEO/NVABRELTHILITL Y, NBREGHLHFANICSET I EBTE, LNEHVF]
BEBERESEAIENTELLTFAINRTHE, B, —KkTyIalb—yarildoT, KFEHK
EONNT— o BRBIIBWTRIER LV —F — D/OVAMEN 100ps 205 10ps K% b & £ L HFIHRHRHBOE
— JEFR 2B BB HEE LTS 2],

/-, WIBERICEL 2B HHEROMEYAMNE LT, 774 18-Hy -4y FOFRASREIRL TV,
TIANR—DERLBLTAHIEILY), RUMLEBERICL DG HRENIRITIENTE, §
FIRRESEIFTES 2

ST, HEKERAZEE LTERBLL, EETH 7+ — FIFRFTOBEBREE VI KF 52 L—F
— 325 A (SPRITE) %Bi#2HAL —F — & LTITh o L KRFERFENNVT — o BHXEL —F — OERIC
DVTHRRD, BEETuUMm DREFET 74 /5= =4y MYV AR 12ps  KEKE 268 nm O KiF 73~ L —
F— % BBET L, AFEBRENIVT— o MOWIEBLBN L 720 B2 5 4 mrad DFENIFIFIC L RS
BRIL EROERY, BHEFFHETETNVEEALIMBEY I 2ab—Yavya—- FILL b FHIHR
LB L 7,

[3.2) ¥3alL—Ya>ra—FKIl&3dFH

ERF—SOFCFERLBEKYIab—Yarya—FE, —kKfkyIalb—-Yara—F
MEDUSA102 [3] T o720 Ok — FTik, EFARONMERLYZER L FHRFEFTNVEHERAL
Fro EFBIBICHED 77X EDIFNVF-H (FHEAMB, ERCFA VY -HESE) IRGES LSS
LT SOREFEFVOHFTIER, FIBRBBEETFHICOAMAETHE L. KERS T VIOV TR
FHAZHERL n=10 ¥ THho 2o 7V ANE 12ps « K 268 nm O L —F — K& ELE 7 um OAEMHRHEED K
B L, AEBNSIV— o« BOFEOREL TFHIL 72,

TIalb—vavittAFHICE B L, NV — o MOFUIMREUL T L — F — S OIRIGEEE KT 5
TERFRENTVE, 7. FIBORET &M, ANV Y AL V0 g8 (1s3p-1s°, H &K 3.5 nm) 2
ﬁ76K§ﬁ417054773ﬁ(bd&ﬁﬁl&m)@ﬁﬁﬁ%(iwﬂmﬂ)KloTﬁM?éét
FRENTVE, L—HF—HGEES L CBBESK TR, KEFBLIUNY Y L2HEA A YD 023 OETRE
u%%%%ﬁ(Um;qummmwmmgMWMm)ﬁ%ubag%ign‘«uvAﬁ4¢7@pﬁ@
wﬁo%ﬂ)ﬁm§ﬁ4¢ymgﬁﬁmn@54zymﬁtmwfaca%ﬂmufwsoﬂﬁ%ﬁ@ﬁ

KEX G525 L ) RPGABETIE, TOANRY MVBERIZ 1.5 ~ 170 hbETFHISNTVD, FFiIZ, B
B —F — OURIERE A 1.5 X 10° Wem? AT Tid, SOANRYZ FIVAEBEILPIBIT E 2 ) KERREA
VORI — ¢ ISR ORERED L BB EFRINL TV S,
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I KFBRRE SN — e BV —F — LT HR

100 ———r T
[ e t= 50ps
il
_— 3 t= S
T 50 F T oo
s
€ L
3 0
O ]
8 ]
QO
2 ]
o 50 ]
: ]
G r ]
100 L bt
A 0 100

Position (um)
Bi3.1 V—H—HEREELICBITIREOLMS . BV —HF—¥E—2BHE 0ns TH b,

B31i, BHEL-F-Kkos—4 v} ECORPERESL 3x 10° Wem® & LA L —F —BEED
BRI BT B KRERRENNV Y — a ROFIRRBOERMGHE LR L T b, KEK/NIVT — o EOFIFLR
BV —H—BE%150ps DL aTAER D, COEE, FIRHARIZ S — 4y MIMIEE»S 55um BEh
BT, KE2H20um (EELSWEH 10um) % b5 BERFIEREEH 60cm' TH b, Z DFIIGHIK
DEFHERIH 10°cm® , EFRE I 10eV TH D, ZDOFIFORFFFREM 134 200 ps CEME4TE# 120 ps)
Thb, 79 XAh CRESAPRE LB LA L L2023, BBO LA A thermal limit & % 5 BFH
BB LY TITIXAROBFEENBEL LA EDLETHE, EFIRE 10eVDRET T AP TREHK
RAFT VDNV — o BEBIABIRBET AT IAYOBETEEIR, H25x10°cm® LT & FHIsN S,
FAERERIRT L) CABOREFBEL —F - =2 XM L TERLDIF, 795 X< DIRESKESM IS
VELBTFRELBEEOFEE WM -TOLF L2 TNEL LWL TH S,

K32, H3120EE5mm 073 XAvRYRELZHEOBMFMICENSNE L FRlsnb L
— o MROBEERL TV S, WIROZ VERBIEBIETIE, /v — o #2 (spontancous Balmer-a) DI i3
FERABEECHAIL, BAEE - RV - —BE%HH30ps Th b, —h. FIBICL 2 HIELEERT 5
&, N — o #% (amplified Balmer-au) ORI FRFBAMICHEML T, IR L TR WER LB L TH
150 ps BN % &L FRINL TV 5,

NI — oD, BEE Smm DT 5 AR TR RE 60cm® THET 5 &, FIREMRIZN 30 &% 5,
AR, BB LMIELE X 2 L RARHEFEL. BERAOAIVEKXHEL —F - Ur 25543
LRBTENTFREND, DL E, XKL —H —KOHNROBIHHEIRO PR IFIGHER (GEE
B) oOKESEFBERORKESSH 1um EFEIN, FIBFIROKE SITHEXR TR h/AEL R 5,
CORNFIBEDL 6 RIEO N 2R ENENREA N 02 mad L &5, T/, FUTFORBEILDOHL» S
BIBLANVT— o ROV AEERDE ¥ 6ps LTEINIY I AT (mibT 2 ZET 2
& 2Sps BEE L FHEINE,
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B3 L KFEBRRE NSV — o BV —F— BT 0%

20 [ o1 7T fTrItTTrY™sSTryr@vxv 1010
=y . "-.-‘I. 41
?j i amplified Balmer- c: e L 08 5
S— - LI
> 15 - spontaneous Balmer. (\ J o] 106 1
o L 7 110 =
5 3 - 4 8_
= : <10 =
£ 10 F 1 2 2
2 T f {1, g
Q L - 0 ®
g i <4 10 , Z
§05: 4 10° E
& [ 10" <

3
0.0 2 2 2 1 2 2 2 2§ 2 2 23 0 23 2 2 10-6
0 50 100 150 200

Time (ps)

K32 BSS5Smm Dy —4y bARELLZFEOEAMDONIVT — o OME, BIET 5
(Lasing Balmer-a.) &, H#A%X (Spontaneous Balmer-a) & h BN 5,

[3.3] £&

K33 ik, EREBOREXRL T2, ERIFERALZBEAL -V - KBREES Y 7+ — FHFZEHT
DKF ST b—H—TAFASPRITE[5] CThH b, CHOV—H -3 X7 ATiE, BEFH - -BEE
268 nm D 12 ps NIV A%, HlES (BFE—-AREKF VL—F—CRiELAXS Y HAKHEDTF < v EI)
THIEL. BH5~6]28o0b, TOKFI2 v b—HF—K2REEZERLAVTERPLEHL.
CaR2 By =4y FFr U N—RIZEA L, =5y FFr U N—HT, TOV—¥F—K% HWEE
ERMELXAVTY =5y P EICESH Tmm THRIREXLLZ[6) CORSAFERD F Bid#4 ThHo
T2o HARWIESD O S —4y MUBI TCOIANFEF—FBRLAELZETH66% Thol, 6T
RIS S AR - ADEN ) DACEHER L ERT L E, 774 78—5—4y PEICEFIhZ XV ¥~
BREHDIZANE-DI5~45% LB EREbON, §—4 v MIRE Lo B 3.0 ~ 4.6 x
10" W/em® & 72 %,

Off-axis paraboloid  fiper target

Axial spectrometer
streak camera

Slit camera

Transverse spectrometer

Off-axis spherical mirror
Pump laser beam

33 SPRITEK(F 5wy L—H—Y X7 a%EHL-EZROEEN.
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38 ARSIV — a BV —HF— T AR

FERICFEHLAY -7y VREETum ORET 74 1—Thd, TORFE7 74N —BhoMbhiz 1
mad LT THhote ¥—% v FORER, FERBAER (M EACTIT 2 o7, TOXZERICLINFSN
LREBERBNEBE  +1um ., ¥—% v VSOAERE IR £ 1mrad Th o 72,

=4y MAAIICHRET 2 X B ERAHT B EHCTEHAL 2. CORAFTFHEFITIZ, 1200 A
/mm OFEAEGEEIET 81 2FHL. ARZ FPVEXBA NI =2 425 (FERF I =2 XC4575 [9])
W&o THERIDRET I L7zo 720 AMNY =2 A XASOXBF AV - FLOXEMMEBHE L THEED
SHA) v VERKEI— DO bPaA TN IS— 2 HVWTHRRELOOXBEELL TS, O PTL SV
37— L o THRIBZHAFGHIEFOZTHA R, KELMEBEREIENFNL £ 2 mrad & #J £ 0.6 mrad
DHFHECHIREND, /o, 7IXHPTEFTLAZKIXBL—F K2 HET 270 ORASHTHE%E
KFEAMMIBE LT, #—F v FPRELSOFLEXA (BRAH) 2R3 ¢/, ERTI, y—7 v ' #
E (PO Omead . SHFH -2 ~2mrad) 54—y PEE»S L—F — B 4 mrad (SZHHH 2
~6mrad) D2 2DHMIZOWTHIE L. TOHKBV AT ADOREREIRIE 13 ~ 190m T, BEEIH
BEIR# 025 0m Tho/zo TORESMEERSTHAZA Y v ME (300um) XL > THRES N TV B,

XBAM)— 2 A XTONBFAV—FiZ, lB650um £ 10mm DAY v PROBDTHD, TNR
Uy MEDOHEORMTMIERF 60ps THo, EE 100m DT F2AFy s (8Y LY CHy HEMNI

gle) WEX Smm 07V =9 A% LEEER ECBAIERR CEHREDCS [10]) % BHFKIC L TE
SH100m =T A T LD RBEFA V- FHMBE L THERA L, 7TVI=YARBR, FiZA V-
FOBMEE L IFRK CsI ~O BRI E B E LTHERA L7,
CDhY—FORRREERX TI7AF v 7R T7VIBEOEBRE NV — FHBOBRENLRDIZEIAH, N
W — BROBERIT HEERL, WY — o BOBERICHTIEREOH 2 ~3ETH o7

=4y VAN DOKFENZA ) v b A X T (RIEERERH 03keV L E) AL T XBEXBEOLEH
TAHERELze COEBRFHTTU—F - DRGHREL TS E1EHE. Xy A XTICTLZ2XBEL
MEORIERR . BETHE (RIGARE) SR LERE OIS oTnD, &5, AV b
AAZCL BRIV —F - KORIGAEOREHR ERKEANRY PBEOERSAORBREASDL 2012,
¥ =4y SN OH I EHSREOMAGFT T L EE LA L 2. T TRBRLZL I, AT A
BAF DRI T EXRERAA DA< pROBELE P SFBORELHETE DL, BICEEL N
MTHRALBEIT, TRHEDARY PVEBETI AP TEITARIUT 10 % BETH 5 2 LMo EER
THESNTEN [11), COFFHHR T 2 LEIAELOBIIBVWTI0% DT ThoneExbN
5o ZRSHEBAS DI L DMREROERSMOPEHER L, XYy FAATITL D XREKHEE
(L7At > THRE LV —F — XORIGEE) OZEAHOUEERCEROI L AMB L, COEREKAGT
@Xﬁ%%%&(Lt#or%%V—W—%wwuﬁE)@ﬁkﬁ%%i%ﬁﬁ?u\:mﬁﬁﬁw(ky

ﬂ/IHeﬂ) 3815 T, ARORENFH SN ABREELPERL TV 5 L BR S N [1L12],

[3.4] RBRERLER

3412, BEESmm DT IXIh6DANRY Mk, B 4 mrad TR L 4R %2R
To RIFEI/ VY- (KK 13.50m) 25, FXNAVT— o4 (182 nm) DOEEMDEA RS bV HE
LRTWVE, THRENINNVT—RRETAT aff Bd4nm) D ARAYIKEEL LIRSS B4, &
DZERDVTRAMN =27 AX5DRD KX T A VAL BVTLEVEER (5~ 30 nm) ORFRE#S



I KEBEESVT— BV —F —MT IR

AR MVEETIL. FORBEYRANe 7ANVALEDFTATY o 8D 3 REFMHEOMEBIEEIITE A
FREIS Nk ol CORFIBFOTLV—-XEEIHImTHID 6, 7477 o 8D 4 REF KA
We—BRIEZ BRI L e ol bErOoND, HE DKERNNVT— o BOBHY — o 2 FIBHST %
R/ — GO — 7 1T 200ps ENTWEDL LR b, SRV Iab—TalilloTFHE
NL I, ST — d BOFIEN L —F -~ B CRENCELTRET IO TERY - BRI E

Zronsd (K328H) .

Balmer-f8 Balmer-c
# Normalized intensity(arb. unit)
0 4 BTGP |0 -~ :1‘-3.
2 TN
g -
[
. — F} lﬂ.
E_ l[’l ,"
i
500 + /2
¢ [
—— Balimer-a
----- Balmer-3

——— continuum

13 14 15 16 17 18 19
Wavc]cngtl{ (nm)

F34 BEXS5Smmansy—4y Moxt L THASSEEFIC L DRI L 2B RO HANRS M,
BYL—F—n¥— 7B EHERE N — s 2 HEEIIL T,

NIV —  BOBESERABEREE. BEXORLRL5 -5y IDPoDNNVT— o BOBEOHILERD 12,
AL NI BRXA L —F — Ko, EF—fF L ThEIRESBAHRREL g0 LT 5L

ToERxH 5 (13),

1) o exp(g(r)-1)—1
g(1) (3-1)

K352, Bl dmrad DBE0 20y —4 vy P Smm, 1.S5mm) DA M) —2AXTDT—¥
M6 (3-1) FHVTKD BRSO MRISEREE RT, BHES (0ps) . GRS o — 285 & LT,
FIBEYEHTABOL T - N—RBELFHUBFOSN ERV Yy M A X TILED T T AT RS OFFHMEDNHE
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I KFEBRRE AN T~ o B L~ — AT B

Bitk-oTir 2, 35h0, T5—N—%ZRLTH V- —BETE 200 ps LIRS BEL T
ArEIONDE, 7IATR—RLFBHRELRELEES. 795 XES 5mm XX L TY— 7 {ETHIE
Bf2+1 (A4 K4+2cem") 5o/,

-

(=]

o

L
-

r
-
-

wn

Gain coefficient (cm-1)

-200 0 200 400 600
Time (ps)

B35 44—y PREIDE) YV ay ML o> TR -REHSBEREHRE.

¥/, L (PR AOMEd) T, Bl dmaad D& X LRIV — o BOREY — 7 HEERIH
WEBRDZERBAIL 72, T —N—%FZRL7ZHE. NV — o RIS P LFBORE (HIE) WA
Lol o FHENAHVERAYE (BREAH 02mrad) BBRISh L d ol DlEo L) LIEE
DEHAEAEMRE, BES L AKXBL -V —ABREAL TV LERLTWDIEEILND,

K31 WRENZEIIC, VL—F—BHRHEZRRI IS AR TONNT— o HORPSBKEVEEZLNS
25, F3.5 TRAXZBIEBAIE A Twi Vv, BillA dmad THESX Smm D757 A% RAGE S’}
#¥20umTHY, K31 LY L—HF—HEEOps CRPEIEARNOAKEZ I 20um BETH L, L—F—R
HERR 7 I AR ORRAAR I KA T IRAEOLENERTE LW, #EELTEMT ORI (K
PR dhEkombEXLLRE,

FIRERA/NE 2 EHRBBEBO L HEIEIVN X WD KERA 4V OELET B THB O L WER
BRODNNT— o MOFEXDBEARER G X LEBOERT 2LEV DS, HHRICBT 2 FHN2HE
OHEIME— LR BEE L ZE L B IR TREVWI LD, LL, SOLIRBELEELE L
Th, ERTHON-FIBERZKI VI al—vayillo TPl (75 X<ES Smm DL SF)18
FBiE# 30) ICHRTELLANE D712,

ERERYEBTA2010, UTWRTEAOERIC L o TRXBL—F— K875 Avh % {58+ 58
BoRmMLAY, FIBERRPBLT A2 £28 L1,

L 73 XA<5p0BTHFEARI L 2BHOHE
T5XTHhCRETLIEFHEELARICE o TRXEL—F—%DEBI L. ZFPICFIEBERL OB T 2
CEFEROND, YIal-VaYiREIATFHICL S ERREROBTHELR gad®n ) i34 10 cm* T

HH, NV — o BEZTHBITOMEELFIHN TmE b, Lo T, EX5mmO7I XL
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$3% | KEBREN NV — o BL—F— 10T HHR

TR MIEH0Tmad £ % b, CNESmm O T7IXHhEER LA EOEMIH4um THAHZ LICH
Yt 2, FIBEROE,S. TOEMIS 20 THBEROBIRIBETHL LAROIND, COHNRE
TR, EBERO LI LFABEROELVEALHEHAT LI LR TE RV,

o FUREBOBE)C L 550%

BXBL—F =205, FIBHARL BT IRAACBIAFISHEBROBEIICE > TRATA2Z EBEXSL
Nb, Xi25. EE5mm Dy —% v + 75 A~h 2R+ 2BME 17ps ThH 5, K 3.1 & h FIFHEED
BEHEERH 4x 10cms THHDT, OB 2FEHEROBEIH Tum ThHb, BEHT577
A2 o THEENAFBEERD 5 —4 vy VORI T 288 (L7225 TRMAKME) i34 1.4 mrad
LEtgan s,

F/o, RXBL—F—KMEL 5mm 075 X<, aHBTHRM (17 ps) IKFRRBHSELT A LI
Lh, FIBEEIRLTAEEZONS, K31 2oFBRBOBHNENEYZERT L, 77 Xvd%{n
B 2B RN T AFIBEROBA R 2IBECHLLREOIND, COHMBLOERBRERN L) 2F
BEBOFELVWHAEHBET A LI TE RV,

o BEL — ¥ — BORPUERE DA —IZ &L HRhR

ANy FAXSEVREESNS =5y + O XBRBAHBEOZMSH LAY —CAMMLHEEL L - T
Wiz, ¥ —4 v P ETHRHEL—¥ - KORIGAE A —Ch 254, FIBHEENEY -4y P RELTER
B o3, XL —F— KD FIBERIORFE LT 2 2R S 5. 3.6 12 DR EHERN
KR LI, 22T, BEL—F—KOoBRIGEEDIES EOFM%E 241 & Lz, BV —H —HORPGEE
PR —THEPEE. 77 X< OBIEEESEHMICED 720 RBHERS Y — 4 v FOMBERmICHT LT
BOTLE)o ¥4y MICREWIRIE b OHEcH 50T, FIBHEROBERNC & > TRXKR L —F—
EAWAEMBLT Y =7y b oEEALFECHEET 2, SO KFELVWRNOARY—BHFETLETIXX
i CRISSIRATESE L < B b EAMOFIRHERD ESESRIERD 2 HF L DASKRENT, &
XA DEEBD T X BB AKXBLU -V —RE BT AL L 2D, k&, K (31) WKRLAH
HEDOBREIZ TSI ATDOES 1K L TUTORBRRNTEINDKBILES {,

exp(g(¢)- Al)—1
Los) (3:2)

)
I(t) o
) A

A (32) THEREINBZ LI LKBTE, RXBL—F—KOMER7I AR SICHBIL, 72 & 2FIR7AH
HoTby—4y br3I L THEMBMHEEIRONE LS,

Bl LTREL —F — HoRIGEED S — 4y M LIS - 250 1 mm BT 10% B LTw55%
BRELD, MERD—RILT 7737 V—vavyEFINVI5] TR, 79 XAvDBREIRFFL -+ — KR
DEREED 23 RCHBIL, 79 X7 OREEE BHEE) 77 XDEED 12 FCHNT S, ¥
L3 a vtk aFHITE, SV — o BORBHEERY 75 A OBEEE L A LEETBET 5 2 LR
INTw5b,

BT —H — EORNGRED 10 % DR, 75 XABEOHT% B L 75 A~BEHEE (L12do
THBSEROBENERE) Of 3% OB O %M b, F32 RENE &) I L —F — HgHE 150 ps (ZF]
BERD Y — 5y FMEEDS SS5um OB — 2 2 b2 L X EET H &, WIGAEN 10 % B L
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I KEHRENANT— B - — T IHE

BB OFFHEBIE SSum I LT 2um ¥ —F v VIIREIGEL 252 ik 5, TWIGAEICS 5
WREL2DAEDZHEIHR (32) THRIND L) LKBICESK DT, FIBERIEF LB TEZ
EilkreEZLNDL, DED LY IC, BRIGAEOZEHNSAIC L > TRIBRESE LLBLT 5T & 28
BHTErLEILND,

T, BHCRRE ) KR L —F — RORIREOAREY —I2 & o T, WIGEBEAS RS B LNV —
a BOFIRH LB L FRENTVE, BETHFBORAMS HIZHRENICEILTLEFREIAT
WBDT, B V—F —HORPEAREH 10 % B4 L 7285 Tid L — 4 — BEHE 150 ps 14 U 2RISR
BRRMEEA20% /NS LFHEIND, COFRCLIoTRESmm D75 X< ilELAFBEROR
KIER, WHMTE2S ERBEH LI e HTE, RIGAEOARY —2 v SIS BLT 5, BitL
—F—ROBRPUREFF LEMT 20 % BAT 2 LIRETHE. 10% BADBEEERBOFETEHELT,
FIFRIRIMW 10 BT 5 LRREb LD,

XBEEESA (RPURESA) o, EREREOEYM W1 mm) LEE 10% ~20%) &b
bELINELEMTHNELEREE DO Y FARESCENERON, DL ) /NS RIESEICERT A
FARHROEMIB S LNV ERBEb O, FIREROBA S X 2HBEI L o EL1OND,

o F31RENATFHANCEL D &, BFHPSED S FIBREMET T2~ CRSHEROK S S5k
Kh, ABRBOY -4y PREMICH 2RPBABROKE SR FDORIRESNEL 2B T Edbr b,
FOMER, BB T AHBESBHIN272010, AV — o BORKRFIBOV — 2 D5HEIC L > TFH
ShamlEZ (V-4 —BEHE 150 ps) & WEFHMICERZEEZ 60D,

PDEEY, 75 A 0BTFEARICL AZHRXML —F— 0., ABHROBELBHL —F— KD
RAPEEE DAY —DFR T, AL TH 2mrad YL EDRAAE AL 50T, EBRiER OB R MM B
BRLitErzONDL, T35 AYHOETFHEEGRICL2BXEL —F — D1, FIEBHEROBE ORI F
BRBOBLICRZTHBEID R0, BHEL - —KORICEEOARY — DR iz, FIEEROBLICK
E{EBLEBAI DY ol

Carbon fiber target

Spectrometer
Absorption region P

Gain region
X-ray laser beam

Pump laser

3.6 BEOAH—IZL2FBEBOES ERLHE L WV EFWEFRESIREINS,
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I KEBRENANT— o B —F—ICT IR
[3.5] 2&£8

COETI, EETHF 74— FRIEFROKFS vy L—H#—3 A5 A (SPRITE) 2 pEEAL—F—& LT
BiARKXBL - —DERY T e oz BELV—F—K (SIVAIG12ps) ¥ RET7A1N—85—F
MBS L, KERRFE/ SV — a ROFIRRBERE L 720 /ST — o BOFWFIC L BHEEIZ. PLEH
£ 4mrad OFTHIT L —H — B4 200 ps R ICFIG RIERN 2+ 1 BRI S 0tz FIEH L —F — BEHRE
NTRETAHAIELRFBLIAZTFALESHICEILL KL L2L, FIRREPELLAANZ ko 72720
WA — g BOBENETE OV AR IR L il & h LB CE ot ErON D, EBRERIC
B AFIBEROBA I, BV —F - KORPUREOARY —2 B 5 PN L o7,

£EM

[11 M.H.Key, J. de Physique 49 (1988) C1-135.

f2] M.H.Key, N.Tragin and S.J.Rose, Annual report of the Central Laser Facility, Rutherford Appleton Laboratory
Report RAL-91-025 (1991) p.47.

[3] A.Djaoui and S.J.Rose, J. Phys. B: At. Mol. Opt. Phys. 2 § (1992) 2745

[4] H.R.Greim, Plasma spectroscopy (MacGrow-Hill, Inc., New York, 1964) p.148.

[5] E.C.Harvey, C.J.Hooker, J.R.Houliston, M.H.Key, A.K.Kidd, J.M.D Lister, .N.Ross, and MJ.Shaw, Annual
report of the Central Laser Facility, Rutherford Appleton Laboratory Report RAL-91-025 (1991) p.77.

[6] I.N.Ross, Annual report of the Central Laser Facility, Rutherford Appleton Laboratory Report RAL-91-025
(1991) p.106.

{71 LN.Ross, J.Boon, R.Corbett, A.Damerell, P.Gottfeldt, C.Hooker, M.H. Key, G.Kiehn, C.Lewis, and O.Willi,
Appl. Opt. 23 (1987) 1584.

[8] T.Kita, T.Harada, N.Nakano, and H.Kuroda, Appl. Optics 2 2 (1983) 512.
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FAE I KERT MY Y ABRXBL - - KT LM%

FBAE KERF M) ILEXBL Y —ICEAT MR

BEFERHAGEHXML —F— ik, SOV AL—F—KBEIC L Y AR L 2282 FELGRP ISR
Bt b, BYSIENSERCE LD E, BXBL—F—ABFBERI»EH L. BVFIBERI SO
LWekFHETES,

ZHETIR, KRAZLV-¥F-HBREMELy s —DBEEY 22—V 15 (GMI) FFAL—HF—L R
FARRAVI-BFHEARREAEREF P DALMY — oL —H— (FEES54mm) oW THhR3,
Bk 0.53 pm, 7OV RIE 20 ps, TRV F— 18] D HF AL —HF =K%, 7 v } Y Y AOBBEIHIRIC
BA L., KEHIESNDIAERET P D ANLY—  BOBREILEOAEILAE Lo T 1.
FEIL > TRONZFFORMMNERNSME b L ICEBE T2 v, EREREEB L, TOHEE.
ERCHRIAESME, BITHRICERT 2AESHEAVTEILBHETE

DEDFERL Y, BHAMREKRXKL — V-1t HEELT 2B G ICREFHEARIC L 2BITHRIE
ETHHIEBHLPIIL o7

HX

[4.1] BL®I 41
[4.2] ERB LI UEBRESR 41
[43] YIalb—=Yara—FiZ&LaFH 42
[4.4] XMEBFFIEICL H2ER 43
[45] &0 45

BE M

-40 -



4% KERF P T ARXBL—F— MY BH%
[4.1] BUBIC

AKEHFT I I ANVT— oV —F— (FEHE54mm) 1, KRKZEV-—F-EREeHELrs—ick
DFIERELIBESN TS [1]o /SWVAIE 28 ps . #E 0.53 pm . BEFEER 6 x 10" Wem® KB WT, #
i L s LA RIOREFEL ORI & ) BIEOFERES 8cm® (FIFERH 4em?) o T35,

BKXBL—F-DREIFEL 25 L BEERRICHESRET 220, KRXBR LV —F—XOBINZRHEF
REBICLBETFHREIND, BT, /N — o ROAESA & BERBHETE I L W EIRHREFML Lo

[4.2] ERBLIUERER

EBTE, BEEV2a- V105 (GMI) *EEL—¥F—& LTHEALE. BRSFICL > TER L 100
ps 2SIV A%, KT 7 A= EEIEFIICL > T20ps TT/OVAERHL, HIELLH I AL —F—DFEX
¥% KDP RS L h 2 EEAK (HK 053 um) KERL, A V¥—H 18I Ty -4 v F EIREE L7,

Bl 4.1, BEHEERB L UHABOREYRT. ML Y XEFRAMY ¥ XL MAEE - HERTHRIE
Lo COMEHXOEZ TR 45 mm, EXFERH 30um THH. ¥—% v P ETORIEEIIFH 6x
10" Wiem® TH o 726

=4y M, BE100mm DT IAFy s (/N L CeHe, # 1ghc) EIZT vAbF b Y 7 A (NaF;
B 2558 g/kc) ¥ 1um OB S ICEFE—aKEL TEA L, BtV —F —13, NaF Bl » 6 BEfL
Tmo ZERTHEALLZY -4y FOESH4mm TH 3,

T AP TEIFLAKXBL - — KL MET 720X, ¥—4 v 28/ (0~ 30mrad) Ol#EEE
€, -4y NREDLOPLERA @A) 2L, BE/ES -5y PRV F— BT8R
12L& % HeNe V=¥ — RO RFHOMBICL VAL, 2OREHEIIH Imad THo 72,

Ax‘ial Spectrometer

Laser

526nm,20ps
18J

4.5mmX30pm

Transverse Spectrometer

F41 BEES2a—-NVUBTHIAL—HF—T A7 L%EALAEREER,
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AL KEHT V) LARXBL -V —1@T LR

g—4y PERAAENIHESTT A XL, BASS S AV TEHEIL 720 S ORASSAERITIZ, 2400
lines/mm D FEAFGRIMIPHET 2] 2FH L. XM 7 1 v & (Kodak 101-07) 12 & D BpffESG AR b
NEtfI% T e o 12 (P8R A BH) REHMZEHME LT, SHBORY v MNEFIKEI— D baL ¥
WEEHEE AV, BEPLOXBE 74NV A LICEX L, SO MIA FIVEEHEIC L > TR T 2RALS
K0T MAE, KFEHFMESEFMTEFRLFRY +2mrad ¥ £ 06mrad TH otz TOFHEBEV AT
LADPIEBRERIZ 2 ~ 14 nm. BESEEIH 0.1 nm Thole COEESMEEEIRISIEAY v ME (300
um) KXo TRES N T/,

4212, KEKF P T ANV — o MOBHBROKEOHESHER T SNV — « MOKEN S —
'y MEMAFINIH L 10mrad FR72AFEICBVWTRAERZ DO EXRAL 70

T T T T T T T re T rrT YT TrTrTY
| | § T

1
aaaalaasan

Photon flux (arb unit)
1
P,
1
1

o4

0 222 30 2233 B2 gaalaazalaaas flaaag

20 10 O 10 20 30 40
Deflection angle (mrad)

K42 KFEHRASVT— o RORBRDSBEOMHES

[43] Y2a2L—Ya>a—-FKIio&3FH

EBRGROBUAREKERICR, /IXPOETHEEAR L 2BHNESERB L EEIXOLNS, £
T, FIROFBERRE DL TIATHORBEH X T > T, BHRIEONIHMXBL—F % (K
EEF LV ANVT— off) BEOHFESAE KD,

COEBREFOFIMEDFTE I, EENIVKED Prof. GJPert K& > TiThbhtz, YIalb—Yay
a—Fik, FHERFEFNVEFRALZ—KRTHE - FChotz, TDa— FoF T, 1 Gk, 28E
(T, T) WD, A4 AR, ZEMODHLRLFBRBEHE L. T2, —KTLa—-Fido
THEHERERINTVE 75 XD RTM IR L 2BEORT %, HAOHEERI 2 v TIES 0.8
ad (#7469 & LTHIIEL. =%y MAE NaF i3, BFEHES 11, BEH 21 2 b oRBEF & LTH
b Twb, A3V ORNBEEFH n DAETETHLE L, KFHEANVTLEA L Dn=10F TD
B OWTHR V- PR EMILITL DR 72,

B 4312, 7YV ANE 28 ps. K H 0.53 um @ L —H — % K108 30 um. FEFEE 6 x 10" W/em® THET
L&t COFIBRROBRIN MO Ot EERE R T, sTBERCL 2 &, BHL —F— Y — 7B
o 60ps BRI —F v FIMERE AL S 15 um OALEICFIRER 18cm™ FEL B L2 FRILA
DL E, FIRFEIROIEIIH 20 um (CEMELIEH 10 um) Tdh o 72, FIBFIRIE, H 29 % 10" em® DEFH

.42 .



SEAE D KERT VYO ARXBL-F-CMTAHR

BHERICH A, FIBRBRORAKEY S X 58Y (BitL—F—¥Y— 82,5 60ps ) 124k, FlIIFHE
DBRIFEARIF 26X 10" em™ IX%2 5 ¢ FRENT. BES54mm OXFEREF MY T ANVT— o FIHT
+TLEREEIII8X10°m® THHDT, BIWOHEERFRIH003Im LREONL,

3 O Targe

~ '

\9 I Laser

et .

c 20+50ps 80ps

) /

6 ; LASER

= Laser energy 234

N

(e} Wavelength 5260m

O Pulse width 28ps

O 1 O Line {ocus 4.35mmX30pm
E Laser intensily 80X10'*W/em?

H
8  TARGET
NaF Tpmt

Space (um)

B 43 LV—¥—BHEESENBITAFEBOEELSA  BifL—F - -7
BE%li Ops TdH 5o

[4.4] HBHHBIZLIEE

E/ﬂﬂ%

FROHERERE FISRE, 77 X<RBry) 2EALT, A — FILL VARSH~NOXER
ZE L7, SNOI— FTik, MXBL—F %77 X ER» o DRV EFEEARICL 2B
EALHE SN DB > THRBSTEBIEORICE > THIET 200 LTHD Ko /oo XKL —F
— KRR (emissivity) 1L~ —BBO LENEE (0BG n=3 BUOHEN;) IKhHIT 5L
L. BB BT ABWOFIEERERE L, BR2LLTEONIHXBL—F - (T OBERAERS
MU LNV T— ofR) OBESFREFHE LTS

1(6,)= I 'UNFB(X) - exp(Jg(s)ds)] -dz-dx

(4-1)

::T\waouy—fvbﬂ%ﬁﬁﬁ6wﬁﬁx@ﬁﬁﬁ%%n=3¢ﬁ@@ﬁ?%b\7—?7FE

KM% 2 HEET R, 7ILXTHDL (x,2) PORELEZNSINT— o IE TSP THEFTL. HilEs
Kﬁofﬁél®7517¢%ﬁﬁTéoit\%%sdﬁmﬂest%%dﬁ%ﬂfwéo

.43 -




FBAE  KFEF MY Y ARXGL—-F — BT IR

@mumu\ﬁﬁuﬁmbtﬂﬁﬁﬁ@ﬂ%%&g\%%ﬁ&nasxutémﬁ&N3%%Toit\
H44®) i, CNLDELXFEALTRD T IXThDONNT— o OB EFIEBHRR Y TT. BFEE
HEICLBEIICE o THRXBR LV —F —AIFREE» S RBE T ARFHRIN TS, BEOKZBRLE L S
REFHFENERRM L. EB3#EAmcm»,

Laser
\ =
1018 1023 30 ﬁt 30 ps
> 1017 5~1022 30ps 20 ~ 50 . . ,Tr"_.__
- i 0 RAWNRS
S 101 § 107 10 E
Z 108 & 10%° 0 O 25
(pm)
1014 1019 - [ -10
0 . 50 . 100 g
10'¢ 1023 T - 30 20 10 .O -10
2101751022 N3 80ps -| 20 —~ 150
. [ p _
S 1o Srot] [ . {108 : :
2101 2107 g i 125
10+ 1019} ! 1 -10 (gm)
© S0 100 - . ) iu‘n|nnln-r-v:nrn-suﬂnnnun-u-;-;‘n‘“
10 1023 T 30 2010 0 -10 90.ps
50 e A
T1072102R0 s %ps J 202
8 101 510 /= {105
2.1015;’_1020 o g o @ -4 25
. (am)
10 10 - L—-10
0 50 100 ;
Distance from Surface (um) 2010 0 -10 L A i )
‘ g {em=) o 1 2 3 4

Target Length (mm)

44 (k) FHSHS e BFEE 0, LEAEEN, ORMSH, BIT (5) KBEH
OBl BHORE L 1B ORISR L Tu 2,

K45, ®)IC, BFHILL o THONLBKXBL—F—K (b 7— o) ORMIHS L CEMIESDS
BOBESHERT . BEORKEL S 2AFRBHOZEL &L b ICEHAEICED D, &KXKL—F X
i, b= F—BE% 90 ps KBV THEIEARELZ) ., H8mad DHEIRELTWEI &, BLURNE
B DEELIEOHKI 20ps TH D L HFREINT, T72. R450) & 5 &BERIFRSEHI T4 8 mmad
DHEHENE -2 % 2T ENTFHEN, M4A42 IRTHMESOEREEL LV —BER L. T 15,
ERTHREASO) KFREIN T A L) RBOUA1ELI LR TEL Do, COEEI, %3 ECTREH
LFIBRBOBENEI® 75 X0 —% CcR2E L s s 5,



AT KFERT I AKRXBL—Y - RKHT IR

= f[@ =

s 60ps 1 =

£ 3 Rk g

8 : ] 8

= [ 70ps A ] >

2 F 7 2

L [ 50 ps o

£ r  80ps .. £

ot L 0 S
20 10 0 10 20 30 40 20 10 0 10 20 30 40
Deflection angle (mrad) Deflection angle (mrad)

K45 L—F-—BEEEHNICBS @) RESHEE, 8LV (b) BRRRIEED M
BIFETH DR R,

[4.5] &8

COETIE, BEAHBXBL—F—nHER{ILEENE L TAKRKRZEV -V -EBMEEL v 5 —D#
¥ES2—V115 (GMI) 2 EHL. EFFREABEMKZEEF P vA NV — o RV —F — (BHKS54
nm) KKOWTHIZEL 72, BRIAY LI RAERICL ), ¥ 10mrad DHANEEDE — 7 HH 5 T LT
bhol, fha— FIZ& > TEHELLFBOZHSA Y AV, BEFEEARICL2HRXBOENLERL
ERBCERETE T2V, REOBHAKEL L KD, STEC L 2BEOAEIMIZ, EREROBHA
TS L (HBTE

COMRLN, BTFESAHERKXKL —¥— (ETHRBHERELEY) *HERLT 56, TOF
BEBREBEBEE S AhIIH A0, ETFEARIL2BINNEVERIL L I EVHL 2o,

BENMR

[1] YXKato, E Miura, T.Tachi, H.Shiraga, H.Nishimura, H.Daido, M.Yamanaka, T.Jitsuno, M.Takagi, P.R.Herman,
H.Takabe, S.Nakai, C.Yamanaka, M.H.Key, G.J.Tallents, S.J.Rose, and P.T.Rumsby, Appl. Phys. B 50 (1990) 247.
[2] N.Nakano, H.Kuroda, T.Kita and T.Harada, Appl. Opt. 2 3 (1984) 2384.
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BS5E: FA VSV ARXB L — ¥ — OBIZESE
BB XA KBIFITILEXIEL —Y — DRSS

BFERFEMIF v BEIV o ARXEL —F -2, 2k — L Y A0 LELBEHEEOEICOWT
HERPCRBEOREN L2 ENTWEIKRXBL —F —Tdh 5,

CNETIR, KERAZV-—HF—HREHELy 4 —OEEXISH S ALV —F—ZBLHVWTEBLLE
FRRBERA A YRSV = ARXRL —F —EROFA L EBRHERICOV TR S, Flik B EH
FTCH#EE (exploding-foil) . AR (single-slab) 3 & UF¥ 7 )VFAK (double-slab) # —4"v + 2 Hw T, &X
BMU—F—DSEKDOV—F —BROBIBFHICOWTERET 2V, BRERMELAEIMICOVWTERL,
T7-, BSIRE [1=0-1 8% ] BEL T 272012, HAHE & EEENTEEZHVWT /S <&l
PRELI

EBFEENS, 196m & 0=0-188) &, oL —F—BIHRTHEELRLELTVE Lz, BEER
BRI, ABHEBIETEEI N SX10°em® DR THY, TOBTRENT=0-1 BB LT
#06keV 7 1=21BBICOVTH 12keV THHZ LML o7, 72, KBEEHEIBEY 7V
y—4y FOERICL Y, 19.6 nm BB IADRICL W BEEBBTFOoN T EBHELNI R o7,

HX
[5.1] EUL»ic 47
[5.2] & 49
A BEPEZR
B.4—7 v}

G) #—4v MEE
(i) =% v +7I4 2}
C. tHll%
(i) #IAS IR
(i) XAV Y bAXT
(iii) SN
[5.3] gt 57
(i) A7 bV
(i) AES A
(iii) FERI¥TE
(iv) FIB4RE
(v) BEffoe—L &
(5.4] E% 63
A. JBHEY R OFFE
B.J=0-1#D5&5FW
[55] &% 67
BE IR




s FAVESVT Y ARXE L - — o

[5.1] L ®IC

Ly (Se;:Z=34) KBV THXMOWENETINTURI(12], =y ¥ IVEED 3.56nm 3] 6 2 4
YRETS D 32650m [4] Kb AERET, BTEHRBDEKXBL —F—»FRBEINTE . BRE%2A
FALDAC S, RIFIEEE (3,51 Zlae—L Y X [6,7] BLTFAXRZ MIVIE [10,11] DFHEid Z 3T b,

AECEREVEREINTVWAICOMDLL T, BFEREELRXMAL —H — 0B 5 A8 R FHUEC
BEERBENRENTVD, ZOVEDEHRXRL —F - KDBHNRGH S, #ES—5 v b
(exploding-foil target) &, MFRLZFIFHKRZ o, BVWFIBRICO o TRXBOMIEINER I NS &
IRTRENDDTHS, BES—7y FTiR, €LY (Se;Z=34) 314 v bYwa (Y;Z=39) [7)
KBWT, Th¥FN62cm & 38cm DY —4y FRILEHA L TRAEESERI LTS, T, B
KEBE—FEBRBLUEFA U HATA VT E o THEE— FEOHIB S, ZHaoe—-LryARMELET 3
TENERBMICRENTNS, LAL, T0OL) HEME— FERIZ, KE2E—- ARHMA (15] &/hE%
ab—LYARE B obhb L) CERTREBAINL TR, BES -7y NI T 2HESMIE, #
Bz 2200 —2 (>10mrad) %% > T3 [3,15,16)o T 7=, F4KH —4 v b (single-slab target) X B\
Th. E—ARBfAIKEV, ¥7IV¥—4 v I (double-slabtarget) 3. AR Y — 4 v MBI B JEHZHFE
RHETAOILTIREINZODTH L, FTNVI =4y MIBWTy—% v FRE% 56cm 3 THEML
Ty AF VRSV AL—F—DJ=2-1 BRBICBIAHEHAEENERLI LTS (6 /2. FTNV¥
— 4%y FEEALT, 3.6mrad DE— ARBAVBRISINL TV [S, ChoDfERI FICHFRS -5 v
MIBWT, BIFIROERILETHHI L RBRLTD,

BUDREIZ, A VEkA A4 2D 3p3p-3p'3s BRICBIT S T=0-1 BIxHT 5 T=2-1 ROFIFOBERIH
LEBERF—BRLEVWIETHE, OB 1 53 Th L, JT=2 LEMNAGETZ _EFHBHELA
BEROBEOREINZETIV (19201 3 AL TH, 24 VLV ¥ [2122] R5NV =7 A [23]12D
WTI=0-10F1821=2-10FIB L W KEL 22 2 EMHERPYLCTFAEIRL T2, ThHDFHIE, L
v (Se;:Z=34) [2,324], A b yFuh (Sr;Z=38) 251, €V 77V (Mo;Z=42) [26). R (Ag;Z=
47) RIIVHALTHEESY -4y M ERLAEBRERL —BLEv, T/, Ry —F v FRFEALLER
[17,28,29,30] Tit, J=0-1 & J=2-1 DFIEOHIZ V==Y & (Ge;Z=32) L+ L ¥ (Se;Z2=34) Tkl
SRR, 8 (Cu;Z2=29) &8s (Zn:Z=30) Tid1 LN KELLoTWE, ITHLDEREFIFG
HEBEFHETORFMLEERERTLOICRAL LD, EROI—5y MEEFRE S (Z> 34 [TRHEE,
Z<34 IKIRFR) 7200, 0 ZEREMREDITR2V, FRERFHE TCROBETELVRBELLERT
RIFBTAI=2-18L 0, BEAEXES LAV T=0-1 RIBHB L L —F K Thb, DD, D[]
=0-1 8% (J=0-1anomaly) ] Mz, EFYHENLZEM,S LI TLRBARBVWTLIEELRERL b O,

BS5210F4 By V=T AL F YOI RNVF—RMRERLI, SADV—F—RoBElEEsh
Twb, T2, FSIKAF VBV ABXBL - - 0EROBEFIZR L 72
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E5E AXUBSVD ARXR L - — OBEENY

F51 FF RSV ARXBL - — o|E
ERY Wa\;cr:llle:]r;gth Gain (cco"?flt)iciem go? Laser Target Ref.
A 23.2 3.7 -
Ge B 236 3.8 - | VULCAN(RAL)
Z=32) C 28.7 3.0 - | 2.5x10"W/cm® |3.2cm-long Ge slab (17]
D 24.7 2.2 - 1.06m, 1 ns
E 19.6 2.7 -
A 232 41 -
Ge B 23.6 4.1 - | Pharos HI(NRI;)
Z=32) C 28.7 4.1 - | ~1x10"W/cm® |1.Scm-long Ge slab [29]
D 24.7 2.7 - | 1.054um, 1-2ns
E 196 3.1 .
A 23.2 4.15 -
« | B 23.6 42 - | re2avrO)
@=32) C 28.7 >2 - | 1.25x10"W/cm® | 1.2cm-long Ge slab [31]
D 24.7 3 - 1.06pm,1.7ns
E 19.6 2.35 -
A 232 2.5 -
G B 236 2.5 - GDL(LLE)
Z=32) C 28.7 1.8 - | 1.5x10°W/ecm® | 2.2 cm-long Ge [32]
D 247 1.0 - | 1.054um,0.65ns
E 19.6 1.5 -
A 232 3.66 ~14
Ge B 23.6 3.66 ~14 Shenguang
Z=32) C 28.7 3.52 - | 1.2x10”W/cm® | 4 cm-long Ge slab [30]
D 24.7 2.57 -
E 19.6 2.67 -
A 232 2.1 - .
e | B 23.6 23 - | Phebus(CEL-V) 22;;1’;":{5,%;"”
z-| 28.7 . | ex10®wrem? on 15pg/em 3]
D 24.7 - - | 0.53um,0.65ns Formvar
E 19.6 - -
A 232 29 -
B 23.6 2.5 - | Gekko XIILE)
(2222) C 28.7 33 | raowen | 4 °";;‘t’)“g Ge (34]
D 24.7 22 - 1.06um, 1 ns
E 19.6 2.0 -
1) K168

2) FIBRM AR () x79X<&k (1)
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58 FAVESINT Y AR — Y — O

&eV) (10%cm™)
A A
@p:1.3
L34 Lasing lines PRz
-33 10.8 =t 196 am 1/2,12) 0
1334 o 1 12322
o 10.7 23.2nm Elﬁsgg 2
’ 1064 236om a1
131 = 247 nm (3/2’30) 0
1.30 1051= 286 nm R 2
@R3)1

1.29 nde 10.4 4=

1.28 == 10.3__((211;31;3,32)]
s oz

10.24
1.26 =4
125 4 1017

(312,172)
1.24 & 10.04-(312,1/2) 22—

3/2,3/2)3
/2,12) 2
(3/2,12) 1

= =

0 b () e
2p, 329 45y, J=0

K S1 2FBSVIZIAAA T DIRNVE-HNELV-—F—BBEE

[5.2] x8&

FESEDIPOCEI0ETRRIERER I, HS52 WRTIMADERIIBVTHRLERTH S,

B 5212, BEXNS¥HVWAETHEBEMAS VSV ARXBL -V —0EREER % RT,
A TS AN B L UHA LAANS R LAV TEHRIXBARY MUEEHIL. ERSEBZBLUTRY
Y IMAXATERVTRK 77 X260 XBBEXLEHIL 2o @AHRMMASS L L B0 Hm (5.2
?DBeam line NHLEB) Tk, BHEESHBEMANSNE: (HIREFS) T HAWA AR MIBOBENE. /-
BREBEKXBRSEERVAZHae—- VY ADREBLTA Y54 507574 —DER (B1&E
BH) 21Tk ol. LTI, BERER, ¥—4 v FBLUHARICIOWTRRS,

£52 BAEXISREAL-EFHRpEML AL RSNV T ARXKRL —F — EE
V) - XER IM-07-GX1I IP-05-GXII 1Q-02-GXII

FEERHAH 1991.3 1992.10-11 1993.7
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HSE . AUV ARXB L -V — OMEIENT

IM-07-GX!l  Grazing incidence spectrometer E08 TOP VIEW
(off axis) ' TIAP crystal spectrometer
Crossed-slit camera 1

Reference axis

Beam line Alignment telescope
-] - -—_—--

Target

X-ray laser
Grazing incidence axial spectrometer

Blast shield glass

Aspheric lens ‘
Cylindrical lens Crossed-slit camera
G11
iP-05-GXII E08 TOP VIEW

Crossed-slit camera

Reference axis

Beam line Alignment telescope
——— f—- -m---
X-ray laser Target L .
Grazing incidence axial spectrometer
i X

Blast shield glass \ Grazing incidence spectrometer

Aspheric lens (off axis)
Cylindrical lens G11  Crossed-slit camera
1Q-02-GXii Eo8 TOP VIEW

Reference axis

Alignment telescope

X-ray laser

Blast shield glass
Aspheric lens

Cylindrical lens Crossed-slit camera

G11
K52 EREER: (L) M-07-GXII, () IP-05GXI BB& U (F) 1Q02-GXII
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HSE: A U/BYNI I LARIBL —F— BESES

A BEEFR

Ee A LB EER . BEXTT (GEKKOXI) #H IR V—H—YAFATHo . KFEAD 2
ADE—Ah (G11,E8) ¥4 —4 v b Fx /5~ (TN) PICBVWAFEDNY -4 v P EITRIREX L7,
AV —ADEREIE2cm T, HIALV—F—0OEAKE (BEK 1.053 um) £/9VRE 1ns (F Y AEEO
FWHM) . # =49 FETOZINE—HLIKTHo e Y)Y FU ANV Y XEFRERLEY VX
(E3) DAL L D ARFEECKH 6 cm DEERTELEG Lz, RAMEN S —4 v PEIKX L TH
B LTWD =0 ERIER— T hol, COBTFERSIITRL TS, B53@) IKRT L) K, K
FHAE (x) LEXNBEEE () OB} z (um) =38x X (mm) ORENSH 7, FREDS 4 b
BV EE, F—4y P ETOELIFIELMNE L OREMBI2ODKNELESIE b > T, 575
v M id 28 mm BN 7 SO pm (EOIKVEIRE b OEHNNY — Vi B LI I 2=750um DB ICE 7,
B 530) 1. HTHRRZXMAY Y bH AT (xraycrossedslitcamera) K& > THLNATF X3 H 60X
BRESHETTo COREAMIE, F530) KR LEABREXROTKRE L (HIE LT, EE— ADFY
$IEIFIE 100 um, ¥ — % v P L COFHRETEE R 1.7 x 10° Wem®* TH o 12,

O "\ =
1000 (28 mmj) =
52000 3
= Target plane A‘ .
N =750 pm .
3000 £ = um) Pump laser 3
: 1 1 1 Il :
4000
-20 -10 0 10 20
x (mm)
(0) 50 um 50 pm

Irradiance (10" Wicm?)
Line-focus full width (j1m)

Position x (mm)

53 EB0EA: (2) HH0E,. (b) AVy b AXT8BBLT (o) BEREDA
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B8 A4 BV T Y ABRXE L —F — OIS

B.2—%5v b

() #—4v Mg
541, EBRICHERLEZY -7y MEER R T,

®HEY — 4" v + (Exploding-foil target) X, #8200 um ® Ge A b 54 7 %/E & 120 nm D3 L U
(C8H8 CHEE ~ Llglem’) CREIZSY Y FAL v FLEBEICR> Tz, GeBDE S % 50 nm 225

180nm ¥ TZEAILL. 232 nm #R & 23.6 nm MOKEXFKICL S & ) KB L 7242, 120 nm THEAT
HbHIEWBbrol 35 TOEIE., FREE 65uglem’® KHYT 2, 3e— L Y AH LD 728/ 8 WF]
BHRBREBLIENFTEDL LI, EE 1200m D Ge Db ) KLEENE 5120 nm & % % Cu-Ge-Cu &
REA L ERGITh o 72 BES — 5y MBI A FHREAEIR, 2 ¥ — 2 BB DD S —4y
MOBED2HEEL Y, 34 x10° Wem® TH o 72,

OFY — 4 v I (Single-slab target) . #8200 pm E S 1 pum (540 pg/em?) D Ge X b 54 7% KEHF
HE2um LTOEE 15 mm ORGERIZEELEVDTH ol H5 AHED S D XBEHETHBA~RS ML
PHBICTLOLHIT A0, AEKT 100mm EEDONY LVETTFOELN TV,

5 TIVFRS —4 v + (Double-slabtarget) t&, FAKS — % v MBI BB DD RLHET 5 -0 10#

RNy —F v 1 Thb, BANEER, 2HOFRS -5y b2 RS54 7OMWEMDT % B4 500 um

THEMFED 300 um THo/:o TOMMBICBVT 232 mm & 23.6 nm BOXBIERTKICL 5, 2 HOFR
=7y VOVITEELEBOARKEE X, #hFN 1mad & 10pum Th b, SHADOBHFL —HF—¥—1%
AT 7201, RS540 L)V —HF —E—LADE5EEN L1z, BYEESMIE, PR -4y b &
FACICE2 85 ICRIERFERETREL 2

®#EW 5 — 4 v b (Curved-slabtarget) &, FARS —% v F 2 BXME L —HF—KoBHOBBICSbE TE

HY =7y FEWMITTERT %0 COBDERTRFEALLYP 70T, FHIB6ETHRRL,

(a) Exploding-foil target Pump lasar

(b) Single-salb target
~— . -

Ref: is
Reference axis S || | <etiam erence ax -

CH film N \[
. Ge stripe
X-ray laser beam Ge'stripe ﬁ
] '] Glass substrate
Pump laser Detlection angle 8 Pump laser X-ray taser beam
(c) Double-slab target
(d) Curved-slab target
- ~ .
Reference axis e
~— [
] >7
X-ray laser beam Pump laser e

X-ray laser beam

K s4 ERIFERALAY—Fy MEE: (@ #FE. b) FR. ) #70. ) &l —
7 bo (a) () (€) i IM-07-GXII TEH, () (d) i3 IP-05-GXI $ & UF IQ-02-GXI T L 72,

.52



H5% . A A UVBRIVI =T ARXB L —F — DBIERT

(i) #=# v+ 742}

BGL—F— L oXBICNT 25—y FONBRARSBERT LK, -5y rOREXHERT2
ol BEIC, EEF v o N—DOR— bORLIKELLEZMACSY Y7 X774 %~ ($30pum) I2& D 0.1
mrad DHEE T, BHL -V —CEBELZEEMIREL . -5 v VMEREDA M54 JORIERENER,
2 BOSERRIFEATEEE (split-field imaging microscope) [36] % Hl\v» THEER I L THEL 72, BTV -4 —
Ly =4y roMHLBIR, BHEFLV-—F—¥—AKKa754 8N cw-YAG V—H—E—A%HANVT
Foucault-shadow ¥E12 & D BEBICREL (H55@BB) o 77344 ¥ M3, FREIC Ny - ay
FEATRW, EBRPEIAV Y PAATICL o THERE L, BEMICIT 4 ¥ LAEEEL A TE#SEL
KBOAENBEYREL . AEBLIUNBORERE L. Zhfh timad & +10um ThHolz, (M-
07-GX1I)

TS =4y FREHMY— 5y VOREFERATIERTIE, SV A% KA L BRI )72
HMARET7AN—L2HVT, ¥4y FREEF v v A—PLICEW 2, 8/ LSO He-Ne L —
—¥ORRHIE Dy —Fy VEOAELRELZ WSSO)SHR) . 94—y NAEAEORERE R,
Imrad L FTHo 72 (IP-05-GXII, 1Q-02-GXII)

$30 pum wire $100 um pinhole

7 mmC fi.ber\ He-Ne laser
Ge stripe (Transverse spectrometer)

He-Ne laser YAG laser  Reflected light

(Axial spectrometer)
(a) (b)

55 754X hHE. () FEBEBLTEVYYFUANLYXDT7IS4 A E (b) 4
-5y NTIA4 X b

Pump laser

C.EtRIFR

(i) RIAGT K2

EHEGMATRRF AV AT RS XL —F -0 EICEREL 2. ZOGKEOEEER 5.6
KRTo COABBICRBASAE 2°0&7— MREKSHEE (HRPE Sm) 29—y rhlLdrs
1.13 m OFEICH . K% 100 pm EOZHEA Y v b EICFEE L 72 ZRIEM 21200 lines/mm D U1
EHET . AFBFCEELEIICANZ MV FEEZE L. 2OEEEIZ 10 ~ 50 nm OB RRZEAL
7237 ¥YvzutnoriE (5T UVSOR) ¥ AV TEBREYBELAES 147um DTNV I =
TATANVY— % XBRNEGEEOBAOPT L EM T 5 720 M L7,

BERIRE ST A X~ b Vid. Kodak 101-07 7 4 )V A ¥ 7213 ILFORD Q plate % AV THIE L 7=, BRSO A X
R, XBATY—2AX5 (GERKT =2 A C2590 7)) 2HVTHEL e AV — Fid 30 nm
Exn&% 100nmESONYVVEFIEEL- DX FERA L, BHSBARS MV, BREOD
CCD #ASIcL WERsF L7mo BEL —F—Hicxt L TER XKL —F — K% + 150 ps LA D EFRGHEE TR
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BSE FAVBSV oY ARXB L - — OHIgENT

SRR L7,

IMO7-GXO Tid, A MY =2 AXTEHVT, Ay bAYV—F (1§80um, H£X 25mm) % HHICA
BLTSADV—F - BROBEORBEFLITAIL 2o BRIAERA V) — s EBLELFETBEHLTY
V- FOMBEXRA L 7o BRSEARS PVHIERO NV — FOREHEIHBES —4 v  Tit 0mrad.
RS —~4 v T 9Omrad, ¥ 7 NVERSY —F v FCi SmadTh o 72 (€512 88) ,

—77, IP-05-GXI B L P IQO2-GXII T, SENT 4 Fa—Y ¥ V74 ¥— (6 100 um) %5 HEHERIC
6mrad BX ICREBE L TABEOSRE LTHEHALE, T2, APV —2AX5DRYy bAV—F (18650
um) ¥ KFICEE L T, BEMEAESA L HIE L 7.

BXBANRZ PVoOZESAEUE L -85 LAAFS R TR 5.7 ISR, SOSLB0EARNY LSS
. MAEgkSRLRELLTH o 12,

XRSax ; axial spectrometer Plasma x-ray source

HITACHI grating
(1200 lines/mm)

237 Fidutial wires

Au coated spherical mirror

Source slit
deflection angle 6

wavelength¥ N Detector (x-ray film/streak camera)

X 5.6 #GESASSHREFOME (IM-07-GXII, IP-05-GXII, 1Q-02-GX1I)

XRStr ; transverse spectrometer Plasma x-ray source
Pump laser beam 47_5o &

HITACHI grating 1219

(1200 lines/mm)

/ Au coated spherical mirror !

Source slit
vertival width : 100 um (spectral)
horizontal width : 750 um (spatial)

position

wavelengt Detector (x-ray film/streak camera)

B 5.7 #A5LBASFSHEOBKE (IP-05-GXII)




BSE ! AA VBTV ARXB L - — ORIRRE

(i) AU v bA AT (crossed-slit camera)

FEBRTIE, 200RY Yy FAXTRFHALTZIXTDbDXKBRBLELEHAIL (R5288) ., K58
WARTEIIE, EX10um DAl 7 AV —LEX240um D Be 74 V¥ — % AT LI LICL D 8~ 11
ADEERTCOXBEMEBONTHE, £53 12, FERICBITALRV vy b A ASOREEZRT.

Plasma x-ray source

Pump laser beam =i
~30°

Crossed-slit camera

100 pm-wide vertical slit 10 um-wide horizontal slit

300
40 um-thick Be filter

10 um-thick Al filter

Detector (x-ray film)

K58 AUy bhxT0EERE (IP-05-GXILIQ-02-GXII)

#53 AUv bAXTDOHEMNA

IM-07-GX1I IP-05-GXII 1Q-02-GX1I
Port No. #53,#54 #51,452 #51,#52
Detector Fuji MI-FX film Fuji MI-FX film Fuji MI-FX film
Angle from target noemal 47.5° 30° 30°
Position of slit and detector 0-300-900(H) 0-450-900(H) 0-450-900(H)
{mm) 0-450-900(V) 0-600-900(V) 0-600-900(V)
Magnification 0.68(H) 0.43(H) 043H)
at film position 2.00(V) 1.00(V) 1.00(V)
Filter used Al(10pm)+Be(40pm) Al(10pum)+Be(40m) Al(10pm)+Be(40um)
Wavelength range 8-11A 8-11A 8-11A

() FRAL Fr o N— 2 TI-GXII T 5,

(iii) *&&5 Y625 (crystal spectrometer)
TIAP X L 7- &R0 KBt HWT TS A DA A NS v XA B L s == ADFF V4R
AXVRT vEBEAF Y DOD 3s2p BBICRET S ARY PV ELBILT,
RS9I, =4y PALEOXMBLANRYS MVERT, 94 ~96A 557 vy ¥4 L L 97 ~
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101AKhrixF 44 Dl (RF/NC) ITHREHAE & FIBREBUCBRT 2 2 EHEXI R TV 3 38

ESE . A BN ARXBL -V — OHIZHNHE

I, PRI — 7y PEeHEY— 7y MZOWTEFREFN0.17 &£ 023 ThHolze TNOHDHIL,

FRFN 1.3 % 10° Wem® & 1.8 x 10° W/em® O FREFSAREICH YT 2,
510 i, QUBMETHKBRICEIVHIELZ 7 vy EEBLU AL VBA A VOZHSHERT. OB

(3CHR 35 &H)

Do, CNODAF Y OEESABHEBESIMN T3k BEXDIBIEKE L Tz L itbr b,

#54 ERBRIHWI#RTEROFEM,

-

75 80 85 90 95

10.0 105
Wavelength (A)

K59 ILEHRTHBRICL 2B XEARY MV

(IM-07-GXII)

-56 -

0
75 80 85 90 95
Wavelength (A)

IM-07-GX1I IP-05-GXII 1Q-02-GX1I
Crystal spectrometer ILE QuUB unused
Port No. #41 #53 -
Measurement spatial limited spatial resolved -
Crystal TIAP KAP -
Detector Fuji MI-FX film cooled CCD -
Filter Be Be -
Wavelength range 8-11A 8-11A -
(E) AL Fx 28— 2 TI-GXI Th o /=0
6 e 6
5 (a) exploding-foil target 5 slab target
> 4 S 4
£ o
-~ 3 & 3
£ ) -y
[2]
5 § °
kS £

A E .l

10.0 105

(a) BES—4v & (b) FARS—4"v b




Es#E: AA VB VT Y ARXB L - — 0lEESEHE

ARGASASILS Mg Laies siasd s o sl aiany 1.0

= F * Nertke ; i = Jos 2
5 ¢ 1 5 ] s
£ F 1 £ 1°¢ T
8 : 8 : :
£ L J £ 04 2
s [ 1 § ] 2
< L ] E 1oz €

g AT rvr s v s FVI PP 0 3 o0

94 95 96 97 98 99 100 101 .30 206 10 0 10 20 30
Wavelength (A) Position (mm)

K 5.10 QUB# &SI L 28RHMET (B) XBANRs Mve (B) ZHAH

(IP-05-GXTI)

[5.3] iwEssts

i) A~z b

E511. BEX30mm OFKS =7 v btk o THO W8 HARHBRSRXRANRS PVERT, &
E196nm (J=0-1) ,2320m (J=2-1) ,23.6nm (J=2-1) ,247nm (J=1-1) ,286nm (J=2-1) D}
VRV = A F VD 5 AD 3p-3s BB THIEREA L, EORE [17,29-33] LRAKK, 2 KD T=
2-1 B84 (232mm & 23.6nm) ¥ HZHE AL

100 E T 1T 7 l LIS l T 1T l LR l T 177 l LI I 71T =
E 19.6 nm 23.2NM _g~23.6 nm 3
—~ [ (J=0-1) (J=2-1) (J=2-1) 1
= ! RN ]
? 10 F 28.6 nm -
2 - 247nm  (J=2-1) 3
L F (J=1-1) :
2 | y ]
‘n
C -
g f
£ :
0'1 1 __ 1 l L1 1 l L1 1 l 1 1.1 l 1t 1 l It _ 1

18 20 22 24 26 28 30 32
Wavelength (nm)

€ 5.11 SR HmEs KRS s L (IM-07-GXII)
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ES5E . A VRSV ABRXB L - — ORI

(ii) ABESA

K512 568514 12, HEV—F—BORFHESKFERNAETHROERERERT.

Fs12i, BE40mm OFES—~4" v L, BE30mm DFRS ="'y b, EE2mm+2mm DF S
W=y MIBITS 23.6 nm BORMBRTAEFMOBRENLLZ2bDERT, £ -7 v MEEICHT S
{RIE1£5 (deflection angle §) DEEIE, K54 ITELTwb, @S — 4 v M3 TFAEE BRI % 2o 7208,
=4y MESRBHEFEZHHICLAKCOEDLL T, &=y I L TSR TE o 7o S,
E— AREBAN TS AT 0FEMHHEICHEBICHETH o 2T L2 RLTWwD, Cu-Ge-Cu IS — 4" v Mid,
V—H—BOBEITIZSNVT = ABOEIICHBIL TSN, L EY-ARBBAR, V==
TABDESIERLE ol FTNVE =4y FOE— AMEMAIRF Smrad TH H . EIRZIROHEIC
SOVERSY =7y PORBADOKHEDTTH > 7,

51312, REDEIFRS—4y MBS 236 nm MOBHRSARESH LR T. BEFEL LS
EV—H—BOMBEIRBEBMICHA Lz, S5, EHAREAL, E—-ABHARBS L,

K514 2, BE30mm DFHS —4 v MBI B SEADOLV—F—BROKRETBEIMERT. BITE
DHEEEEED S, ALEBEARCRRELZEARERED 2R IHAT 23T THLH, 196 m g (I=
0-1:Z8) OEAA 11.2 mrad 25, 23.6 nm ROEMA 9.6 mrad & h KE VR L —FH L T,

-
[e=)

T T TF

23.6 nmline
=
7] &
C 3
Q §
£ 3
o) s s 1 J IV o .. exploding-foil
& 05 i (40 mm)
© ———— single-siab
5 ; (40 mm)
=z double-slab
o (22 mm+22 mm)
0.0 f_l_l_LI_A
-5 0 5 10 15

Deflection angle 8 (mrad)
K512 EEESAEBEIFO Y —4 v MEEEEY IMO07-GXI)

-58 -

|




ESE . AA VBV ABRXB L - — OBENT

5
10 single-slab target
= 23.6 nm line
S 104
£
< 3
> 10
(72}
S —_—20mm
€10 2 ceme= 30 mm
- 40 MM
10’
-5 0 5 10 15

Deflection angle 8 (mrad)

£ 5.13 BRRIRESAERESAOY — 4y MEEEEY (IM-07-GXI)

1 commoemma 23.6 NM

—-- 247 nm
] =>===28.6 M

5 0 5 10 15
Deflection angle 8 (mrad)

B 514 FL—H—RoKHERIHESS (IM-07-GXI)

2
(7]
[
Q
05) 19.6 nm
2 — — —232nm
w
[¢}]
o

(iii) BREFRBT

Fs5151. (@ EX40mm O#FES -4 v+, (b) BE 40 mm DFHI—4 v b, () EE26mm
+26mm DI TNVE =4y MBI D SEKDOLV—F—ROBEORHHERERT, HES -7 v FOBA.
ETHOLV—F—BEN— V2NV —BHCLELBEZTRELV - —-KDE—2 (t=0ns) L HVEBERTH
¥L72e J=0-1#DHER, 2320m # 23.6nm D J=2-1FDEEDOH 100 3D 1 TH o7z FRY —¥
v FOBE, OV —F—BHEL—F— - R THRRKIIE LD L, T=0-1 RIBHL—F-—n ¥
— 275D 0SnsBICEAE role I, F 7Y =4 v F T2 196 nm BERBXEOT EHIZBWTHED
BB AD, t=-02ns BT I=21#IZEVfirnr,
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HBS5E: AF VBV ARXE L —F — otiaks

106 T T T
E (a) exploding-foil (40 mm)

105

18.6 nm r

Intensity (arb. unit)
3
rS
-

_‘
W

-
=
n

0.0 0.5 1.0

A
o
S b
n

Time (ns)
106 pr——r1r+r——r7 7Ty
E () single-slab (40 mm) 3

105

Intensity (arb. unit)
2

Q

Yo} S EPEPPE E N P

108

Bl515 #—% v MEEBRZEMNLBED SKD
V= — B ORFHER. £HERZ (t=0ns) 138
§tL—H—¥Y—2& L7, BFRDEHIERE L 150 ps 102 bt

THb, (IM-07-GX1) e Tin?éo(ns)

Intensily (arb. unit)
2

double-slab (26 mm+26 mm)

PN |

0.5 1.0

(iv) FISHR%EK

5161, AM) = AXFIENRAELILSEADL—F—BROV—sHEDY -4 v PR SKES
ERTe F7NWS =5y MITE7F—% i3, 4EnES (22 mm + 22 mm (24t 44 mm. 26 mm + 26 mm
W12 52 mm) %R 7o 232nm BLU23.6nm (J=2-1:88) O — s, HiEs—4 v M EFRY —
oy M LT, BREULTCHo7, BEL—F—E—-AMEERTLE, PRI v PiZBwTIhb
DEBBIIH 2BNES Lol BES -4y FBLTFRS—F v F T, ShoD LV —F —HOWE
DHRFMEABMEKRIT 45 mm THRRKICE o7, 32miBREVWI -4y FEESDHSII236 nm L HES
ol S =7 v PO ASmm BV TRIZA LHMEIGE L, Shid, L—F—BOoPTRLANS
WHEIFIGRAEE %R & D 23.6 nm &R [5.6) DIFEFEICRABR LTV B EExLNE (82 CEHB) . LrL, o
Ecifbo V- - I L2V 0T, SERMLBEORIZ. MELOTRIC B THRIEEEHEE
0, FIFORLEXBOBHICERL TWEE26N0 5,

B3 4mm DT 7NVe~4y VOBE, EAHRIZH20% Tholz. BEORILIDHLIZHMD ST,

|
|
i
|
!




BSE: A BV AR L —F — N

BXAL —H— KR IE 52 mm TR — 4y P OBEOIHEHEIEL oo ThiE, FTNI—F Y
FOSEAR Y — 4y MCBUI DB ROBE LA EERLTS, #ES -4y P ERBLTERS —4
y PMCBWTHEHIREAT S 196 mm & (J=0-1) OMER, FHS -5y P T 40mm FTLHHEFLE
ol L2L. BE2mm DS TNVI =5y P2 AT 232mm BB LT 236 nm B J=2-1) OMlE
ERBT AL ol DL —F—4F (24.7mm#E (U=1-1) BLU286nm & J=2-1) ) X, 232
mABBLT236mm BEEEL TI10ELUEGE»o 2, ESSIK, -4y MEBIIHTAEL—F -8
DOAAATIREE & A T RV F— % RT,

ES561. RS —F v PeHES—5 v X L TRD-FIBREERT. K516 5 SEADL—H
— BRI T AFIBRBEEMNFECHOR (C22) TIA4vF 4T LTRD, FUFREUZ, 19.6 nm #1340
mm , DL —HF —§iz 45 mm EX 3L TR 72,

[ = [exp(g-l)—l]l’s
T ele (s o) ()

TIT L i BRBST G OMEE, ¢ 3FIBHRE. L 35—y FEETH S 39

I OFIEREE, BARESAREBINGRICEBL TV LD TUT LI ERRZETII 2V bl
[17,29-33) L [EAEIC, T=0-1:B% (19.6 nm #2) ORISR T=2-188 (23.2/23.6 nm £) IZH~ T/ X
"ol

23.6nm(J=2-1) F24.7nm(d=1-1) ¥28.6nm(J=2-1)

@® Single-slab

© Exploding-foil

# Double-slab

B Single-slab with XRM

Peak intensity (arb. unit)

020 30 40 5020 30 40 5020 30 40 5020 30 40 5020 30 40 50
Target length (mm)

516 =4y "EIERELMLEBEDZEL—HF—BOK—2BFEDS — 4 v MEFH .
(@) FRE—#v b, (O) #ESs— vy B8IT (W) F7V5—4vy b 2FEY, (O
¥ty =5y MR 23.2/23.6 nm AOZRERSHEEY A -6 HEE (BeEEBR) . ¥

Ty =4y VRBFtORSTER L, (IM-07-GXID)
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ESE A VB NVT 0 ARXB L —F — OHIERYS

#55 BL—F—RAREDOI—F v MEFH. FARS —F Y D 19.6 nm MOfEX 1 £ T 5,

(IM-07-GX1)
Relative power Relative energy (duration, divergence)

Target | Single-slab | Exploding-foil | Double-slab Single-slab Exploding-foil Double-slab
(length) | (40 mm) (40 mm) (52 mm) (40 mm) (40 mm) (52 mm)
19.6 nm 1 0.19 16 1 0.21 11
J=01) ) (0.4 ns,9mrad) | (0.4 ns,10mrad) | (0.6 ns,4 mrad)
23.2 nm 6.0 71 44 9.3 59 34
J=2-1) (0.7 ns,8 mrad) (0.3 ns,10 mrad) | (0.7 ns,4 mrad)
23.6 nm 13 10 41 23 8.0 32
J=21) (0.7 ns,9 mrad) (0.3 ns,10 mrad) | (0.7 ns,4 mrad)
247 nm 0.24 - .

.1 2 .
J=1-1) 0.13 0.28 1.2 (0.6 ns,11 mrad) (0.5 ns, -) (0.6 ns, -)
28.6 nm 0.72 - -
0.48 0.60 1.
g=21 9 (0.6 ns,9 mrad) {04 ns, -) (0.6 ns, -)
#56 &V—HF—RoOFEHEE (IM-07-GXID)
19.6 nm 23.2 nm 23.6 nm 24.7 nm 28.6 nm
Target
J=0-1 =21 Jd=2-1) g=1-1 J=2-1
Single-slab 2.0 cm’ 2.9 cm’ 2.5 cm’ 2.2 cm’ 33cm’
Exploding-foil 1.9 cm’ 3.1cm’ 2.6 cm’ 2.7 cm’ 3.5cm’

(v) Befioe—1L 2 .
BFHRMEHKXBL - —KDARI MVEFKYE, 77XI04 A VBEILLD Fy TT—EHY
(Doppler broadening) 2*XEMTHLEEZOND, (fI5k CER)

0.5
Avp By g4, 10‘5(-@;)

Vo Ao H (52)

BICBRDER T, FIBHROETEEIL 06 ~ 12keV THHIEEZEL, A VRE T, 2 AREWR

06 ~ 12keV) &¥H&, BERBULK (sponatancous emission) DAY MVIEAH Adp/A 2, p (=70,
72,74) #AVTH22x 10" ~32x 10" (23.6 nm #Ixt LT 52~ 76 mA) THHELREFEONS, 8k C
S0 AREREIEHD AT 5 BRBATHERYE (XBRL—F—X) OFAREMICL2ARS MVIgIR, 5
FIMEL T CRUAToOR THAE 5,

A l _ Aﬁ’ unlasing

lasing — W

(5-3)
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HwSE: A4 IV ARXB L -V — OMIRRY

F/o. ARZ MVIEELSEBLNLIBRI LY AEALIZ, ARSI MUVBKEY I AETH L EEUTD
ATHEE D [40].

2:In2 _ .44

Av-At=
T F7-12 AL-AL=0.44-) (54)

ZIT, AV, AT, AN ALK, FREREAER. REEE, EE. BEoe- L A0PESE (FWHM)
Thb,

BXEL—F—HDARS FVIEIR, BEESHIE WAL ~ >16000) % b DRIAST2 K4 (HIREFS)
PHVTEHHILe =%y FEEH 10cm DB FHAY y b (18 15um) 2BEL. AUy P2
S 72X ML — — I O RE KEEE & R HE AT S nEldis T BB 5, EFETFICE VT
FEN-BKXEL-F -k, FEBXOBMKHEEICL > TREBE T CET S, OHFRFLEET S
FICE W BRHEEBETORER L AL -, EIETIE. EESIK 20 ~ 30 nm A @ 375 lines/mm O EHHEF
YHWw,

WOmm BEEDFERS—F v BV TERIL 72 23.6 nm DA X7 FVIEIZ#H 25 mA (AMA = 1.1 x 10%)
PTFTHhote chid, BREER (g1 ~10) KEIAHXBL—HF—KoA~xs M PEHLE L {—FL
Foo $720 XU —F —KDARZ PG (AN) »HRBEONDEMaE—L Y X (AL) &, #95um
(At ~03ps) BLETHo 70

[5.4] %

MARLZZEI I, ¥—4y MEEREHIERCEHDROBBZLICOVT J=0-1 ROFEEMN B L —
—#EBo TV ST, J=0-18& J=21 BOFSHEBLRET 5 -0 ICHAH & Hamifat
Ao TERERELRE L7

A. B TR OFH

BXBL—F—R0AESFIFE L EFEFEOZHSMICL > TRES D, ERERE, WGHEDY
LELNBESALY AV BB E LB L. —RTHEY I 2 b —Y 3 ya— FILESTA41] %
AWTHELBEOTARA + bR v 2%FE L1, SHEO&ME. 7OV AIE 1ns . BK 1.053 pym O
V—W—%%ﬁ%ﬁﬁlﬂxuwwmﬁf&éoBHJSK\%%%Eneb%%ﬁﬁﬂk®§ﬁﬁﬁ%¥ﬁt

HEy -7y FOWTHHERGLOOEMR z0MBE LTEL @i t=-05ns. ) Ft=0ns, (©
2t=02ns DHEESTHY, FNFR TS —4 v D 196 nm 4, FAKS — 4 v +D 23.6 nm R, #HEs
—4y FPOBHDBOBEDRAE 2 SEERICHYT S, #EY 5y bTlk, B Le TSI A<D AER
L. #Ve=m A T5AFy 2 ORE (Ge-CH) ¥ RE L7 BRITE 23] 10ESWT, BEFHESx
10° ~ 5% 10%°cm® ¥ b AR E BB L FOFIEHEKRE L TRR L. BESY —F v MIoWTHEHES N
TWA 161 DT, FRKY =4 v PO — AREABIIOWTLLTICEHE L 720
BoBETHLRRDN, AELNY IRBHTCREPRIALEILL 2ol Thbb, ARILNY
RN L EEBLUHABOZESMICL s TELEZEEZONRD, M519 10, COKFERT, ML
WTARIRPOA, MHIAFERLELTVS, BS19@BLUTO0) K. EnEFLFRS -4 v MIB
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BSE . AT /BINVT T LB&XB L - — OIS

5t=05ns D196 mmAEB L t=0ns D 23.6 nm R LTEHE LB ERT. COXKIS., 8l
Lt&Xﬁv—W—e—Au\sz;%wﬂﬁﬁﬁ(%=sxw%~mqmaf)mg%&w(%~5x

an®) KEFE b o T2 bnb, COKRIR. BEMEEA LEBX 2FE LB W TRESN *E
%?&k;oréﬁkﬁ}Téawoﬁ ROVRFMM (22] &£ & K —F T B, K561, TAAIHE & MR
HroRD-FBHERD /S5 A~ BE2 R T,

B 5.19 (a) & () PEEDKEIE, PR DE>TWD, t=-05ns BT 2 19.6 nm BDHES (@) i,
BXGL—F—HoABRISBLFELRIC L o TEWEBEE T, 20T TFIBHEBRI6EB LT
Wwa, —H.t=0ns D 23.6 nm BDIEE (b) KX, ZAFALHA-ODEWEEICH- > THEHEEL{E
BLTwB, TRICED, 196 nm BOF)BERSTFRAEL VENV RS TNV —F v FOFEITFICH
MARON-Z EHBETE B,

5 1¢°

;10’

e

T (eV)

on4 10

L. 10"
0 50 100 150 200 250 300
z (pm)

17 € e 1 6

r -4
R

% VIO ¥ ¥ T4 Suduiiugonlpmripulympulytrpinpe i <J 10’3

o . 3

P E

r -

4 -

T (eV)

e

] 1
1019 10

0 50 100 150 200 250 300
z {um)

1023?....”..,‘...,n..l...qx...s10“
E (c)t=0.2ns 3

? "“::::_'::.‘:.‘:.‘::::.':.’..‘::::.'::.'Z::_E 103

T (eV)

e

518 —XRLMMHEEICL D (ER) BTFEEL —— _ o

(F#R) BFRECZMSM T (B4) TRy -4
v e (KB BES—4y MownwTHLTw
5, BFEE Bx10°~5x10"cm’) L& »TH 050 100 150 200 250 300"
AoNDEBLEFOFIFHARO R L7 z {um)

1

-
| i
{
]




ESE: AX VBN ARXB L —H — DGR

Pump laser

Gain region

500
(@) t=-05ns
400 A=19.6 nm
= 300
g 10 my
N 200

100

x (cm) x(cm)

F5.19 (kB FISHEIRE Y- ARBAOME . (@) t=05ns BT 5 19.6 nm L OF)G
HIRE K (b) t=0ns ICBF5H 23.6 nm BOFIFHER & Kl IKBDOHBIIETFHEE 8 x
10° ~5x10°cm?®) KL W5 260A8BLFOFBHARERLTV S,

%57 AFVEBIVIZYABRXBL—F BV THEBERET 2795 X5

Transition Wavelength Transition Electron density Electron temperature
Ne-like Ge 19.6 nm J=0-1 5x 10° cm® 0.6 keV
Z=32
3p_3s 23.6 nm J=2-1 5% 1020 Cl'n-3 1.2 keV

B.J=0-1#N53F

ST, AFUBINVR=IADI=0-1 DS BT VIOV TERER LBERN TR KL,
506 ICRLAEI I, BES -4y TR I=0-1BOMEIREV. —F. FARS—F v P TIIRBRHFL—¥F
=NV ADVNEY TRV T=2-148 (232 mm £ ®© 23.6 nm #£) L ZZFA L TH 525, £DHEFG 2 B,

TF, RS —4y MiCowTHE2 b L, FIBEBOEFRER, 518 £h t=-05ns D& x#0.6
keV. t=0ns BL T t=02ns DE & 12keV Th b, ZOHEREESTITRT,

B 52012, 2F VHEBLU 7 v RSNV A4 VOERSHAER Tt =-05ns BT T v K
BAAVOBERERTELN, t=0ns LETR AT VBRI T & DS 2 D,

B S22 IRL7EIIC, T=0 8 A VA 4 v OREEEN» 6 F ) F— VEREIEIC & - THE X
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58 AAVRY o ARXB L —F - OHIERE

MBI L, J=2 EALIIEREBRICIE 7 v BEA 4 VORI ->TT v RBEAF o0 ZBFH
FHAIL->TREENS, S0, 7y EEA T UFEMT 5 &, J=2-1 ROFBGREIHEMT 5 C
EATFAEESN TS 0] Lo T, ERERR /I ATOBRELAEFELZ V. L L, 7 v FERKA
Ao EFHBEESTIR) BEDOFTETH (23,39, AROEHTTOFRS -7 v rOSY V=
=9 ADJ=0-1 BOFIBIBHL —F—DVEY R -2 1BV TI=2-1DOFIBL I BB LEIHE

nTwns,

107 107!
Ne-like
< 107 = ——Frlike o 107
£ £ ‘
KA Gain region §
19
2 10" £ 10
o S
© 18 |& 2 1018
§ 10 S
100 200 0 100 200 300 400 500

z (um) z (um)
520 (a t=05ns& (b) t=0ns iCBITHFAVHEBIU T v KA+ Y OFEE | Ik
DHBIIETFEE 8x10° ~5%x10%cm?®) TH2LNEBBLFDFBFHEKEYRL TV,

F-like F-like
n= 4 n= 4
! 3d ad
J=0 ¥ ! J=0
J=2 7 3 3p J=2 v 3p
J=1 3s J=1 3s
Ne-like / Ne-like

521 FACEBAACOPpBEMICBITEI=0BLTI=28ND (k&)
BhEF ¥ 2 nE () BiEFv 3V

K, BIEY—F 9 VCOWTEHET 5. M518 D t=02ns iBWTHEY -4y P>N—V A )—
L. RIBBESBRRERZ> TS, #5400 um IEDOETFIREHN 1.6keV, BEFHFE 3x 10" ~4x 10" cm”® %
bOFH L BESAEABBEEEINL, 7IXINTA—F 3 T=2-1BICELTVEH, JT=0-14IC3E




BSE AF VBV ARXEB V- — DEET

FREFETETRATIIZ Y,

BROBERE (2223] KBV T, J=0-1 B8 LM oFEBEAROEHEEMBVC E5BH I TY
Bo NI T=0-1 ROFIBRBOBRFMOLNHE2DOT, BEN LA L TR VA Y OBEVRS
LR, I=0-1 BoFABREPTrLE£ELLN L,

196nm & (J=0-1) £236mm#E (J=2-1) BEULTEMEEALTVEILIHEETSL, b0l
—F—BIIRIROBEELVER D MERLD D, J=2 BN DOHKITER (stastical weight) 1 J=01CHk~RTS
BREVD I=2-1BEREL TEMMEIGES 25 & T=0-1 IGACEE Y T2 EE2LNE, 2D
B, B -7y FRFRY— Yy MBI A ERERYERNCHATE 2, EBER»SRD 21t
=-05ns 25 t=0ns BOFUSHREOBHEMZEILIX, 23.6 nm Tk 1.9cm™ 2°5 2.5 cm™, 19.6 nm #2 Tt
20cm® 75 1.7cm Th b, EBHZFHEICE L — FABRRICESOTEIIRIETALENH 5,

[5.6] &8

CDETIE., A A VEBINVIZ Y ARXBL—HF—D SEKDOL—¥F—# (HEE 196, 23.2, 23.6, 24.7, 28.6
nm) I20oWT, #E, R, ¥7Vs5 -5y bO3EEOY -4y MEEIH LT, A—DRFEFETT
DWW LA ERTIE, HE Lum, 7V AE 1 ns, TRV F— 11K OH T A L —H — K% BEH
BE# 1.7 x 10° W/em® THETL 72,

DT, CoBTHROLNEREY T LD S,

(1) &5 —4 v + (exploding-foil target) Ti¥, XML ~F - K @AM THA L 2o BHL—¥ -

— D02 BNTETOLV—HF—BOBEKXE -2 28AIL 1, BBFHEIL. CORBENITHE
DCHRDON—VAN— BT LEETCHLI PRI o7 HES -4y TR, R —F v b
THREBAENET=0-1 BBD 196m KL SEADLV—F—BOPTHDLFEP o7 THiF, t=02ns D
EET/SATDBEN 1keV U Lo Tzl bEzbN 5,

(2) ¥ —4 v b (single-slab target) T, #HMA» S5 10 mrad D HFEICHEY — 7 X BHIL 72, 19.6
nm AR L—F —E—2 L 0ET (t=-0.5ns) i, FnLS O L —H —#& (23.2 nm, 23.6 nm, 24.7 nm,
28.6 nm %) FHEH L —F—E—2sAE (t=0ns) IH BRI N,

(3) #¥7NVF—4"v b} (doubleslabtarget) %M LT, FRMy -4 v MBI L2BEHREZMHEL, &S
52 mm ¥ CORMMMMOMBIEL ER L2, 512 196 nm OBESELLMEL, 220077 X< Di4E
ShEIZ#20% Th o 12,

(4) FUSFIRIE, FARS — 7y PCBWTEEI L 2 AESA ERETTBICL 2EFHEL b & ICHHE
REI L YR, 2OBR, ABHERSABORESTFHREINZETEE (n, =8x 10" ~ 5x 10° cm”)
FROBHEEM (B S5x10%em?) 2H5 T VWL I Loz, T/, FIBRFIROEBEFIREEIX19.6 nm #7
Tiz# 600eV, 236 nm BT 12keVTH o EFHEIND, 773 ATODBFRESEH LD & B
LT o EEA T DS BIHBEESRAL VA 4+ O AL O OB BESEA 272012, ]
=21 BBOFGSEMLZEEZoN0DH, FRLUSICS 2 D0 EHENL 3p IC & 5 THENL 3s ~DOBEEIC &
> TJ=0-1:8% (196 nm #) OERsAE (FIRRR) »WEd LITietEsrSd 5,
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AAVRINVT o ABRXBL—F — T, BIWHROWMEICL W EXRL —F - boME LTS
LIRS, 7, BRXBL -V - %2 S5 ICEHEELT 2B, HARMIBOLEL 25,
CNETH, Bl -5y PERAVEBHIHROBERICOVTRIT L, 3610, FRERFELHVL
BRI OWTORIT Lo ERER T, Bl —2y FBEITHRL &L CHE L. 5512 19.6 nm #RD
BREENE LML, 72, Bliy—4 v P EFHRSBERFEL B EEBEEIC L ), REDHEM
EELICH Ilmad DY~ ARBAL DOHRXKL - - "o,

MRLLT, BMsy—4y b EBABHBIEE, RXBRLV -V - KHOBEHELCESNTH D EPFHLDIT
ol

BX
[6.1] LB 71
[6.2] iy — 4 v MEEIC L 5 EHHEEL 71
(i) WRSMARESAR
(ii) FERIBER
(iii) #—4"v P EIEKFENH
(iv) HFAERENS
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EeE My — 5y P LRI L 2REEIL

[6.1] FUBIC

ESETRR L), XML —F —KOBESBHHRICLVGTFOo T2, BRXRLV—F -k
DI % [0 - LATHGEHE £ BT 5 720104, IR T A EHGHROBESEETH S, 72, £/
SR 5948 % Bl 2 BDEEHEIE [12,3] 1. BXML —F — % BHELL. XKL —F —osE L@ LT
L0 EBELRHETH D,

CHETH., EETOBITNRZHET A -OICEBRI TV LB LR b0y -7y MEE (8
B4 —4 v & ; curved-slabtarget) [4] K2V TRET 5, 72, WABEIRBICOVWTOIRET 5,

[6.2] EBdis—4 v MEBICLZEEEIL

HSBEICRREII, STV =7y MEBEIERXBRL -V KD T I XAhDOBHMREHE L.
EFGEROERICAESN Th o2 LEL. FTNI—4 v iz 2 2075 X2 DEDOELEIE (B
0%) TEMEBEELTREINTVS, @611, FiR, F7N, By —5y MICBIF AKXV —F—
YD ETT. (M54SR By —7y Moid, ¥7Vy—# vy MCRONAFEEHEN v,
By —4y b3, BEFERICLABMEAELEMOMEICL 0 EMYHET 5, X61KFEIE B
ABEBLUESEBILL o THRONLAEERET S 77 AKBERT, B OMELE (radivs of
curvature) % FIBHHBROBEFREARL G RE b o2, BH 7~y PCERS LI HiRE, ETHEELGE
WKL OB m2o5%10ecm TH - 72,

Single-slab Double-slab Curved-slab

K61 Els—5y POMEICLZBINHROBEE RS . () FRKS -5 v by (F)
TNy =4y bBLU (F) Bithy—4 v b
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- HOE Bl — Y b AR L 3 REEL

%61 BEFBMAHEH L BETHRDENKXBRL -V —DFBHRBOEFEE LB
RBYEOHESER (F3E, F48, F5EEH)

Pump laser condition Gain region
Scheme Transition | Wavelength (Irradiance) Gain coefficienty o, density | Electron Radius
Focus size (Spatial width) X X of
Target Peak time (Density gradient) [temperature curvature
0.268 pum, 12ps, 5-617J 60 cm” Theenergy 5-61Jis
H-like C 13 2 output energy of the
.0-4.6x10" W, ¥ em? s
@=6) | 1820 | OO0 IO WM GOpm) 1x107em 10V | 7m |SPRITE laser.
Balmer-ct 7mmx 7 pm att=150ps (107 em™) Transmittion is between
BaAR ¢ 7 um carbon fiber | PY G-J-Pert 0.35 and 0.45.
(Recombination) . 0.53 pm, 18 ps, 20 J 18cm®
}?Zm_‘ellff i (6.7 x 10" W/em®) (30 pm) 3.2 x 10 em®
= 5.4 nm _ att=60ps w4 180eV 0.3m
Balmer-a 4.5 mm X 30 um with (2.4 x 10% cm™)
10 pum thick NaF film | MEDUSA102
2.0"cm® w3
19.6 nm_ 5x10%cm’
(J=0-1) | 1.06 pm, 1 ns, 1.1 kJ “203’2) Ex10%any | 0KV | 07m
i tt=-0.5ns
E;ﬁ@ﬁ Ne-like Ge (1'7 x 10” \V/Cﬂ‘ll) a n
(Collision) | ©=3%
3p-3s 60 mm x 100 pm 2.5 cm® _
23.6 nm Single-slab target (2'30 ) 5% 107 em 12keV | 12m
(J=2-1) an:l(;ns (3 x 10% am™) . .

The *s indicate measured value. Others are from simulation results.
The hydrodynamic simulation code for Ne-like Ge scheme is ILESTA-1D.

£ (P-05-GXI) TiE, BMs—% v FEFRS—4 v PR B LA, B62 KRT L)1, &AFS
HEBEA M- AATEFERALT, FEDKRXRLV - —BOKHIBAEIMZEHIL 72 (5o 6 mrad
TERBWETAY—lLoTy =4y MY OLDREOAELAIN) -7 BICEE L AN —2 25
DHYV—Fix, KAV —F (EX 25 mm, 18 650 um) %2 KF (BESEAEICFET) W LTERL,

BV —F—DBHEHIE S ENEREFALTH 5,

HITACHI grating
(1200 lines/mm)

Wavelength

Diagnostics

Source slit

Photocathode

Time

Al filter

Curved-siab target

Fiducial wires

Au-coated spherical mirror
Deflection angle 6

(streak camerra)

X-ray laser

E 6.2 BHOMAESMUNEDEREER (IP-05-GXII)
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CHCE Bl -y b EHARIEIC L 2B

() BRESBAEESAS
63, BEXd4cm DFRS —4 v bEMBMOMITA 15mrad DES dcm DEM Y — 5" v + DERESR

AEDAIBETRT. HAMELYSEX AR, -4 v MEERLV—HF—BICLoT#H 10mrad TH o 7=,
T/, COMEY— S RN ENTIELE o7 FHRY—F v FOBLSLEEL T, BHis—7y
FCIRE—-ABBAREL LTS,

(i) BRMIER

B64il, (63 DE—sAEIIBITIRMETLTRT, Bl —7 v FOBAHIKL Y 196 nm B TIFFE
Wy —4y PEHBL THRENF 1045, 23.6 nm T2 13 EEEIEML. DL, Bty —4
v MIFFIC 196 nm BRICOWVWTEL (HMERHNT 5 (BHRDRLHET ) DRV H o7,

Single-slab Curved-slab
(40 mm) (40 mm,15 mrad)
Time (ns)
+-0.5
19.6nm 1
(J=0-1 0
T 0.5
§ 12 > Y Q 12 .
Deflection angle 8 (mrad) Deflection angle 8 (mrad)
Time (ns)
23.6nm
(J=2-1)

The iso-intensity contours are linear scale.
The dips at 6 and 12 mrad are due to angular fiducial wires.

63 BEMIMMAESMOSEMRFR . () FWRy—4 v be () By -4y Ficsd
T2 (EE) 196 nm & B LU (FE) 23.6 nm £ (IP-05-GXII)
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Intensity (arb. unit)

0

-1.0 -0.5

K64 BHy—4y rDEHE

19.6 nm (J = 0-1)

0.0 0.5 1.0
Time (ns)

gow Bl — 4y b EHERMIIEC L ZRMEL

23.6 nm (J = 2-1)

Intensity (arb. unit)

1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
Time (ns)

(a) 19.6nm # & (b) 23.6 nm MOEREIET | () EH

=4y P& (R FHRY -4 v + (IP05-GXIN)

(iii) #—4v M EIEKHFH

6512, B516 ISRL-FERICEBHY -4y VOEBRERELEMLAZbDERT, By -7y M %

FHATAHIEICED, 196 nm &L 23.6 nm 25, (ZIZFE UHME FISEEH 2.5 cm® ICHST2) &%
o7t COERERED S, 19.6 nm AT 23.6 nm ARICILET 2 FIBREE SO EBHL I o7

Intensity (arb. unit)
b=

10°

102

20 25 30 35 40

X 6.5

(iv) BTAERENSE

Target length
By -4y MEEICL

—&— flat (19.6 nm)
—&— flat (23.6 nm)
—A— double (19.6 nm)
—&— double (23.6 nm)
wdv curved (19.6 nm)
<48~ curved (23.6 nm)

45 50 55
(mm)

LigEE oI (IM-07-GXII, IP-05-GXII)

B 6.6, Bl —%y POMITAIT 2HEL V- ARBACEBETRT. tHiTAOHEMICL &KX
ML —F—FoimEsmL, smrmELlTwa, 72, 20mrad LT T T AOREMBIFE LN T
VRV, TR, SHIAIVEEEE (KEVHlTA) PLETHLI L EIIHIET 5, (K 6.1 BH)
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Eo# By —4y b EHARREIRIC L 2RHME(L

SAMGLEAME MAAR] RALLE RALLE LARAA RIY ARASRASAS RAALE RASAE RASSS RARLS 10
:19.6An . b F 23.6 nm ] 8
T E 18 £ - | 48 &
3 - o = l: - =
s L ~gi 1.2 5 | 1 =
8 " 6 = 4 - 46 =
g = w © " L w
z [ s S 1° €
7 - > 4 =t Q
c - 4 c = L -1 4 1=
o - e ] ] . (]
= - o S L - >
EE J. ¢ £ } 1. 2
L 12 3 = F 12 &
- -1
Y CYTUTFVTUR PR TS PRV PR i) 0 T T T T T 0
S5 0 5 10 15 20 25 5 0 5 10 15 20 25
Bent angle (mrad) Bent angle (mrad)

K66 #EHy—4y bOMITACKTZ2EEE Y- ARBBAOBEK . () 19.6 nm £
BLY (F) 23.6 nm & (IP-05-GXII)

[6.3] #ABMWIBICL 3EEELE L UHEREDRL

S — 5y PCERBIERSEL A L THEEREIEOER (IMO7-GXII) %174 -7, K 6.71223.6
nm ROBFEEE L RT. BABBIEEP T, ZREFTROBHELELNIRMER LB L, C0E
BTk, REFAL 77 A~ DEMIIH 2.5cm T, REFEOHBRE L —F— Y — 27 D# 200 ps BIICRAE L 72,
OB, TIXIDODRXBICLATERSNEP 0L EPFB|EIN TV 6], D& ) BREHE
DRELIHTAICERFEL 79 A EISBTITL VA, TIXICFAFSTIHXBL—F —FK0iE
B (EE) PEFTT20THELLEHEIZE Ly, BN 75 Avh o0l 2 FICREAT 5 LR
EFEL, REEMEB*RITITITIIATKEGAON I A NFE-BEEDOHIFTD 1 Tho7l2Z L %k
ZELT, POSGXIERTRIEHEL Y -4y FOBEE240 mm ISR L, BABEEHOBEELERL
PAdS

LU LELEE TTITrrengeyed

YT TTTTTTTTY
25 mm-long single-slab (b) 35 mm-long single-slab

Intensity (arb. unit)
Intensity (arb. unit)

asa M P T

40 05 00 05 1.0 140 05 00 05 1.0
Time (ns) Time (ns)

B 6.7 BHIBIEL & EABRERLORERER 236nm ) [ £S (@) 25
mm BLY (b) 35mm OFRS — 4 v M+ 5 (FERR) BABEEXE K
) HEEMHEIE, BEXEEMES CEBEKEGEOEERR s, (IMOT7-
GX1)

i TEE TN TSN ININUNINENEI NN

t

il TS TRUNINGNEEINEETENENUTN]
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CEOE Il -y b EEAKEEICL 2REEL

6.8 2. IP-OSGXIERTHA LB —4 v M FHLSRERSE L A SE - BB BIEHE S,
Tto BHI—F v M, B 40mm. BTAI 15mrad ThH o 2o FRERGHEER. AEARER LI
Mo/Si ZREBEX /A O VAN S ICE N L -FHEEE TH o7 T2 -7 v PDWER
§HEOERIE 40mm THo7,

4; =40 mm Liy=40 mm

Bent angle:15 mrad

Substrate
Gain region

8 mrad

toward spectrometer/beam line

Flat multilayer mirror
(~35% reflectivity at 23.4 nm)

Pump laser TOP VIEW
K68 EHy—4y & EMREELER LAEEEHEIE (IP-05-GXID)

Time (ns)
1.0 T —+-0.5
-0.5 ]
) E 1 ]
£ 00 b~ . T O
e E ]
i 0.5 = b
10 F . -1 0.5
1.5 1 L 1 1 4 V ? 1'2 -
0 Intensity (arb.unit) l
Deflection angle 6 (mrad)
A B I LS SLALLE B AL B sy
Z s
3
o [ . -
s
>
‘B = ~1 mrad —
5§ [ T
[
n Iy ]
, r v =~
0 | | VI .1 1 1 1 > —Y b,

0 2 4 6 8 10 12 14 16
Detllection angle 6 {mrad)

K69 EHMs—4y bEFMERBEREHESFH L KIS0 MM AEST | 4
BREIEYE (EAR) B & UHRIRINE () oY — 2 oilER (B) BLUY— 78R
DAEFERESSA (T)  (IP-05-GXII)
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HoE Bl — 5y b EHERHIEC L Z2EMEL

6.9 IZo 23.6 nm FRICK T HERMEEERT, BABHIFEC L v BEESEL(MLEL, # 1mad D
E— ARBAME ORI, 72, FEXRMEMIEICL 923.6 nm HOBELH 10 I L 720 HEE19.60nmiRD
BHBBIEOBE BV TH, 23.60mik & AR OREMEOE L2 8HIL 2. KEEORRHERILL BRI
LAEBILICE o T, L EEEITETHD, FTECEXS L) I, BABREIREICL 28D
MEDERIR, ZEae—VL Yy ADMEEBHICEBELTWS,

[6.4] &

CHETI, Bl -5y PERAVLEISREOHE L ERIERSE L AV HABHEERIC OV TR,

FEX40mm ftF£ 15mrad (BIREZE 2T m) OFMWs—4 v P2 ERALARE, ALERSOFHEHS -5
v FEBRT, XL —F — HOMBELHEIL 720 FFIC 19.6 nm A2, #7 10 BRI L 720 T 72,
—4y FOBITAEEMT 5 L. KXBL —F - XOMBEBIL 7225, #TADF#ME IR 20 mrad LT
T hhol. EBERE, B —7y P BEFDRL ICHEBET AL EHL L,

ERBEREHESEH LB RMIE T, XL~ —HDMEL T L) EICB YV THEL ML 720
LH L. 20EMORT THRXBL —F - KOBEFEBICEBL Lz, COBPOERIZ, #XBILLoT
SRBIERSEFEEL. FORGFERBET LA EEX LN TS,

FIT, Y4y M ERBERSEOERY 25 mm 25 40 mm XML LA, BABHIEFOLRE
EREEDHEE R oz Bl —4y b EFHALRBERGFELHEA LB EHIEIEICL D, 23.6 nm 4%
T 1045, 19.6 nm R TI3H 40 BORE DI EFR L 720 REOHEMZ T T2 L, FRCHmEOE
nrz (€— AREBAH Imad) RXKLV-F-KrRFonl,

MRELT, By -4y F EBABEESBEELCANTHL EMHAL IR o1
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FTE BXBL—-—HY—-KoZEMae—-L A
FB7E $XBL—Y-XOZHIAE-L>X

BUWERae— VYA bORXBV—H—Kit, xa/F3 71— ENDILASHFEhD, B6&E
KBWTHARERICL VB BEIEOBVERXBL—F -k, ZHav—- LV A0omRELBEFELT
WwhtEibnd,

COETE, ¥Vrx— W7V F3A) vy b7 VL2 ACTEHRIBL—F -0 EHae—- Ly X%t
L7 T, EBRERLT O L CHXBL—F BT Y RABBESHE S 24 Y ae—L ¥ PRBISEY
CERBHLIC L, T XU —F — K05 v ARRESA % b O EXIR (quasihomogeneous
source) TH B EREL T, WABEIBICBII AV — ARBALHIL -, F0ER. FHBRHEEIC L h il
HEMToaIe—L Y MEBKH SS B Ic ), Ie—L v hST— BRSNS & B L T#Y 320 £ L
L7

BRI, BUEHIe -V AR08 XMLV —-HRLLBAL 5740507 TF 74 —DERIIONVT
BXTn3,

BX
[7.1] B U»IC 19
(7.2] XL —HF—DZHae— L ¥ 2EH 80
() ERBLUEBRER
(i) #o ARBEIME bORBFEOZR -1 R
(73] WAHBIBC L 52 ZMoe—L AL 86
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ET7E  RXBL—YV—HoZLMae—-L 2R
[7.1] BUBIC

BRXA L —F — K BRBGHEIEY (ASE) THhH., HIFRO—HL R LABARBUHEIEIEBLAZb D
ThH5 [1Jo XKL —F—KOWOMIcBIT22Mae—- Ly 2A0lELZREL DX, z=0 KBV TEE
aBOrLHEENA vae—L Y R (EEL) 2, z=LOEKCAELAEHze— L y2ATH52L6h
6°§ﬁ3B—V71ExHL'7V$WﬁN%%wTuT®i5K§€6nk

o8 M
¢ 2 2ma (7_1)
T,
N2
A-L (7-2)

7/, EE AT ARELIBOER - LYy AR Xc i, BIZRXNTHELHN05 Bl

205
X, = [xcz + (l—{) ]
2na (73)

z>LICBWTRE 2 FHAXEMELY, ab—L Y MABOKEIRBRIAFEOKE STRES,
Bl LT, a=50 um), A=20(m), L=4(cm) A2 &, 7L A VEIE N=3125 x =26 @um) &%

60it\ndmn?qu=mmmt&6o%Duﬁwr7»%»ﬁﬁ1a&n‘%uﬁ:t—vyb
K&é(%=m0tbtu‘N<Mma<8wmﬁ%¥?béoLtﬁof‘&XﬁV—W—%u47:

E— Ly PRBIGEVWERT I - LY M ETHILELLND, £/, WTOFECL VRXKRL —HF—K0
ZHae— Ly AXMETEIENVETD L,

(i) BAEHA4X (2:2) 28T %o

(ii) R (L) 28T 5,

7.1, COBFRERANITT, EHEOHIMCE ), €—ARBAOREL FBatomt) 255
TED, PN TA—sDEHE. OB [72] [73] KRB, () KEIE, BHFL-F-0fR
HLHIEEBAT 2 ERIMT b, ZHae—- Ly ARMLETI2HERIBOATVES (Bl LELEREL
T, BEXEL BT AT TSI vyae— Ly FEREOEBRYBLI kdh o7 (i) IKETE, HAHH
1B & 2B E O, Zloe—L Yy A%ALETA20FN MR TH S,

Faocedhe, S6ETHEREEBICL VBN 1mad D ¥ — ARHA R, ZHI—-VYAD
MEEHEBIBBELTVS, COETIR, KXBL-—F—KXoboZMae— LY A2 EEMICFHEL 72
F/, ae— LY FRBRXBL—F—-RE2FIB LAV IA4 x0T T T4 - %T% o1
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E7E  HXBL - —HoZEMHae—-L R

Sett  in double-pass amplification

Seft in single-pass ampilification Source size
Coherence area

7.1 #HXSEIEOERK  HAKEIEICL Y ®RXBL—F Kol Tcoae—L v A58
Bl ey, BEagrmEt 5,

[7.2] & XL —-Y—DZHEIE—L > X5

(i) EBB L UERER

B724, Cvh—n7 LA %HniEfaor— 1LY A0 EREBR %R, BX 40 mm DOFR S
=7y PO OBET LKL —F — ik, SRERGFHET 232m RE 23.6 nm WOLBRFSh, ES
08um D7INVI 74 )V —%2EBBL IR, BEMUEBICELNLRIEE (Kodak 101-07) KEKXL 72,

73 WRTEYR— V7 LAk, ER40um O¥ ¥ F— VA RIEMIC 200 AEE I LTV 2, 300
pm BEIZ10EIEA TS (300pum 7V 4) K& ERT 54521 100 pm RO ¥ ¥k — bR 75
300 um BERK 10 HEA TS (100umB00Oum 7L A) o €vd—NV7 A4 3ERBERFBEIEELET A
LH)wBEsrh, REBLEEAFERTHLALTHER (797 k-7 7 —0OFK) 25605,

B 73, Erda—b7 LA ICL DRIBESE A L AEBTLA ) (BB &XEDOMESMICH
KEHOE A ABRBESHLIRE L 2B EDPE v A~ V7 VAEBTHOa— Ly FEABERL TV 5, (G
MixftsB [B2] 2&H)

B 74, K751, HEROE A Y ARBESA Y o4 vak—L ¥ FEE»S £ L5 23.2 nm/23.6 nm
KW LTRHEBE LTH NS -V iRT, ELLDORICBWTHAFHAONRREE 7 X BISEEES 4 JEIR I
T BFHNS—VICHL P REVHRON S, 300um 7 VA DTS — i, THRONy 27
5y FEOHPES L TERENELR TV, T2, 100umB00um 7 VA &Ny 7 759 ¥ FEGEL %L,
HADTAFIv /LY IBREVILPRHTH S, (K78 BH])

76, COERIL-THBONATHEBRTHD, T2, U771, COTHBRLPERFEIISELT
BESHCERLETHEYRT. COTHEL YV BEORESA LML 72,

B 7812, ENETROBESMLHFONE THHROBELEAMON (width/period) & THREE (visibility)
DRfkE. EROFERLFARIRT, (visibility DEHIZfTEk B EH) EBERHSS 23.2 nm #R & 23.6 nm
MOWNWTOBESAE, FESIEF 130 um CEEENE 65 um) OF 7 ARG IE» > 722 Edsbh

> f:o
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F£78E KXBL—HF—FnZEMae—-L A

X-ray laser
Single-slab target

Beam Line

Pinhole-array

Detector
Al filter Pump laser

Concave multilayer mirror
72 ¥vh—V7rA3AVEZlae— Ly 258 (IM07-GXIN)

m=] M

Pl(x1,y1)
i\ : A QEXK,Y)
L>x .I. v .l. '1

LRI Pa(isy) j@f
100pum
300;1:11["‘9 2.8mm J 10

N -

1.0 r . "\“‘*~ — 2 =2.34(m)
| ‘Ynm =1 h(p’q] 0.3 ao(pm)
08 1 f=1 21 06 N ~ — 20
E(X,0) 06 | 1 A=232A1236A - ;\ \ ~ —— 28
£(0,0) 0.1 | A A j 2: NN g0
; 100
o2y J ‘ N
0 LA A A A 0200 400 600 800 1000
-400 -200 \(()fx ) 200 400 Distance(pm)
Atpm L0
1.0 T ~ z =2.34(m)
0s | ] Yzl Mp,a]os \\\ AHWHM(pm)
: f:l.ZIRH) 0.6 \ \ 20
E(0,Y) 0.6 [ ] x=232472364 - NN N gg
B(0,0) 0.4 ] 04 "R = %
0.2 1\ A_ 0.2 \\E\\\\ \\‘_- 100
0 (] 200 400 600 800 1000
o0 200 0 20 00 Distance(um)

Y (pm)

K73 (f) 2b—LyRAICEA LAY Y k=7 LA ORERERERFEOZERE.
() BAER L 4 vae—L v b REOBREM ¥ ABED (GF) BLUAYA5%H (ET)
RARE L/ ED I — LYy A, 2v— L v ARKOFEEGEEE 23.2 4% £ 23.6 nm

DIRAE L 1 HIF I U THIRD FMEHE Ay & FE KA LCEE L7z (IM-07-GXII)
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Uniform circular source

EI1TE . HKXBL—F—%nZTMae—-1L o2 %%

Gaussian circular source

AHWHM = 50(tm)
f=121(m)
A= 2322723&&

o]
Y(m)

200 400

AHWHM = 70(um)

0
Y(um)

200 400

AHWHM = 90(m)

1.0 1.0
20 = 50(ntm)
08 : r=1.21m
A=232A236A
0.6 | 1
0.4
3-2 = 02 =S
S22 0 + SiS o .
&I -400 200 0 200 400 [SHE I -200
> 1o Y(um) -
E . 20=70(um) z 1.0
=
'3 S 08/
= £ o6
I el
s § 0.4
E g 02
o ol
=} " = 0 "
Z o400 200 0 400 Z 2400 -200
10 Y(m)
. 20.= 90(um) 1.0
- 0.8
0.6
0.4
0.2
400 200 200400 %0 200

0
¥(pm)

K74 Eykx—n7bA4@0um 7V 4)i&b4yae—Vby bEBEOTFHE - (k)
FIR B D4 oy & () #vo RBGHEESA O YMELIE A

0um BLU (F) 90um & LTEHBE LR TH 5,

Uniform circular source

. 1.0
1.0 20 = S0(tm) 08 AHWHM = 50(um)
4 f=121(m) .8 I 1f=121
A= 5528856A 06 | IR 32803364
04
'5 o4 ’o" g 02 | 1
> . . XIS o .
R G400 200 0 400 EiE 400 4200 0 400
> 10 X(pm) > 1o X{{m)
5o ' ’ 30=70um) G AHWHM = 70(tm)
[=~4 1=~
7] L g 08¢ 1
E S o6
8 8 o4l
E S 02
£ E
) . o 0 _ . N
z -400 -200 0 Z -400 -200 4 400
10 X(pm) 10 X(pm)
’ ’ AHWHM = 90(um)
0.8 0.8 1
0.6 0.6
0.4 04 |
0.2 02}
0 . \ . 0 . .
-400 -200 0 200 400 -400 -200 0 200 400
X(pm) X(um)

B75 €vk—7l4 (100umAB300um 7L 4) i2&b4 vae—L v b REOTFH S
— v (K) BRAOOFE a & (B)# 7 R BIEESAR 0 EE 18 Agwim € EnEh(L)

HWHM
(IM-07-GXT1)

0
Y(pm)

Gaussian circular source

rEnFhn ()50 um(sh)

200 400

50um () 70um BLU (F) 0um & LTHEBE LR TH 5,
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EB1E . &XBL—-HF-%oZMar—L 2

%
|
|
!
L

N S R R B X PR30

K76 &XBELV—F—% (232mm#EE 23.6mm &) Oy R— V7 UALI2L 5 TFiHE
(IM-07-GX1II)

Pinhole spacing (100pm/3001um) Pinhole spacing (300um)

10 T 6
7 ® 3
5 S 4r
o 9 o
2 4 2
2 2 2
> >
=2 =
1 I 1 0 1 1
-0400' -200 0 200 400 -400 200 0 200 400
Distance(pm) Distance(jtm)

B 7.7 #®XEBL—F—% 232m#E& 23.6nm £2) LB onTi/ s — v DEES
fi. (F) 100umAB00um 7 b4 & () 100um 7 L4 IR E LTV b, (IM-07-GXII)
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Visibility

ETE HBXBL-F-—%DoZLMar—L X

10 O\i{OAZU 30 40 50 60 70 Lo 01020 30 40
X 0 .
10 200 N, I‘ONN\M N

40 \ 30 \ \80

09 50 08 M 40
\al, =90¢um)
\ o
- )
0.8 . = 06 50 l
‘T\m ‘;,'3, 0=90wm)| " 722 34(m)
\ (S £=1.21(m)
0.7 0.4 .
o =8P A 232&;36@ b
~—o—  Gaussian beam
\90 —<+— Uniform circular beam
0.6 0.2 -0 - ©  Experiment
fﬂw-m‘so(ﬂm
0.5 0.0 90 .
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.2 0.4 0.6 0.8 1.0
Width/Pel‘iOd Width/Per]Od

K78 FHmoEsBHoN (Widh/period) & TR (Visibility) DRI & EBRIER . (£)
100 umB00 um 7 L4 B LU (FH) 300um 7 VA RT3 (2h) ARBAOB LT (BA)
Hry ARBES % b OREL LRS-, EROTHRL VRO LZEM - LY 2, &KX
BMU—F—R3ABHOTCRRL N YV ARESMICE,» oL EZOND, (IM-07-GXID)

(ii) A ABRESHA L L OXBENEMa—L X
Avae—LY MBI oTELAZERae— Ly Zid, [f4EB] KB TWAH, EELYHE

CEEY e T SROMBESA o) X RERE o EAVTUTOXTERT %o

pz
1(p)=1, exp(— 2]
20, (7-4)
Hy AREESHE b 04 vak—L Yy P REFEOEZ -V VY AF pp)id. #oABELL, V2
REBESA % b D HEHHEH S s ONBEIMELEMa - LYy 2ARUTOXTH S,

2]
=N s _ p'z
e

(7-5)

ZZT, clﬁiUGg B, AV ARE- AR BLUZEM I — L Y 2ARBOFEERE TH %,
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T8 HXBL—F —R0EMa-L 2R

k-0, (7-6)

FLDH o DEBICEVTO061 (=16") L% 5o 7, HHlE Gy WATHRE (visibility) 2% 0.61 (=1/e™) & %
SHEBETH S KRTH LN A Y AREARHA OFMELIE 130 pm i3, oy =78 (um) IAHET 5, A =234
nm. s=4(cm) Tit, G, =19 um) Tholz, ZMab— L2552 JEOERE o OARICBREL. G, <<
oy THENDT, RXMV— W~ H Y AMMERH LAY ABRER e — LY A% b2 4 ARIHEY

B (quasi-homogeneous source) [5] TH B LIRETE S, F I AMEHENFICL->THELS z DB T
DEFEFABLITae - Ly APFBR R YT IAREL B, WHBCToE & LA, BESHABLUE
Maoe—L 20y 2 REABOELRE O'I(z),cg(z) BUTo L) IR B,

o,(z)= Gl[A(Z)] and Gg(z) = Gg[A(Z)] (7-7)

CCT, AQIZE— ALY RET, Bk =2n/) 2HIVWTUTO LS ILEFEE B,

Az)= {1 + (kcr,o; J J
(7-8)

zHREL LD (z>>k-o'I-0'g) EVA@ DSz WHBIL THMT 2, Ho AR ERFIIBNTE— L E

KEOL23e— VIV AFEBORKEIDLIE, zRELT—ETHb, Thbb, E—AEHICL o EHae
—LrAMLET S (HBEEBIIELLS) 25, 2e—VL Y B0 D LS5 L v,

o(z) o
L = —£ = constant

oz) o (7-9)

Cwﬁ?u‘uTwﬁﬁ:t—vvxwﬁ%ﬁmlg%wa%MTéoﬁﬁﬁ%tgu\ﬁ&ﬁﬁﬁﬁ
YAGHTHBEE (7-11) D LAY ARMHE OB og(z)%fﬁwfit%o ok &, HHEER
zg X, T 037(=1/k) L HHEHTH 5,

J.:pd g(ﬁ',l)dzp'
- =2t 2 .
|, aB.2)d% (7-10)

L (z)=
£,(2)=~20,(z)=v20,A(2) (%-11)

-85 -




HTE XML —F —HOBMITE— LA i

BARBEHERIE (ASE) TR, 79 XY ERORKPFEH T L — L ¥ RI2B5T 5. FIBRROALIEE
B WM L CHE A OBXML —F —XOMIRIZBY 227 £~ L > XOMBEHRE £, 5p i3, Bl

Tisxohs,

A-s
[ ASE =2—\“n2—¢ﬁ
) 7 (28) rwane (7-12)

RATS% S L ELERRIE Cid . ARERES s it (B337) &

jotr x-exp(g- x)dx

G
J; exp(g - x)dx (2.13)

Ser

IZT, =4y FE’élTé 4cm, FIBEB g% 25cem’ £ 5&, AERER Seff 12 3.6 cm Ehins
=y MRED WD L%k Do A ABIBENT DOYAEENR QA)eyppg = 130 M)y s =36 (cm)\ A=
23.4 (nm) & 9. ngSE=3.4(um) b, . ¥k — V7 LA DRE2=234(m) Tix, Az=59 &%
. cg(z)=cg-Az=110(um)\ tg(z)=160(um) PELNE, ERE LT, T 88 % 12xt LT 40 um,

Tt 50 %Ikt U T#H 130 um D2z e — L Yy 2B,
€= AR 200y B HEEREAVTUATOXTRE 2,

L2222

kO'g T['[g (7_14)

2 eFWHM

MESMPOTHE LY - AR BAT46mad &2 ), - ARBAOHAER B Smad) & Lv—3
%4‘7‘?7\:0

[7.3] #ERBWIBICL B2 —L > XDEL [6)

CITR, Bl -y P BIUEABBEOR S BT 2 RXRL —F - KoRHRTHEM -V
YABLU IV INT—IOWTERT 5, BHMOFIGRE B ICHESRE LTEET 2 LIRET %
L HHEHER s BUTOLIKRED, (K79 BH) FHEBRSBMT 2L, Te—L Y MEKO

ERVED 2RI Do 5 =4y PERFHREDERE £\, 3 4em TH Y, HIERRES s 513 156cm
&k b,
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£7E . XBL—F—-KDZMae—-L A

I:Tx-exp(g-x)dx
) J'lrex( - X)dx
, exp(g

+28,_,, +4,

S
(7-15)

[72] CRYEVFE-NVT LA 2HWTERY T2 o205 XEENMESEEOM EL BB E L TAEER
TRAYY F7LA 2RV, 7101, E-AF4 VIER LAYy P77 LA BEURESRLICES
NAETHEERTe AVY P70 413 2mmx40um DAYy ML HHEH L, 100 pm HBO ¥ 7V R Y
v b%300um BT 10 MAREBLERXT AL ) IKEEB L. EXTA2XY vy M7 VA OHETHIIERT
&5, COFECE VR ZRITHE KFELAEHR) OZEMIav—L s ADERLEFLI LT
&5, 2HOLBELGE (MAMBLEIm&FH) 2EHLEERE, BRMCEE72 ERLT,
RESBHSKEOEEMBIZH > TRy b7 LA DLDT Iy vk—7 7 —AHENELN DL, ERTIT,
HE 234 mm AZRBIEFSEYHVT, 232 0m/23.6 nm BOZEMav— Ly A%fELle AUy b7 VL
ARAEHFFELTHE, THEZTRETEZ 20T, EHXEITTEBOSH L 74V —3ERA LD o/,

B 7.11 42, BEHHEE & BRMIEIE (K68 BH) KB AHMXBL—HF—KDAY v+ 7L AI2L D
FHpNy— VT T MABBIECBNTTFEN I — V& kol i3, E— AT Hae—V
YAEBOLOEEOWINIAIE L Tz EZ 505,

@Ium\:@%%tﬁﬁLt&b%?@%ﬁ:t—vvxﬁﬁﬁﬁ%%iToﬁ%%%@nﬁwfﬁ

lmrad DE— ABHAHORO -HAMERE (~ 2um) L - 2B EEHBRICS VETE L -HEESR (~
19 um) 3, BABEIEOEEITH Lv—%% 18/
iIZK\ﬁﬁ%#%&Smwﬁﬁuétéﬁﬁjt—VVZE%m\&ﬁ%?@%ﬁ:t—byzﬁ

EEtg HOMORKERLE I —L ¥ MEROY A XBLUEES., -V ¥y bNNT—%RT, M

RicL B HMToae— Ly MARDSHI 5SS B 1D, 2k —L ¥ ST — ZHEIREIE & B L TH
320 M EL 720

X-ray Laser
Beam line Flat multilayer mirror

M2:Flat multilayer mirror Curved slab target 2

(40 mm¢, 23.4 nm)

23]

Pump laser
Crossed slit-array

M1:Concave multilayer mirror
(R:4 m,40 mm ¢, 23.4 nm)

79 ZMze—LYyAFHA0ERRERK (IP-05-GXII)
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BTE HXE L - —-KDEMae~1L A

Crossed slit-array

At the source end At the detector (at a far field)

c (40 um x 2 mm, 20 pair)

.0

: i

3 L

T e we- w0 - - J -

> —
Horizontal directio AV

Intensity distribution of
an interference pattern

'
F710 AUy b7LA2BVZHlae—L Yy A5 &KXBL - —KoBNBEOHRES
SUKEHFMOEM 2 — L v ADERNFER L TRIBSEICERSEI NS, (IP-05-GXID)

Single-pass amplificaton Double-pass amplificaton
1.0 10¢
> "
= £ s
D 0.8 2 0.8
g 2 g
€ 06 ; 06F
§ 0.4 S 04F
= ©
3] = B
€ 02 5 02F
S X ] =2
0.0 L 1 1 0.0
-200  -100 0 100 200 -200 -100 0 100 200
Position (um) Position (um)

F711 RVy F7VAILBHE 232236 nm BOTE s —vo— . Bl —4y b
() HAEHEE (F) EXABBELOHE (V) BLUAFESE (H) oZHae—LrX
23t 5, (IP-05-GXID)

Single-pass amplification Double-pass amplification
' ~110 pm* Source size

Coherence size (19)

~18 pm”
K712 E—AafZéae— VL y2AEROBR: o — L v AR, /HEOER zg * B THER

L7e () WiE, E— ARBA Il mrad D 6KD /- zg Thb, (IP-05-GXI)

-88 -




18 HXEL—V—FDEMa-L 2R

%72 BWI—5y PRV IBEAOEHae—- VYR, ak—L Y MABOEEBL oL
— L v 27— (IP-05-GXII)

Single-pass amplification Double-pass amplification
Measured transverse coherence
4{2) 41 2
length at a distance of 3.3 m 8 0 pm7H)x 370 pm(V) 890 pm(E)> 720 pm(V)
Calculated source size @A)ewaM | 100 pm@E)X 110 um(V) 46 pm(H)X57 pm(V)
Measured beam divergence (20
~4 mrad ~1 mrad
in the horizontal plane FWHM @D mrad(E)
Calculated transverse coherence length lg ~4.4 um(H) ~12 um(H)
Coherence area at the source end ¢ g2 ~19 pm? ~144 ym®
. L?
Fraction of the coherence area 6Z)1_2 017 % ~5.5 %
to the source area FWHM
Measured peak intensity
. . . I 1 ~10
(in arbitrary unit)
l 2
Coherent power 2A) o 1 ~320

[7.4] XL —Y-HICEBI1>51>K0T95T71—[T

() ¥ETEErO TS AOERE BAE

71312, 45450574 —DERRBE2RT. 24 VRSNV ARXEL—HF—D 19.6
om %, By — 4y b ESRERGEE AV THEERIEIEL 22, XKL —F -k, €—AaF54 5
KBV AMNMEALBERSE (196nm A #EREE4m) 0L b, BB L UCRBBCETHELL 2, M
RABoEESEESEY (5.0 m) 20 EZO FHRI 10U ETH20T, XML —¥F— K FEEIC
FEWKRERTRE B L URBIFICBE L7z, 3L PMMA OB, #1mm Tholzo BRIBEFIE. 74
VYA (PMMA) Td o7z PMMA HUTHEICIIERESLZ VO T, FIK7 4y —3FERALE» o7,
REHE, BFHMBEN T A M Ay va (A —2) Thoto BXL7-PMMA 2 H& L 72, KFHENEH
%% AFM (Atomic Force Microscope) 12 & DRSS OERERBZ Lo 2 Y ¥a—y— LTORAT T AH5
BAOBERETIKIZEL ViTebhl, .
71412, Bonrtuars s atBEERELYRT. BEER»OBONFR T T ANBETNRELZLD
ThHholT EERLT B, -
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X-ray laser

Flat multilayer mirror

l
{
!
|
T BB —F—HOZEMIL—-L R {
Beam Line Curved-slab target )

3
H
i

Flat multilayer mirror 5

Concave multilayer mirror Pump laser
Sample

713 ae—VY I&XBL—HF—1La4 054 vhuar s anfelk (P-05-GXI)

Z

50um
Hologram Reconstruction(1) Reconstruction(2)

714 LRIZE-oTHONAE (B) Auss oLy () BAE . (P) BBERYDD
o (P-05-GX1I)

(i) 23.223.6 nm DTk — L ¥ AFFEDOETHI

BRI Y . &K 2320/ 23.6 nm ANZRBIER§H4E%EH L T PMMA KBS L= PMMA OF
BI# 1 mm OB, BEE 0um D74 ¥ — %2R &L LTE W, COEEET, PMMA L2 2 & 232
m/236mICLBTAX—DODA VFAVHETRFIU IS A¥BERLLE 2HEICL 25081,
I0FB I COTHRTIRMBE LS 2,

B 715@)c, BHESINPMMA X HEL. ARM L D186 /-7 L ANV TFEHBEICHICT 2RSS %
o PMMA LI o - FiBimid, HE 2320m/23.6 nm DXL —HF - oI —L v MR
BB LTwD, BIBAKEE2BANEE,S, 3R (WIS v—) LBH2 (PMMA) OE#% I
VRO LA, BEMEE 650um & LTHELZZ7VAVTEHS (M2150) & LML (8B
£8) . M 7.150) »H5HREHM. KFEHECEFREFNH Bum . H9um I TTHEL AL, HE%
OER (7 154F) *ZRLT, HHRKCBIT LT THEEIZ, SEBLTAFESTCEFALELLY 9 um,
MoumThHolzo CONTHERBKXBL —F—KOENRICBT 20— Ly MOk E 3%
pm (712 23K 72 B8) & LG L,




w1 RXBL -V —FDEMIaL-L R

-0'05 -lIlllll lIl'l'I"'I’l"""'l'l". 0.0 L LA lllll'lllll'llllTl'lll
9 = horizontal direction 4 L = E
- = = = vertical direction h s xb—=263.";(4):.l'r:“i ]
0.00 > O05FL ]
— - @ r
- C o L
e | g f ]
£ 005 < 10f AN ..
£ N ERRVAAAL
; T f ]
0.10 F E 15} .
3 L [¢] o -
o - Z - -
4 L
(R TETERETI NI NANISUUE RIRENENINUTS 2.0 PP PP PO TS PO DI BPIPS P
4 2 0 2 4 6 8 10 12 4 2 0 2 4 6 8 10 12
Position (um) Position (um)
B715 (F) du77 ARG snE 5% (POS-GXI) & () MET57VE0TF
WROFTHER
[7.5] £&8

CHDETIE, Erh—NVTLAFBA)y b7 LA 2EHL THRXBL—HF—HOZEHae—-L Iy AD
A% 4T %2 > 72,

T3, RS -5y FCBWT, XL —H %25, FEEIE 130 um OF 7 AEBESMGE S04 ¥
TJe—VL YV MRBBIENTERR L. 512, A9ARA v ae—L v FREDS OBRBET G, #
LT, MXBLU—F -kt Ay ABMESAE AT HHEYE NI (quasi-homogeneous source) & RE L T
EREREBIT L, TOHE. F6EIBVTHONAH Innd DE— LABHAY b OBXBL—F —
¥k, HAOMICERS s I — Ly MEBLBEBRLTWAEE LN D,

A5 4 x0T T4 =Tk, 74 bV 2L+ (PMMA) LiCHEDae— L ¥ MERDKE 312
BT 27 VANTHHEEBEAL 72, SUBHEEICL Y, BETELZ ST 7 AOFIRFIKII L 72,

£EM
(1] hugEEE, ILPIEE, KEMELT, AMEL, FiEM, M, =ik, PHEEE, CL.S Lewis,
D.M.O'Neill and D.Neely, I&FH P2 60 (1991) 915.

[2] M.Bom and E.Wolf, Principle of Optics, 6th ed., Chap.10 (Pergamon Press, Oxford, 1980).

[3] A.S.Marathay, Elements of Optical Coherence Theory, Chap.5 (John Wiley, New York, 1982).

[4] J.E.Trebes, K.A Nugent, S.Mrowka, R.A.London, T.W.Barbee, M.R.Carter, J.A.Koch, B.J.MacGowan,
D.L.Matthews, L.B.DaSilva, G.F.Stone, and M.D Feit, Phys. Rev. Lett. 6 8 (1992) 588.

[5] E.Collet and E.Wolf, Opt. Comm. 32 (1980) 27.

[6] K. Murai, R.Kodama, Y.Kato, H.Daido, G.Yuan, M.Schulz, M.Yamanaka, S.Nakai, M.Niibe, Y.Fukuda, D.Neely,
A.MacPhee and C.L.S.Lewis, 22nd European Conf. Laser Interaction with Material. (10-14 May 1993, Paris, France)
[7] M..S .Schulz, H.Daido, K.Murai, Y.Kato, R.Kodama, G. Yuan, S.Nakai, K.Shinohara, . Kodama, T.Honda,
H.Iwasaki, T.Yoshinobu, D.Neely and G.Slark, OSA Shortwavelength V: Physics with Intense Laser Pulses (29-31
March 1993, San Diego, USA), in press.
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HSE | FRERARMEL WA L - HIE

FoE I BERENRHEEHAL L HNIREIR

REXLEXBL—F - A, 73 Xh0FEFMOREL EHTiEL kb, LRBIBERITEI.
REDAFATHERALL L ECREREFLLTHL

CHETIR, SRERNBEORLEET L LTOBREILODVWTERS, ST, By —4y MURER
HREEEEAROERBIER G HELHAEGE T, ARG OBEABEIEL WEL 720 TOKE, RHSHTH
KE WMo L2 o0 —2 %187, B2 ¥ — 27 EXRSOEIREDTITH B, /2. 7757
—HRCLBZEAEOOERIERTEIRNEVERBEb LN, HREL T, RXR L —F - KoREEH
VEDTRETH B T LMk o7,

HX

[8.1] B L»Iic 93

[8.2] BB L UERME 93

[8.3] %52 ‘ 96

(84] T &» 98
BER
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%8 E . HRERLRE LA L -G
[8.1] L ®IC

BFEHRMHKXBL—F - K3, T Ty ay bBwTkuarsv4— (12, BBl €7V
BEt B2 RSN TWE, T/, T/ Y VT T574—, KEESES L UEBEEE~DICA b RET
ENTV3S [5le BHELIRXEBL—F—KtHVNE, 759 XA<hDREHFOIMIEL EXEL L S,

V¥ —4 77 AP TCHRBABHE L 78 0%XBL —F—ELLTwiEwEEZ LMD, R
KL XBL—F =K, RELTVRWE—ADCRERTEEALUREELZESDOAE ERT S
LitkoTBoND, T3, BRXBL —F - 0B RKREENICREEETFEBLILIRE>THEORE, #
Z3, BEESOAZHIET HOT, XML — ¥ —A0EHHERICET S L S IERTVS, b LESS
SUBBICLY 79 X RENIHEEH 25 e, BIRHIREETEIEEL TE2CERLELT 5 L05F
mEhs,

[8.2] R FIUERER

XBHEREFOREILL > T, BRETRKXMFAROBFEERECB W TERNE (K 10%) %2 b0°%8
BEREHEYVER T A EDTHETH 5 (67 ZRIERFFH . HFEDAFATHAL 2L 2R RELEET
ELTEL,

H81i, #—%v b BLUBKBEIEROMELRT. TTTHE, %6 E BT 19.6 nm ARDEIEEIE
B2 ho-Ely—4 v &, RERSELEAFOLBERGER * A4 ¢ T, SRBBIELFER LR
B L. REBSOENBEIELAE L2 B#y -4y Mid, EZ240mm ., #IVFA 15mrad (MR 27
m) Th oo WHEBIFEHFHR (half cavity) 1. B (aperture) &ARMGHATER & BUFERIC & DRER L7z,
B2 mm OB, HFPL X0 KNSR RET 2, MEHEEEO L ) HEICEL &, SKEHRM
DB % b RN D BRI T 20 BIODOKHENHKET L 2R XR L —F — B RERFHR L&
C HLTREHECEET 2, RSB TR SN KX HL —F — B3R A REE B TREHERICEAS L,

BRBBIET 5, ¥—4 v OB ERAREE. RAERITHRE AR OHOERZ £ Eh 40 mm, 15 mm
Tholre MXMBL—F —HOLSKBKER 150 mmT, NI LN BEXHS (single-pass component) 1233
L CHXHREEE S (double-pass component) 7% 0.5 ns DEFHEENYE L5, EBEKFENDOAFAIX 38+
1°Thol. REEREESHRERKICTS L) ICASA 8L Imad THEINL TV,

Bk XI5V —H¥— OREFRGRHAURZOEER, B6ENDERLFALTH S,

#5310, ERTHEALEFRSEORMRBL U -4 v MEEDOFNE KT, EAFOLRBIERSE L
ERBERELRMEE~ 72 PO VAN s Y v ZICE D BELZ MofSi ZRIETHY . BRI 1558
(Mo-16 /&, Si-15/8) Tho7:o HE 196 LBV THKLIE (MofE) D7) 2— A% —F (Brewster
angle) 38° Tid. RAFSED P RERFERSTNMI LD, TDEE SHHRSTRIREKRICES &) I
stehTwns (82 %H8) . BAREEE L RIS FREMEHRO Y ¥ 7 0 b o v RsHEER
(UV-SOR) DEEEH X% HH L THEIR 15 ~ 30 nm BV TEIEL 720 J%E L 72558 & RE RS
OREHEIE, FRFN 01 & 025 Tho oo EABKERIT., SEHIHT I2RRFEF63x10°THY,
PEXOMEEI 100 L ETH 5720 T2, MO L —HF —HUH T 5 4RI 0.01 % LT THo 72,
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%8 % | SRR LM L BAREE

X-ray laser

Multilayer polarizer

Diagnostics

HITACHI grating  Source slit Fiducial wires

(1200 lines/mm) Multilayer reflector

Au-coated spherical mirror
Deflection angle 6

Photocathode
(streak camerra)

Wavelength |- Pump laser

Time

K 8.1 RARKFEL MM L ABAREEOERE (P-05-GXIT)

Reflectivity

1.0 LA (LN LN S L T ||- T 1 'H 200 1-0 ""I(BS"'""lll"lIlilllll"l'l‘l' 200
@[—~ . : — :
08F |-=-=Recox| 1 160 oskiv  |7==o P09 2 160
...... R/R p ,l - > ' 1 R, (measured}i
. i 2 > 06fk Y 112
0.6 F - 120 3 g : 0
0.4 80 B ® 04 J 80
5 ]
02 40 0.2 d 40
0.0 =taa= 0 0.0 0
0 20 40 60 80 17 18 19 20 21 22 23 24

Incidence angle (deg.) Wavelength (nm)

K82 RALBERFHEOKSE ! () AFHAKFRBLT b) KEREFS

#8.1 RAERSEELXEMALAY—4y MEE L ERBIERSENFHM (IP-05-GXII)

oneqyfy

g—4y & 40 mm
g—4y b i (5—4 v MER) 15 mrad/40 mm
=4y b T R 55 mm
Mo/SiZ g (dMo, dSi) 21/ (288 A, 73.94A)
LRI ATSR AR 0.1 (19.6 nm)
AR ] 2 nm
Mo/SiZ &% (dMo, dSi) 21/8 (39.4A, 95.3A)
N Ly 38°
%18 AR L a4 SR I g 0.25 (19.6nm)
A T 2 nm
WK (PRX : STRX) 1: 10080 £




H8E  FRIEARFFE LA L - ¥tk R

583 ik, FIELAKXBRL—F—J (196 m ) ORMIBAEIMATH 5, B84, K83 D
B mERS U -REER (E8) $8EEBEELLVEES @R itk RiiBwid—2 114
BEmBEsS (HRESTEHERE) « ¥— 2 2 BBEREERS KU T 5, ¥—27 20K —7 1 XM T
AN (05ns) . KBEE (150 mm) K& {—F L7, BREOMEY S RKFRICY X — P OJREIERAYS
NP otz BHHIEIZED T, BHBIBERS T2 AESIME b o TV DT, FIBHERER
HEDEADVEET Do tELLND, ¥—2 213, BARSEILLVEELTVIRGEEATY
riEz2OLN,

F 82 ICB6 N RBRBIEROSEEE RT. ¥—7 2 LA TN H RS IE. EXBES D 56% T
Bolo BOPEXLTVEVERET S &, HABICL 2HIERIH 10K THo - EREINS, &
DOREERFIEER 5.4, FIEEK 13cm" THo 2T YT 2, T OFIBMHARIE 19.6 nm MOFHE —
b OFERBDOESTH ), L—F—E— 7 FBOREBER 1.7 cm® L DS h o, i, HHKIEE

DESIIEY 02 LEZ D ELL—KT 5,

37, EABESORERISRERSEORFERLXMET A LILL o THETELLZEX LIS,

Time (ns)

—+-0.5
] Single-pass amplification
-+ 0 w] Double-pass ampliiication

Y

Deflection angle 8 (mrad)

8.3 EIERAHEREM L EAKEIEOREIMARESM (P-05-GXID)
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8 E  ZRERIERGTFHLEM L - Bt HEE

= T T T R B e

- Peak 1 - ]
= F Peak 2 E
c - E
2 E J
£ r ]
ﬁ o o
= L :
2 r \ h
§ F | S :
£ F - 3

-I"m)llllllllllllllllllll

0
-10 05 00 05 1.0 15
Time (ns)

8.4 {RWAKEHRIC & 2HNEIBORMBKEE (KR 19.6nm) [ 2FHO Y — 27 3BEMK
STHbH, (IP-05-GXII)

%82 RAMAHHELORNY (P-05-GXID)

¥— 7 2 &I 2888800 0.59
Y—27 1t 2mE ’
pi] R s 190 &% 0.59/(0.5%0.25%0.1x0.25)
FliSE& 5.2 In(190)
FHSR S 1.3 cm® 5.2/4
¥—27 2 L& 58685 0.72

(8.3] &

V= —ER 75 X2 honR iz, EFOHERFMSNAERL ) VEVBESIEFRELL TV EY
EEALND, LAHL. b LEFORNCHEAMI ST, BASEBIIRNET 5 TS 5 8l
T AXAXHROBERET 27 757 —F (Faadayeffect) 13, L—¥F— 477 v hOKDEHICE
ERREV RS ABRREDLEET BT, 77 77— R L VHKXBL —F —~ KoRLHEAHE
BT b, 7IAREROBBG—HTLVOT, £ LAHNRIIBIAREATORZEE—RETLEVEELS
Nb, 0D, FAAOEESERCTE 2 VIEE, ®XBL —¥F— BIIERLT 2,

Tl—FT, V—HF—ERTIFAHPDT7 75 F—RIBBOMEIFEHINTE 2, V¥ —FEKT
FARIBITAIBEIR, FEARLBEARCL VAR 75 Av0MITERS L, 75 A<k
RERO2D/NEL Do Bl 1um O LU —+ — % BAHERE 10° Wem® CTHRET L TER S W - Bk ORE
BAAH IR (MG=100T) DA —F—THoHLHRESNTWE 9, $7/-. 75 X< (EKIEN) OB
B, BRKED 1050 1 LTARERETSH S 2 EBBMELINTWS [10), L72dis T, FIBSERORE
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%8 % HRBIUREIHE LA L AR

BEWR. 0T TChrEELLNS,
BXG L — ¥ —ROREHEOEIEEE, FR 7T X< TSR T 2, 7737 RICLBEL

HOMEAE o (ad) 3. LToRXNTEZ 5015 [11],

e n
a= £ B.dl
2m,c j n(1-n,/n, )0'5 (8-1)

ZCT‘eﬁ%%D%ﬁ\mc%%ﬁgi\cﬁﬁﬁ\%d%?%ﬁ\%beﬂfmﬂﬁﬁﬁlwhmﬁﬁ

F L EERAE (critical density) « B BRUREE., | BEERHMOBEA R MV TH D, K83 I DFHEK
BART. BKB=10(MHFES40mm ®F—4 v MZhrh by, FUFHERD 5x10”° cm® AT OB FHER
HE+ae, EXEOBREMAIE 1.3° L /S v, COEEMAI, KXR LV -V —HOEAEES D8R

AL SR E % 6% o

SIDE VIEW
J Electrons Single-pass component
(um)
504
Pump laser
0
Magnetic field Double-pass component

85 L—H—HlsSI X~ &S DORR

#83 779 F—sRI L AREEEOEE (IP-05-GXII)

T B < 0.1 [MG] =10 (T}
ZHES ¢ 4 x 10* [m]
FIREBOEFEEL n, < 5% 10" [em™]
XAV — ) (B 19.6 nm) . s
<31 B BRETHE 0 2.6 x 10" [cm?) A=19.6 [nm]
RAETOOEA o < 0.023 [rad] (1.39
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[8.4] &8

COETE, FREBEOKXEREAFKFTEL BEABRBERLAZRPICBL I LICL Y, FELAKXHKL
—F = HDOEAHEIRIC OV TR 7z, WAEBBEADREAROLELA IR 1.3° L YA EVOT, 7757
—FRIC L AEABRESOER LR AV EEIONSE, HHRLAKXBL—F—KoRLELHlo T
WA, CORERRXBL—HF—DREELHEL-DODTORETH 2, HRELT, BRXKL—F—KoRE
KEEXTRETH A T LML »ICL o7,

L. RELLEBXBL—F KL L b5 75 XAh0FESEFHOMESPFINS,

SE W

{1] J.E.Trebes, S.B.Brown, E.M.Campbell, D.L.Matthews, D.G.Nilson, G.F.Stone, D.A.Whelan, Science 238 (1987)
517.

[2] M.S.Schulz, H.Daido, K.Murai, Y.Kato, R.Kodama, G.Yuan, S.Nakai, K.Shinohara, I.Kodama, T.Honda,
H.Iwasaki, T. Yoshinobu, D.Neely, G.Slark, Proc. OSA Topical Meeting, Short Wavelength V: Physics with Intense
Laser Pulses , in press.

(3] S.Suckewer and C.H.Skinner, Science 247 (1990) 1553.

{4] L.B.DaSilva, J.A.Koch, D.Lehr, B.J.MacGowan, D.L.Matthews, Proc. SPIE 2012 (1993).

[5] For example, Application of X-ray Lasers, ed. R.London, D.Matthews and S.Suckewer, sponsered by DOE (1992).
[6] T.Namioka, Revue Phys. Appl. 23 (1988) 1711.

[7] M.Tsukamoto, M.Niibe, Y.Watanabe, A Miyake, T.lizuka, Y.Fukuda, Y.Kato, H.Shiraga, H.Daido, K.Murai,
C.L.S.Lewis, D.Neely, D.M.O'Neill, Proc. SPIE 1720 (1992) 226.

[8] J.C Kieffer, J.P.Matte, H.Pepin, M.Charaker, Y.Beaudoin, and T.W.Johnson, C.Y.Chen, S.Coe, G.Mourou, and
J.Dubau, Phys. Rev. Lett. 6 8 (1992) 480.

[9] O.Willi, P.T.Rumsby, and C.Duncan, Opt. Commum. 37 (1981) 40.

[10] A.Raven, O.Willi, and P.T.Rumsby, Phys. Rev. Lett. 41 (1978) 554.

(11] LH.Huchinson, Principles of plasma diagnostics, (Cambridge University Press, Cambridge, 1990) 118.
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B L HHNNAT TNV ARG L 5T =0-1 BREEDERER
FOE I F/NNWNIFATILINILZBHIZ L D = 0-1 EBRORIRRIR

BELANVE-IPEL, BEHIEROBVRXBL - -3 EMLCEELERL LD, BSEBIU
%6 T, 19.6 nm MOFSHER IR L - — 0B PWAFAEIN TRV EFHS IR T
%

ZDETIE, 19.6 nm MOBENERFEX HO L LIZE VAT TV ABHERICOVWTRE L2, £
DAER. T=0-1 BEDH (19.6 nm ) % BRWITHIEL. 100 ps LT OE SNV AKXB L —F - Ko RBE
KEI L7 #RELT, XML —F—HOEBRDHRIHF S0 ML L e T/, EBRKERIZ. FIHHEIR
DEFHREARSBMINDI I LER LI,

DEDERELY, 75 XAHOFIRRELRFL -V Il TE2 I EPHLIICR o 12,

BX
[9.1] BL®IC 100
[9.2] BB L UEBRER 100
() BRI ARZ PV
(ii) ByRIMETE
(iii) 7%V R IARTFI
(iv) dFalRaEt
(v) #—4v FREa&EN
[9.3] Z8 104
[9.4] gL® 106

E PN
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OB I HNNAYIUNVAREIC S 2T=0-1 BERDRRREE

[9.1] KLU ®IC

BSELOESET T, /UVRIE 1ns DBHFL—H -1 L Z2ERICOVWTRRT & /2, 19.6 nm #§ it
ZREGRICL VB At ci 20T, BaflbhEEEL 232 mm HB L 23.6 nm M E LB L TLE
MICEETHS, BSEBLIUBEIGRLAEIIC, 196 nm BIEHL—F—E—2 L 0.5 ns AT
¥=2%b5, BBV —E—2s TEEREIFH 25, 19.6 nm ORI B/ IV 2 BEOBEHEHR) :
KERASATW LRV T, @79V AV—HF—BEICE W GROMENHRETE 2, T/ EIVRET TV ,
PWRIZTHZ LY, TIXEF LR THETEINT, BFHEFORBILITETH S, TOK
FER 9.1 IRT HiCid, EROB/ NIV ABEIIBWT—RHICRE > TWFGFOREIR T, ¥7
WIWADE 2 NNVADYE — 7L T19.6 nm OFIF R EL D 75 A<M (BEFHE 5% 10%m>, BEF
iR 0.6keV) DAEESERAMICEEINTVE, DL, HEEAOL —HF— 1V 2AEFHAVWT TSI %
AL, XBRELYHETL2ERITE2OA TN [1,2],

At - 0.5 ns before the peak of the 1 ns single-pulse

e

-05 0 time (ns)

n(cm?) A 0.6 keV

fne=1.1x10 2!
5x10%°

At the peak (0 ns) of the 2nd pulse of the 100 ps double-pulse

ndem®) A ogke

ne=1.1x10 2!
5x10%

- 030 e (ns)

B9.1 GNNWAFTIVABEDayET (1Q02-GXID)

[9.2] ERBLUETRER

TR0 S )T, ERIER LB L ¥ —Kid, 7OVAIE 1ns BV Z08H H 29V 208 100 ps &
FTWNVAEERAL72o 7YV ANE 1ns DL LD EEMEET 5 72012, 2 D0 100 ps 73V R 13 300 ps 724}
SHELTo ERTR, B2/ NWRADZANF-REELTHE 1 7SNV ADIFNF—2FELL2h, BT
KT 28 XML —F — HOBEORFH L EL 2o HF2 IV AOBE LA VF—E, -4y bPET
#200] BEZANF—DORKEIZY—4y PETH360]) Tholo BEHIANF—RPNEL R o1
AL IOV AEHE L o oD TREPEBEIZK 2 45 (3.3 x 10° Wem?) Tdh o 72,

BEXFERPEHARIZ, BoHLFALTHo
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OB GNVRAYIVNINVABENC L 5T =0-1 BESOBRRER

(i) BFERRGARY bV

9212, 1ns/7SIVABEFE100ps & TN/ SV A BEFTOREFIRFARZ PIVERT o 1ns BEDGHEE
HBELT, 100ps & 7NV ABEF T 19.6 nm A IS B o7to T2, 100ps ¥ 77V B TIE
196 nm # (J=0-188) 2°232mm 2 236 nm#E J=2-18B8) L hbHlisro/, TN, 19.6 nm #
DFIBEELDRBEERL-ZEEEL TS,

1.5 T YT TYT YT YT T 1.5_||lltll||'||||l|IIl|lI||lll:
E (a) 236 nm ins ; [ (b) 19.6 nm 100psDP ]
> | i I 2 & -
‘@ [ @ 3
s $ 1.0F -
%1.05 § 3
.§ g_ F 23.2nm ]
2 ] 236 nm .
(@] E K
© 05F 0'5: 247nm  28.6 nm]
At a
00:...l..-l.;.l.;;l...l...l...' o.o:lll|---|---lll-|---l-n-lnnx:
16 18 20 22 24 26 28 30 16 18 20 22 24 26 28 30
Wavelength (nm) Wavelength (nm)
92 (a) 1ns 2SIVAREE (b) 100ps ¥ 7NNV ZABEHC & ARG A R2 PV
(1Q-02-GX11)

(i) BEEIMER
B 932, 100ps ¥ 7V RIZE &L —F —BOBEERERT. BHL—¥F—% (—m#8) &,
BOIWADY — 7 R HEEREH L LTRLZ 3ROV —F =i, WIS HF 1 NNVATEERET. B
2IVATREN L, £72, 19.6nm # (EH) OBRKE— 23, F2 5V ADOVLENTH Y, 232 nm &
(BEAR) 236 nm & (H#R) IWHRTETELBELLL, TORKELDE i, 1 ns B0 &R
753 ATDBENENIL S T=0-1EBE 1=21 BBOMBRE O L TR LELLND,

300 T —
250
200
150

100

Intensity (arb. unit)

50

AllIl"l"l'llllllllllllllllll

-600 -300 0 300
Time (psec)

K93 MEL—¥—K&lL—¥F—ROBHER (1Q02GXI) :BHL—¥F-K
(—/AS4) « 196 nm & (&) . 2320m & B 8L 23.6mm & (KR
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HOE HNANAS TNV ABEIC L 5T=0-1 BEEORIRER

(iii) 7%V R JLARAEHE
F94iZ, B2/ XNWADTRNVF—-SEELT, 21N ARHTHEE LI SVADZRIVF-H, (11/12)

PEALZ R EDBEL - —BOE—7ERRT, ALKICIE, 2V 1 ns OBETL — — D
. 11/12=0L:/%L'Cw7.70 ITRNVE-HolnE bl L—F—Bo¥—r@EREnLE, =X L¥—

54 (11/12) 09 NDEE196nmm MO — 7 FE L, 1ns BHOEFLEBLTH I5EL o7, BEFZA

WE—BHIFD 1 (11K 25 360]) 12k oTWViDT, FRIRIIFH SOFEIC o2 EITHYT 3,
T 94 IRTEIR, J=0-1BBL J=2-1 BB CRIFA VI[N (B1 V2D RIVF—
OB I3 T A — S BBEORMOREIE s Tz, CThiZ, TRANVF—HoHME L b, 75 X<
DREVRLALIER SIS Aho 79 ERA T ML EEZ RS,

Fr2, NNVAWE 1ns DIFE. T=2-1BBDH 5 23.6 nm £EAH°232 nm R & D543, 100 ps & 7 %b
ADPAE 232 nm B 23.6 nm #E L DL oo ERTIE, 247 mm R (0=1-1:88) B8Alciid ol

= 10 T T rrr 1

[

-]

o

@ 3

- 10

by

=

N

c

[0]

€ 2

= 10 e 196 nm

ﬁ x 232 nm

o) A 236 nm

Q o 247 nm
4+ 286 nm

101 il 1 [ a2 1 2 2

00 02 04 06 08 1.0
Ratio (l/12)

9.4 BES TIWISNWADINNVAKE L —HF—BOMEDREFE (1Q-02-GXII)

(iv) B TAEENS

Bos i, HIFAIIT A - BENERIERT, £ETHOL—HF K LT, BIFAOREMEE, &
S4em DI =4y b TH 1Tmrad THo7zo THOEM (4 me 23 LT 17mrad) DBMEEZ R, # 24 mi
HETH, MIRFEORBEED» LBFL MARRHEAROEFHEEARIL, 24x 10°cm* TH 5,
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OB HNNVAT SNV ABENC L 5T=0-1 BBHORRRER

A8000 TrroryrirrprrrrprrrrrryrypreTg

T X ]

5 [ ;

e 6000 | -

L : ]

= - |

g 4000 .

S L 1

£ i 4 —e— ;g.g nm

x - - L < S e nm

3 2000 - A—236nm

a - e=d3- 247 nm
0 B . - =-=+- 28.6nm

-5 0 5 10 15 20 25
Bent angle (mrad)

K95 BX4cmDy—4 v e L—¥—$EORMR (1Q-02-GXII)

(v) =% v MR SKENS

B19.6i2, #—4# v FERIHTA 196 mBOY -2 BEOEILERT. #—4 v FEE 3cem T TR,
BREDOTLE & I BBAKMLEMER LAY, #—4y RS 3cm 25 4om TIMEBEIIHML 2 H»
5770 19.6 nm ADOFKEERIZH 100ps ThHotzo COBEMIZ, =4 v+ (FEX2~4cm) ¥EHKXEL
— = KB T BEER (70 ~ 130 ps) WKV, /U AMEDLED B XL —F — ik, B4 LFIB
¥RERFIAL T ot b EXLbND, T/, TOL)BRBETR 7I X hIilRE L 2ABAR L Y
EEPLRDBIEFHLV, y—F Yy FEX2~3cmIBTHE—7F L W RO -EFEOHEME (F
BoOFIBRE) 3. H21cem' Tholoo FIFRBROFEICIE, ETEMEILL 2ERVPLETH S,

10 ."lllll"[llllllllllllll=
=z () 19.6nm . 3
= ! ° ]
0
= -
&

3
2 10 -
(2] d -
c s d
Q L -
-—
'-C_ o -
- 3 -
] L -
[}]
a 2
10 r g la sl taan rlos 2 0l

0 1 2 3 4 5
Target length (cm)

9.6 #—4yv FEXL 196mm EHY— 7 BEOMME (1IQ-02-GXII)

-103 -




BT HNNARS TNV ABRICL 31=0-1 BREOBIRRE

[9.3] R

F9.112, ERIVBon B TAKEE» o FHEENDE 773 XAEHBETT, FIBEROEFEES
BEit, HiTAOKREE,»SRED o 72,

FI2IL, BSEPLESBOERIBVWTIHOLNEV—F ROy —F v MEBERERERT, 4
3t/87 — (relativepower) 12, A P =2 AXFI2L > THLNT: 19.6 nm AR F 7213 23.6 nm AROFFR K —
%, FAR (single-slab) ¥ —4" v F® 19.6 nm FE HERIIKRD LN TV D, F72, HF TRV F—

(relative energy) % . SAEEANOE — ARBAY—FETH 5 & LTKFHAADE — 2 E#A (divergence) &
BY¥6/ IV ANE (duration) 2 FAWVT, AW NNT—DOEH L, BIXLIE, FRY -4y FD 23.6 nm DM
AT =13 13 T, 7V AGE 0.7 ns & BB Omrad & D AT T R V¥ —13 23 (=13/0.7/9%x0.4x9) L EH S
ns, ‘

#9311, F—4 v MEELHSL-F—DITRICL S 19.6 nm O = RV F— & B ELRT,
YR, #—7 v PECBFLABH V- F -0z 320 F— il T 2322 V¥~ (F928H) o
it hRDd2, TnODMEIF, 92 EEBICFRS —F v FOEEEEIZEE L,

MERELT, 100ps ¥ 7NNV ABEEEBHS 4y PEAFERATHIEITEN, 1ns NIV AREDOFRS
-4y b (BE 40mm) OB T 19.6 nm MOEHRENFIT 53 (=13/180x730) M LLT &%k 5,

#9.1 1ns/SIVABEE 100ps ¥ 7 00 2B OB (1Q-02-GX1I)

Gain region
Pump laser >

Scheme Transition |Wavelength (Irradiance) Gain coefﬁcient Electron density | Electron Radius
Focus size (Spatial width) | (Density gradient)| temperature cur\?afrure

1.06 um, 100 ps-double

o Ne-like Ge pulse(DP) with 300 ps-
B 19.6 nm separation , 360 J

- (2=32) =
(Collision) 3p-3s g=0-1n (3.3 x 10" W/em®)
60 mm x 100 pm

-1

2.1 cm 5% 10” em”

e keV 2.4
(200 um) (2.4 x 10 cm™) DG ke m

The irradiance 3.3 x 10" W/cm' is for the 2nd pulse of the double-pulse. ]
The gain coefficient 2.1 cm” is determined from enhancement without raveling wave excitation. ;
The spatial width of the gain region 200 um is an approximate value. (between 120 um and 230 pm)

The electron temperature 0.6 keV is approximate temperature for the gain of the 19.6 nm, J = 0-1 transition.

The radius 2.4 m and the gradient 2.4 x 10™ cm™ are estimated with the optimal bent angle 17 mrad.
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YL GNNAY SNV ABIHC L 5T=0-1 BERELOERER

#£92 V—¥—#oy—5 v MEEKESFS, (IM-07-GXII, IP-05-GXII, 1Q-02-GXII)
Target (length) Laser condition Relative power Relative energy (duration, divergence)
19.6nm 23.6nm 19.6nm 23.6nm
l ]
(pulse, energyflength) | 5 4 1) 0=2-1) 0=0-1) g=2-1)
Single-slab 1 23
1
(40mm) Ins, 1.1kd/6cm 13 (0.4ns, 9mrad) | (0.7ns, 9mrad)
Exploding-foil 0.21 8.0
1.1 R
(40mm) Ins, 1.1kJ/6cm 0.19 10 (0.4ns,10mrad) | (0.3ns, 10mrad)
Double-slab 11 32
1 1.1 1
(52mm) ns, B.11d/6cm 6 4 (0.6ns, 4mrad) | (0.7ns, 4mrad)
Curved-slab 2.8 20
1ns, 1.1 10
(40mm) ns, 1.1k/6cm 18 (0.2ns, Smard) | (0.8ns, Smard)
Curved-slab ” 35
(40mm) Ins, 1.1kJ/6cm 400 180
with XRM (0.2ns, 1mrad) (0.7ns, 1mrad)
Curved-slab 100ps double-pulse, 150 s4 13 45
(30mm) 360J/6cm (0.1ns, 3mrad) (0.1ns, 3mrad)
9.3 19.6 nm OEHEZHHE, (IM-07-GXII, IP-05-GXII, 1Q-02-GXII)
(Elrgg;:) (pu}:::s,fni(;gg;;:;m) Energy flux on target | Relative energy Relative efficiency
Single-slab
1
(40 mm) Ins, 1.1kJ /6 cm 73017 1
Curved-slab
40 mm) Ins, 1.1kJ /6 cm 7307 2.8 2.8
Curved-slab
(40 mm) Ins, 1.1kJ /6 cm 73017 22 22
with XRM
Curved-slab 100 ps double-pulse,
1801J 13 53
(30 mm) 360J /6 cm
[9.4] £ &

INETE, EFERHMOAF VRSV =y ARXK L —F — 0GR OWTHIZE L 72,

TERD IV ANE 1 ns BEDOMA DT, 7IVAF 100ps DT TV V AR BT 52 LIiIZL D, 19.6 nm #
J=0-188) 0% BEROICERIE, EINVAOEBKRXML —F—KE/BLIEFTE . BXK
V—H#—3iz, %1 BE VA TRBIREY, 2RIV ALCBWTRIRL 2, T2, HITHKRERD
58 FVNVZABEHNC L WFIBEROFELORSBHML2e£100 2, By —5 v FolidAOREE
ELTEE4em Dy =4y MIx LT 17mrad (HEEE 24 m) 2157, 196 nm #id, F 7NV AH
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OB EANNVAT TNV ARGICL BT=0-1 BEEOEBREER

FEELVBEL—F - A VF-2ER (5% v PES4em LI T750)) o4 4501 (5—-4v ' &
E3cm LI 180)) THHICHELSTHISEDEN 2B -0T, BRI 50 ZihmE L7z,

DEDMRLID, 1ns SVAGRIZE ) —BNICRE S L TV AFBORESBHE L —F—i1cL nHEHT
EBTLBHESLDITE o 1,

SEM

[1] H.Hirose, T.Hara, K.Ando, F.Negishi, and Y.Aoyagi, Jpn. J. Appl. Phys.32 (1993) L1538.
[2] S.Basu et al.: IEEE Lasers and Electro-Optics Society, 1992 Annual Meeting, Nov.16-19, 1992, Boston post
deadline paper.
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IO | RXBL -V — KDL R VF¥F—FH

FI0E BXBL—Y-—XOIXINX—EA
BXBL—F— Ko xNF¥— 2T D bid, HHBES L URBERBERITALECEETH 5,
COETIE, BUTEEHBVWTERIEL7-BRXB7 A VAR FHL T, XBL—F Ko qVF¥F—-%2HIE

L7zo FOMEERE. EX 40mm OFHS -4 v FZBWTH 68 W (23.2/23.6 nm #2) 2157/, HlEL /2>
ANEF—DOKEY =5y MEEBICHTARNZANF— N —BLUBEOHELBEH L. ZOMKER,

HEOBTRIFLIG/WVAT IOV ZAREHCBIT S 19.6 nm #2205, BFAAEOK 105D 1 2 EK L2

EWHLPITE o T2,

HX

[10.1] RL®IC 108

[102] EBB L UEBRER 108
() BRI L BBRXE T 4V ADBEKIE
(i) E—A7u 774 VBLTTFIVF—5TH

[10.3] % 109

[104] T &0 112
BE R
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FI0E [ XL —F - Ko 2 F—FH

[10.1] LI

BXBL—HF - KDL EINF—FRETHI LI Lo T, IROFMZ ) T L, WEFHIIOWTEE
LHERERON L, Bl BAGAE S & USRI % COFFERTREL 25 [1]. XKL - -
ANFE—DFAIZ, BHMEIELZALT VA Yy YA (Y, Z2=39) &XBL—F-—KcBwT, X
MFAF—F (XRD) 2 AVWTEHEIE N, ¥ TmJ ORDBBREIN TS 2o AERTIE, X7 4
V& (ILFORD Qplate) k¥t AV THIEL, XHL—F—KOX A NF-BLPE—LrTuT7 74
WA FHME L 72,

[10.2] EBHLUERER

() BEHIC L BERXMT 1 VA DRERIE

Qplate DEEBIE L, 5 TFILEHIFERTD UV-SOR EHiE X HWTIT% o /2o TANF— % EHEIEHET 5
2O, 74N —DRGFERPEBIEI T —ORFESREL 2o MHAKEFHETHAL, 7OHE—V 3
FAY Yy — T LT EBE L 22 Qplate LDRILE (optical density) & DEFE%FHME L 72, 19
SNIBEMBORE. [ AIKKT. COER, MPQILI o TERXLN TV A REMMBEIHL 1-fEL

FELEV,

(ii) E—Aa7/0a 774 VBLTTRVF—5H

K101 2, XML —F KDoAV F—2HEL-EREBY RT. MXRLV -V —Kiz, €—463F
AVPIREBLASZBEI I L7405 —12&oT 232 mm # & 23.6 nm 0L S h, &b
(ILFORD Qplate) BN L7z, MIEEFIE, BERUBIC R WADIEREL 2B T RITHN L E— L8y — >
E, TRNVE-LGTLRE-ATOT 7 ANVOFHES FABEICIT 2 o720 ¥— ABRAOFHIZ, €—
A4 VHIBVITAY—CEWEL 2y — v () 12L& o T, KFHM (10 mrad, 13 mrad) & $RE A
M (Omrad) %3FMfiL7-o B 20 nm 58123813 % Qplate DEFEMIZEZ o h Twhvwo T, BTICR
FTHETCYy7ubo  BEEEERWTERIXBL —F— K0 E T Qplate DEEE MR T KD 720

X-ray laser

Beam Line Single-slab target

Flat multilayer mirror

Concave multilayer mirror Pump laser

101 —ANVF-HIE0EREBR (IP-05-GXI)
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EI0E [ RXK LV —Y— DT A VX —FHH

ERIFERALEZ2BOERBEI 5 —id234mm AT, XY FIg#E 2mm THolo STONY IO,
232 nm AR & 23.6 nm RO KGR IE, HE 234 nm KB EERELIFIIZE Lo EE 234 nm 13T
BRETROBIFMEIZ 17.5% £ 35% ThHholzo ALER (234 mm) KT AE7IVI 74005 —DEBRD
HEMEIX 14 % ThHotio BRIEIS—E 74Ny -2 HAGEEE 234 nm 23T 2 B4 E BT
858 x 10" TdH » 7,

RXBV—H¥—Ko¥— AR#A . KEFEIHE 8 mrad SREH1C# 14 mrad Td > 72, SFEFAID
RBAPKE P ZERIE, ETHOCEEARE Y b O 77 ATH R ER L0 THoEEILNS,

[10.3] #%&

ERBEIT—BLUT7A NI —OEBFEHLTZR L CREL 2/ 232m B E 23.6 nm O T F )V F— i3,
4Omm EEDFHS —4y M LTH 68 W ThH b, 232 mm & 23.6 nm BOH DR L T 5 LFE
THE, 26 mmBOTRIVF—3H 34 Thab,

F101 X, XL —F KOOI X NF-LZETOTEHELZHKXBL —F— KDL RV F— N7 —,
PR DHMEXEE R T o B4 i3 100 pm Z2IREL 726 100 ps & 723V ZABEHZ & H 1872 19.6 nm D
IARVE—ZFI9W T, N7 — i34 560kW., I 5.6x10 Wiem® Tho -t RiEb N5, ZDHREE
. 19.6 nm MOSIMMEE (5.8 x 10°Wiem®) O 105D 1 THAH ([FEFCEBH) . ok &, BERXE
PODIFNF-FHEHRIT, 1x107 (=19W)/180)) THho7zT L IHHET 2, /-, SREFHDE — A
BEA% 10mrad LIRET 5 &, AR MV IZ# 2 x 10° [photons/s: mm* mrad’ - (0.01 % BW)] T& - 7=
TEWhD, 101 DHFY, K102 BLURK 102 2R TLERLTWAS,

#10.1 196 nm & 23.6 nm D T RV F— T — FHE O#ExHE (IM-07-GXII, IP-05-GXII, 1Q-02-GXII)

Energy Power Intensit
Target (length Laser condition Y
et (ength) (W] kW] [W/em’]
(pulse, energy/! ) 19.6nm | 23.6nm 19.6nm | 23.6nm 19.6nm | 23.6nm
ulse, energyflength) | o1y | g=21) | 0=0-1) | g=21) | ¢=0-1) | g=21)
Single-slab 7 s
1ns, 1.1kJ/6cm 1.5 34 3.7 49 3.7x10" | 4.9x10
(40mm)
Exploding-foil Ins, 1.1kJ/6cm 0.3 12 0.71 37 7.1x10° | 3.7x10°
(40mm)
le-

Double-slab Ins, 1.1kJ/6cm 16 47 60 150 6.0x10* 1.5x10°
(52mm)

Curved-slab s
urvec-s 1ns, 1.1kJ/6cm 41 30 37 61 | 3.7x10° | 6.7%10
(40mm)

Curved-slab
(40mm) 1ns, 1.1kJ/6cm 33 52 1500 670 1.5x10" { 6.7x10°

with XRM

Curved-slab 100ps double-pulse, 5.6x10° | 2.0x10°
(30mm) 360J/6cm 19 6.7 560 200 ‘ :
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£10E  HKXEL—F—FOT A IVF—5H

#£102 HWEBICHWY -4y MESEB L UHSEM (3£10.1 B8)

Condition Target configuration Laser condition
- i
Reference axis
Single-slab . e
Pump laser X-ray lasar beam o time (ns)
1 ns Gaussian single-pulse
40 mm ;
0 1.1 kJ/6 cm,1.7x10"* W/iecm?
Pump laser 4
~.
Exploding-foil Reference axis 1ne
-0. time (ns)
X-ray laser beam . .
Pump laser 1 ns Gaussain single-pulse,
40 mm 1.1 kJ/6 cm,1.7x10"> W/cm
| 1
Double-siab Z e
-0. time (ns)
1 ns Gaussian single-pulse,
52 mm (=26 mm+26 mm) 1.1 kJ/6 cm,1.7x10" W/em?
. i
Reference axis ns
Curved-slab L

Pump laser X-ray laser beam

40 mm,15 mrad

- 0. time (n§)

1 ns Gaussian single-pulse,
1.1 kJ/6 cm,1.7x10"° W/icm®

Curved-slab with XRM

Reference axis
X-ray laser beam

40 mm,15 mrad

Pump laser

1ns

N

time (n§})

1 ns Gaussian single-pulse,
1.1 kJ/6 cm,1.7x10" W/em®

Curved-slab 100psDP

Reference axis
X-ray laser beam

30 mm,12 mrad

Pump laser

2nd

1st
100 ps

-030 ime (ns

100 ps Gaussian double-pulse
(300 ps separation),
360 J/6 cm,3.3x10"° W/cm®
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Output energy ()

Conversion efficiency

Power (kW)

10 % I XML —F - Ko I F—FHl

100 grrrrr T 100 FOOLAMARLAMAM MM LAMAE REAN
£ 19.6nm - F 236 nm = A
i A A 3 [ a
10} i > 0f N -
- e |
3 0  Single-sisb - 3 ;
AR I R 1
E| o cuvedsia 3 El ® Cuvedsiad
9 Curved-siab with XRM L ] Curved-slab with XRM
: : Curved-siab 100psDP L A Curved-slab 100psDP
R BT T T T U P 0.1 sas sl aas als o2 abs s lasaalssss
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Target length (mm) Target length (mm)
X 10.2(2) 19.6 nm & & 23.6 nm D TRV ¥ — o#xHE (F 10.1 BH)
£ -6
10 prrrrprrrrererereeT 10® prrrrrrer T
E 19.6 nm E 23.6 nm
s > 3
7 A 2 7
107 F ’ s OF .,
3 = &£ A 0
8 ! A @ 8
107 F 7 § 10°F o 7
F [T © Singlesia @ F[ o Singlesian
[ O  Explodingfoil g L O  Exploding-foil
9 A  Double-siab c -9 A Double-slab
10 @ Curved-siab b Q 10 ® Curved-slab h
E. W Curved-siab with XRM (8] E- m  Cuved-slab with XRM
L A Curved-siab 100ps DP L A Curved-slab 100ps DP
10-10 axa sl sasalssaabasealassalaany 10-10 288 38 222 als aasbasaalaaaalasas
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Target length (mm) Target length (mm)
K 10.2(b) 19.6 nm & & 23.6 nm MOEHEFIR (F 10.1 BH)
10" pre—rrrrrereey 10" prrr e
E 19.6 nm E E 23.6 nm
s - ] q
F ] - A
10° b A g 10? r A
3 ° 3 5 3 -
1 [ - N 2 40 __ O Singe-siab R
R 8 S o s € T | B o
of| 4 m ] NER=E
10°H & Shitve] e I S ‘
10'1 NPT T T P ] 10" aaa ol aasadle saalasaalasaslasa,
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Target length (mm) Target length (mm)

B 102(c) 19.6 nm #2 & 23.6 nm D/ — OFEIHE (& 10.1 B8)
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FIOE  RXBL -V —ROTFAF—FH

1011 1011
L 19.6 nm [
10 u w0 [ 23.6nm
?5 10 E 4 ?; 10 E =
[ [ A
-~ ° - - 4
z OF . 4 s 7} 8
£ 10 { O Singesad g 10"&- ©  Single-siab
§ 0 F| B o g f| & steen
c 107 ®  Curvedslab = 107 ® Curvedslab
!‘ 8  Curved-slab with XRM E B Curvedslab with XRM
3 A Curved-siab 100psDP E A Curved-siab 100psDP
10° 108 |
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Target length (mm) Target length (mm) ‘
B 10.2(d) 19.6 nm #2 & 23.6 nm R DRE OMEXHE (3% 10.1 BR)
EHRIBMBELRDLL TS (T35 C 2H)
[10.4] 2&®

BXMLV—F—HOBERETHELAHRXB7AVLAEHAVT, XL —F KoL i )V ¥—5t8l% 7%
o7 FDKER, BE 40 mm OFARY — 4y b HORET S 232 nm/ 23.6 nm FD T 3 )V F—25#) 68 W
THHAIEPRON, BONNLZZRINF—DoEs—4y MEEICHT 2B RV ¥F— BHshR,
NT—BLUBEOKIMEL B L TOME, BIOFETRIELAENINAT TV ARBREHIC BT S
19.6 nm #8245, BHBEDOK 10 5D 1 2ZH L2 L BHLDITE o 72,

SEM

[1] Yariv, Quantum Electronics, 2nd ed.
[2] L.B.DaSilva, B.J.MacGowan, J.A.Koch, R.A London, D.L.Matthews, and J.H.Underwood, "Power measurement of

a saturated ytterium x-ray laser”, Opt. Lett. 18 (1993) 1174.
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F11E:&H
E11E.ER
LTI, A cEon-BmENER® T,

FE2ETIH, BHEHRFEAX 10" Wem* DL —F— K THBELTHBONEZY VY 7ATFY (Z2=74) . & (Z=
79) . 5 (Z=82) . EATR (Z=83) DV—F—HERT75XATDKXEARZ PV (1 ~6nm) KBV
T, B3 ~ 5nm OERBOBEE NBED An=0FBBITER L T»5 Z &% UTA (Unresolved Transition
Amy) BHEEEBRMR L ORBICL H R LT

HEIBETIR, EFEHAMERRKENNVY— oV —¥— (EE 182 mm) 2oV TERLITR V., i
LRI REDFRIL W& h o2 HRE LT, BHL—F—XORIROARY—DBENTHHZ & 2L
770

LABETIX, BFEECHEEARER T V)V IANVT— oL —H— (EES54mm) KOV TERL
v, ABEOAESALETHEEARLAIBEEYER L AHENETEIC L nHB L,

PEn&Lic, HIBBIUF4ELD), EFHECHEKXML —¥F - LB TRRREOER ST
LRTWBERAE LT, BV - —HORROAY— L EXB L —F — RO BRHRVEETH L LA
BHOPICh o7

BSETH, BEFERBEMA A VRISV ARXBL—H -2 T, B—0RFEHFT B
58 —% v MEBY LI EEZLV—F - (FE 196, 23.2,23.6,24.7, 28.6 nm) DIEIEFFHELE T, F
W=y PMIBWTI=0-1 88 (19.6mm ) 75, BOLV—F—KL UL TR -2 HFRL, B
FHESEBLZHTAZ EPHOPIC L2, J=0-1 BBOFIERAE IR, FES -4y PEFF LLEL,
SRS =5y bEERE LEBFHIROWHESLETH S,

F/o, ERERLS LIHGHEB L UAREHTE 2 AV TARBORESHRBIHREEZREL, J=
0-1 B8 J=2-1 BBOFIBHRRIBETFFEEIH Sx 10°cm®, BFREIX T=0-1 BB L TH 600eV.
J=0-1 BRI LT 12keV ThHH I EFHOL MR o 72,

HOETIE, B —4 vy b2FEAL T, RXBL —¥F —~ KOBITZIEHSHE S . $51219.6 nm FE DA
BT A2 2R L, $72, My -5 v P EERBIEFRRGE L HAS S ERBIEIEIC L V&
Imrad DY — ARBBAY b OMXML —F - K2 BAEL, Bl — 5 v b EENEHBIES, XKLL —F
—KDOBEEND /DA THLILEHLMII LT,

7 ETIH, RXBL - —K0ZElHae— Ly ADFAIRT RV, BRXEL —F — K254 v 2 B4R
SHEb DAy —L Y P RBBICEVWT L ER L, By -4y FOBWEBBIBICL > TIRL N E
WY - ARBAR, RXBL—F-HhRToZlae—- Ly A0MECERT A EEHLMIILE, ¥
foo T =LY FRRXBL—F—%FH LA Y4 k0 s 57 4 —EBRET L\, BETRELK TS
T h%F7,

: FEIETIH., ZREMENDKXMENAIIRELEAL T, AL KXY —F —HOBIEITETH 5
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%118 %

TEEBHSPICL,

FEOETIE, 1ns B/ RIMZ T, 100ps ¥ 728V X BSH L TERL, 19.6 nm DA % B4R 1Y
L, EVAORARXBL —F— K287, 19.6nm Eid, ¥ 7V OV ZBEHT & ) EHREEHH 50
'ﬁ%[ﬁj_t L f:.o

BIOETIE, BIEL/-BRXBMT7ANWVARERALT, MXBL—F—-KOZEANF—-FREL/e §—F v
MEEB L UBBOHD, NT—, BERODWTRHFTL, FREIBEIIBVT, SFHABENKH 105D 1 ¢

EREn,

ERDOEIIIT, AR TRV -F-ERH TS IXA~2FH LK XBL—F—0oPHERLHESE LTE 1,
T2, BMXBL—F—DEERIBELHEEL. toEMELLIcoVwTRE L, R L TEIEEMTERK X
V—F— K% R LT RBRLICBVTEL MR L UTICRET 5,

(1) ZFANVF—HRCELTTIZITPD An=0BBDODEF) VI BEETH S,

Q) BTE#HSHEEKXRL —F — Tk, BH—BEESLRN0B—% L EHROHE» SF
BEBEO-DILETH 5,

(3) B HEpRAKXKL —F— Tk, BIHROHEIEETDH %,

@) BIzhROHE R, By -7 v I ERIBENTD %,

(5) BABMIBIC L IBAMEMEL, Ib— LY ADFHVEKXBL —F—KrEHTE 2,

6) RERSEILIVREHELIKXBL —F—BEBTE S,

(7) FTWNVABEHC L VIFEDNER (1=0-188) L BIRMIMIETE 3,

8) @) ~ (1) PERLIVHEXEL—HF—3Eae—L MY Ba SHEE RXKEL LTiET

H5,
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%118 R

[S#&DAHE]

K111 BB S EPLE10EE CRRTCELBFHRAUKXML -V —0ZMae— Ly 2 LHEE (B
) oBEE2EDLTWS, HAREESL UV FAVABREICE VECEEE CEZH -V 2D
BXML—F—% (196 mm &) »BohsEIZOLNE, LML, ZRoe—VL A LEFEOMER., #
KT2b50ThHHNEBERNTFILBEICLATNRIERS 20, LLTFIC, Z2ae—- Ly 2B LUTHEENM
FieowTEnEFnERLEZDOTHENT 50

196 nm & J=0-1)

Je—-L2ZADMAE (FEEMEDEL) >

IM-07-GXII

‘LI ATng—=4%y b
'y I WERZ— 4 b IP-05-GXII
S k
s REAZ—F v b
7 IQ-02-GXII(l) [EEe=Tor
& IR E
AT X o
IQ-09-GXII
TILF L GAR

H11.1 #—% v MEEBLURH L -V —&AF L 2EBLTae— L ¥y X0OBE

(ii) BMEEAL

EOBIIBVWTRBE LA LD IC19.6 nm BABMMEIEL %5 & I0T 52011, BT RO
LOoDHETH D, EITEBEL AT, EENCBVWAIRRE GO L L TFHIZNS, $72. K
111 WCRLZE S CMF 2O AR L EARIBIEIC & o THEMEELETEETHIEEZ LN, 2
T B N2KEFET L)% -7y MEEBLUBHEFICOVWTTFHINIMELFET I L ET 5,
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X-ray laser

Curved-slab target
(30 mm, 12 mrad) -

Pump laser
K113 BMELEZBENE Ly -4y MEs L URHEG

B 113 KERTEIRRMICENELS 196 nm BOH DRI, IF—DRHEE 30%) BLUY—
AZEA (Bmradx 10mrad) 2 ZE L TUTOFEICL VM SSEICR L ETFHIEIND,

100x 107 100 X107
2.1 _
P ) X O X T X @x 1053 Tox 10" x @x 10 =2 o> (L)
SOOI L D 19.6 nm BROMEEILEIFIME (5.8 x 10° Wiem?) (EL 25 EFHlsn s, (5 C BH)
56x10°W /cm®1x 8.5 =5.8x10"[W /cm] (11.2)

(i) ae—-v 21t
BTBEIBWTEBLLIC, Bl — VU A%ALET 5720 3BLKEEICL hXEL —F
—KDERERE R T I ENENTH D, /-, EREELENT AT LIS -7y FhSELS
XTI ATHF I L DEABRBIEA SR OBE BT R85 5, L L, ISR
TT b, INFINNVABPRICE > TRIRBOREXFHHTELNT, M113DELI Ly —F v MEEB LU

BHEGTTFHAINIKXBRL —F—KoZHae - Ly A2 EHELI,

X-ray laser —

Curved-slab target
(30 mm, 12 mrad)

T 100 ps multipulse

Pump laser

K113 Hae—V Y2t HYE LY —47 v MEEDB &L U &4
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11 E &R

B 114 IR T £ 912, 60cm DEZBEMICL D 100 um ¥4 XOXFEIGELLZEHaL -V XAH A4 X
BIZRBHTA LZCFE L%, b LEENLESIBLLBE., HABBEAIRIEE2ZEMae—
Ly A%R$DE) kDb, TNDEE, E—ARBMARI015mrad 0% A ETFHEINL, DL E, HURH
ACBONRIBMBERIUTOLIICHSOBEFRSLL,

f A 052 2
dooke e =0.3x(%—%§) xexp(2.lx3)x(—5—) =50

gt -pon 0.15 (11.3)
1st,2nd pulse 3rd puise
* Mirror (R = 0.3)
30 cm 0 cm
3 cm-long target = ‘ - " sefipe-  X-ray laser beam
5 mrad 4
Ge pldsma 0.15 mrad (29)% gy ‘
1.5mm 3.0 mm 0 rwrm "o,

—=Source size=——

oy ~100 um (2A )PWHM =y ~50 um
«{p)= e"P{—2 ToF QA pwam = 2J4320~11n )2 ) K
Cl= m

~—Coherence size—

p’ .
y(p)= exp{—ﬂ-} 5.3 um (25)Pmrm ——
2.0, bif (25)FWHM=2,/_2.1,,2.%
og=2.2 (pm)

114 Boe—L v kXML —HF—Dae—L A4 4 LR A Z0BE (K113 88)
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AEFROZITICEE L, RBBEL 2HBY, HEEEY I L ERERR GEEL2BEYERLE T,

AR, ECARAZL - —-BREMREL V¥ —Tirebh/zbDThH Y, FES LVHIRDOSE LH
RETEVELAPHAEEL VY —RIGECE#HTLET,

KERIEEZED, HBE, HERLBE T LKRAFEV -V —BREMR LV 4 — DHEHENEE. =H
BREE, UhHEEE. BRDBHEE. PRERKR, 8L UTRRAFRERETEMAHER LZERD
RHE=HE., FPAREREER. PEMNBER. OEMMEER. AR LR, FEHFRER, 8RB,
INEE=FIR., A RERBFE., FREZHEFRIEEHZILET.

AFFE R E L CEHEMP 2HEE, HBS 2RV INFIEEEE. SEHEBER. KEHITEBFE, A
#EZBF. RETHDFIOEBRHLE T, /-, BEE, BWHS LR KEKRFE LV —F — G5
vy — DR ERER. LNKEBER., HPMRBDER, DREMPER. A EHBER., FNELT
Bhg st EkEBBEIR. RBATHEN., KBFEAEN. &LEF. BARBK, 4 RKEEE (FHKFE).
BREHE (B%K%E) . BILEMK (BETEMEEHREN 415 —XKK (BLv—F — e |
BEEXEK GV -V —BEERHEE) CEEHLET,

EETH 7+ — FIFERT & oA L E L THLL 3R, MBI HW-EEFY 7+ — FHREFHO M.
H.Key ##%. I Ross K. A. Djaoui K. Jie Zhang FX, David Neely [, HERE 27 1 — VY XKEXVT 7 X+ D
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T2 TV OYERIRXBELRINT 2 720 B EH SN 2Bz 2 <, FEELCHITILENSD 5, $7-,
RIND 70 KGR EL L5720, KEIS—CREBDEREREY bObDVFABEIN TS, I T
B, B3I 5—, 74V —BLUR, #EBEZILOVWTHRNE,

(i) HFHEETF L BIE [5.6)
100 eV ~ 10keV (6 ~ 0.06 nm) DXTF TR NVF— BT, WERORINRHELDOBKE 2 sHE I FEF#
#LIEF £ (atomic scattering factor) (227 <,

=+ (A-1)
BEFBELHFiE, BUTICRT Kramers-Kronig O UBFRR AV TERORBRN T — s 5 HE L T 5,

fi= Z+CJ u(s) "

T
=-—CEu (E
5 > u,(E) (A2b)

Z T, p ) REFRIRE (atomic photoabsorption coefficient) TH ), XF T *IVF—EL EHCHOEH
Thb, FHTRIUREITER cm® T 7243 bam (10 cm®) 2B & LTH T,

E=hv (A-3a)

1
aryhe (A-3b)

TIT, 1y BEHMETHE (classical elecwronradius)  h i3 75 ¥ 7 EH. c HAETH Do (Al2b) (Al
3b) &Y EFHEEHICOWTUTOBMER S0 E,

H.(E)=2rAf, (A4)
EHIZ, WED L OBERFEE ¢ (complex dielectric constant) R FEHTE n (refractive index) 13 5T &EL
HFEEHWTUTOL ) KEHETE 5,

E=¢ +ig,=1-a-iy (A-5a)
n=n+in=1-6-if (A-5b)
z2T, ESRORERE A, <<l ThHL LTEBL . o, B, 7,8 KU TFORTEH L,
a
§=2=Kf
> 1 (A6a)
Y
B=L=kKf
7 2 (A-6b)
ZZT. BB K BUToXTHRE S,
roﬂ.z
—Ap
21 A (A7)
Al




‘!1
E
&

[135A] BXBAZ

(i) 74 V8 —DEBE ,
BRXBBLUXBERTCOBRE 74 V5 —DEBER T i3, EEWIURE p (mass absorption coefficient) ¥ 7=
RETARRRE p, EAVCTUTORTHETE 2, REHICBT 5 RARIEHTE 2 LA,

T=cxp(—u-p-t)=exp[—( aﬂ‘—)p-t] a8
A-8

T, pREE [gom’] | t 3EE [em] TH 2, ERICRT L) CEERNRE p [em’/g] L EFHK
) GEY -4 My [cm¥atom] IR TOREDH %,
N,
H=H,—
A (A9)
ST N, B7FF Fof. A ZEFEEY (atomic weight) T 2,

BEWEOEBEDVHE IR, YWEEHET 2RI L OB L 2EEREPTELETHRLN L,

(iii) XBAI5—

FERPIBET LEE, HEROXFRIFHEINATVELE IRV Y XTI T—3HRXBL—F— K%
HH O RPELR GV, LY L, RXMERIIBVWTESH 5@ 2WEORISEA L., #0HERYE D KT
EPETT 5, MXMEZBT 2WEBL VD CKXBAOKZRICL Y X3FEATE 2V, LAL, 3
5S—DREEOTARIC & > THA LEBEM LI -8 ( LN TEL, 0D, RXBAI T —3HRXG
AXERICRDPEZVEETH B, ¢
ﬁXﬁﬁﬁ?dﬁﬁ&ﬁ&LioT@&%Em%mm&ﬁﬁm%EbéﬁéutﬁT%TééoC:Tui :
T, BEL O OWECHXBEPAN T AL ICL o TRHEBASUBL-BASI Tl WTHhRS, F
oo IT—REKEBEHEEL L ZEDII LKL > TEBHOTHBHRICL WV EEOHEICKETRE b 724
BERBEIT—IIOWTHRD,

(iii-a) FIASTI T
RXBMEHCIYEORGFTRMET 245, FHEHE S OWECEXBERAS T 2 2 & 12 & - TREPRIZ
BET D, TITR RASI T 10 L B RFROFEHEE MERHE I 7 — OBBIEEIC OV TER S,
WEDFHEER 2 RKOLFEXUTIRT, 9. "BRUEEEAF TCLZVBARBVLTRENER X PR
K (AFHE & AFRKOBH X7 MVATFT) & SEE (ASHHEAFEOBR s P DEE) IXT S
S Rp . Rg DFHMEE L TROB ZEHTE B,

R=(R,,+Rs)
2 ' (A-10)
PRAEB LU S RWEIHT HRHHE Ry, Rg iy T 0 L) CHERRIBRHE p, 1g D 2R THEI SN B,
~ % ~ |2
Ry =7, 7" =[fi| (A-11a)
Ry=75- Fs. = |’§|2 ' (A-11b)

%ﬁﬁ§2#6ﬂﬁ1NA%LTﬁE2*Kﬁ%?é%QWPﬁ%Kﬂ?éﬁﬁﬁ%$@ﬁlwsﬁ%
Kﬂ?éﬁiﬁ%$%bt'7V$W®ﬁémwTuT@;5K$b6héo

A-2




[F8A] &XBAF

: = 7i,cos 8, — ii,cos 6, _ ta“(él "éz)
P # cosO, + i, cos B, tan(~1+52)

(A-12a)
- r'z'zcos@z—r"zlcosé1 _ sin( 1_éz)
S Hycos6, + i cos B, sin( 1+§2)

(A-12b)
TITy O RIT—~OAHA, 6, IUTOXTHHES N HRE 2 FORKEHATHRESEn 2L Y

uT@mﬁﬁbooA%ﬁﬁxwﬁﬁﬁus5—@@&&#6@%&?550::vu\%uﬁ§¢wm
HE (=1) . AfA 6, HEKTH 2,

i, sin B, = i, sin 6, (A-13)
::?\%\ﬁu%n%nﬁﬁoﬁiﬁﬁ$@%ﬁtmﬁfbéo

ﬁ(/l) =n, +in; (A-14)
MEOET LD ORANI T — Lo THEEEML B -2 LBTEL, COHEGOFEHER. WakEHD

DTi22o0ERL DS SV S5—OBEBREEFERONERT,

BAl roagFARASIT—
(ASTE AN D% 51 | tangential focusing)

1,12

A A B R, -cosf (A-15a)
(ST IS EE 2 TN D% M | saggital focusing)

1 1 _2cosf

n n R (A-15b)

::mrltbu%ﬁﬁ&55—wﬁm?&6°—ﬂu\Tﬁw%ﬁuuﬁﬁﬁ%<&éoq%%§#6
S?—i?@ﬁﬁ\Q%i5—#6@&&?@%%&76&%@%$MHMTOJ5Kiﬁ60

M=
" (A-16)
OB ARE, BEMNCIEAHEE 03I 7L ETH LA, EERHEEERY b O NI ERM
LTHERT 5, 1 DOMEHE XA LR THERIRIRICE 5, 2008AE % AW T ERXOKEERGE%
#5723 & 9 % Kirkpatrick-Baez X% 1 DI 7 —HIC2ONDERT HHMFFFEL SO uf SNV 5 —
’ (toroidal mirror) 7% ¥4 & o T2RTEDOREGEHR L L ¥ KRS B 5,

| A-3

i
%—




T

(F&RA] X BAF

(iii-b) ZBEI 7 — [2]

ARFRICBWTHXBL —F — BOBEABBIFPL C— A5 BN E L TR XBAROZBEHREL D3
5 —REHFEF (polarizer) ¥ FHA L7 WAETF I, EAHF TRV L ZOPEYESEADRFFRIGE S (P
FBAORFRFERTELIBENELLD) TEEFALLSOT, EAHICEIT-LREITF—EFAL
ATEHETE 5,

RmM

m

1
-1

' MA2 BRE:S—

S
Jo7 15 o
-

T, EK (S) LIREARRONmBOERBEBEOREHILOWTARRE I EET D, EROFA
I 5-DOFEHROR L ERBIEREED T FHEECHRT AL, m ORI OVWTRE2E 2 HLEH
éaojﬁawﬂm(ylgajgwﬁ)KﬁdEE#Bj@ﬁtk%bfﬁ%?é%ﬁﬁiﬁ@ﬁ%ﬁkj

REERSEEZELTUTORTEY 5,

f o TitR e
/ 1+F'jR'j_1e i (A-17)
*:?‘5uﬁiﬁ@ﬁ%$v&n\(Au)K%Ltpﬁ%&s%%uﬂ?&7viw@ﬁ&ﬁﬁbf
BPFoRicks,
- n; cosé — Ay, cosO ( i1 )
P A, oS 9,+1 +17i, cosf, tan(é ) (A182)
- ﬁjﬂ cosé —n cosG sm( ~j+, —éj)
Fo.= - = =
5,j A, COS 9,+x +1; cosO Sin(9j+1 + 9,~) (A-18b)
ERAN ? B jHEBOBEDICBIAUEATH B,
- 47i.d.cosé,
¢, = 2kiid, cos 6, =~ "0
A (A-19)
im%ﬁwﬁﬁ¢wﬂﬁﬁ%mz$w0&%u;nuToﬁ%ﬁbéo
ﬁj+lsiné. =r’i.siné. (A20)
MR, (A20) RERZDS I T —~DASH 0, 12 &> TUTOMELRICERL S,
ni; sin 9,. =sin 6, (A21)

(AU)ﬁ%ﬁoTRllU%%MﬁﬁﬁLTmﬁd\%@ﬁiﬁﬁﬁ%$Rmﬁ*b6hkéé®2%
ELTIF—DFRFRR PFHETE 5,

A4




[F8RA] X Rt

- > D' —iPy
1+ rmR m—1 e (A_zza)
R=R,-R IR ! (A-22b)

EZAT, R'ﬁ%@ﬁ¢®§§ﬁ%$%%xét@?&&#%&@ﬁ@ FICAVIIZBAETH S, B
HEfctn3isy— @ﬁiﬁﬁ$R:@6R PETETE B 5BRHLBERLVOT, LTIREFOFEIZOW

ThX%,
Y. mel BEOKGERYEZ DL (A-17) 5
D — m+l +R' ‘¢n+1
m+l — ' ~iPm
l + r"H_lR (A-23)
Lo d (EELLTWEd  SODBRCBV T mBRICHEAST 5L %D, TORR

Tix. (A23) oEA R EBDBDT,

m+1

B = +R

¥

" 1+7 R' (A-24)

m+1

DD, (A-23) 2 (A-24) #ALTUToRSBOLNS,
- 1-7 R R . —F e
A A (A

m-m-1

" 1=F R, T (R, —F,)e (A25)
COXIE, FREOBVERIRICL o TRHEARPEN L T BEFIFETE LD TEBEOKETICIIERN %
FeloTnd,

I, BRBEIS—~DOASARY T 2 A —AIRETHI LI L VREAHEEE b o723 57— 2 REHT 5
CEBTEL, WEOHABEIIXWNT AT 225 —ALBVWTPREDHADREFEN L b, £DH

B, (A-18) KBV THERSE ip 0T BIERRICL 2720 TH %,
tan(f,,, +6;) =+ 8, +6,=90°

Thbt it (A-26)
Dk E,
sin éj = cos éjﬂ (A27)
BOT, REEFEERT 2BHIEOWM-THEIUTOL ) 225,
i tanf,,, = B
! n; (A-28)

ﬁﬁ®35—ﬁ\E%*?ﬁmTémﬁ\WH=1T&60EE%ﬂMmKBwTMOWEﬁﬁwiﬁﬁﬂ

0.78 (ni) THHNDT, MoI F—DHEZIINT AT 2 X5 —HiiK 38° Th %,




%
i
%
3

[{F5RA] XA

(iv) EHFEF
AP, #R4 2EHRF L AV Mot tAven Ty 2, 2o RERTAEIHFEFICL
>TUTDL ) KN,

(a) RETEIEBHET % F v 7-$H A9 ¥2% (Grazing Incidence Spectrometer)

(b) EBEEIFET % AV - EBR B0 85
S—rTlb— b HnEXERER i
EROT Iy ZE B RSt |

(c)
DT R0 ETF LRI (5028 oMM EE<5,

(iv-al) B RSB EFETF [(7.8]
A RO FOEEAD KIS T 98U ToOX CHEE 5,

sin B(A =sina— T2~
() d (A-29)
T, alEIFETAOASA. BIREIVTA. mid kI, d3@ITETFEDFEL

b3, AitAoB L CEITARRBIIELEOBERL S DMETH %,
FREREIHREFIE, BOb o8 (7L —XA) Lo TEHERF XN HEENR D BIFIEIE V.

D% 7V —XikfE (Blazeangle) ¢\, 7V —XAF OB FE»ODAFELTLE, TV—XKE

>
[

lbliU\T@ﬁ%iﬁf:To
‘ ﬂ(lb) =q-20, (A-30)
DFoRic, AFRCHEA L - FHEGEIEHERDRET (B8) ofk#FrRT.

COEEFEFERLGXFORBBLOMNE x 3. BEROMEBLLTUTOLIHIRKET I LNTES,
X(A) = zG—D N tan[90° "‘ﬁ(l )] (A-31)

CTT L p BEPHEFORLL LR E TOBETH Do ARIHM L1253 K2FTH2ISMmTH 5o

T2, SHR) v ML EFETFOPRLE TCOERIZ 237 mm THo 712,

£ Al FEAGEPZEHIESRHEITEFOFE (BIZH)
EH IV EAS G ERHE | ASHA TUV—Xf | 7Vv—-XEKE Hh R
1200 lines/mm [7] 5 ~ 20 nm 87.0° 3.2° 10 nm 5649 mm
2400 lines/mm [8] 1 ~5nm 88.8° 1.9° 1.5 nm 15920 mm

(iv-b1) ZEARIEHTHF (Transmission Grating) [9,10]
EBE T F OEBEMITT 258U ToX cHEE 5,
(A-32)

d-sinf(A)=m-2
CZT, dEEFEFORM, o0 XRIHA, m kB TH D, OIH 0 I NEOEITHFME@MTNRDOLETH

BTHh, AEIEFI/NEIV (0<<0, cosd~1) o
T/, RUBEOAE x LEEOBBRIUTOL ) TR B,

A-6




[f+53A] X B

£
x(A)=¢,._,tanO(A) =m—<21
( ) G-D ( ) d (A-33)

CIT, L p REFIHET G PSR D ETHOHEETH 5,
EBREHETF AR OBRRESMEE AL 1, EREFETFOROLALEOKE SICL > THTE 5,

AL = d (ls—c'*'tc-o A+£G—D SJ

lG—D

{6 2 (A-34)

ST, ABEFHFORONKE S, S BAFEDOKE S, Lo o RAE»LEHHTEITOHEETH S,
EIEIH n i, ST EERT 2WEPBTIAZERATH 520, EHFORE m OR%KE LTUTD

ARTHEYE D,
m=00DtE
2
17 =(£)
» \d (A-35a)
m<>QNDE X
ol (5]
sin Zmﬂ'
nm_ -
mn
(A-35b)

HEE1mmUTF (hv>lkeV) OXETR, ERREIEFICLILFERINEEDERE IV LR 5,
CDESRESIE, ERMNOIKFOBRFOEBILL AR EEOLBIEZ CUTOXREHHAT L

1 Eihb, |
‘ m=00Dk %
| ay a a a
| n, = (E) + (1 - E) exp(—2nkz) + 2(;)(1 ~ ?d—)exp(—Zn‘.kz)cos(n,kz) (s
| m<>0 D& X
: 2
| sin[(—)mn]
| n, = _Ld) ] [1 +exp(-2nkz) - 2exp(—2nikz)cos(n,kz)]
' mr
(A-36b)

CCT\dﬁ@ﬁﬁ%wﬁ%\aﬁ@ﬁ%¥wﬁﬂﬁwﬁ\kﬁﬁﬁ(mmem)\%&Wﬁ%n?ﬂﬁ

FENEOERLEHLTH S, HOE (ad) ORMELZ> TV 5,
p= 2T
A
BT aid = 0.5 CESHT 2 BT b WEF L REH TH 2 & & (XP(2rk) <<y | (A36) 13l
TOLI kY. BEROEFHOLBH L h b EHbh D,
m=0D& X

A-7




[F8A] ®XBAZE

a 2
nm=(—) =0.25

d (A-37a)
mPHEH (m<>0) DL X
1
= o2 (A-37b)
m BB (m<>0) D& X
N, =0 (A-37¢)

(An)u;nﬁﬁéné@ﬁ%$%iA3u%Ltoﬁ%ﬁ%nmﬂu\%D$(w)K%Lwo

A2 BOE @d) 2505 0L EOEHFE

K Fm EI4%h%En

0 0.25 (=0.5%)

1 0.10 (=1/n?)
+2 0

+3 0.011 (=197?)
+4 0

5 0.004 (=17257°)
RELEN 0.5

(iv-b2) V'—> 7L — b (ZonePlate) [6,11]

Vv 7=t 3, RO FTCH L, S TRELHEL Y- 7L— e LT, FHEZFEAT S
BEDT VAN~ 7L— F 3BHOREAREAOBOBRNELOTKE b Db DR EXLT L LT B, .
AL 00, 2n ORAE (IEEOKREE) 260485 KBRS TH Y. BEMET 5 n BHOMK '
DD SRR 1, DTORE T, :

)» 2
rn2+f2=(f+n—)
2 (A-38)
::f\fuf—va—boﬁﬁﬁﬁ\xuﬁﬁfbéoLﬁin‘%muTwﬁu;obeenac
L b,
242
r2=nfA+2 A
4 (A-39)
BXBHEBETIE, P>LThhH, BHELOMEBETCn I W KEL RO VOTHIE 2HZIERLTH &
WIEIhd, T, BUELORMBEL B n SKRE L B BICL2h > THIE 8rn DIPE L D BERRF & 2

2-0THY, HRELT/ =T —1 eI hREL LR VWI IR D, BI2IE, HE200m X

ITREREND, COLE, V=V TV = FOEE )0, 15 200 um TH B
I, RABE»OORKY V- TV — ML o THBRT 2546, HEEMIESESEEAVTUTOR




[1F6RA] X B

THEMUTE 5,

1 1 1
+

lO—ZP l?]—l f (A-40)
T Ly BEV Lyp  RELENY =Y T L=} (ZP) 26 (0) BLUHRA () ETOERET
bbb, COLE, V=T — FORRKIEFICIE (A39) oLHicidirsiv, LiL, KEXY—-VT
V- b ETOERELy p WY/ — Y T U= PORESIHRTHFREVET 2 &, HRIIC (A40) THE
PTEBI LR D,
V=T U— bOFREB, LTFOEIREZLIENTEL, ¥, V-V 7/L—oROREY - VD
PR E->THINATREATH D, V'~ VORARIAOMOER L AEHMOEEOIE LTUTD

ATET I ENTES,
y ¥y
N 2 2
| z n(rnz - rn—lz) = Z n(r2m2 - r2m—12) + z ”(r2m—12 - r2m-22)
n=1 m=1 m=1 (A-41)

) FOHREBRT AL LT AL, FED2LFOAERIERL LS (FV/—VOHEHEFELV) . HRELTK
(A41) DELOEIBEFE2HIZE L e, HORBH0S E2b, LRDOEIE/—~ 2 EAT I
EX%ELY (B —VOHEHENE L) OT, HOKO0S ¥ oEBRMAIETOEITEIREE UHFEL b

\\\\\\

ﬁ@ﬁ%%@l&@@ﬁ%&nﬂ}&ﬁuﬁuwb@uﬁ)u&at%ienao

V=V l— MR ERETAWEOEBENER TE WSS, ERROHRBTFORE L ARCERE
WERLEFRL2GMELO 2Lk, EXHEHICEET L, 3/, COERE LTAEHBEMMEY 7 7
HLH)ICREILTEXSERLYMET LI EHTE S,

V=S — rOEPFERTCOSHEE A X, LTOXTHE2 605,

A=1226n, =1.22-2
2N (A42)

CCT\Nﬁf—ywﬁﬁ\%ﬁrﬁ—yfv—b®¥%‘&NmﬁﬂEWV—VGWTébo

(ivc) ¥Gn 75 v ZEH % B4 S5 Y8 (crystal Spectrometer)
ERSNEE., SROBFEHOBAEFI*FAM L. 75 v Z/EH (Bragg diffraction) 12 & H RS b
b DTH D, EEIE, BESOMERNE35 73 27-709Y 2 v b JE (Lanbmuir-Blodget Film)

DERBIEICL > THRLN,

BA3 735 v 74t

BEADKIIHT B 75 v Z7ORIIEHIZUTOXTERYE 5,
2d-sin@=m- A (A-43)

A-9




(fF&A] BXBRAF

T, dRERTROME Q4 3BTFER 0 A (EHA) . m ik TH D, EHA 0 IT1ER
LMo THRABEEHRXRDETAHLET 5, X (A43) 5, FATELIREIERORFEREASA
KEoTHRIDBDT, bR LTCHRENDHERLBEREORENNEBELZTHPERTHII LIRS, LW
BHiAY AT 2L EKRAFAREE A AT 2RVERFLEL 2505, BETORES & MRt &
BETH 2, T2, EANICREHBEONRZERFLOC, SIAS I 7 — EEBCMEICE o THEEEEE b
FEBIELAETH D,

F A3, AHIROERSHHFFRA L R OEEERL 7

KA KEEGOBTEREHEER (6]

il HFERd (% ATH) BER 1

TIAP (Thallium hydrogen phthalate) TIHCgH,O, 2594 (100) 0 26.94.7A

PET (Pentacrythritol) C(CH,OH), 8.742A (002) 0.762-8.34A i
KAP (Potassium hydrogen phihalete) KHCgH,O, 26.632A (100) 232-25.41A

GRS e S D M e

(v) RX#& 7 1 VA B L URAS

AMETIE, MXBBIUXBEYAETAENTIA N AL EOMBEBLFHA L, S22, HHRICER
HBDHEBFRIIOVTBRREZ L LT B,

(v-a) 744

RIS R ORI E LTHRXB T AN ABLUOXB T A VA RFEH L,

E <3
4
2

5

(iv-al) Kodak 101-07 [12,13]
Kodak 101-07 7 4 WA, XML —F —DWEIELFRENTE 274V ATH b,
HAHABLEH LT, I—F4 Y7L ARXBORNDE L VOBBEHRTH 5,

# A4 X7 1)V AKodak 101070 BEH

S ER SLFRHE AL PRI IR
RIZKEE A X AZHK 2min. 20°C
Bz D-19 (2fE#R) 4min. 20°C
ik BEREA A F A #K 30sec. )
EA Fuji Super Fix S5min. .
Kk KB 30min. -
iR Drywell& H 2§ % - -

Kodak101-07 7 4 v 52X 5 HD RO, R NACH L TUTo Ly koot
6.09+1 )
6.09+0.816-1

qmzq%m+m54%
(A-44a)

A-10




[f5A] &KX BAE

-
&
F
o
&
%
v
&
58

%

&

6. O9{exp(—-——Dm' l_ol;”"f"‘ ) - 1}

[ =
1—0.816-exp(—1Mg—)
ST, 727NV DlOl fog BUTOETS 5,
Doy 1og = 0.15 (A44c)

s &= 2
Dio1- DlOl,fog ~1&%bKEE. # 5.9 photonsjum® TH 5,

(v-a2) ILFORD Q-plate
J ’* A3 ILFORD Q-plate 13, BEFHEBESIIMHEMINTE K TH S, /2. Kodak 101-07 L [7] U  FLAIA*
BEHLTHD (I=F 1Y 70%0) o MXMESERICOBENSH D Edbh Y, SRR L2
| Kodak 101-07 {28 o TE XL —H - 0ERIFEA SN T2, D R FOKEZ) i Kodak 10107
LI2IZE L TH B 45, BREI Kodak 101-07 & 9 4 L&V,

F A5 BX#7 4V A ILFORD Q-plate DHIEHHE (H#R)

P R PR LI YR R
HER73 %L - ]
Bz ILFORD Phenisol (515 R) 5min. 20°C
=k BERR A A 4 VA #K 30sec. )
| i Fuji Super Fix Smin. i
’ 7K BE KB K 30min. -
/A3 Drywell& H AT 1% - -

|
\
‘ ILFORD Q-plate i23¢7 % HD Hi#n=Rid, HE 1HA ML TUTO L) kb it

A8+ 1

DQ,,=DQ,,M+10.5-1n( 718 )
‘ : 7.18+0.825-1 (A45a)
r
f Dy, — D
I 7.18{ exp] L2 ||
| /- 10.1
! - D,,—D
{ 1—0.825-exp(M[3‘—J
’ 10.1 (A45b)
: T, 7>t7‘VN1vDQPng&iU\T®ﬂ§’C‘EP)Z>o
- Dy 1,y = 0.15 (A-45¢c)

§ EE1AWMLT, DQP - DQP,fog ~ 1 &% A5HEE, # 8.4 photons/um® TH 5,

/-, KE 234 0m 3t L TR ABRERBORNZ, LT )ik o7,

A1l




(F8A] &KX BAF

Dyp oy —D
120.2 exp( oF2% ___OP.Jos |_ g
/e 0.862

- D, -D
1-0.168- exp( OF.24 __0P.Jos )

0.862 (A45a)
Dip 254 = Do +0.862-ln( 120241 )
: 120.2+0.168-1 (A45b")
DQP,fog = 010 (A—45C')

Wik 234 nm 123 LT, DQP - DQP,fog ~1 &% 5KEIX, ¥ 570 photonsjum® TdH %,

(iv-a3) FUJI MI-FX
HROHFMER L7 4V A, FUIMIFXTh b, O 7 4 VAR, TER [14] % SB L7,

F A6 X# 7 1)VAFUII MI-FXDOIEHE

LB S0 PR A0 PRI ] AL BI5 BE
HIAKHE %L -

Bz FUJI Rendol Smin. 20;(:

=3 BERRA A F &S Hk 30sec. )

EA Fuji Super Fix Smin. .

7K ¥k 7KK 30min. -

74 Drywell& B Sk 5505 - -

FUJIMI-FX {23§% % HD MoKk, U FoXTdh s,

624x1072

{B.OSZ(D—DM,,X_M ) +2.91X102 (D=Dpgx 1o ) }

=10
Dyyex 1o = 0.4

(A-46a)

(A-46b)

(v-b) 7+ PL Y X+ (photoresisit)
$M%?ﬁmLt7z}VbeuPMMAmewmgwgnm)?&5°7¢PVV1buﬁﬁ%u7
ANVLEDEY (B om BE) OT, x0TI 74 - EOBESBRIESEE LTEHIRTWS, 2751,
BENKTANVDCERTENZ EFMETH D, ARFRETE, RXBL—F— KL 24507574 —DE
BRICEEA L 72,

(v<) X# CCD (Charge Coupled Device)

KXRFERTRYEORINEASE VDT, CCD DHEICH 5 Bt LB S & DREEORIU & )
CCD DEENFETY 5, TAEHMAREN TV IBCEROMELFERS B keV L EOKTFITH LT B
BY 5 EHTE LD, XTI deadzone & IFIEN CCD DHEXET T2 1 2OERTH 5,
NENEREICL >T, CCD DT F TCHBXBRINBL L TRBENMEC, FAFELVE SATH D,
Ll BHFERFOLOHYE (Bny4F3vr L vy, RERASERLEVWEREL YY) OBElICE ik
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[+8A] BXBA%

XMEBROBEGKRFORBEIHFESNL TV S,

BOETId, CCDO DEBE Y BT A4 TR EhTwE, Flx i, BHEFEALEVb D, BILE
FHELADORERO L VCEmMYZTAEE LTHALLZbD 2 Ci3dT CItEREERLTHS,
AERTI, REAOBILEROE S8\ (02 um 12E) X8 CCD * HEH 20 nm DXL —
W—HoBRligse LTHAL CERX T2 (BT1ESH) . 2OCCD 0FHE QEHENKES) i
18um Th otz EBOKRIZ, MXKE 74 VL EERFEILEEOREL DD E2bh o,

(vd) MCP (Micro Channel Plate)

AEBRTREHLLD o2, v4270F ¥ 2V 7L —F (MCP) i3CCDE [ U BHhOREEF L
LTEELZDDTHSD, MCPIR, PE LD TRITICHAMICEAZL ) 2iEEX b7V — Mo b D
T, MRBICEABEL T TERT 5, RXAEISMCPD 1 DORICANBEC KB & BEED LM - HBBF
BRICLOVMESNTEMCU Y LPLETOEENELSE, COLIK, 121 D2ORIPPELXETHE
f5% (photo-multiplier) D & 5 %55 F i T 5, LA FEIR, MCPTHE SN XET L HIEH
(phospher) ZHBETL . AL 8% THIRD CCD TRIBT 5, M OBESEML O T, HHEICEE
EZVTRT VS, KB FORBERIRICL VI AELRETIEKETFL LTREETH %,

&% Uk
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[f43B] 2e—L > P2
[153B] ab—L > FE%¥[1,2,3]
[B.1] B (Ditfraction)

7 V% (AJFrensnel) . BEHALOZREFNENFRKEE %2> T, FOLUKEIKROETE L
BT BEVINA AV X (CHuygens) DIREICETE, K BlLl KRENZROPEOHEERIEL B/,

Po A 0 Po
S
B K B1.1 BEOWKES7 VR INVE

PoR % BERUGE (BRL) &L, FOATESREERSET 5. REEES LOEENAQICH L TEMR
PQLEMQPNLT A% LT HL A7)~ YBEOREDAPORERIBEUPHI LT L S KT T LasT
&%,

U(P)= MHSK(Z)MS
0 ] (B1-1)

TTT, kiFEHK (B12) | rjHP R QR E TOEHE, sEAQP R LEPE COERTH L, 1 V2 Y
*—va YBREKXIEF Ve &y 7 (GRKirchhoff) 12L& o THEMIIKD SN,

' 2r

| k==

| A (B1-2a)

i
| K(x)= —5;(1 +cos ) (51.26)

. # (Bl-1) 1. SEOBEEEE ESNOE) 2*SEOAERSHLPEICEET AHEHEIREEICS 2V 31—
| ¥ a V4R (inclination factor) K(x)% 2772 b D*¥PR T LEDLELbDTH L, HOADKE S By, 8

HRTHAAEVBEEITE, x0 (l4cosy~2) EEZONA V7 YR — Y a VEBKQOBERE R 5,
i A-explikr, exp(iks
o ] (B1-3)
FOADKE &%, PQPQPIIENTHGMSWGHE, MOBRDNGFsEMBICERbE L TL WA FF

| RsOBEEBREOEMICOERTH L0 THEDEFSAL Y,

i A-exp(ikr,) )
| U(P)=~- exp(iks)dS
| AL 'Us (B14)
SHOEBEOYHEIELRITEL 201 (B14) XNOBRSELUP) ET 5,

U'(P)= Hscxp(zks)dS (B15)

F7-. UP), UP)DOEFRR{ED2FE L TRDO LN B[S TRENP). IPET Do
QEOEEY (xz) = (E0) & LTIRTOSHEEXLSHT EETAHE, MBLI & s,

B-1




[{458B] 2e—L > b %2

roliU\"FU)it’&ﬁf:To

s= \/ —b+§) (B16a)
§2+(5-+C) (B1.6)

2

(B1-6b) X & b EALEIC 2 s 0T, SORBRLUTOLS 2% 5,

s=b(1+ X2 )_{x- £ (ro+b)§2}+m
2
2b b 2b‘r0 (Bl-?)

ERry RO THIDE L, xBELFLF -~ DETH 225, EREsORARE LTH2FEITLN
5 ThHs, dSAETH L6, FHRPEDUPRLUTOL 1% 5,

2 r,+b)&
U (P)= exp{ikb(l + —{—5)} sexp[ lk{xé (n+b)5" jldé
2b J 2br0 (B1-8)

EQAd R
x2
U'(P)= exp{ikb(l + —2)}(@) —iS,)
2b (B1-9)
bl o
C, J cos[ { (r ;bb }dé
o (B1-9a)
So=], sin[k{ibé - % }ag
o (B1-9b)
T/, PROBESHICPIRUTOL ) CEREND,
Il(P)=U’(P)'U"(P)=Co2'*'So2 (B1-10)

(B18) (B1-9) KOO B LRMICED2RDERX EA TV S, BOBEIEDIRDED A 2L H4E.
CoSPRERMET, 2ROBL ECHARTE TH 20 LARYKEOHLECHEE 7 LA VER LHT

5o P,r.,ir)fpo,r.,ﬁ‘ K LTV AH{EOMNEBILH 2BE, EOBHREEL TIROEDAMERLOT, DL
BBERTI A= T7 7—EIWEHKT B,

(i) 7 VR Iva
TJULANAFOROBELRIE LT, Ty VDA ) — VAL FEFEESAST LSS EZ b,

¢
x

A (2 >0 :

#E A.\ N ]

. k%

0 "%

- 3 . =<0 43{

B c >0 ce ). s ~ A

A ! K B12 v JILBFEEN T L RIVAELR %

_ —
s=—=y220 x, ZD sk QP DPSR TN

B2




[{48B] ae—L v P2

FHEB R BRAOHETHY . (B18) RITBV iyl B &

U(P)= exp(zkb)j Cxp{lk(é )}dé

(B1-11)

T, A-b LB

U(P)= exp(zkb)wf Iexp l—
(B1-12)

Lin:a?Tclzb;U'le; STLERTIENTE S,

U'(P) = explitb)y =2 (C, +15,)
2 (B1-13)

C = f cos( )du =1 jcos(zuz)du
2 % 2 (B1-13a)
a

S, = '[s sm( )du =—- jsm(—guz)du
(B1-13b)

(B1-13) Kk, AT oS HEHR AKX EERE L 2,
Lxs < oo

cos( )d = ] sm(ﬁ 2)du =1
2 (B1-14)

I/, BOEDOSHUTOETH 5,

Y
v
A

P
Ab (B1-15)
BEHEAL L f:%’ﬁEINom_(P)bi\ LFosdich s,
2 2
INom.(P) = C‘l;Sl
2 (B1-16)

HBLIRT I 78% %, FigBl2llBWTs=0id, Zv JOKERs MNVOEEATHS, T/, sk

(B1-15) RiCL o THEBXICBENPZH I ENTE L, XBL1 X, LEE Norm.® NG A—HF gD

"\—Cibf\(‘bo




r

(f48B] oe—L > F k2

F£Bll vy JILtArT7LVRIAREDHIAE

NG X—Hg AR L INorm.
0
Hoe 0.25
0 1.370 1k
1217 0.778 #5145/
-1.873
-2.345 1.199 $E2EK
-2.739 0.843 $E24/
-3.002 1.146 #EIFK
-3.391 0.872 #3480
= 1.00

(i) 799 vk—77—@EHF
BREPHHP L L Y ADJEOMEBIHDHEITIE,  (Bl4) RDEDIRDEDHE % Do

Pe: #121, Po': Py DR, Az ABBEG A': BFEG KB13 VLyXIL&B U759 vk—T7 7 -0
ro={PQ]=[P:Q). s=(QP]

K BIL3WKRTREZEXSE, (Bl4) RBUTDLH %2,
i A exp zkr0 U cxp zks)

U(P)=
(B1-17)

bl o PO'cipomsziim{%ﬁkTa ELARVYZRREIR Lf:i&@fnrﬁ.yo'% b LB TH 5,

2 2
s =(&-x) +({~b) (B1-18a)
2
EX+(L-b) =b" (B1-18b)
Fo2Xh o, sOBEARNBUTOL L5,
2
s’ =b (1+—2-—2x§) b (1 22> f)
b b’ b (B1-19)
sOERRXOELNRKE LTUToX %155,
s=h-"2 X
b (B1-20)

MR, THREE2LRTICHIEL T (B18) BUTDLYIn b,




[4453B] ae—L ¥ P&

U'(P)= exp(ikb)”ﬁcxp{—i%(xé + yn)}dédn = exp(ikb)- (C, —iS,)

ZZ T,

(B1-21)

C, H cos{ (x€ + yn)}d&dn

(B1-21a)

S, H sm{ (x& + yn)}dédn
(B1-21b)
DTFIHELT, AV FMROBOBIUABROCT 2759 vyk—7 7—AHEZEELI-ERE%S
Ato

(ii-a) AV v MREAOOEHE
BlELT, IREDPAY y MREAOEEZ 2L EF B, ZDEE, (B121) ROC,. S,IKEFE N2y,

NIERTEHDT,

C,'= L'cos(-];-xé )dﬁ

(B1-22a)

k
S,)'= .sin(—xé)dé
: L b (B1-22b)
fE2a% b 2Ry MREOWKA LT, (B122) RKix

k sin(f—ax—)
C,'= Jcos( xé)d& Jcos( )d&j 2a- Sznc( Z‘x) 2a (Tk‘f)—
b (B1-23a)

S,'= jsm( x{f)dﬁ Imn( )dé 0 (B1-23b)

COLEHI, Ay FRAOPSD TSy vk—7 7 —HEPRESincBABIC L722S) T Edbh b, FREL
THEHEAL L 7298 %] ®)ix
) (kax) 2
sy ——
b

Norm.
(__kax) '
b (B1-4)

# B1.2 IZ, :o)ﬂsaﬁ}EINorm %R L7 PADKNEXIINTG A= 7XEAVTHEEEL TS

INorm. ('x’y) = SinC2(k:x ) -

b A b (B1-25)

B-S




[f#5#B] 2e—L > P2

%#B12 RAVy MEAOWK LB T7IT Y vk—7 7 — AR ONIREE & WAME

N5 X — 48X H:E’z’ﬁ}EINorm
0 1 3TN
n (=3.142) 0 1R/
4.493 0.0472 B2EK
2n (=6.283) 0 24/
7.725 0.0165 XY YN
3n (=9.425) 0 KT TGN
10.904 0.0083 EARBK

RO 2RY y FCE2RTICHEL T (B18) NIBUTo LI i1c% %, BRTAEERICXLT
SHELTEXLAILYNTELDOT, #HEL L THERRBERLAFERIERT AEROOHMITELEDERE L S,

C,= -j; j;cos{ (x&+yn }dédn Jcos( g)dé jcos(kin)dn 2a SIE—I%%) -2a' SIEE_(;;—)—)

S, = j jsm{ x.§+yn)}d§dn jsm( 5}15 jsm(ky")dn 0

2 la (B1-26a,26b)
ERALL - é’ﬁ)ﬁﬁ}#ﬁlNom(x,y) BRUTDLHI% 2%,

sin(kﬂ) 2 sin(-——ka'y ) i
Ly (%,7) = S"”C{%) ' Sincz(k‘;y) - ; .

b b (B1-27)

FEROABFAOCK T2 797 k-7 7 —EFEE. ARIKE %2, ThEZT7Y—F4 227 (Airy's
disk) &S, RPEEEMNHETH L ELLELxy Y ATOL ) CAREBIERICBE L2 CEHET 2 4t
T% 5,

§=p-cos@ mn=p-sinb
xX=r-cos¢ y=r-sing (B1-28)
(B1-21) RITRALT,
(%)
b

)
b (B1-29)

ST I RORBIEBULO <y £ (Bessel) BIMTH Do FHAL LML, ORBTOL S 0%k %,

alx

U'(P)= chxp{—z—rpcos(e ¢)}pdpd9 2 na?




[f48B] 2e—L v P2

A
oo karY | T p
Iy, (r) = Besinc 5 )=

)
b (B1-30)
FB13 2, l:t?ﬁlﬁlNorm.(r)’) F D BesinX)D L ) TERL, PLOLOEH NI T O L S ICHBILL 72,
x=kar _2mar
b A b (B1-31)

% B13 MAEROICEI 2759 »k—7 7 — OGO ISR & Al

N5 A— X WA o m O

0 1 FEIBK
3.833 0 E1h (F1ER)
5.136 0.0175 K
7.016 0 kN (FE20E4R)
8.417 0.0042 EIWK
10.174 0 3w (BBIRTE)
11.620 0.0016 Fam K

#Bl4 HEHOWKLIAT7S Y9 vk — 77 — A0S KE

EoEE KEDNEHE Ui waw ]
AL 0.838 X<3.833
2mERE A 0.910 X<7.016
FEIGHEN 0.938 X<10.174
£ 1 X<oo

AR T 2799 yda—7 7 —0Igiz, LML 5, CoBE, HAROOE#SICFETR
HEOOMIFTEDILEAY &, ZOBEIRT 24 FEMREOOEMOFN) DEASY I L TR0 R & G
DUHNTHL %5, F0720, (EBERBEHORONKEL B o LR LBINE L 2> 2RI L Y po2FE
THLL BT TR A,

B-7
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[{48B] ae—L v M2

(B.2] F#%

() EREOTHH
BERBEEBVOL D OBREDERN VIS ATYER Y E2 (L LT 5, TO2ODERED THH
BUToLHILEHEEINS,
I,(7)= <Vl (¢+17)- Vz‘(t)) (B2-1)
TZT, O BEFHNFEHEERLTYS,
| s
(F())=lim — [ F,(r)dt
T-=2T -, (B2-2)
T/, tRVIEV2OEBRECHYT 2KHETH S,
Sl _S2 “
c (B2-3) :
1“12(:)0:&?0)3‘@@@@{@& 5,

0<[T, ()| < (V)W (1)) (%) V' (0)) = I, T, (B24)
COLH ICBREOTHHRE, BRANZ MVodboREMS L FEHMHEICERT 5, BT, (B2-1)

EFROTHEAN TS ZRAMTBEICOWTEAERTHI L ET 5,
39, ZHNTHE (ZHae-L Y R) &, 220FBR<7 MvofBE LTERE S,

T=

I,(0)= (V ()-V, ‘(I» (B2-5)
T/, RHOTHE BHIxe-1Vvr2) &3, QBV)E@ﬁ’\7 FVORRBHREE L TERE S,
Lu(®) = (M6 + )V () (526
Jk— VL YA (degree of coherence) 1354 CIEHE L L2l LTUT D L) ILEET 50
72(7)= T (7) =<Vl s T)VZ‘(I))
\/F“(O) \/rzz (0) \[1—1 ) \/7; (B2-7)

T, ylz(t)biU."Fa)Eﬁ%ﬁfé %,

0<|y,(7)<1 (B2-8)
V=10 & 20Dk~ LY FTHD LW, ylz(t)=00>t Efvae—-LYFThBENV,
W p@IFOTHITE 2V A, 200KREBIIE-L Y FTHE LV, W EEDIL— LY A

(degree of coherence) &\,
DERTHITL > TTEZHMQRK B 2 BESAMIQK, Tk — VY ARKY ,@FAVTUTOXTERYE S,

I(Q) = II(Q) + Iz(Q) + 2‘\/ II(Q) 4y Iz(Q) ) Y12(T) (B2-9)
L CBEOBAMEL B URMEL  BRTOL ) 1% 5,

L = 1(Q) + I( Q)+2«/1 ) VL(Q)|72(7)] (B2-10a)
I )+1 2\/1 (Q V l712(7)| (B2-10b)

B-8




[f+5B] 2 e—~L v F %2

Bl S LB BESAD S Visibility2 LT D & S CEHT 5,
Visibility = Jns = Loia _ 2 Vh(Q) 1,(0) [7:2(7)
Imax +Imin II(Q)+12(Q) (B2—11)
4%@:11=120> & X, Visibilityld 2 — LV RBEICE L% %, o

Visibility = [y,,(t)| (B2-12)
FIO, 0 EREO I L — L Y ARMICEN TN E WAL T @0 Y )@ T 0% by | ,ONHSERT 2 2
LHTE B,

Y12(%) ~ e = [, |6 P2 (B2-13a)

Ty(7) = Jipe 2™ = |, e P2 (B2-13b)

CIT, Te= LY RAEN,,BLUP R TIRTETH 2,

r,0 _{(WOV,'1)

12 =%2(0)= -
a 72(0) \/Fu(o)\/rzz(o) \/Z\/E (B2-14a)
Jip =T,(0)= (Vl(’)“/z‘(’» (B2-14b)
: B, = arg(#lz) (B2-14c)

Te— by AN, T (Fe—L Y R) KB RN I 0O THME (2
Mae—VLYR) KHBTZHD0THHIENDL D,

(ii) 1 vae—Vy P RBEICLAZHae—-L R

CITRRLEE, HOES L UERELORES L UEBIEIZLOWTH B2.1 iR L7z, Ko bn &S
EM) PORK LIS, KL OEEENZFEOIOS WAL AS L, GEBLICERZT 5, T,
| WALDOEP, (XY) £8P, (X,Y,) KOWTHR 602, d/. REBLOMEIRKEQ (xy) OHHT

| b, T, T CRAEKREI L ABHENIL— LV ABMATHL L LTElae—VL Yy ADAYE
' BT EET D,

|
u
v : r ;
\
| ] ’
! //P1,rx f1 //Q X
| — e
/
T2 2
A B
s : l : f >
z=0 z=s z=s+f

FB21 fvae—Ly MEBEOEHBOEER

B9




[{44#B] ab—L v F 22

I, A E0FES En) »ORAOMEEDEP, (XY, I TOMEHS 3,

s2=(X, - &) +(¥,-n) +5*

(B2-15)
I T, X <<s, Yi<<s, E<cs, ne<sET B L,
2 2
X -&) +(¥,—-
q~s+(l £ +(-n)
2s (B2-16)

L7-d8- T, ESH 6,!.5,P1$3 X U,ﬁpz«mt%z*z i3,

(Xl +Y1)2 +(X1 +Yz)2 (Xl "Xz)é +(Yl _Yz)n

5, =5, ~ -
2s s (B2-17)
BFEae— L v ZXEu (complex degree of coherence) X YEFENEFEIENZHVTUTOL I KEEEN B,

e I I 1(£,7)- """ agdn
u(p.q)=—===
[ [1(&.m)dtdn

—eo—oo (B2-18)
ST kBEEAMIT AEETCH S,

i f:.\ p,q,\l/‘i,ﬁpl (Xl’Yl) N ,ﬁlpz (x2,Y2) mggt%ﬁﬁ)c)O)Eﬁ%S%m‘/\'cu—F@; :) b:niﬁbf:o
X, - X, r-r
= — q=
S and s (B2-19a)

k
v= X{(Xf +12)-(X,2 +1,2)}

p

(B2-19b)

(i-a) —HRERBREDHE S OMABRIFICL AR ae—L VA
Bl LCHERO%ER L —B2BEORFICOWTERT 5, REOHESHFIEDEIUTOL S ILE

gL
1(&,m)= I, \E+n* <aq,
’ 0 WE+7 >a,

(B2-20)
l:’—Méliho (lii?éao) Thb, ZHRae—V Uy ABERLUTO L) ICEIE s 3,
2J (kwa,) .
'u(p’q)z..__;_c(—o)e:w
oa, (B2-21)

CIT JORFIESIRON Y LVEE. o BMTRARTACHBE I BETH D,

2 2 —_—
B o B (O 8 e U A 2
S S

(B2-22)

(ii-b) Ay ARGAFESH % b OXFICL A ZEMae—1L 2
RIS, Ao AEEERAAE D OHFE OV TERT 5, REOREFHAEUTOL ) KEHT 5,

B-10




[{483B] o2k—L ¥ %%

1(§yn)=1(/3)=103xP(_2,:2)

CCT‘%ﬁwﬁﬁﬂ¥ﬁéﬁ@Mmedq%mwfuTo;5Kit%o
2A) g = 2V2-In2 - 6, =2.350, (B2.24)
¥R, Zlae— VY ABELH VAR E LD,

(B2-23)

koo,)’ ;
#(p,q)=exp{—(_z_l)}°ew
(B2-25)
¥ ik, %ﬁcg%}ﬁ\nf
- p’ :
#(p.q) = u(p) = expy—>—5-€”
p (B2-26)
::T\%ﬁ%duTwﬁ%ﬁééo
S
O'g =
k-0, (B2-27)

(iii) ZHHEFHIC L 5 THBEOTK
CETiR, ¥R —NT LA (FRAY Y FTUA) Lo THRERENAETFHRICOVWTHRERLZ L ET
By RRIEXETHBIC Lo TTELTEHHER. 2ERTHBICL - TTE2THRHL ) O FVPHEET
555, RERROMENFEET A2 EOREN S S, T2, EARKIRZERTHEORLHIRL TEAER
FHBOBES BT A2TEHS L LI — Ly AL DORERD LI ENTE S,
%%K?%K;é?%ﬁﬁ%ﬂﬁh@ﬁﬁ¢®ﬁ%]mmxﬁ Lm%.amym)wﬁ&%tu;or%
Hanhbd, ook i, BEENATHEOEEIAI)IUTOL I ICESI LD,

I'(x,y)=1(x,y)- C(x,y) (B2-28)
ST, xR EYER—V (A Y v M) KL AAFBRTHY . THHOLKBRERRT 2, V&
— VIS & B REDAKMIT Ay ¥ 7 EER, R Y v MK BIRE ORIy SincBIBICHE ) o (fF
HBIBM) $72. CoREYR—7 LA (72320 v b7 LA) L& BEELL - THBEORESTH
2 ETHEITH D, BRTHEVA—LT7 A (32 v b7 L4) O (70X b—2) BERT
XBLE, BEXEDRTHLTEXLILENTE L,

I'(x,y)=1(x,y)-C,(x)-C,(y) (B2-29)
::?\g@mxvgng§T5zy$—w7v4(itmxu?b7v4)u;5$$ﬁwﬁﬁﬁﬁ

%ﬁ?%ﬁ?béoCéﬂ%ﬂKtbt‘Cé@muTwﬁTiénéo

C5)= 3 3 nl-cOS(B s+ B}

m=1m'=l (B2-30)
o, l’lmm"smm"ﬁmm' i
#mm' = :u’(Xm - Xm') (B2_31a>
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[f46B] 2 — L A%

O = 271:—-—-(X"' ~ X)X
A-f (B2-31b)
B = arg(t,,,) (B2-31¢)

—#RIC. SAETHICL 5T, Visibilityll & o TR — VY AEXEHIT A2 L1 TE LV, L
L. ZHIe - VY 2L BRI TFHROBBRICKBM I NS,
COTHEOBKR»OEBMae— Ly A% KDL EHBTETH 2,

[B.3] E— L4t
BUEVWERae— Ly A% OoBXBL—HF— 3RO 753 74— R EDOIEHICRRIELVEDTH S,

Lol BRACBIIHXML—F—Kid, EFOL—F—D L) KEHMB L TRHAMICIE—L Y}
BEFETH 2V, Thid, F2s -4y MEEFRBLEh T W BT 2 EZE2 002, GEE
V= — R OHMY L HENS 25°, BRIAEDOL—F—KE@Eae—L Y " BEET B E LT
REThriEILNS, :

CITR, ZHI- VY ADEFICL > THELAHL, E— 2B OVwTR~N, 2 —L ¥ MK
Rk blo THEXS ), KEFORIAMCBVTEERTHEIRIH L0 TH L, iy
Le A v 3e— VLY PABRREEPOZLAEICHBI L TR ERELVIDOTH L, $7-, Hoae
— VY MERIR, ae—-LY bABESA Yo — LY P ABEOPEOBELETHLE VD, —BICL—H—
EBUANORFERIEG e —L Y P RETH 2, SO0, KEOWETIIZ & A LHE R W,

COFHTIE, MBI —-L Y PAFE LT, XEFOZEROMBIERD b A & o TH T 2 HEYEKLE
(quasi-homogeneous source) % BB 7zo % 72, FISFHIR % ASEE— FCHING L 728k X0 L —+ — 45,
B HIE (quasi-homogeneous source) X7 B Z & bEEL 720

() ae—VLry b EBOE— A45H
Bl LT, AARRBoNERYE2 5, BEROBEEREIUTOYZ 2y 2 VOFER. LT

BERHRRE@T,

(V2 +k*)E=0 (B3-1a)
2n
k=w4 E=—
=7 (B3-1b)

1]

T, kiMfIHES (B . mcmﬁ%ﬁm\ MIBEHOBERETH D, T Tk, EREL, BFEFcD—

BREFUBEEREL TV 3,
HYABE— ARZFHREISEVODLE L, FHELDEVYeTET I L LT 5,

E(x,y,z)= ¢(x, y,2)- ek (B3-2)
ch% (B3-la) RIMCALT, kX0 Boh s,
2 2
%%+§%Lam%?=o
x*  dy Z 5 (B3-3)
::?u.M&ﬁﬂt@o(b%ﬂ?éﬁﬁttf\ywﬁwﬁ%ﬂﬁbto(MG)OUtoﬂﬁﬂ%%

EBELTUTORTEES,
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[145B] 3 v—L > F %%

@, . | Z 2 2 1 ik
X, ¥,2)= exp<itan” | — |—{x° + —_ 4
o= Boaliw()-teor Gvam))
_ nw,’
' A (B34b)

(B3-3) IfCALTERT AL, YRR —ADEAE— FEQREERUT DL S 1252, TZ T\ 20,
Bae— LU eBODE—AY LT MIBOARY METHRIETe, BE T L L AMETH 2, 20)0&1‘
Avae—Vry b eXBEOARy PELIZ—B LV,

N 55 O I PO C ) e (3
Eoo(X,y,Z)— Gf(z)e P{ &72(2)} e P[ l{k + A -R(z) tan (Zo)}jl (B3-52)

20(z) =20, 1+ Az | =2@,| 1+ Z |
i " (B3-5b)
R(z)=z[l+ L) 2]
( ‘ ) (B3-5¢)

ZIT, AMIBEEPOURE, 2048 & Fo@EEnETNE— LAY Z A MIBBLITE—ATIRA M 26200

BTHOAXy FME, RQEzOMNBE COEMHATOMEBEETH L, z28KEVE EX Ry MEo@, HEE
BR@QDEPX U TOXTH 5, R@Ez=D & & fid‘ftﬁR(z):ZzOé: %Y. 2>z TIZIIR@=2E % Do %

7. z>>z0’(‘&i E— ARo@RUToL S5tk 5,

20(z) = 24 z
o (B3-6)
F/o. E—ADEEY A2, (B36) DE—AR0@ L EM LI LU TOXTROL NS,
20=2 A
o, (B3-7)

Z i, Eﬁzmoﬂfﬁosﬁu W& BEILEHIN IS L T b,

ARy MEoglogt Ly ADJEMLBEILHHE S, TO2ODAKY FMEOT - BFRRE (B3-6)
POEBELERELTEORS,

20,'= 2L (2m,)
2L (B3-8)
ZTTy 7 RE—LZAEY POV YAETOERTH S, ZORE, HROBEORLFLT, ¥—

LADGHEICE > Tak— LY FeHBROY - AL HOLHAREIEL 2V EERL TS,

CTETR, AYRABE- ADZKy MR, (K= AE20) B LU - ALY fA20 & L THEDL SR
ME2%") 2% b5GCHRLTES, DTORDLHIC, BLALDORE (£6&0K8T%) HE— AZERIC
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[{44B] 2k—L v b2

HFins,

o

o 2r? Drdr |- nw’ ex s
Io e )T | 2 2 A
J'“ _27‘2 2 nrd. - 7[@2 2r? "
HYAE— LDYELE (FWHM) & oBRREyrWEEL L TUTORRXTHRETE 3,

/1 2
(ZXWHM) = nT(ZX) = 0'589(ZX)
(B3-10)

it‘(ms)&ﬁﬁ@%ﬁ%ﬁ&%t¥@éﬁ@xﬁybQQQNMMKﬁinaﬁiu@ﬁmw%vé
AT bbb,
EREFEHL-GEORE LT, BEZBAMBICBIT A —ALEEYAEARy MEOHFE YU TOE
(N7

1-¢2=0.865

Mo =

(B3-9)

F B3l EEZ4mEO Y — AREHA (20) EXAEY P4 X (2w)

: A B
COrwrM 10{mrad] S{mrad] 1[mrad]
20 17[mrad] 2¢=8.5[mrad] 2¢=1.7[mrad]
200 3.0[um] 6.0(yum] 30[um]
QO PewHM 1.8[um] 3.5[um) 18[um]
% 300[m] 1.2[mm] 30[mm]

(i) WP — L FRED Y — A4 4]

BETIR, ab— LY MEBEOE— ARHICOW TR, EBICIR, ARFZETHRY Ko 2B XL — ¥
— KRR EL D RV AD I KBELEE Y O—Bae— LY b THIEFIL— L v PERE
(partially coherent source) T b, HNWICBII B2 ZBH I — LY A3 I =4y MG T2BICEL S
O, ZHIb -V ABRENRET B THLERETE L, SOLI LI — L v AFEHHIC
EHOLDORHTHL L&, TOXFELHEHENIE (quasi-homogeneous source) & V3

CTTR, A RAMBESARE N 7 ARZR e — L AEY b O EREL EL LI L ET B, A
v ABEESA (W) % 604K 75 X~ #8IET HASELFEOZEM 2 — L v A0MBEBEEIE it h &
VAR A LD o TWwD, KEDBESFpE ZH I — L v 2OMBBBAKeEX U To L1
EET 5,

pz
A=A -
(P) exp[ ) 012] (5311
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' [4452B] Te— L b

L _ p|2
g(p)_exp[ 20.32]

(B3-11b)
ZZT, IIT, A,GI,GG‘i%ﬁ'(\ EHEXRBFEOEEICL W LTFToBHERANL ) 20,

| g, << 0 (B3-12)
$ 72, plEKEED S OERE, PR LO2EHOERETH S,
p=1p| p'=1P| yoa P'=5, -5, (B3-13)

| LTHT, OogRENTNBESLUEM I -V Y AOFREETH ), ZOfH (E) KBV TH
BERAEBAHI61% (=) K% B, SECHBDS50%.4937% (=) #914% (=) Wk 2fEik. ot VT
3 UTF OB H 5,

i O 60— 0

037%= 2'0‘=1.410

|
|
[ 3
]l ! O.uq =20 (B3-14)

; HAIEH D QA) pyyyy CHEZIEFWHM) % BFOXTERT 5.
' 20, rwim =232 In2 - 0, = 2.350, (B3.15)

| ‘ F7-, KED S OBEBONBETHOY — ADBESHp)B LU ZEH I — L XM g LT &
!‘ KET T ENTE D,
\

T, AQRE— ALY EETEEK (2r/A) *AVTUTOL ) ILKE S,

2705
Z
| A(z)—[l+(ko_lo_ ) J
‘ & (B3-17)

CITHR, 2KEL LD LA@QP BT 5 &5 I b ZEICHET &,
HARMTOEE LFAMKICLT, ¥ ARD Y 8L UZH T L - LY ARBORERZ()0,@ BT D &

. A p’
I 4 =— Xp4s — 2 2
{ N TYE P{ 20, [A(Z)]} (B3-160)
. et
| | 20,7[A(2)] (B3-16b)
|

JICER B,
0,(z) = 0,[A(2)] and 0,(z)=0,[A(z)] (B3-18)
P ST, BELAILEE AR EDEZa— LY AABOKEZOHEI—ETHAHT ETHDH,
‘ o o
£ (2) = —£ = constant
o,(z) o (B3-19)

ST, P—AFEBICL Y ZEEoe— Ly RARMET S (HHEE#IECRS) 45, ae—L ¥ M
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[{$5#B] 2e—L >~ b 2
FOEDDLEFRIEBLEVIEERRLTNE,

KBRTOBRME LIIE S 4 5 22012, €= ML D 20@)) pyypy CEELIEFWHM) B & UY— AREA
20 wHM (beam divergence) ¥ L TORXTEET %,

2A(2), gy =2¥2-In2 - 6,(2) (B3-20a)
2A(z2)
20 = 1, FWHM
FWHM 2 (B3-20b)

BRDLIIC, E— AL RREBARLEEN I —L Y MESOKESIEEL TS, WhsETona
E— LY MEADKREL D (HNEESES 2 D) & U— ARBAMWNS KL IE@MICR D, $72, ¥
—AERDARKBEOKE SICERRTHLI DL,

o, MESMPEM L — L U AR R ERT 572010 BT 0 L) CER L MEORER S48

SUZEMae— VVX@*EB@EEEElg%iﬂV\éo

[ p1(B.2)d% [ o7 8(p.2)dp

£ (2) =" £ (2)==m—
[, 1(B.2)d’p ad J; 6B 2)p (B3-21)
SR B HEBEBS A Y ASHTH S & &3,
£,(z)= ‘/EO'I(Z) = \/EGIA(Z) (B3-22a)
4,(2)=+20,(2)="20,A(2) (B3-22b)

TR, BEBLIUZER -V yzfﬁ!ﬁﬁ&étlwﬂﬂéﬂﬁsﬁzgazfswf%s?%u:f.; AL EHTHAH
EREELTBL,

z>>k0'g610’) L&, (B3-17) BRHEMAE2ESKENE L AH-DA@QP BT L LS5, ERICB

FABXML—F —K0RIZ, HFE23.223.6nmB DKL) CRELIE) 14100umTH 5,  (B3-15)
& 0100235243 (um) L% h, EHEKBOER & Dog<<cI=43 (um) TH B, D& %kolcg<<0.5 (m)

BHEOLNZDOT, 1 (m) OB TIRATOEBD LY 20 FEZTL,
z

A(z)=
ko,o, (B3-23)
cokx, (B3-18) - (B3-20) B T EHice s,
Z Z
o) = —
1) ko o,(z)= ko,

g and 1 (B3-24)

z,(z)s«/ik—% y Zg(z)E«/Ek—o_l

2A(z), pwmy = 2427102 %
g (B3-26)

(B3-25)
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[{453B] 22—V P %%

20, = 22102 _ o iz 2
ko, w-¢, (B3-27)

DT, BR234AnmBOFAMERE (S0%0EM I~V A% 52 2 ) L - ABORKRERL .

| F#B32 HyARKHEKED C— AJEH 0 LHBEROBMER (KE23.4nm)
E— AJLAF Y F(20), 1mrad Smrad 10mrad

AHBARESE (50%) 10.3um 2.06um 1.03um

(ii) 1 vae—-L Y VKD E— LEH

i mﬁwﬁwﬁﬁﬁuzwfgﬁ:t—vyb@ﬁ%ﬁ%#ﬁu(%w)wté\cmﬁﬁu4y:t—
LYy MEETHD, CHLE, E-LADRHARIKELL > T, HEAENE S, T/ 13-V Y
, FEETOXELOCHN MBI BTHIBENOEM -V ABEET S, LA L, BEAXKEY
E 1R — AENKEL D, A vae— VLY MERBITATL -V Y VRGOEERRRII)ASV, Ch
i B, Baae— Ly MEE EYELE) OBIKERLLIRKE—sdhDae—L Y MEGOEREL
1 ZnhrbThHb, v

Avae—Lb v MEETIR, BES S PN EVEERELrOBNAMETOLE -V AdmMET
o HIADA R b 24 va—Ly VEBICEAEMoe— VYV ARA Y ARGA L b2, (AERADK
BoOBEGRy VBRI %, )

BX# L —H¥ —XIXASE (Amplified Spontaneous Emission) €— FTHIEL T3, 73 XIH 0L DR
KA yae—VL b THHEEXLNLN, ASELFETRENRICIIL— VY MESHPEEIN D, T
Tid, MXBL—F—k»RFae—~- Ly PRBETCHEI LR RTIEET B,

Hy ABRRESH L b 24 vae— LY M EBEOESI I — VY AENH YV AMTHS I Lid T TIKARX
Tro BBO e — LU ADEELYERTEL LT HE, H Yy ARRESM % b 2XEIKED & s E
WEARZEMae— Ly ARDTILRENS,

Uﬂq

Sl

2 20

:4

p(p)=exp{—

(B3-28)
TIT, R MVEBPBLU RN T EpRUTORRYES 5,
- - - t __ 1A — 2 2
F=Pi-Pr = (5= 2% = 1) g P= 1= V(R = %) + (- 3,) (83-29)
it\ﬁﬁxﬁ@%ﬁﬂE~V71%ﬁ@%ﬁ%uuT®%%ﬁééo

A)
O

ko , (B3-30)
ZIT, o KIRDBEAIO B B ERTH Do

E : B-17




[4453B] 2e—L v P 2%

2
I(ﬁ)=Ioexp(—2p 2)
i (B3-31)

(B330) &0, ZMae—LYyARS vae—Lbr P REOKEY A ZIIEBI L., EBICHAITEL
2FRLTVD, BEF A ZOKELHEFETHERY LA LI L o TR RBFELRAISDZEMae—-1L Y X
FELAIENTELN, (REOBTREHEO2FIIRKEAT IO T/HAIREEOFFERLZET LN L
2k 5,

THEIHIIT, B — LY AENQQREEOADEBICR A L ILEET L, 1 yae—L Y M EHE

THOREISHAEHEN-VECEIAZFOICBTHEYEXRE L 25,

(iv) ASE®— Fic& 3 ¥— otk

RiZ, ASEE— FTRAETAMXBLV—F - Ko hmicsit 52—V r PRGSOV TRR S,
(B3-28) & W A ARBBESAE b4 vyak—L Y b REICES BN EICBITIEMae—-L Y
X@%&%(w“)WQEZB“VVXEQBOE%%ﬁ*iéoWﬁféﬁ&tlﬁﬁﬁﬁjt_Vyf

%ﬁ@:t—vvb&ﬁ%%ﬁ%ﬁ:k—b7X§®ﬁﬁ&LTMT@ﬁT%ﬁénéo

. [Cp2v(p)ap

le —
= 2
|, @)dp (B3-32)
ﬁvxﬂ:z—vyx@ﬁuﬂLf%u%meTéo
¢, =120, (B3.33)

COEBIIBIIAZEMae— LYy A% (=) Thb, T/, (B330) L HeLgidBl Tk icExT
TEHTE D,

¢, = «/— ——=2.4/In2
n (ZA)FWHM (B3-34)
*:?\amwwmuﬁvxﬁﬁﬁﬁﬁ®¥ﬁ£%?&6°
(ZA)FWHM =2v2-In2- o; (B3-35)

ASEE— FTRIRTAHMXML —F - B FIBHBREEBENLE TCH L, 77 XAKFHBOREBHAEICS
wf%&?%%ﬁ:t—vyxu(m&JK;afﬂﬁéné:t—uyxﬁﬁ&%%t&?@ﬁuaao

z—«/"—_z«/_—'“

(2A)FWHM (B3-36)
*:T\ﬁﬂﬁ%&é%wmm%—F@%Ek;orﬁﬁmttﬁévéﬁdmuﬁﬁommf~Fvu

UFToxTkt b,

g =2 \1n2

7T@Ahmm (B3-37)
T, gRFIBREL (R~ Y PRETH D, AIBREe FIBEMext ) LHMERR S gORIHR

2B 240mmD ¥ —4 v M LT, FIBEER.5cm' TRAZE S 1336mm& 2 D22y -4y FEXICH
4T HEBEXTHE, COEE, REMIZoL—L Y MR ABEREM L LTE—0&Ea—-1L VR
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[{$5B] 2e—L v %2

E%ﬁ%b(&é(ammwmﬁ%)CttT%t\ﬁ&%mmﬁﬁwfﬁﬁﬁé%mm?uE~A@

QMmeﬁlU:t—VVXE%%ﬁ%Mm&&%%?ﬁﬁboﬁﬁ@ﬁXﬁV—W—%@%ﬁ*41

BAI00Um A D TASEE— FCl ok~ LV ABEBIE— AL bASVEEZ OGNS, BXAKMEL L

KEo TEBEI YR TAHEVASTHL L EL LN D, FHI 5 — %M L 285X KHEE TIEMOPA

%—F(M@N&Mmy%wnmwmm)T&%&LT\ﬁ%ﬁﬁﬁé%ﬂﬂiFoiitﬁﬁéﬂé&bto
Jtrx -exp(g-x)dx

=0 +24, , +4,

[ dx
Jy explg-x) (B3-38)
CIT Ly Y=y PRP LIS S TOHETH D, COT LR, FHRREEFRTIILLS

S

TR LI — VLV AR RETELILEERRLTNWES,

EEXH

(1] 86AERR, I AT, HREE

(2] S8 ARFEA and /NEE L, ILHEFN, B EIE

[3] M.Bom and E.Wolf, Princilpe of Optics, 6th ed., Chap.10 (Pergamon Press, Oxford, 1980).
{4] E.Collet and E.Wolf, Opt. Commun. 32 (1980) 27.
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[+5%C] BREE E1EE

[f$53C] BRBMHIIEIIE (ASE ; Amplified Spontaneous Emission)

TR, BEBEIC BT AEBEEDL O KD SN RESAFE LFIBEROBERERT. $7-. HE
LN EREGIEND 2 b OBEIIBITLARS MVEKBEBEOB Y B RS, 351, WELHEML
72 & X DFIB OB L EFEEDOBRER L KD, BERLARZ PIEDSLE T WVIZOWTERS, (1]

(i) BREE & FERY
9, FEM u 2O THMI~NOBBYEZ L, CDEE, TADEDR (u BB) KRHAREES

(spontaneous transition) & 8B (induced transition) DEMEFI N5, T/, L~DEB (0w EB) I
REFEBOHOAPEIND L L% Do THODEBEE (ransitionrate) % ZNELW ;. W) [1/s5]
ETBE, LT L ) IcFEE b,

W,=B,-p(v)+A, (C-1a)

W.=B,-p(v) (C-1b)
:C?\ﬁﬂﬁﬁﬁﬁﬁﬁ$(wmmmmnmﬁ@wmmwm)‘mnﬂ&%ﬁﬁ[mﬂ‘mMMm&mmk
B, BLUB RFEEBSCHTE74 v V294 VER (Einstein coefficient for induced emission) &3 5,

E%E&%%Amu‘ﬁgwwﬁﬁwﬁxm(=m@)%Mmfuwabuiénao

8nir.c 87r.c
A==t Au===F1u o
VRN P y C-2a
ELAE. A (A) &LT ,
6.6x10" g 6.6 %10
A= fu Ay=——71,
S A I (C-2b)

TIT, g kg REALNLEN (u) BLUTHEM (1) OMETFHER (stastical weight) | 1) WEF D
HREE (28x10%m) | £ IRIX (THefL D 6 FHERI~) DIRE)FI4E (oscillator strength) TH %, ¥
tnﬂﬂﬁE%(T@ﬁ#6L@ﬁ“)@ﬁﬁ?ﬁﬁ?bn\ﬁﬂﬁﬁﬁﬁ%t%o

eZ

r. =

o 47[80m¢(,‘2 (C'Sa)
~f,=2f,
8. (C-3b)

7. BEEE pv) 3. EBAEK Y LEAEHOBRET ORKE LTUTDL ) ILHKE S,
p(v) = 87m33hv3( : 1 )
¢ -1 (C4)
SIT, cl¥E, hid7F v 7 EH (Planckconstant) THh b, T /2, n REEOBITETH 5, RHANFE
BELY e L THELEERR QUTORKRE b2,
n=elg (C-5)
BFHARE T, LT OREMSE D L2,

C-1




(f+53C] BREEAHE

NW,=NW, (c-6)
ZIT.N BZ UN k% NFN RN B LI UTERNOEFFEE [atoms/m’] TH 2,
(C-1) (Cc4) 2fRALT

8mn’hv,’ 8nn’hv,’
Nu[Bul WT—O:—I-)- + A:l = N[[Blu C3(ehvo/kT0_ 1)

(c-7)

TTT. ny REBOPLEERTH B,
/-, BRFHRECIZL (Nu/Nl) BUTOBERE b2,

E£_= _gie-hvolkT

N, g (C-8)
COBMEE (C7) WAAALT, AT OBMEME D LD,

smnhvy Au(8./8)
C3(ehv°/kT _ l) Bluehvo/kT _Bul(gu/gl) ©9)

COBRBEFLETORE (BET) KOWTEY 27012, UToBBE M-+ LEES 2,

B, = &"Bul
& (C-10a)
A, _8mn’hvy . c
B, c Bu= i3t
ul ¥ 7m0 0 (C-10b)

EIAHT, RVBRFH L VBEICIHERSTORRELFET AL TE L, HERNIXRMHELS
&\Eﬁ&&wﬁﬁﬁﬁfééw?\Eﬁﬁﬁwmﬁlvwm%MTDliﬁééiTttﬁﬁééo

A, Aol
W'd:_l_g_z_g(v): 0 2 g(V)
8mhvyn 8mhv,n’t,,,, (C-112)
A2,
W, =8uw, =8e__Tosr gy
g g, 8mhvyn L pont (C-11b)

ST, lobiﬁ%EFFﬂ)ﬁF'l}‘?&E (=kul/n) v gV AR FIVIREIER (lineshape function) T&H )., 1/Av

I Lv, $7-. tspont‘i BB KFHa [s] (spontaneous lifetime) TE%%%E}?AUI [1/5] DHEBTER

Nk, o BHEEpVION Y THEL, (W'l ZHwTERL,
c cne,E,?
Iv'g(v)=—pv=_0—2—

n 2 (C-12)

BARRL ) oFZHE (W'l i1,

2
Power o [NW. = NWJhve=| N, - Ben, | Pole oy
Volume S * " )8mnt
gl spont (C_13)

b, I, BUNRSLEYDBEOEMEF L 250T, LTOMRX %7,

dl (z) _ Power _ .
dz ~ Volume r(v)-1(2) (C-14)
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[+8C] BREsT L8R

ST, YWHIELTD L S ick¥ %,

y(v)=(Nu—ﬁN,)——’—“:z—g<v)= AN-24” o)
& 87Nt 8nn’t,,,., (C-15)
72 (C-14) Offi, BRI L CORERIEHBEBRMLEINES X 5,

1,(z)=1,(0)-¢"" (C-16)
Shid, YT BBOFRRMTH L L2 RL T2, FIRRBYRUTO L) CHFEBETERo &
IR Eifo,, MV TERT L b TE B,

Yy=N,0,,—No,, =AN -0, (C-17)
(cw)t(cn)%m«ét FE R Eo, & BRI TR, A XY P VAR b DR

ELTUTORBRTEY B,

Gon(V) = S A"' Lo oy
{C-182a)
2{ 2
oa,,s(v>=—§-"-;—2g<v>
8 onn (C-18b)

CHOADL, o THHIEBbh b,

stim*Cabs~8u81
(ii) ASE (Amplified Spontancous Emission)

HET CRBREZEHEIEISFEINL TV AKX - — FERE LBV TASEICE T W THIE
waéob@;7&mmﬁ%kx5%%&@%wuuTmﬁﬁﬁménrmao

( exp(g-£)-1
I, = J.[J: -exp(g - z)[dz = J,——=>—"—
.20 8 (C-19)
SCT, JREMNRES L) ORARTH S,
(C-19) BHIROEPEL 2D TROEANLEDETH L, THBOBERSWREFBVIHE I, KRR
SLIRBEOHIBIC L WAIBEL RO R TRIER 62w, ARZ MVOEKEEYev)THY, LTD L)

LHEEbOLT B,
_[ o(vidv=1
e (c-20)
(C-19) KEAT L
L.=| [L(p———exP(gW)_ l}fv
- &% (c-21)

CORBBEMICBL I ENTET, 2252707 74 0% 62813 L Tiewic & 6§
(Dopplerb &tr) BLTFoRic%k %,
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[exp(e-£)-1]"
s 0.5
COXELinfordDR 2] EELNTVWELDTH A, —h. (C-19) BRERSHEBESBEVWSAFLEHT

EERFHTAIONET L, ARS MUEFLBRBRTIBEBCEEL 2> T %, L2L, FIfHE
BrEVIESIcREIRAEORENEB 20T, YLD P HHL THFICHER 2V,

FEBEE FIEBER) AT, ¥4y FEE Y TALX S oM BMEEOHIN» 6RO 5 HHEL,
75 X2 EMIcE T ISE AR WA LD AR FVRER» O RO B FENRD L, BB, (C-
19) o5 L Ro@EIRARRD L ) IKEHEI RS,

=7t (C-23)
whEEE AL FRIoME. BT (C19) EHEBLTARDL ) ICER S,

1, _ exp(g-£)-1

1, 8¢ (C-24)
T/, (C22) KHMLTRUTOL k3,

I, [cxp(g-l)— 1]1'5

-5 - 5

I, g-l[g-lexp(g-l)]o (C-25)
FlBnd 5L, Coi1PLEICL 5,

I,.=J

(iii) HHILIY ERHEILEHY

AT PIVIESY (RARZ7 PVIE) B BEF ({3 Y) ROBKDARS PRI L > THES S, EF
RPOBETEARS MVOERG, EOESY)OERICE o THRILEYED £ 23AYEILS) IS
o WEIEND I, HFDBEBARYS MIVOBEMKIEDD (natural broadeneing) D & ) ICFBET AT & IZTE
BWARY MVIEDD 2T, Skt L, AHEILY ) 34 2B FEAPSOBKEARZ FVELTH
BELTEADILDTEDLARI MILEHEYNTH D, V—H—HERTFAIDOLDRELANRT MR, 75
AXIDA A VIBEIC L BDopplet/iidt ) (RYEILDY) PEEEIC L AS ki) (BELESY) LK
SoTHEENRTWS, ARS MVIEDBNEBRET A0, LT L) RHBELIARS FIVIEIKBI R

gEVEEZ D,
J'g(v)dv=l
e (C-26)
(iii-a) @ — L Y &34 (Lorenz broadening)
WEILD Y (BREHRD RSarklah) du— Ly Hrb2-E260E, COLEHEBLLAEZR
Y P VRE BV, BRIEF) DR XS FVIE CHERIEFWHM) $Av, & LTUTO L) kEe 5,

Av,

27:[( A;h )2 +(v— vo)z} | o

ZZ T, g(v0)=2/7tAvh=0.64/Av'C‘35 5o

g(v)=

C4
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(iii-b) # o A RIGA

Fv 75 —15d') (Dopplerbroadening) 1375 X< DA 4 ViBEEIC & 2 #8:E8ICREA LN v ABFEES
b OBEFEMAPODOBIEARI PRy I~V 7 b T B LICLoTHREXNSE, D720,
Dopplet/ 58 ) W EBLAHERUEA T AGHE S DI LD, HIRBARY MVEMYDARS P VG
CRESIRFWHM) %Avped B & BMALL 72 H 5 X500 gv) BRUTORXTHEE 5,

sv)== 2(In ‘)/ ex p{—4 2 =%) A_Vg) }

Vo (C-28)
uﬂﬁ@BWD&ETgW& 094/Avp DRBRE SO LD o ey Fu 7I—RH ) DRAE, R
R FIVEE Avp it IS5 XL F VIRE T, EETFEEM (atomicmass) 2HVTUTOL kXN

%o

Av, Ad, 242-In2 (k_T )"'5
M

Vo A ¢ (C-29)
(C28) KARATHE gv) BUTDL I ICbFET T EHMTE B,
M 0.5 M (v—v 2
)=S0 ) expl- e L]
27kT 2kT v,
(C-30)
7o, (C29) %MK THE, UTORICL > TEITE 2,
0.5
Avp _Ay g 9x107 (k—T)
o A H (C-31)

ZZT, pREFOEEH (atomic mass number) TH 5,

(iv) FBRERI & AR P VL
WRIEN Y EARYBEIER) DRSBEELHEL., BEFSEMLZL EOBRERARS MIEDLLEVTS
%o MEEDEIT B & JESA ORI & o THHBREPES T 5. BESA T b OFFHAH (FIFER)
K& o THED 20 ARY PVIEHRRL % B AR PIVIRFLDRES 5o 510, WEILNMY LE o TAY
BILD ) OBEdR— NV 3—= 2 (hole burning) 12 & o TARY MUIEDO R K (rebroadening) %2 Z
ho TT T, FIBRMICLBHMEL AR FENSS T VIIOWVTRR S,
MED & 12, FBREyV)E (C-16) T L1615,
2
Y(V)= AN ——g(v)
n t

spont
(iv-a) #EEIFHIR (linear regime) ¥ 723 AELFISHIR (unsaturated regime)
— KRB L TW 2 WIES I B A RS R By RN BICERR TH 2, BEOBINIUTICEY 5,
a0.z) YU (y.2)-a-1(y,2)+ n-¥(y)
dz (C-32)
GUOEHIEELTHET. TEETERBGEICHYT 2 b 0 THERSA L b bFIHRARy()Ic ke
TBET o IR ERR L ERTH 5,

C-5
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(iv-b) RafI$EIR (saturated regime)
o, ERESSE 25 LEAMEVERTCEL LY, LEORIBET 2LEND S, ZHRENE

% WEIFISEIR (I>> Isat> ICABE, FISEREy ANy L UHES OB E L 25, HELEY 2 b0
BT, AIBREFETORBERICBW NS ), EREROHINCHE ) MBS 2, HHbL 8
b, LML, RYEESN b OBE T, A—8—= 7 (holebumning) 822 H., PLEHEK
DFEREL ) BAOBEEBROFIGRBIKRKEL AT EICL o TARY MVRBULE®LI EERY,
AVRIGED K & el B,

FUSRBy MBI AR T 22 & h 6, (C32) BUToL HEEBIONS,

%’Z) =Y(»2)-1(3.2)+ n- ¥(y.2) - - 1(y,2)
. (C-33)

AN RIR (It >> Isat) R LAV SV E SRR D% VAR (lossless satureted regime) &3 5%, ¥ 7z,
BRFa I FEHTE LV E 2L HROH 2 0AMHFIR (loss-limited saturated regime) & L. HLH1IFH & 53

B EEE 2 ) FEKREBICL 5,

(ivc) BEILAH DFE
BRELT, ABREYVBUToRTCHEZOWBZ L ER B,

AN A*g(v 1 1
=802g() T ZYO(V) T
nn't 1+ v 1+ v

spont ———
Is(v) I.r( V) (C-34)
ST T, Y WREAI L Tk v (Ey=0) & & OFUHRH (unsaturated gain) Th 5o
T JWVBEAERY K8V TRBREA 1212 2ETH Y | faflE (sawration intensity) &>,

7(v)

47n*hy 4nn*hy
M T ) 57s)
sron )+ 8 § (C-35)
T, 0 (='t/tsp0m) 13 ] tn55 A5 F4nt (inversion lifetime) &Q%%%ﬁﬁ%‘tspomo)tt’(‘ébéo MENSD

TVWRHMTOL I IR B,

f .
L,(0)el @k -%{e[y(o)"‘“ ok _ 1} :(a) Linear regime
Y(O)hom -
0
I(z2)=1 L(»,0)+ % :(b) Lossless saturated regime
0
% :(c) Loss - limited saturated regime
(C-36)

ARy Mvwlgtixl(()):oa LT UToLokgenons,
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——& :(a) Lossless unsaturated regime
Y(O)han 4
AVomy =< _1n2_ :(b) Lossless saturated regime
Av, In¥(0), .2
In2 .. .
—_ :(c) Loss - limited saturated regime
(Vo2 (C-37)
(ivd) TNYRILD) DBE
MEELT, AIBREYVMRUATOR TSN EZ L LR 2,
AN A’p(v 1 1
y(v)=2Apl) = ()
8nn’t,,,. 1y oA, 1+I_v
27 n’hvAv, I, (C-382)
T,
I = 2n°n’hvAy,
' A’ (C-38b)
BAKEILRD ) OBEDORIAEETH 5,
FIBREY 2% AV 2 BEIy)0S 2 T VRBTO L kT b,
(1 (r, 0)exp[ K- z-exp(—£7y’ )] + n{exp[x‘ -z-exp(-€’y’ )] - 1}
:(a) Lossless unsaturated regime
I(y,z)=41(y,0)+ K—éexp(—-e2y2) :(b) Lossless saturated regime
7z' .
exp(—£’y?) :(c) Loss - limited saturated regime
w-a-S
\ (C-39)
T/, ARS MVIRBRHBTO LT O LN,
(1 1
= :(a) Lossless unsaturated regime
Av Vez 10t &
% = 1 :(b) Lossless saturated regime
Vo 1 :(c) Loss - limited saturated regime
(C40)

$wﬁmﬁbw%%\XN7BWWHE%OZN7FW&%m®&K‘ﬁvm%@mbumﬁéckk&bo

(v) BRA &S

ERBCEMET AESOEEIC LS 5L jj AT DD, LSHEADBAERAIX, AL=+1,AJ=0,* 1,
JJ20-0 Chr, ST LBIVIRBEFRBLIVFEFOAEDETLH 2, 1 EFROBSR1BLUj I
ELv, T, jHEAOBEEBRBUTOLIKES: 4);=0,4j,=0,AT=0,+1,]-J 200 Th 5,

1%%%(%%&4%?@%?)Kﬁwfu\E?%%ZOIE?&n%60@ﬁ@$iV?VW%m
(eV) BUTD &) IELTE 2o
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1
E,,=-Ry-Z’—
n

(c-41)
BEBOIANE—hv i, 200HMORTF Vv VOEAE &L LTHEBHICHUTO LS ILEHETE 5,
AE=hv=Ry-z’-(l2—i2J
noon (C42a)
Ry=Ry,,-( e )zRy,,
m,+M (C42b)

T, z, B FEOER. c IEEE. n, &ny BELFNLEMNETHRNOEIETFRTH D, T 72,

Ry HERICEVWE T T 5 Rydberg B8 (13.603eV) Th 3,
mM
zme
m, +M (C-43)
Tl pRBHERETH N ETOFHEEE m, EETHEOBEREM (KROBEIUETFORE m, Tdh
%) KEoTUTDL) KRENL, BURRECHT bp AW CETFORE m KF L2 5, HIRH,

AERFOBHEE L =099946m, &% 0, Ryy=13.598 (V) &%%o

p— mt : e4
" 8g)H’ (C-44)
T, eRBEBFOEEM. eoai,‘é%@?ﬁ%?éﬁvé 5o

KEFAF OB EREZTHBE, ALEBETEEOOEMOBORT Vv Vi, RFHFTD 2%
KRBT A b B, -, RAULEEOBBLIERZETFESO 2RICHAIT S, BT KEER
KA T DOEEE, M= 12-mp LT p=099995m & % h\ Ryy e 0=13.602(6V) &% 20 /T —a

ROWRIE 0 =3,n=2,Z=6, L Thv[=680(V) 2% A, =1823 (nm) &% 5, BHE18.2nmDKHK
RIRFE (Z=6) Vv —a#f (n=3n=2) KOVWTERTHOATERL L, g =18, g =8, f|, =064
L0 f;=-0284, A =567x10"(ec) . 1,,=18(ps) LRMAbN D, HBFHI (IRAEBHE ) %
ZET D EKREBRENNVT— o BIIOWTECLI DL 2R BN,

Ry

£ C1 KERA T >0 EREGHESE

5 () osc1llat(;r strength (?‘z)f Einstein A (sec!) H ?k?ﬁ(lﬁj; Fint
ul ps
3d-2p 0417 A=182 8.3x10" 12
3p-2s -0.145 A=182 2.9x10" 34
3s-2p -0.041 A=182 8.2x10° 122
3p-1s -0.026 A=182 2.2x10" 4.6
2p-Is 0.139 A=182 7.9x10" 13
C-8
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L2 L. BEGECRIBBRD/ZDARY FVENKEWD T, HHABEICOVWTERT 2LEXH 5, B2,
BEGRCBT 2B A 3 VIBEIRVORES Y (u=12) 2O6DRLIE AML=TX 10°L % 5, XK
FERRFENSIVT— aff (182A) OEEESVBZ B3mAUTERZ D, MIEIZL 5 ARS PVEERILICL h &
SIS DL EZLOND, Table C-2 1R T & ) WKFBRFE /N7 — o« MOBMBEIC L BHEREDOILD
NIZ02AICHESD, MBS L CTEXARINELRLRVWT LITh 2, AEB L UKEREAS 4 » OHEN
DHORF V¥ )l/@i;”c'ééEZ'nJJli\ RO R L ERT D L EEF R DS EFR T 723K

FOEMAEHE jICL o THEICRUTOL ) KIS,

22
EZnt/':_Ry'ZZiZ 1+az 'Ll'_i
n O i 4n
2 (C-45a)
&
o=
280hC (C-45b)

ZZ T, o it Sommerfeld DEEHIEEER (~ 1/137) ThH b, Th b OMMBEHHIER X, BB OMMAHEE
PRUBEEICIMEL 2o TL 325, APMICHHEL 26 2 WA & v, n BFELROEE. 1 P& -
T jHEALTCHNITZORMDLORT YUy VAL THE I &b h b, L L. BTIRTEBR
(selectionrule) I2& > CEBHEERSH T 5, HC2 IKEHMA A VICBITHEBHRLEBHFEELR
L7z 3

FC2 AFEHRAF L OBBHERLIEHTHE

. oscillator transition . . total stastical
initial | final transition . stastical weight .
strength probability weight
3d5/2-2p3/2 1 6 2.50
d 2p -0417 3d3/2-2p3/2 1/6 4 0.28
3d312-2p1n2 5/6 4 1.39
3p3/2-2s1/2 1 4 0.58
3p 2s -0.145
3p1/2-251/2 1 2 0.29
3s1/2-2p3/2 213 2 0.06
3 | 2p -0.041 P
3s1/2-2p1/2 173 2 0.03
3p3/2-1s1/2 1 4 0.10
3 | o1s 10,026 P
3pl/2-1s1/2 1 2 0.05
) ) 0.139 2p3/2-1s1/2 1 4 0.56
P s he 2p1/2-1s1/2 1 2 0.28

B IcB T LRFEM A4 VIBE 10eV OREAF Y (u=12) »ODRKIANL=Tx10° &% 5,
¥, BYHREICB RN LA VIREEEERO LT u=13% A\ 5 LAMA =3 X 10" &% 5, K
FRERENNT— o (1820m) OEEELEMD 13 13 (mA) AT &L h, #IEIZL 5 ARS b VPFHAL
WEDSSI hreErLOND, KERKENANT — o« BOWMMEHEEL K C3 IR L. BEDILN
NIZ02A CELHDTIHABENKBIEETH 5,

C-9




——r

FC3 AERRENIL— o BOBHIEE

[fF8C] BRBSARIE

j - length " h 2iel total oscillator
ul waveleng! term oscillator streng J+ strength
3d3/2-2p1/2 5/6x0.417 4 1.39
3/2-1 182.09A y
1 3p3/2-2s12 1x0.142 4 0.57
3p1/2-251/2 1x0.142 2 0.28
12-172 182.13A pif2
3s1/2-2p1/2 1/3x0.041 2 0.03
52 31 182.23A 3d5/2-2p312 1x0.417 6 2.50
32 3r 182.25A 3d3/2-2p3/2 1/6x0.417 4 0.28
12 31 182.29A 3s1/2-2p3/2 2/3%0.041 2 0.05

(vi) fafnadifE
KEBREAA VONNT— o 8D 3d2p BB E 3s-2p BB OVWTEHE L AHEERT, COFTEILE
FI L7 RE)F340E of 1. Holden X BEEMMA L 72o T2, V- —BBEE () & TELLERHE

NEOBBEE (le) BFENLFN1820m & 337 nm & L7z, SHETIR, TH#N (2) oohHFEIL L1
7 (3) 26 DB EFIEHERM (1) ~DORETOHIT L ) BFITRE | 2RDTWVD, [3]

saturation
_ 8nmhv-Av E
Saturation 12 A (C_46)

T, AREHEAM DS THANDOKIHEE, ERTEMNOBEBIEREE Ch b, LT OFMEICIE, A=Aq,,
E=A,, ThAHELTEE L

(A) KFRRESIVT— o BOELS

FCa4 KEBRIENNT— o BOBFEE

Wavel A I .

avelength Iy, gf32 gy (g3,g2,g1) 32 A A32/A21 saturation
[nm] [1/s] (155} [W/em’]
18.2 3d5/2-2p32| 2.5 0.56 6.4.2) 8.3x10* | 8.2x10" 9.8 1.7x10°
182 3d3/2-2p3/2| 0.28 0.56 442 1.4x10" | 8.2x10" 58 1.0x10"
18.2 3d3/2-2p1/2| 139 | 0.28 4,2,2) 7.0x10" | 8.2x10" 11 2.0x10°
18.2 3s1/2-2p3/2| 0.06 | 0.56 242 6.0x10° | 8.2x10" 140 2.3x10*
18.2 3s1/2-2p12{ 0.03 | 0.28 2,2,2) 3.0x10° | 8.2x10™ 270 4.6x10"

(B) 24 U #A4 + vOBE
FF VBRIV AL TV IZDOWTEE L -G Isa[uralion%ﬂi?'o FTEICER L 22 RE)FAUE of

W\ Holden K & 2MEE M Lo 7, V—F—BBEE (A, REFSNTV2EEEAL, THfLL

C-10
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HIERAOBBEE (Ay) W2Tlom & Lz, CORETR, THIL (2) OSMEEE LA (3)
26 DRSS L BERAL (1) ~OBEFOHIT & ) BIFHAEE KD TV 5o

£CS5 FAUBEAIVTY ABORIRE

19.6 0-1 0.109 | 0.876 (1,3,1) 2.0x10" 1.9x10" 96 5.8x10"°

23.2 2-1 0.255 | 0.105 (5,3,1) 6.3x10° 2.3x10" 370 9.9x10"

23.6 2-1 0.521 | 0.876 (5.3,1) 1.2x10" 1.9x10" 160 3.9x10"

24,7 1-1 0.29 | 0.105 (33,1 1.1x10" 2.3x10" 220 < = 4.6x10°

28.6 2-1 0.226 | 0.105 (5,3,1) 3.7x10° 2.3x10" 630 7.3x10"°
| SELR

{11 A.Yariv, Quantum Electronics, 2nd ed., Chapt.12 (John Wiley, New York, 1967).
[2] G.J Linford, E.R.Peressini, W.R.Soony, and M.L.Speath, Appl. Opt. 13 (1974) 379.
[3] H.A.Bethe and E.E.Stamper, Quantum Mechanics of One- and Two-Electron Atoms, Sect.63 (Plenum, New York,

1977).
{4] L.B.DaSilva, B.J.MacGowan, J.A Koch, R.A London, D.L.Matthews, and J.H.Underwood, Opt. Lett. 18 (1993)
1174.
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