é

1991# cmw; ¥ Pl MR B 118

X Bk RS EFhYE
HRPE X EREHER

R BRI SRIE R
ChERHERE LR U S AT

s ETER. XMRERMWEBRE, ARAGRTR, MOEBORE, Xt ¥ X
MBS B R AR R X R (B R, XEBMERBEMS & -
., XBOELIRBOEEREHR DL FEERL. AR XaLXikmXUVisk
FBEHAR, XHWBRALE, ROAHR. XBOCRR §5% THEM X tt¥iER,

—. 3l

H18OSERFRIA XML, XHEABAMRREETRKOGHR, E+4%X, —%
FioBARMER, MRTEMRRLHK. XHEEIRENEROADITR, HERETR,
dHRER R B HiEA, AEET RIEREERG X HRER. 2EMTREEHT
WRER R e B, BB RHHELSROHR, BorBnXHSEE CGHEERH
B EX MBS BRI B B HRR T 106, XM fn ELm
K EERwE, RPJREPENEHTHZE, BoraToal,. cAABERXHELE
238

S¥ERERLE -H Ot ERE B RERHD k. G, TORRRST
HRIAAEMEHNE (B, EEREFHIEL.

Fo 3@ fwT ROE A R 2 X BT8O T RER K TR TN T2y K Re, XivdemRa X
FHETTHABUMT 1 RBGE 1, WREEN XERBREIER D, Bk, RELLBRAMG/
MEANBIERER A RE SRS, WERAHDIRNXETRERRIL. B, gk
1 54A M X HAEHARE RIS A0137, X i (028 o g fh K/ Bl T e s XOE B0 K S,
BEmErmRmgik.

ALK, B THEERXMEGEEAR R X EEEEARNER, NS RIh#E H
PERED A7 e Rk it T B At 58, BEkk i B F REBCAF ML IHER 2, HiARE. XRKED
R AT X R R BB+,

HOEERE, XARBAERBAEEFRRHROERMY XX RN T HFHER, XXti2
Wi b R AR SRR, XBOCLARBOLER A5 P AL TR E ML,

o

=, XGHERAEBFXUVISH A FHER
WL R BT et XSOt BWE B R A B B B i X SR



_6_

HAREVAN A, R BN R ERE N Z B RE, B3Ry 2 Ay R R
R,

Pk il o3 B O i O R R 2 o R Y M LR A I LS X R PR AR E S
XHEEMBLEATR, HiEMBIEES—250 & , B4 aomE LB E B0 & £ A ¥
f, MEERERSEERELORTHE FAOESHR FAe SN Ey R, meLkR
KPR BE R 50—100 £, BE MBS RIEHRBRELA TRK, ERNEORKRH
E100 54, REWEABRTRERKY BH VUV B, BFESEHLMEAEHBIR
FRBER,

HERDIF XM EE MCP X 4841, /A% 100ps (FWHM) F %6 H, AR AR
26mm, Z3[R[5rMRO, 1pmmy 5 —Fhsikd FH XM ED X MR @ ayUE Ry $ K 3%
50ps, {RFH18,6x12,.8mm?, Z3filPN22um, H22f% Wolter X HHE B HBE A,
B2 R T ~500 X 500um® £403% L BBI5umagsy R,

XSRNR (PCD) AfthdEimp; (FWHM~100ps) s A &5 08 o ¥ /A, T 3t
100eV—100ke VIS X 4T ETMER, BALSEFREHXHETNH, ZXEE fn #
B EA.

=, XKR®RERG

HTFREEETEIRRHREKXRHNH100~500um, FHL, HRBRAAFLE X X
B, SEHTEXEREY M4 EAN, HRBATREAE A6 E RS #H 4k
(A/AA~100) REFRBBFTAR A BIRLE, mH, HEERMGASMERMNE. PRBMEN
" HE,

Wt, "THEERMORBAERAHIL, RHE BEAHREAHDHERS.

1. §HILMGM

AL L TH KR, AEEEREE K (HikldokeV), ELHTFRSWRDE—
¥R R Em TR, Bi A RBEAE. o BEE, wE 1R, HILRRER TEAES

1(ry=0(r)* (™) (1)
o, I(r)hRIEE, ©(z, HHRERE, 0CTOWBE, & (r) KEHILrobkhE
R
7L e ok o 52 B A
h(r)=K|exp{ikrt/2p}C (T )*exp{ikri/2Mp}|* (2)

K, ©(r)hWEBN 4 M ILEEK, #E
C=1(rZLd)»C=0(r>d), ?ALhh—¥
LB, qhHIL—REH, M=9/7 4K
K%, KRHER. HR (2) mERERY
wwnfl K ERAEER BBy PR, LA

image EMIEERLT, FiaslmB/yEh.

diameter d

_1 1
Figure 1 Pinhole configuration enm= o (14 de €3)



4'5\

FERISHELLT, (Fraunhoferfif§h) HRi a4y B4

_ A
e:=1.22-" (4)
WOLEGE L S ATSHE S S ER, B C2) = (3)3R, RtEpErLE R A,
sl A 5
Gor= 1.6 0 ym ) (5)

uwM>1kt, d,,,=1.6(AP), Hin, M=20, A=0.1pym, P=1cmh}, d,, =2um, fnk/h
Pogt L Ve B s R A, - EsE IR o I = 10pm, Kk, HARIFSY K A 224 10um,

FEEHL LEEARM X KMER, TEARBIARRE KA ASEE-F R CRE, xR
e L % B AR i,

2, RETERYE

3, JrR M ERRBLURA AALY, A RE LB R X ARG ER, {§
ASATLLER FIER M, HREERERHBMIEAN X R SELER, ~it, £4
N33R R B S A S IEA G XG0, MAyEl b 2% i i T 885 1+ 2B ¢
KHRAEIA, Hik, HRBREKEE t=A1/4, MERHRHMECARLZAHI2ZA, wiHAT%RE
BeRink KA=30~404,

XA AR AT SR, 2T sinl=14/2, 3, T=20h BN KmEAL. A
b, EANAEOBET, MHAAEEERK ERST.

PSR AR RFIFBEA S T i TILEeE Bz, HmARGHRIFHERIE.

(1) WARHERY

ARERARERERRRIM, BMWolter®I EKirkpatrick-Baez (KB) &%,

Wolter I Bisk, @ ¥ mm M tEREHR BREERMEH), Ak HEF (LHE

kR gED, EDAEDN, MIILEZEEHZE2BEHE, WsinFa=sinF, ,

pSOID
#YPERBOLOID ELLI

object

Figure 2 Wolter I microscope Figure 3 Kirkpatrick-Baez microscope

(2) Kirkpatrick-Baez (KB) & (B 3)

MR R LA T 19484, R = RAS LRy AL T B 4T 48, BRI B IHBR T 80 4 U1 i 8 7R 46 b
B F R . IR E D 3 — 16 B ST B85 AR, o R B R AU R i BB OR R4 39
W mERBE, XHALSET -MTRARBENREORT®. KB RRBREBHER



—_— 8 —_—

 J
LT
EREREPRH, KB BismmeE kLM 25cm $l60cm, HIFLH 5 # % 1um 3|
10um, HokHRM 3 ~107%, MAMBEZ MY 107°~107 WA, Rk B b 2000V~
4.5keV, B, MBREHE, EHARMH~1M, KHHRAILKKH3.5keV, H T #
WR AR 15keV, MAMMERENL 42—, wAHREIA LEKRILEE b, B2,
RERNRHEERBHEE, WA AL TIERAELGERD, BRILZHA,
[mage
TN
&
Object
Figure 4 4-mirror Kirkpatrick-Baez microscope
KB B il RsmiA s, Ak, RBETHNEEHRMRL (LA 1),
B R BN B AR M, BRSO
cpot 31agram R— A RUTFKBRG PRI, Bt
a / mFARERA RN R %, B 5 AHTKBA
25 /@ mirrers g SUNE SR KRR bR, AR,
a b / I R B 5 . PO BB KB
| e FEMAKSENILE, 20-2. 1mrad, fk
’ Y 4 mircors M=10s ¥# R =R,=R;=R,=23m; ¥ i
T glomm, H—EE2.75m, BAMM 2 T
=L e T feEMA=SA~1008 (HRSEARIE. o

L2 .. N .8 1 1.2 L+ 1 6 1.0 2 (3) IEA%%%%%
Schwarzschild B #%&& S. M) (LES),

Figure 5 2—mirr(;:r and 4~mirror Kir- THIAXLTEXOREHR.
‘kpatrick-Baez microscope. B GEENERES. M B AR E
Comparision of aberrations. SIS 05 Bk, X BT R AR

SHF AP RS MRS, TR /2.5 gk 1mm, fFR52088, THEHE K604,
STHR1000A . BEMRBRASI/Re-WikR, £@ABRH1X.

" *
Image ‘o) age
le“ o\ Imag
’I ) ) - —— ]
.0
o ®
Figure 6 Schwarzchild microscope. Figure 7 Aspheric Ritchey-Chretien

telescope ‘



— g —
(4) Ritchey-Chretien #izig (RCT)
XN Tty A 3 R K BRAE A £ 30, anm TBERLNY CRE 7). PiTE R 48 kAR RR
T W T 4, B I TR A/ 1O S 10 ST/ Re-W 7, SRR 200nm, 2
D S0 A 7 SO 17 PR X 0 B S TR i, 7 3 TR HELS EE A £ 0 5 p F A A
XR S SR, EASRT, 730, 4nm | Si o EEAL Y 7Arms, % ReW 3%
10Arms, BEEHEERERK0%. AT RCT Brwm L BN A % BLE ik

~17cm?,

M, 4 & M 1%

FiARRBRBEEFE TR ONHRAHRICE, ORBRT. X—REAHRL
SCRA. TR, RAMBEHKET S (EEIT o RGP RAKER) ERXHFITRE
TEh— R T, XFhRTD AL i 1 £ MR (G e A 44 R B 9 4% A B oy A R Ak AR, 40P
8 i, HGEDBAL i NABREET/E AR E 42 SL M N AMREL R i, BREVBOK R M =g/ p,

AN
o—>2 [ NI Qbﬂ
y - q
AZT — 3 =
S -

volumic -
source : 4%

aperture plané : g

codl mash
ng mas detector plane

coded Image
Figure 8 Coded aperture imaging.General coding configuration

B MMM ILAERERMEA A, DS RILC M B O] 980K k18 %, &7
BHATZHBH, HEERAERGIFEILR K W ER L,

1. RE%E8 (dn@Ea)

Ko, B—AagtfeMmEL0a fim, 4R=0 (HRRmM%E), Behl, Y M8 % ¥
i LA AR IL R, WAL T s FUER By B e (Integrator), i
FRREEAL T o E, WAL TARYEP KPPk A S mas R, WA BtEN.
BERRR TR G B 7 A AL P A TR B B B 1) b1ty - - -
Hoy ik, FoTRH, RENE—1 \\,/
BRI — R AL, FE R //*. 73
ot i W b=

2. ERAHKB GoEbER) VAN

BEBT S USRS A B E R AL E b (WL 10b) ST
EWE LIRIBEY 2 (WP, RP. (it itk
BT BARRRE L. 3 0B X7 % 7 b, :
X"=RQ+q/p). REFMBEX" 5% P. Figure 9 Multislit codes a (on-axis,
BlmISILMBE B P 26, ik, EEzHRTEL ~ b) off-axis




integra! along ¥y

>

object plane aperture plane detector plane

] . "1

l «—off-axis slit image
off-axis slhit I
/ x"= R (1+q/p}

4/«/IR “l, } > .

P2 P, \on-lxls shit 2 \on'[lls shit image

[AV]

P q

Figure 10 Coding by a single slit
BRUWEN S R, % REME R 2 B Ak N X7 B RTHES 2R
B,
T —H R 1 5 RS B IR O 3R .

]S p=10mm
Wk CGER) R, =50um
Bk # M=q/p=15
: § 4 N =40

i L=0,39mm
Hk W =5um
0.3 0k 4 R=3mm
K5y g e*T/L =5um
5y Bsy YR e,=15um

R, X BERERSE

#£LLNL, EAMHMZEXERHEOHHMEXBOCHR D S E BB L, REKR>
25% (206 ) MIBEBMBE B, HORIME A T% Ni SelF3P—+38 BT MHX RO
BUREEH (206.3 & }209.6 ),

KBHAHMMo/SIlEFR, 2¥H.

% Z b Mo,
EZ# 51 SH,
RZH R () 0.38,



S ' T ;:;d T Multipass Cowty
nd pos
fo't poss l!tm'hm JS:m‘
é‘ [ 15! pass 3rd pass
3 o /
£ — =
.E 10 t
i 3
z Gain
2 mediym
-
« w0 Beamsplitter Mirror
15% tronsmission, {12 ¢m radius,
. i 15% reflectiity)  20% ratlechmty)
0 0.2 0¢ 0.6 0.8
Time {ns)
(a) (b)
Figure 11 (a)Time-resolved multipass cavity output at 206.4A for

the cavity shown in (5)The nominal selenium target and

irradiaance conditions as discussed in the text were
used in this experiment.
B %M’ 20,
$EMo/Si[EEE1154
BRE#(L)
£ (Overcoal) C,
Ry BEEEL0R,
EE SiEhk.
Rt R BE
Mo Mo
Si Si
f 0.1 0.4
] 20 20
. Mo/Sig 107 & 1124
v (Y= C,508 C,54
i Nore Ak

peih, W/CERARFENZEBESE (158, R#HKISY%) CRAF10.57nm -1
XBEBLRp,

03

v ~— T — — I
pogl @ Ouput mirror —  popetiviey -] (b) Back mirror
4 O Transmission 0sl- /—0\\ R
L
04 {1£
g 04 1
a Y
202} o
2 S / 02+ -
¢ \"‘D-', a
0 " 1 1 1 0 1 1 A 1
58 60 62 s8 60 62
X-ray energy (eV)

Figure 12 Calculated reflectivity and transmisssion for the two
mirrors of the XRL cavity described by Table.



X Bk 7 S
LLNLB A% TX8c R N R i ol it Bibsr sezh i Al E13shAHEEER
FR SRR S g, o, B EMAZELS () FrRiAILAA R H MM B
RAHILERS XM E%E EREMBOTERLL, T FRMHEF.
Ealm B P75um :
X#oeteimiisg LR 250um
BMEREE G 0.6

i g R AR 0.55
b7 U S 0.09
HHIL S MM A, S RIPE, (B T X SOk A R B A R S R PR BRI, SR
B AR A% B L o ‘ (a) Prnhole
E13(b) R —FEpy Rt s, Mk 1
R4S, BABEE. — hm/J
P13 ( © ) i A AL — b SRckF 45 A4 o th N
CRH AR ARLE SR LSRR, X
e R K 5 AT SR, MR B R I \mMu
M. HEXEY, AAXRATUBEREX costing
Boeta AT g fE e dh % TAEERMRE., & ) Beamspitter ‘
BT AERET, XBOLH HHSMEY P
AR
” v | ||
F=TY R/Rje* " T
k=0 o
R, T—RNBBARYL R—BHERS , \
#, R—RRBRHE, c—HANEHY %R Meouimg.__ \sibite
s N_igﬁﬂﬁﬁﬁmﬂfﬂyﬁﬂiﬁ?ﬁw 30572 (c) Patierned mullilayeri = +3 A
Shkl, L—HBENREE, K=i+j (4K
BB, i = gy MKCHZERE, i=j+D, —in
LLNLE 7% Nif)Se g (3P—>38 $kiE —->0<7
W K206.3 A %2096 A) iy XHOLMEH, F =1
FRBHAEHBMTER: T=1, N=1, A
i=1, Jj=0, R,=0.25 a,=6, F=100, _ Substrale
Har, LLNL EER T %6 5 JR 8o Figure 13 Concepts for output coup-
fi*=17,0, f*=2.5, f,5=3.8 K f.%= ling from a XRL cavity.

0.5, BiiEmFE%E. T=0.09 R=0.4, BR=0.6, a,=6, L=2cm, HEENRHMH (>
200ps, N=:39 ﬁﬁﬂ?ﬁ'F:los’ #‘iﬁ@]'ﬁﬂfﬂiﬁﬁo

K, XOLLDRAKEILR, MERRE AN BRI, XL SR AAE
WL AT (428 MATCHE Mk, B0 XA RMGIE BARRIER, b XX

<+,



S0t B T AT I XOCRT S e 0. BARTEA B X 06 £ B AT B ST I Rk 1 ik, B
XHH BRI BOPERIRRZ, HRBRXCELZENAE, BREWRLEHK
B 15 ) 48 B M ¢ (K VB £E 20 A ~300 A BN WIE A ST BRI I SER 5500

&

s % xR
[1] N.De dea oudrey et al.; SPIE,831 (1987),142
{21 N.N.Zorev; SPIE, 1140 (1989),214
{31 T. W. Phillips; Laser Program Aunual Repori, Lawreuce Livermore Nationa
Laboralory, UCRL-50021-85, 4-45
[4] P.Jaegbo et al.; Generation and Application, 2,1988,21

N N
N - ! v
¥ ’

The Progress of X-ray Optics in Researches of
X-ray Laser and Plasma Physics

Xu Zhizhan Chen Shisheng Zhang Zhengquan

Abstract | e

In the past decade X-ray optics had made great progr-
" ess which is extremely important for the development of
many scientific and technological fields, This paper sum-
marizes some of up-to-date results of X-ray optics, partic-
ularly the results of X-ray imaging systems and multilay-
ered mirrors for X-ray laser cavity; and the applications
of these results in the researches of X-ray laser,laser fus-
ion,and laser produced plasma,
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