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Design of the Optical System for a New Time—Resolved

X—-Ray Absorption Spectroscopy Apparatus
Atsumi MIYASHITA and Osamu YODA

Department of Development
Takasaki Radiation Chemistry Research Establishment
Japan Atomic Energy Research Institute

Watanuki-cho, Takasaki-shi, Gunma-ken

(Received September 27, 1988)

Calculations of total reflection mirror optics and aralyzing crystal
polychromator opfics are done to design a new time-resolved soft X-ray
absorption spectroscopy apparatus. This apparatus utilizes pulsed soft
X~rays of psecudo-continuum energy which are generated by a pulsed laser-
induced metal plasma, and covers an energy range of 90 eV~ 3 keV.

. An optimal design of the optical system, i.e. optimal dimemsions,
setting positions and materials of the mirror and polychromator, is -
proposed based on the calculations of the reflectivity of the material,
efficiency of the X-ray acceptance and ray-tracing.

Calculations are also made on the reflectivity of several mirror
materials commonly used for the X~ray diffraction and spectroscopy in the
energy range up to 50 keV. Data of the reflectivity in this energy region
are necessary to design an X-ray apparatus using synchrotron radiation as
an X~ray source. Numerical results of the reflectivity are available

from the author.

Keywords: X-ray Absorption Spectroscopy, Time-resolved,
Laser—-induced Plasma, Soft X-ray, Total Reflection

Mirror, Crystal Polychromator, Optical System
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1. BUHIZ

BEEL V-~ LESEBCEXRELELERD. FETSAVISBRESNDIXBIEEY
B DORXEEEATE, L-FIRLF—DOEXBTRLE-AOZBRYNES BH T
EIAFESEDTEEN., CORXBEXB VIS +—HANBEELTHOWED., XBRIND N
DHBELTHODESTTINDNTND Y FCTHEBHAEFRTIE. BHAEIEFLS. HEE
SEMNAPE (LWHODIWMER/N\7TIHR) O—RB&EL T, IEXRERETREDEXBER
IRSOHEKETTMFERITDIELHBoE. CORBTE. /WL AL —UEZRBCEXRAL 56
CREFTD/IINAROBIFRXBWEBOTREDIHAUTETSIELCRD. A AR -8
CEOIRILF - —LERBLUZEBAREDBEBICSIZERCEND. RIEWDESREDS
MA-—JTOERBELDRFIEBHIT DI EEZE 1 DENEL., BIZ. STOR/NVILABRXEEH
WEMEMNOFL VBTEERAOHRERZTOIZLEHBL T s,

NECHLOXBORUANTHILERERT HE. ARNBDOETOMERCEDRINEOMTEC
RARRIRFRROBRDOEEEES D, BIKSS30~60eVADEIR/LF—HI100
OevViIDERICR A OREHEL. LEXRERINMIB®EE (Extended X-ray Absorption Fine
Structure; EXAFS) I EXAF SERRERIRRFDEODRFORG DMK SN EREL
TNDIEDD. EXAFSOBENZELU TRINRSOBACORF OEUMPRIUBMOEBRE
BDI2ENTED, 5. EXAFSHEISEIRALF—RBIRKAEF TOEB RN DMK
RIS XRITRINIHIE S (X-ray Absorption Near Edge Structure; X ANE S ) &EEN.
MEXNEXAEFOZRIHILD. BHOZEFVNE. QUATRTHRIBIRILX —RCTNE
TPV EEMEOETBRECEATDITONEEL.TELU T D, ZOEHRXANE
SOBMABEMTHDY., CNEELERINEVMEOBIRECRHAITSIANEN BN, EX
AFSEBHENCHBT AT OETH L. 512, EXAFSE. RIVEFOBRLDEH
BECEIDINEESADN. XEOOHXERDEODBIRTHNBEECREMESHERET
DIEEPTERLBLY — N EXAFSEEBHROBKBEHCHBTHDED. IEREXRIE. BR
POBELED, HEDRTOFAVDDBEERETE LY. XROBAND. 2RFARLCHITD
CNODBRESIEXTDEENHTEETHD. CORTEXAFSEXBHIEERBAERNT
Hdo

COEDC. MEORFREIEESTRECEL TRH THRELLNEDE>N I XRRIRD Y&
. AFET 700D VEEY (Synchrotron Radiation; SR) MRAZSE TR =M. L
TRILEF-EHCODE>TREOBLWVREDXBIMETEDZLCHE > TURERCHVSN
D2ERDEHE LATLBTHSROFERCREL TR, RED2~308eVITADI T,
BONCEBSCOVWTORHRREELNTS. BNLELY. BHTREVRROBIECE. /T
AHOCXBRHEESN+oTR]. BEDEBESES I N~TT7IUNORKRRBEOBELTBNTL
BT, TORBEESBETCNSOREZENTDCE. ROUBKXDSR*DCZFETEL,

71_..



JAERI - M 88-212

SETELT A EBEDPNBFRCH T, L —FTTXIERAXESEXAF SRS
DXBRINDHONBEUTENHTEETHA22EH .. ¥8/V vy T/ 0/ AHRFAD
Mallozzi B IZ& > TRENTUR. Ny FLOTL—TIE&E2> TAILEZIHLOBRRER
BEOFRH . DUEBNTRESY T2 —H - PR~ VERFOT I —F & > TERBEH
ROFRESN/Ee CNHRNT NG, [HLAXO1 00 JEHIBEABL —FYATFLES
LEEEHEL TLBE0T. BROEBECESATEIBEOTHEN. —B. 75250
FOMBARFTIE. 200DV IRAL ~FRERBEHNTL - ¥ TS VOHEET -
TOER. CNEXBBRINSXONREL TN EEED, 1-— JREBERELS. L
CHRELEYUTI Y OBEE COREAS O ET TN B, 52, 20 JBEOL YT
B, B—Y 5y TXBRIEDHDOTHMS REENTU B, |

SOBBHRFCRIEEES BEBTE. /ULRAE1 0+ /MEAN20JISADL —F %8
V. FETEA TR -BEESO0~300068VEBHTACEDETHEHTHDe 20
BECE. Be (RFBS4) H5C 1 (RFIBS17) STOK-RINKES | (RFES1
4) PBMo (EFES42) REFTOL -RINEEST. CORVT 2L¥ —BBOXES
1 DDEK - DHREFR T —T B BRARCFIRDED. TRLE—BEEI O~ 1
000eVETETI~3 ke DD, 2RBRONERETBETINETHD. 2512,
AXBEPECE > TERIRNENBE). XERLE (L —HEEXBRTAEMI—7 v
M) ABXEBRHUBECOLREREERALREL BT NEAD AL WEY 7 I0~OY0
LS BRI AR RN EOAE S EEET HE. L—TEBER<BIDRASE
2.omMEBEEICMHEITNEESE,

D2 ODEREBRT HEHE. XBEXST—OHE. TR, REEFOAIREFOR
R, REOEREROFY < U AESBILL . XBREARCYEF DX BREE/ONDES
T BN EBETHD. AREBE. SORETZEBORE CHEL, EXIS—OBRR
CREBEFEXEOEXTAROME. S5-HEOXBRINVAEE 2 NEHLEXRORLE,
BT 2 ¥—BECED AONEEORRE PESE I ROEBEEBCAN D OEBELE ST
HR-ESOTHD. ERRHOEAERTSNTH R, A5, EXSS—ORHBOHEA.
REOBRESREAFTBEHCNESBBTHAINCONDORER INT, ZSTHND
TR -—EBEEEIEBITTEN
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2. X¥ROBE

BREDEXBERRDKLEBTIZIO0eVID3 ke (RE4.1A~138A) FTOXKER
WANDISLEANET 2. CORIBEVNIRILF-—BEE—DDXBREN - DRNERTH
S2E BB TH D COED. TRLY —EHE2 SOERICHRL T, EI =¥ —HOE
x99 Oev~1kev. BIZNLF—HIOHERE 1 kev~3 kevVE LU TREAEITD, BT XRI
X —RHONZREXBOEXI-OCTIL-S5—%. HHUCALTEREVEDRE T =B
V. BIRLE—BREERC~0rIIL S5—%. DHCBIERIIOA—9EBOTHER
T Do BREAKOHMBEEZNEFNFIg. 1(a) Fig. UDIZHRT o

BTRLE—BATIXBEII - VUBORMBIEIFTCRBL TV, SS—CEELASDG
OEAFSENEC (Fig. a) 1) . BARSAOERGEHEBIC (Fie.1(b) i) §HETL
3. CNEEVUBEHFBIANAHNTEIXBONAHEODEANE<ED. DD, BHEET
BB CANEEIZENTE D,

BEIRLF-BETRII-ERAR IO~ 9EANCEBRCREBYT 2. S5—FFA
FROOESFENER (Fig. (b) 1) . BEAHBORRLBLBEIC (Fig. 1b) 11) 8HE
TLde CHREKOEGCRBLESERENBRRIIOA-FCAHTIXBROMORAS B
ERECEDSENTE., 5. RUBETERLIZOKEREZENTE D,
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3. B|XNER

EAREREBT R —8BE. EIRLY—@REERUIIIL SS-EBHEITDN. 5
RBEAREBEDHDCIIL ST—EHELEL. ST5—5ZIRLE—BRATERICE DS
EED. FNENOAKRICBEBEXRERRTE S,

ENREMRT BERCEBCABEEST B, 57, IT—-DOMBLCKE> THENCHET D
XEOBIRBED. ST-ONBOEXEHCRETEEEANINEN 50 RI2. T2/
X PE>TSS— AT ANEOENEAEND RN, TNENOERTONEORREE
KHBMES BB UEDSEZEL TEXROREBE S5 ONEEERBILTBTLIZED.
SRRCHETEXBOBEBACADEOIRELED.

3.1 SEGROEER
3.1.1 EIRIL¥-—HFHR
BEIRLF-—BZOEHROERBAFiL 2(a)CRT .
ZT-REESHDOERKGERABRC. PORHEDORREBESRECHD. ROCIIL-=
S—DFIREF L. IORICEHDEHELREBTOVELOBRILUTORLCED" .

1 1 25ing

_— — (3.1)
a bt+toc+d R

17 1 2

a b Rp-sing

ooz, Frg.1(a), Fig.2(a). Fig.3lmLAEEDIZ. a. b. o. dE9-FVYRHDZTT~
FT. SS-HERNFET. ZRNHSERRIFTRUVOABINO>BREBFTOER. 6@ X
BO/UAGA. Ru. RolZSS - OWMBEXER, YRESS-EEOHEPWISREIS—0DR
AR (TS -OTWHA) THD.

CDEE., T YR NBETADEXRTEBDZEUNCROESIZRE Do

ERVQ
&b = " sin@sin (¥ /2 {(3.3)
a
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3.1.2 ®BIRNL¥—HER

SIRILF—HABEOENRDEEEFIZ.2MICTT. LSHEIRIIF-RHDBESEEHKT
Hdo
TT-REELAHBAOKRREBESE . FHADAOKREENBICHLDT. ROrIIL
ET-OHBEESESEOCTARLEOBREUTORCHD.

(3.4)

(3.5)

a b+o+d Rosing

D=TyDBIT-ADEXITFEBO. RUEARNCIDAGBBRDEDLCREN D,

2R, 2
= singsin (¥, 27 (3.6)
82
¢ Y 2
tan—= (R.-sin—) / (b ——) (2.7)
2 2 2

HARASG. VAME . EXIKAD, ZT-DUEDEFREFI ACTTo

BIZEL < HDEDC. BEDIHASBTEIRBRENOAFATDIHARDIR/LF—ZHIBL TL
HEHIE. BHPODONBNOROAGB I ZEAEHNZELLNIRILF-—REBENEST
DHTED. BCOKTDIXILF-—EBEBIEUES. KOAGBETABIHNLBE EBROH
FURFAERITE, BRNTODHARBRFTORBIRITE D,

CTOEDCZMOABBINKEENDEL. DHRTORFVHEHBLIEEDIEH . BXFR
TR ERBBNCREILEL, L. HRISZT-NOHOAHAIEREHDILDE
T—HENACANT DL, VTR DSIT ARG EXUKBOT & LBDED
EHRANDIAHEXBETROVT D, TNEMCEHLCIT7-NORAFBOELOREBEILT. ¥
— WS IT-NDEXITNAETEAECIDEZT - ORAFIBETLFEN. HFORA
FREAEJTRIENZIH>TEANDAEXBREFDB<B2>TLE D, DFED. dANDAR
XBRBCUHAT LIS - DEXTKBCLHDIAGRGIT. RU-FADCRRICBOTNDE
H. BARBRPIS-—OUBASENTA-IJCERNDAFXRBELRICKRSD. XFROR
BEEGTODET & D,
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3.2 ZT-ORHAX

R ZNENOLRILY -FATOEAKSRERET 2EDLE, XROBALLIBNS
N2Au. PL. Ni. Pd. Ag. Si0Oz SiCOEMECDODNWTRHAEDIEE{TRD
o

RERREILRILDORNEOUTORDIZRED 2,

R=1|r|l? (3.8)

sing —(n2-—-cos28 Y72

rs=
sinG +({n2—cos?g Y172

(SEx) (3.9)

—n?-sin@ +{n2—cos2g )2

mep= (Pﬁ%) (3.107
n2-sing +{n?%—cos?g )2

(J
[
C

n:B/RERE
& RNAHA
T#H Do
BEEFRNESRXBEEZCSVTHEBTORDIRCER D

n=1-8-10 (3.11)

2T
Ners g2
&= ( ) Az (3.12)

B=—A _ (3.13)

o (3.14)
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EiELA
Na: ZRASDOE
7 BT RORTIESORA
AT BRTEORFBORA
o BE
(e2/mc?) : BEFDHHME
u o BIRIRRE
AT XBORE

THdo

XBEBETE. 8§, 83€1THAHIDT,
nN2=1—-28—-214 (3.15)

EE8lFD.
FlF, 60D, sin6=60LTD&,

5 — (nQ__"[ +92) 172 2
Rz (3.16)
6+ (ne—1+02) 12
je-(eE-25-218) 2|2 517
6+ (62-25-2iR8) "? '

THdo RplEna=1. 8xCODERsEDODIDRINEVWEITTHDODT., TR, RslzD
TOHEZ Do -
RB.17FXVE+yVE= (X +yv+2 (xy) "2} VEORREF O TEEET &

(8—a)2+pb=*

® (6+a)2+p? (8.18)
ARl WIN

2a2={(82-285)2+432) 7+ (02—-28) (3.19)

2h2={{(82-28)2+432) V- (H2-238) (3.20)
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EED. 22T REHO M.

cos8 .= Fe(n)=1-23 (3.21)
THDT. @cxCDIF. Co0sOc>21 G2/ 2THICEED DO,
B.= (28) W= (8.225
D CORREHEEDERR.
(¢ ~A)=2+RB2
5= (3.23)
(p+A)2+R2
M il
2A2= { (p2—1)2+k=} "2+ (P=2—1) (3.24)
2B%= { (@23=1) 2+ Kk2) V2 (92—-1) (3.25)
&
b =B (3.26)
90- 5
ToHDo
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3.3 RINRADEEH
RAZORCERREFRBE LA EENDN . COBIREOMETH D, D OEEZRTBIN
TRICEAERBOED . BEMBEL TESET S0 STITE. 100eVIB1MeVE
TOXBRHACZDNT, BEOVABNRBEEAE DD ICABREL .

FT. BREIRCDVTELD,

LROXERBT. LRPUFE (S,

u=r+oeto, (3.27)

DEDE, HEMRICELDE (v) . BHBEICEDE (o)  FBMBEACEDIE (g 2
DITEHNDT. BELE100KkeVEDBLWIR/ILF—ZH O XRRETE 0 ORI =EHIZ
BoTde o DRAEXBREHTKIein-NishinaDFE (ck-n) EF>TARBTEDDT. &
BRINARUB O nERDERNICLIVDANET DIETEISND. LIL., €DFEFTER

XEWBRHLEZDWTEIREBTEY . EXRBRETHRENIAED , BPXRBREAT U@ AMNILEAT

2oL THAMNTERDT OenlC R DERBRTERLBOEBENAMCEORTZELZT Do &

2T, HEERINFRH Y 0 BREDEDLZREN D,

& CA)D

z
=Na Tren (A) —+Py (A (3.28)
o A

8 g2 3 14+ 2 (1+o) 1
Cren=—— 32.___[ { —in(1+2a) }
mo Pl 2 1+ 2w o
1 14+ 3
d i (1 + 2 ) — ] (3.29)
2o (1+2x) 2
h 1
(= e e (3.30)
maec A
Puv(A) =F Coh® (3.31)

PR S 25N T LAY, 0DE DS, BB TRHBND 0 wnlZE DEEEL S
NEEERBTABEREABDOT. BENCESNECOEDEE agrenseBEL ZOEES
CEBES I BEROREC.EEND. BL. BINHEE D4 OBH EEHNCELT B
EREDESC. SADT 2LE WAERRKELS 0> TESCRYD, ENFNDIRL
X HEETRD R EECDBEENAE DL . FE. PADBRBEREI ARZEIRL T 2o
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RIZ. BEROBRETSOBDRLECDVNTEIATH D CORCHVTRBRTOEDHE
Nl SEMRBRYSOTISHDDIEEEVET D, &2, BAERYEVORFTE. BT
FEEORAEHECA,. 2B TAEANE,

A=TNiA, ' (3.32)

Z=ENn,Z; (3.33)

1 A
AV Na
T, —BROBECE.
1 A
p=—n, (3.35)
AV Na
TH2DT. 5. SBRINGR U 0.
“o i
——=—F {(—) " NiA, (3.36)
o AT p
EBS T EHFBRD,

INECk-NCEDBEPNDIRER DI THDE.

@ LA 1 Z
=—5% {NaGr-n (A) —F+Ey(A) (I N A, (3.37)
o A A

Z 1
=NA®'K~N(7\,)—+_ZﬂiAiPNC7\.)i (3.38)
A A

EHD. et L PERBEFREARCHRI. PWOEBESTERSBEERLETES TIILT
MEBDENEENIESTND Do
COEICLTRBEZSEMEORIRFREDEEFIL.SCRTo
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3.4 RAFDEE
LTROERBRBERORARDHAET >E. ZNENOIRLF —FRCSVTSHEDR
HEFEDEDCBELLTNBDERNE,

3.4.1 EIRIL¥—ER

BIRLX-—RETOEVEORAERERRORNEL THIEFIE.60%IZED,

EMELGRAAFBTNSNECAOTHRHENBUVWIRAMNBAT DL AERADEREDR
WOTERFRDETHRSDNS. ETOES8ERDLE. NI Au. PELTEBFEDRVWS. £
DDV ETEARBCEE T\ Do FE. Au. PLtTRERERECSIIDI2RFERDRUEH &
WHROBDTREAEL BRHCEEIXROBIDI N EREDEVNCE > TEBRIZEND 2
ETBIHNBEL <G &2 NTRCOBEDEBLASTRERTIEBCEVRCED Y
N, 1 keVTATRERTAELELL COREDZT7 - L TRBER L

CNBOIENS, EIRILF—RETEAU, PLO-FT2T70IT—NEBaL0WleEN
N 2o

3.4.2 BIRL¥—SEH

ALY —ERCOSHEORFEFBEDREE L TR EFI TORIER D,

5102 SICOIT-ERBLBLEHEEBRESETEE. BARBEZCNE<LAG
niEFEgseg. 8. RAFAENELTRERE LTFTE. S 1 DKBRRIBEFZCTAHLD
TRILE - OEBECA>TETLFL. RERCASARUAEL B2 BITISNA,

AU. PtEENEASONES B2, Au. PtENENOMBRIRES 22 THNS T ®
L¥—DBECENTRDOT. RNFECERASEBRORCAEN .

NSO TENS TR — OB R BRNES A > TRANOT. HEEOE{LIBSY
THdDe LAL. TkeVATDRAFEZAURDPLOBO~80REEL AL

Pd. Ao TRUBTRILY —OEBCRINES A>TRELES. RAEIEETE
THDo REZELNI CHENRNBIEAEL, &SP dIE,. AuDRPLZHRLTH, 2CTHWLD
TRLE—BECDE>THO 5% OREHEER > TN TINSELL THEBT Ao

CNSDOEEHBELD, COIXRILY -BEHTHWAZZ-OMELLTRPIDFBC. RE
OEDELTAg. NI TBWEEDZEEISNDH . ESHLCEXRDOEBELGUEBIZDOLWTS
KB

=7, REOBENS L TERL To o RanEE, REF/ISA—IoL TRANBORAE
L CRBTBEFILBDRCED. E5I2. 97y D BEEXEN & DRELNCIHET S
DHENBENC. BRECDNT, EXTABDOAES (Fie.d) CREE (Fie.8) EalTi
EMTBRESE DD, RARNBONES L TEAL SENIRBEF . ACRT. ZNT A~
. DTy DERMETORBEL (=atb) £730mm. =5 S0&150mm.
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S5 OPESEI 20, BEAAA.2ALL. MORBROET.2°¢ 1.5 D2BER
TWTEELE.

ZNED. BOASBAASCADE. SHRNCEDTBRBLNS<BIOTND Do FE.
ENENOMOAFBOBSTHTHDIE . BUIKADEY — I BF —BAELDE. &0,
PATHO. Ag. N1 ENE<H>TVBOHAD Do AURBBOHEENTHARBODRS
WS EHEDRETHSEEAE<HENDT. £ —IDUBENAHBT KENRICIEST N
TN, BE4. 2 AT CRMBIREOBHECA > TN TE —JBRSEEB< Ml TR
DS A—9EET. BORHBE .2 ELEE &, BHEFBACRDESENAERAEL
TACE. PAdTI—OS5—EEEL. RARBOE21mrad. I—FyHB5EI 0B
Baz180mMMETNERVENDD B
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4. BIHFER

4.1 EIxRLF¥—EHER
ETRIL¥—SERODRRIEFIL 10()DRCUEDFBF L OEREN T B,
CoTR. TARBHETHER<BUTEDESC. HROFEHMBBI &V DENTE
BRVEDHBIEERT 2. CODRBIOBERM 1 EF L 1ZTT.

4.2 BIRNL¥—EH
BIRLE—FRRDIHRGFig. 10(0)DHIZde Brogl eBWODIBRR I IOA~I L OB
T Do
BRAIIOA—I—DBE, BRAENOAHAO LEERI. BRALOBLALHD
NTWDEDRT DV IRFEODFRHE

nNA=2dsing’ (n=%¥%) (4.1)

HROYT T D,

XBOAFAO SO XROIRNE-ELOBRE. AXRBFZDDHKICHBLIE>NS PET
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Table 1 Optimal design parameters of the optical system for a

new time-resolved X-ray absorption spectroscopy apparatus.
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T M

Fig, 1(a) Schematic representation of the optical system in the low energy soft X-ray
region. (i) top and (ii) front views; T: target, M: toroidal mirror, S: samle,
A: flat field spectrometer, D: position sensitive detector. Distances are between
a: the target and the mirror, b: the mirror and the sample,
¢: the sample and the spectrometer, d: the spectrometer and the detector.

(in

Fig. 1(b) Schematic representation of the cptical system in the high energy soft X-ray
region. (i) top and (ii) front views; T: target, M: torcidal mirror, 5: sample,
A: crystal poiychromator, D: position sensitive detector. Distances are between
a: the target and the mirror, b: the mirrer and the sample,
¢: the sample and the polychromator, d: the polychromator and the detector.
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N
0

L
2

Fig. 2(a) Definition of the optical system parameters in the iow energy soft X-ray
region. (i) top and, (ii) front views: 2 : mirror length, &: glancing angle,
¢+ acceptance solid angle, i.e. solid angle of the incident beam subtended by the
mirror, which defines the amount of the incident X-tay photons to the sample.

Fig, 2(b) Definition of the optical system parameters in the high erergy soft X-ray
region. (i) front and, {ii) top views; 2: mirror length, &: glancing angle,
¢ aperture angle, & : acceptance solid angle.
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Fig. 3 Parameters defining the toroidal mirror,
A toroidal mirror is generated by rotating a circle of major radius(Re)
arourd a chord which 1ies a maximum distance(R,) from the circle along
a radial tine.

400 - 2.0
350 L = 730mm /// ]
P = 1.2° /
350¢ # = 120 e )
aoc| 2= somm e 1.5
------------ £=100mm e i ] =
[ 300 ———— g=150mm e s g
450 t ——— £=200mm /// e =
— — - [+4]
E £ 250 0
S500F ® o
o
200 5
550 | 5
. 150
600 |
100 .0

16 17 iB 19 20 21 zZe 23 24
Glancing angle [mrad]

..... 1

0.5 1.0 1.1 1.2 1.3 1.4
Glancing angle [ ]

Fig. 4 Relationships between the position of the mirror and the glancing angie,
and between the acceptance solid angle and the glancing angle as a parameter of
the mirror length. For other dimensions, see the text. :
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Fig. 5{b) Linear absorption coefficient of Pt.
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Fig. B(c) Lirmear absorption coefficient of Ni.
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Fig. 5(d) Linear absorption coefficient of Pd.
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Fig. 5(e) Linear absorption coefficient of Ag.
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Fig. 5(f) Linear absorption coefficient of a-5i0a.
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Fig. 5(g) Linear absorption coefficient of SiC.
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Fig. 6(a) Reflectivity of Au in the |ow energy soft X-ray region as a function of
wave length or the X-ray energy using the glancing angle as a parameter.
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Fig. B(c) Reflectivity of Ni in the low energy soft X-ray region as a function of
wave iength or the ¥-ray energy using the glancing angle as a parameter.



o
[s)]

o
.Y

Reflectivity

0.

0

JAERI - M 88-212

Energy [keVvl

v

(d) Pd

1omrad
------------------ 20mrad

—-—-——-— 3J0mrad
—_———- — 35mrad

1 i i " L i i i ¢ PR SR T RS | J S |

20
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Fig. 6(e) Reflectivity of AZ in the |ow energy soft X—ray region as a function of

wavelength or the X-ray energy using the glancing angle as a parameter.
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Fig. B(f) Reflectivity of a~S5i0z in the |ow energy soft X-ray region as a function of
wavelength or the X-ray energy using the glancing angie as a parameter,
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Fig, 7(a) Reflectivity of Au in the high energy soft X-ray region as a function of
wave length or the X-ray energy using the glancing angle as a parameter,
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Fig. 7(b) Reflectivity of Pt in the high energy soft X-ray region as a function of
wavelength or the X-ray energy using the glancing angle as a parameter.
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Fig. 7{(c) Reflectivity of Ni in the high energy soft X-ray region as a function of
waveiength or the X-ray energy using the glancing angie as a parameter.
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Fig. 7(d) Reflectivity of Pd in the high energy soft X-ray region as a function of
wave length or the X-ray energy using the glancing angle as a parameter.
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Fig., 7(e) Reflectivity of Ag in the high energy soft X-ray region as a furction of
wavalength or the X-ray energy using the glancing angle as a parameter.
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Fig. 7(f) Reflectivity of a-5i0z in the high energy soft X-ray region as a function of
wavelength or the X-ray energy using the glancing angle as & parameter.
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Fig. B(f) Reflectivity of a-Si0z in the high energy soft X-ray region as a furction of
the glancing angle using wavelength as a parameter.
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Fig. 10(a) Design parameters of the flat-field spectrometer system in the low energy soft
X-ray region. S: sample, A: flat field spectrometer, D: position sensitive detector,
c: distance between the sample and the spactrometer,
d: distance between the spectrometer and the detector,
& glancing angle of the spectrometer, o : setting angle of the detector.

i

Fig. 10{b) Design parameters of the analyzing system in the high energy soft X-ray

region. S: sample, A: crystal polychromator, D: position sensitive detector,

0: center of the crystal curvature. Distances are between

c: the sample and the polychromator, d: the potychromator and the detector,

L: the sampie and the center of the crystal curvature,

H: the center of the crystal curvature and the detectaor.

r: radius of the crystal curvature, @°: incident angle to the polychromator
system, 1.e. angle between 50 and 5A, 6 : glancing angle of the crystal,

¥ setting angle of the crystal, «: setting angle of the detector.

t: position on the detector.
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Fig. 13(a) Reiationship between the incident angle to the crystal and analyzed energy
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for PET crystal as a parameter of the radius of the crystal relative
from the sample to the center of the crystal curvature (L/r).
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Fig. 13(b) Relationship between the incident angle to the crystal and analyzed energy
for Gypsum crystal as a parameter of the radius of the crystal relative to the distarce

from the sample to the center of the crystal curvature (L/r).
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Fig. 16(a) Relative detecting position (position on the detector relative to the
distance from the sample to center of the arystal curvature t/r) as a function of the
incident angle using detector setting angle{ o) as a parameter.

Position of the detector (H/r) is 1.2.
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Fig. 18(b) Relative detecting pocsition {position on the detector relative to the
distance from the sample to center of the crystal curvature t/r) as a function of the

incident angle using detector setting angle(c ) as a parameter,
Position of the detector (H/r) is 1.3.
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Fig. 18{c) Relative detecting position (pcsition on the detector relative to the
distance from the sample to center of the crystal curvature t/r) as a function of the
incident angle using detector setting angle(oe) as a parameter.

Position of the detector (H/r) is 1.5.
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Fig. 18(d) Relative detecting position (position on the detector relative to the
distance from the samle to center of the crystal curvature t/r) as a function of the
incident angle using detector setting angie( o) as a parameter,

Position of the detector (H/r) is 1.B.
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KHP (400): L/r = 5.0, H/r = 1.2, a = 20.0

Fig. 18 Ray-tracing diagram computed for the KHP crystal polychromater,
The arc and the solid straight |ine are sstting faces of the crystal and the
detector, respectively., The analyzed X-ray energy ranges from 1 to 3 keV.
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Fig. 19(a) Refiectivity of Au in the energy range up to 5keV as a function of
wave length using the glancing angle to the mirror s a parameter.
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Fig, 19(c) Reflectivity of a-Si0z in the ehergy range up to blkeV as a function of
wavelength using the glancing angle to the mirror as a parameter.
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