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Calculations of Thermal Deformations

in Directly Water-cooled Monochromator Crystals
Nobuo MATSUKI, Shinya HASHIMOTO and Haruhiko MOTCHASHI

JAERI-RIKEN SPring-8 Project Team
2-28-8 Honkomagome, Bunkyo-ku, Tokyo

(Received January 1%, 1993)

Computer simulations on the thermal behaviors, i.e., thermal
transfer coefficient, temperature distribution and thermal deformations
of monochromator crystals have been reported under the condition that
they would be used in SPring-8. The calculations have been carried
out on the basis of high heat load experiments by the present authors
with a finite element analysis code (ANSYS). The bending-magnet {(with
power density of 0,27 MW/m® on crystal surface) causes a temperature
rise of 4 K and a slope error of 0.27 arcsec on the top surface of crystal.
On the prototype X-ray undulator WPH-33J beamline, the crystal receives a
power density of 8.1 Mw/mz, having a temperature rise of 85 K and a slope

error of 2.1 arcsec in the simulation.

Keywords: SR, Monochromator, Heat Load, Water—cooling, Thermal

Deformation, SPring-8, Calculation
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SPring-8 THATALFZT T, SREE TEREOREDLICEI & 1, BB EES

LTHFMBEESET T 2, AFRTORAHCL2RELHO D LORENITNL &
Yk, E— A5 A VOREICLERTRTH B,

R aR O, %%®W&a&ﬁg‘a\%%awﬁﬁmmmL G S o THGE
SNL, HIRPEAEERIFRICEETE AR TH 0%, MRERIBEOYHMD 2
PR B TR TR S & DM AL THRE S E fﬁéoﬁﬁ SO ARYC A ol s BN
GEC E BERIRE T © LR TH 47, AHRARIC B/ o T, BHiREEL 0

SR LD LT L, T OEROEML TEED E BT AL ESH D, L L,
CRSRA OB Pl o TREREENSINAGEHRI D S, TOHBH
L. BHERFFEFTLIEI LD, BEEELBEHNITEET A ILFERE LR b,

bitbid, JEBISEEAM RBERE £ v, s OBRORBEIT OV TR E W
YU S EERAICHE L, FOERFTTIRHMELLEY, 7 AMFEOSBH
BSOS, 7 4 VATIMRE IR T £ D), B A b ¥ — WIS - B K
BRIGEE(PE) R K E 7 L v X ELAFGEHT - BTG RAPS) 2 £ THRRE N T 5 A
R b b AR LR 4 v LI 7 4 TR, B 7 1 o AR
B A TR O T TR DGEIEEN B TY A Z EANIE S L,

AHE TR, BT OMFC Lo T, BIREY 3 2 Vv 2 AR, SRR
THLTFME NABEHE KD, BRI, HREOSHERIC OV THIEIANS,

) HIREEMAT T — FANSYS® v, ColBiRE W ERPERTHIEITLD,
BAREELHE L.

b) # DEALEE S H T, amWsmﬁﬁaLf%ﬁ$&Et7D%ﬁ47 7Y
AL — SR RE LA FRLOY AT A Y TFRENDSIT 4 VMRS
FAEGRDIRE LR EBEIRERET b,

a

2. 47 K & o v K RE )

BFERGL . FERIBR & AR OREICIEA L T, HROBEERIMAESFIC I
KNE(EEIRE WG, GHHESR L Th il R MAENTFREEZ 2T,
BUEERRE L WEH LI bbb, Lo T, ColVRIKIC BT DB RERZ SR
KONMBARED L I 2L —2 3 VBT LI L8 TE D,

2.1 AR OB TR 4

Cu7 4 AT MR, F 21 immO M, 1Hlmm® F % ¥ &V % lmmD [ T .
AR SmMmOES T, +1ﬂmm®Mﬁ& Wil SAA 7 HEE TH B (Fig. 1) HNEk
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SPring-8 TIER T BEFHT &, BIE TEMEEOKIDCCRE S b BREEE
L TRFMERSET T 2, KFRETORENCLDEELH O LOE Mhm5L
b, AT YO kMETTK?%%

awiet TR E AN #mﬂa@jf/«{i&ﬁ‘fa% L RER GBI OBRMEERII L o THE
END, BRSLBERERIIIPEIERTE 5_5%—(&357;,75f BT R 2 BB OB D 13
AT R e & OB LTSI TR IR TH D, B, ®mmHliES 2
T & 2EFRE TS 2 EPEYTH 25, GHRBIICH - T, iR H
BEIcRD LY LT B L, D OEROEER RAEE £ T 5 LEN DD, LA L,
INIZEEREHORMLE it X o “Cj( & 72‘1°}!=75§A§ NAfEG S b = O D
Ly WHIERAEG T80 L0, BEEELHFRICIET 6 L FREL LD,
biubiuid | JEBISHZEN RBEE L v, M OBROEKBE IO TRERH
LS e ERITE L, FOEREETTIEE LY, 71 MO A
HECE, 74 TR EFE RS 2o Bk, BT RV F PO ZEET - BT E
ERf iR (PR K E 7V I v X EWRET - BE M RAPS) 2 ETH ARSI NT WL F
PO b b AR L7 RBRAN(T 4 V% LIR, 7 4 YARFENR, B T o AT
AL S A TP O TR O HEHEN VP EA TV L EDUES T,

$ﬁifi PLFONERE i L7 o T, BREY S 2 b —Y 3 VTG W, S04 &
THECTFES N BAE KD, BRI, B -RHAOHIIEHEIC OV TIIEITEN S

) BIREFEMAT T — FANSYS# v, CuRBGZ AV ERVERETI I EITLD,
BmELRTHEEL,

by % DEYRFEERE T, SPrmgS@DIG{J?&L'C{%ﬁE@EHEk'jU}‘57/(7‘7 Y
2=y HEBELLBARELS DY LT 4 Y TTFRENESIT 1 YA HMRD

Kok S DIREE F5 E ETERFTET 50
2.7 b K o ¥ K EE D
BIEEAIE . BB & BR ORI IKE LT, & OBEEHE LA 13
KE B wn, AEEST L ThISEaME P IBE I RE 2 Th,
BALEEEE L bV EZ L bNE, L72To T, CulRBRAII 817 5 R ER £ S
Kom#EtkiEn v 22— 3 VICBHATAZ ENTE S,
2.1 MERGOB AN HER R

Cu7 4 AT BGRB8 1mmO I, Hlmm® F ¥ 2 0 & Imm? [T
BR9.Smm OB S 0, M L Somm ORI ) SAA ZXHE TH b (Fig.)- TNE:
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WORLAC BT ESEELMLSmmTH ), BERNEAIC. PRICE, &3 &3
0 7mm DE AL . BES0ImmDE 2T A L 560 5mm D IEF I T — A Eh
FANT VANV - 202 NPT T THDAATH B, FHEFMRBICL DR, SV 5
—ANEEETATT A TH B, B EHEOBREERIIFNFNA01E L 428 [Wim- K] &
VW TH B0, BAREBHOECICEH L -Hu vy HoREEROEVFEHRL T, &
KB Cuff L R LTI,

BEBOF v v A0 1Smsec TR ZF L, REBRERE I, B 79 A&
(JEBIS)IZ & 1) ¢20mm D #LFE T —HEIhIZ L 72,

Table 140, STORLLZNT —OBHH AN LAHEOEBERE R T,

Table 1  Cu7 4 AFMNHEBEK I T2 RATEROFER

A B C
REE~OBFHE QMW/m] 1.2 4.2 6.4
MEHORE LA aT,TC 14 42 64

2.2 REBEOBRRIER

Witk BBk OEME BT, RBELLHNCEET RN LRIK g
(W/m?} HE, M T B A S RBARDRIEEATCHSIL g=haTil e b, Z DHH
SEH R [W/mK]DS, GBS L, WMk CO&MTRE ZRIBEEETSH L,
B OREREFIC LV T b LY, BEERIHMFICIHHHOBFOMETE S,
T OBHNC L DEER R LT, BEHESKRTHEEEE M TH D L LIOITTFE
(EEE H[W/mK] Thb, KAV Ialb—Yzrid, OFYROEREZHCTETT %,
PRz, StE&F£3ET %,

) IR E SRS AT — ¥ ANSYS 24T 4,

by FE DML S EEBEO AT FIVETRHT 2,

o) M~ EE 1329 3mmx 14mmx 1 Imm (1/4E 7 V),

DEBBEEED X v 20OR &L, 74 ¥ OESHFEIT45E, INFAHERE)DEFE S

HENCSaE L, £ a5998755 %,
e) Table 1 COE. Thbh, ARBADL020mmOD I —F7% 6.4 MW/m’ D#AFRQ
525,

EF UM (CuT 4 VAR LT, BUEEE HEE 272 & B HIE R LERER 8
03mm)TO EHBE4EE L-Dd Fig2 Th b, ERTHAESD LAREII4TT
HLIE LN, REAEGEHOBEEHISTKWMK LIRE SN D, I OEEIZ,
BREMEHTE 2 6 N AHEQOKW/MIKE B L TEd, KOWHLiEdy ¥ 3 VN
CTELOTHERTEE LTWD EFHENL, 6.4 MW/mMDEGTRQE BT L 72 Cufd
Btk b HBRES A %, ANSYS TEME U724 % Fig3 1R,

COEFMEET, ABRER 2 A 7 s DRk L 25 L 72074 Figd T
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i, ITEPLTFAHSN BRI EBRSREIFFICL—RLTVE, 2O &R,
BAZERG, NASEF B EI N VWERTHE I L bR S,

3. SPrin-8 @ K & %
OEMTIE. SIONES T IREMICEET S 2EHOAFII DV TERS,
31 SHEIHWAY — AT 4 ¥

SPring-§ 2
a) B EEA
by 7u b ¥4 7 Fr¥al—F(WPH-33])

REET L L #AET BT, Table 2i2id, FREFLD/INT A —F & B/,
FrValb—#FlronTit, T THECHCIRESRTTERL
RIERGEREE LY — 554 Tk, BE»OEREE TORMIMTD 5

7. DFEESOME A Table 2 1R LA L II0MET B, T, Ty Valb—F Y-

LA YT, ¥iESERET COREASMTH S 2D, e DOE Z Table 2

WRL7:E ) 40meET 5,

Table 2 HFEO/ ST A -7

LX) v IIETE L
EHET E 8 GeV
LIRER I 100 mA
oAl i 5, 6.5 prad
& E#A
BHREE B 0.67T
HMEICOEE L 30 m
Foal—%
k3 L, 2m
EoANE A, 33 mm
A E A N 61
KN A—-% K 1
LD L 40m
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HD, BFEPLSTHINEHRCEBRERIFFCL(—RHL TV L, TDZ &b,
HBAEERIL, MASF B S WERTHEI LD L,

3. SPrin-8 @ J & %
COF T, SR R REMNICRET L 2B 0NIRIC O RN S,
3.1 SHEICHWAY — L9 A

SPring-8 {2
Q) B EEO
by 72 ¥ AT 7Y alb— ¥ (WPH-33))

REsEd L o b AAET LA, Table 21043, FRENOD/NNT A —F & BTz,
FUVal—siionTit, I THECAVIRESHEER L
EBHEREEREE LY — A5 94 YT, FE»CERAEE ST TOHEEI2MTDH 5

7, A G OME S Table 2 )R L LI E0mET B, T, Ty Valb—-F Y-

ALY TR, REHLERET COESESIMTH L0, TGO E T Table 2

WARLT L) 1240me T 5,

Table 2 JEED/NT A -7

R v SETE - A
ERET E § GeV
EIHER I 100 mA
waN vy z, 6.5 prad
R EEA
MR B 0.67T
BN DN L 30 m
Foralb—%
k3 L, 2m
A EE R A, 33 mm
WA ERE N 61
K7 4x—% K 1
B o0l L 40 m
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HEICES SN ARSI, B L, —ER R, BEL EEL. BOAEEN
ST%Wéﬂ e h, LPL, BFVERELL, BRETTTXTORE G
REEbL L LRET S, EECHVAEBHESN L LTE, BHcErnz ik o
THE2LREBHD%wD,

BV —AOILI v Y v ARERTL ., BERIOHORBAISHIIRE( RS,
L7 L. SPring-8 THEFY — s DDA EHRKEDRME L TIInRL, OO
SHREERT 5,

Heo@EEfE, SUDFZEEL T, BEEME ¢=0314nm® 77 v 7 0.16rad(9.25%)

CEHRELLEASYBELL, CNREEA=0Im12keV)D T Iy FATHH, I
WHHM%Kﬂf&thtgmﬁiﬁwﬁELm 15 %o

3217 V2 b—# il L BBRE

SPring-8{ZifFA S N7z 7 vV a L — & WPH-33IHET§ B AP D = 2 b F — % Fig5
12, SHEBEB EFig 6 [ORT ., HEMOKIZ, BESNTwEFry ML THREL W
H 1 BDeflection /8T A — % Th b, BEREOHEE KNIFA-FICLhREEND) &
WEA79y s, CERER4FE L LSBT 2RA OtlhhL) OBRK
% Fig7 R T o BRRFOERPLTS 2 625 MWm BEDRARKEZT B XD
5

WPH-33) # K=1 TEEET 2 &, #ABH DR keVILE L, O, DS ICAST
LABEIIRSOWIC R D, £ LT, 7 7 v FH[0.16 rad(=9.285) ] 72 i EFE L 728i(111)5r 8
BEEA, S OBENE S o & OB RO F Fig8 [ORT . EAESEPLOTYED
BRI ET 2o B2 G, ZOMERIEELIC 8 BEFEAAT I, LT 8.2 MW/m',
Y — A ICHY o 72 7 8] (Longitudinal) T @ 43 B #E7.9mm, ¥ — AICERX T HAKFEH M
(Transverse) TL.7mm®D A v AFEFITFE LD TH A,

32.2{BAER AT £ AR

EBREHED b OREE I, BEAT00KkWm Tdh b, Fig9 1£0.16rad(9.2) 72V {EHF
L7245 ek S 95T B Y — A H T (Longitudina) D B RS T b, ¥ — ML TIHE
B D ACGE B W)(Transverse) T d 4 blu?') ‘E?ﬁ‘ L —HE %A T, AR S OUE28mm (S EE T
0.93mrad iz 3Ly E BEEH+5 2 212

3.3 FiH X B ok

SREERORFWE AR 2B G, BB) & T BRRNS Y, AT R 7
HRETO & OHMSCR S BOHETAS T2 AP % B WIERHE E6E L L
FE. 12keVO 7 4 b Y OB OGS 0. BT B8 - DIAAT) RS
2y CH A S HEORE THT9mmo, )k & Bo ATAMTH, bb5BA, —HT
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Hh,
FryIal—F OoBREOSEALCOVTRLE, T3V E vy Y Ae=0DEFY
—APLOBHOGEAYS,, BT - L008A% e, MFEOXEEZL LT H L,
EU2= 0_02_*_2})2,
1+K?
_1 2
Zp_?,y nN
c,=6.5urad (SPring-8 High ),

DEIKCHELILND, TYy¥al— % OEMBNIGE X BIZERVSA IS, BITE
AT DY 2y E R T, S OEREODEIL, N=61DRBE T4 % D

4. SiFE S O RE LR ERER

A1FtE 0 ®E 7 &tk

CCTHDT, HAIBTHRELTE AT A—5DI) L, BETEIIBHEFRTLIL D
ARCFE L TTable 31T, 7277 L. Edbid, 12keVORSTHEFEFT L7 7 v FHBICK
FELTHDE Lo T, FHEICE - -0 B0 TS, BIRF O &N % Table 4

WKIRT o

Table 3 ZAMEOMEH
T:Transverse, L:Longitudinal.

RIEE#AO 7 aVi{7 77y 2v-FWPH-3]
E N 850 W 290 W
oL 0.27 MW/m* 8.1 MW/m’
BRI DD —FR(T) 1.7 mm {T)
(c") 7.9 mm (L) 7.9 mm (L)
FAT DT 77 7 A G5 AL #7 A G5 A AR
Gignvari)) (KPS A4n )
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b,
FrIal—y OBAEOSTHAL OV TREZE, T3y ¥y Y Ae=0DETY
— A ORET DA E %Ep‘ BT - 209 AYo,., BRAEOREEn ET5H L,
EU2= 0’52+ZP2,
1+K2
1 2 >
EP—Z}’ niN
c,= 6.5urad (SPring-8 High 3),

DEICEIONE, TrVal— 7 OEENSE 2 BIIEHRVGICE b, BT
SAF DMLY 2y LR T, S OEAREODEIL, N=61DBE T D

4. SIS OB E LR £ B LK
A1FtEOEF I E &
CITHDT, FIBTHRELTE AT A-F0I L, BETEIBEHEBETLSL D

ARHFE L TTable 31T s 7277 L. Edbid, 2keVORSHFEFT L7 7 v VBT
FLTHdELI T, SHEKE - oL B0 NEE., BRGSO 4% Table 4

A

Table 3 ZAMEOMEHE
T:Transverse, L:Longitudinal.

RO & 7 0NAT 7YY 2 =¥ WPH-3J
VAV 850 W 2900 W
H DR 0.27 MW/m* 8.1 MW/m"
BB DILDY —FR(T) 1.7 mm {T)
(a") 7.9 mm (L) 7.9 mm (L)
AR DTE 77 7 A G5 AT A e 77 A3 AT A
(i AR A (KPS i)
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Table 4 FIE I o 20 M E

" WEME. £ ot
FFr SiHLA &
ke 170 W/mK
BAR TR 2.5%X10° K
e 13.0X 10" N/m’
HT YV 0.278 (5 Ji AT #)
# en (A (111)

L 58.6x28x10.3(5 % )mm’
T4 VIE Imm

J2TN 74 VR 1lmm

Mz R50mm
BANERE 0.8 mm

Bl 5 41 EKHEDHBHTBEE

HKEETEZAR Wi 4B 1x9.5mm
KA W

5 R 1.5 mfsec

AL EE 57 kW/m* K

A A1) T4 UITERE

CCT, RAERE 208mmic o 2%, S hid, REEATHALENT, EBEW
IR THETRIECWESI L LT, ZoEEZHAVTwE,

EE DS SE, BREBLESESOY —VREED DI, HEEEL b DT
DEECSIDRIM AT S - HErE2 bbb, O £, ImmEREE OB EH
EEHOBRSOUEICIOmMmEREOSIORFEHR SN TwE I Ll b, C0L) %
HROSHRERTE2 4L, BT FLOAEREEBECEVWIRETH S EEUT E
Lo T, BRABNIZ 2720, 74 »O FmidEE L,

42 mME b5 L BEE

A21 70547 - FTorialb—FnE—-ALAT4 >
ERT Figl0RT. CORTE, HERAS L ) WEBRL20008MEL. £A
TAEOSIILE R TH V2. B ORBHROBFE TH S Y #li(Transverse)i2H > T 44
HOEMEFRS EFiglt O LIk b, Thicxt LT, X#liLongitudina) il > TR 7
2% Fig12 DEMCRL, RESAELAESSCTLL D, LHEOERZ MmO
L RAZ, WO umE 5B, 29 LT, ARG ERLEHBETED ) A) &
ELSE, WTBIC L - TASMICIRSL 4 525, COAFMEE{LREae ¥ 5 K
HDI) Mz Fg 2l BWTHBIC L2 TRL. 2O h)AinfEKag, H. &d)
LG H7mm OfFE THE L TW T, 26prad THBEZ L3 bd,
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A2 2 RMBHEAOE —LTA ¥

ShEESRO L ABEFSRBETHE, EEE L2000 BB L THWzb0E
Fig 13107R T BESEE EFF4TERS v, 20T, BRSH L Z £, Fx ¥ A VEC
B LTT 4 v ORsS DEHEENKE VT & Th b, Fig.14 12 Y fi(Transverse) J [ O
Y HBEIB - ERETH AN, ThERE2E, Fy a7 4 VEORIE
EPERECEEYS L, A WF Yy YAV RE BN Lo Twhb, Figls
1% X #ll (Longirudinal) 5 1 0 ol 2 5 th iR » BB E R L2 D Th b, K
B BAZ_120.02umT H b, REDEAD R D fMAag, BHPLPLemm OMLELSH Y |
KE 3 EL3pradTH 5,

Table 5  Z5)G#E s DEVEFY

7

BM-BL PU-BL PU/BM(ratio)
B NG BT E) Omax [MW/m®] 0.27 8.1 30
| TR ImAE L H AT[K] 3.7 85 23
BRRBERE Z_, ium] 0.023 0.42 18
EAIRDA Ag,,, [urad] 1.3 26 20
EZERANIRADA  Ag, furad) 1.3 10 7.7
(Ad,, ) [arcsec] (0.27) {2.1)
S FRBE~ DB (12keV) AEE 8.1x10° 6.3X10° 7.7
5. # 23

5.1 BB & Lo NEfE Bk

IR DBER R T ERTEND R ). BFRMICASANEILL TR A L
Fo-PEALT B, 2F 0. A A THE SN MEORMHEAD ) R BERED
Y. 75 v & 2ksing=Apl . SR ICEBIALF-OTHAEER, 132468,
he bbb B A, BEMT OREEFEECENH W) OAY—ES RERICRE L L LA
RS S TR LW BT B,

3 Mk, Figl2 D SEB I UFL50SMO L3 Wbl e hibroTbh,
THOEE L, POMIEEEIC L 2EFAEAEVY, JRNAE0THL, TLT,
B b 4 TmmO R TR B, D 0., S OB TARERIRE CHILT B
SRR, LTrtSo T, COMEIL, BB ELTWALIFANVF-DT 4 FYDIRT
WEDE S D ERRLLENRD S,

ST, MARMEELE RkeVOXBOK SRR Lo 7 by @RS, KA
BOF T7.9mm(oy, Fig.15 %), WPH-33JTid 2mm(oy Fig 12 KENTdH o HA DT ¥
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A22RIAEHAODY —L T4 ¥

SHESOLRREFSRBTHE. ZREF 20,000/ CHBAL TaVb DT
Fig. 13IRT . BMEEELEAF4TENE Y, 22T, Bl oo bk, Fy v E WERIC
WL T T 4 vORS OBHHENKE NI £ Th b, Fig.14 12 Y #l(Transverse) /i [0 D
e E LB ERETH LA, T2 REE, FyvaVile 74 YEORE
EVERECRELS 2, GACnF v VALY RE ED Lo Tnd, Figls
i3 X #fi(Longitudinal) 5 @] o Yot % 18 5 B - BB R LA D TH L, TR
EBAZ_120.02umT H b, EEORAD =Y Aag, L2 Lemn DILERSH D |
KE S 3uradTH %,
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Fig.1 Structure of the test piece which is adopted both in
the electron irradiation experiments(Cu, t =1.5mm) and
in the present calculations (Cu, t=15mm and Si, t=0.8mm ).
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Fig.2 H(heat transfer coefficient) dependence of the temperature

rise calculated for a Cu test piece at the top surface (dotted

line) and at 0.3mm below the surface (solid line).
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Fig.3 Temperature contour map of the Cu test piece simulated
to reproduce the experimentally measured temperature

rise at 0.3mm under the top surface.
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Fig.4 Power density dependence of the temperature rise at 0.3mm
under the top surface of the Cu test piece. (Solid line)
calculation and (dotted line) experiment.
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Fig.5 Photon energy of the first harmonic from the SPring-8

prototype undulator (WPH-33]) plotted as a function of
K value.
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Fig.6 Change of the total power of radiation from WPH-33]
against KA.
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Fig.7 K dependence of the maximum power densitiy of ‘WPH-33]
on the crystal. The glancing angle of the beams to the
crystal is the Bragg angle for the first harmonic.
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Fig.8 Power density profiles on the crystal surface irradiated
by WPH-33]. The glancing angle to the crystal is the
Bragg angle for the first harmonic (K=1, fg=9.2degrees).
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Fig.9 Power density profile on the crystal surface irradiated

by the Spring-8 bending-magnet. The glancing angle is
9.2 degrees.
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SPring-8 WPR-33 5i d=0,8 Fw=l Cw=1mm [=40m Mo=.16rad Qrate=! h=5Tk

Fig.10 Calculated displacements and temperature contour map
of a Si crystal in the photon beams irom WPH-33]
(K=1, 6,=92 degrees). The displacements are emphas ized

by 2,000 times.
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Fig.11 Calculated displacements on the Si crystal surface in
the photon beams from WPH-33] (K=1, #,=9.2 degrees).
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Fig.12 Calculated profiles of displacements and slope errors on the

JAERI-M 93- 021

Si crystal surface in the photon beams from WPH -33] (K=1,

#,=9.2 degrees).
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SPring-8 BM Si d=0.8 Fw=1 Cwsimm 1=3@m Mo=.16rad Qrat=1 h=57k

Fig.13 Calculated displacements and temperature contour map of the

Si crystal in the photon beams from the SPring-8 bending

-magnet (BM). The displacements are emphasized by 20,000

times. The glancing angle is 92 degrees.
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Fig.14 Calculated profiles of the displacements on the crystal surface
in the photon beams from the SPring-8 BM. The glancing angle

is 9.2 degrees.
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Fig.15 Calculated profiles of displacements and slope errors on the
crystal surface in the photon beams from the BM. The

glancing angle is 9.2 degrees.
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Fig.16 Temperature profiles along the middle line in the depth direction
of the fin(normal to the irradiated surface).
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Comparison among the surface displacements of the crystal

calculated under three different boundary conditions for the

SPring-8 prototype undulator (K=1). The glancing angle is 9.2

degrees.



