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Characterization of Cryogenically Cooled Silicon Crystals,
for the Double-crystal Monochromator on BL11XU at SPring-8

Kazukiyo TOZAWA*1, Koji KIRIYAMA*2, Takaya MITSUI, Hideaki SHIWAKU
" and Taikan HARAMI

Synchrotron Radiation Research Center
Kansai Research Establishment
Japan Atomic Energy Research Institute

Mikazuki-cho, Sayou-gun, Hyogo-ken
(Received February 6, 2004)

Liquid-N2-cooled Si crystals have replaced water-cooled diamond crystals for the
double-crystal monochromator on the JAERI beamline, BL11XU at SPring-8. To use the
whole energy range from 6 to 70keV, we developed the multi-crystal switching system, which
can switch various crystals by a horizontal translation (X) stage perpendicular to the beam
axis, and adopted the dual symmetric Si geometry, Si(111)/Si(311). The crystals are put side
by side together with an indium sheet of 0.1 or 0.2 mm in thickness as a thermal conductor.
The off-line experiment was performed to characterize the degree of the crystal strain, which
may be introduced from the way of assembling in the crystal holder or upside-down
posturing particularly for the second crystal of double-crystal monochromator. With MoKoy
radiation from the x-ray generator, rocking curves from the dual symmetric silicon geometry,
Si(111)/Si(311), for the second crystal were measured by the double-crystal diffractometer of
parallel setting for the precise measurement of the crystal strain. Each of the observed
FWHM was almost constant and identical to the calculated FWHM wherever an x-ray
inpinges on the crystal surface. These crystals were installed in the undulator beamline,
BL11XU with cryogenically cooled condition, and tested for the performance by measuring
the reflected intensity and the width of rocking curves. Highly improved results, in

comparison with those in the water-cooled diamond case, were obtained.

Keywords: JAERI Beamline, BL11XU, SPring-8, Cryogenically Cooled Monochromator, Dual
Symmetric Silicon Geometry, Rocking Curve, FWHM, Multi-crystal Switching System

*1Cooperative Staff: Ishikawajima-Harima Heavy Industries Co.,Ltd. IHI)
*2Cooperative Staff: SPring-8 Service Co.,Ltd. (SES)



JAERI-Tech 2004-041

H X
1. Uiz i e it e e 1
2. FT5A A T R RREE 3
2.1 FEEBHVE et i e 3
2.1.1 %E . gﬁ;ﬂ ..................................... 3
2.1.2 FEERFME et 4
2.9 EEREFEEE FIREEL e i i e 4
2921 OwF I —"T ettt 4
2.2.2 FHRMEMEME L DELEE e 4
23?7§4y%%@§t@ ..................................... 5
3. FLTA LA GUHNEE = AT A FER) corrrrri e 12
31%%ﬁ% ..................................... 12
3l1%§'ﬁﬂ ..................................... 12
3.1.2 %%iﬂ{a ..................................... 18
3.2 %%ffﬁ%ﬁi(ﬁ%?& ..................................... 13
3.2.1 HERE ’ SRR T R TR R TR R TR TRRRRLRSERER: 13
322 vy Hh—-T8E 000 e ch et st ataet et aeases 14
33??54?%%@3&@ ..................................... 15
4. ;}:539 @ <o R R R R 26
%3‘§$ ..................................... 26
i}%jﬁk ..................................... 27



JAERI-Tech 2004-041

Contents

1. Introduction e 1
2. Off-line Evaluation ~ eeeeeeesieen 3
2.1 Experimental Method ~ eeeeeseeeeenn 3
2.1.1 Apparatus and Samples ~ eeeeeeeeeeeee 3
2.1.2 Experimental Procedure @ eeeseecnieaann 4
2.2 Results and Discussion ~ eeeeeeeaaiaee 4
2.2.1 Observed Rocking Curves ~ eeeeseeeeeens 4
2.2.2 Comparison between Observed FWHM and Calculated FWHM  «-cceocvereeen. 4
2.3 Summary of Off-line Evaluation @~ seeeseeeeeenen 5
3. On-line Evaluation (Experiment on Beamline) @~ seeeerreaenen 12
3.1 Experimental Method e 12
3.1.1 Apparatus and Samples ~ eeeeesseeeeenn 12
3.1.2 Experimental Procedure ~  eeeeeeeeenee 13
3.2 Results and Discussion  seeseecaiaeae, 13
3.2.1 Intensity Measurement S 13
3.2.2 Rocking Curve Measurement ~ seeeseeceeeen 14
3.3 Summary of On-line Evaluation @ eeseeeeceenenen 15
4.Conclusion . e 26
Acknowledgements ~ eeeeeseeecaae 26
References . e eeee e 97

v



JAERI-Tech 2004-041

1. BC®iT

KBS YE iz SPring-8 B 7 > P2 L —F E— A5 > BLUXUITIE. E—AS1 &
BAAO—REUTXHEMERE, C0DTXEREZISICAILI®E2DIC. SETHEALTHE
KEFTATEY RERRICBDDBRASERGH Si BREMEERELTEALLIS5]. I
/LR BL11XU EFERD SPring8 7 > ¥ a L —¥ E— AT > TSiNMtHROBAER B HL
PHEEHICHELED 5N, TORBENLZERER EBRDENTERIENERITH SI6,7].
BL11XU Tk HELER. XAFS 8. FEMHELER, BLUORAREEREHET DL
DIT, TRNF—HHEICL T 6~70keV ICHZ D XBREFIHT S, 75w 7 AHEHEN 3~27° DB
BROBABEANTENTI RN F—2EB52DI121E, 6~3TkeV 2 Si(11DEHT. 37~70keV %
SiGINAETHEATNIEZEWN, £ T, BLIIXU TIE, HBESSHEE (KNVFERDES AT L)
O DOREZERGHD R EHRE L[4, 2EOKEEZMFNCEREL O EDOERTIVYICE
ETHIOFERNDTORATH 5.

KIAT LA FRRRDIDOFHMERD,

(DSPring-8 TEBED H 2MEERINHLE L ARKOREERT)) T 156,715 L5

QOAH X I HEER/K X )4 FICERAE S 2 B2 BT S

QX BB A T —JI L O EREEYOEZ S
FERFNTICBNWTEROH HEEEBRET S 2 & TERER VY B IEIC X D 2 ERICR
BRI RE L ORRNRAFZ DT AR EORBRENIRIND & &EBHITREAMREIC—ED
BHEEZBS ZLEMNTES. 2HEOERNEMNSHBERNIICXOEELRNTKECEEINDS
KORUEBEBENTBY., HBRICEAEEZRZNLEDIT, PORRDLINBEEMTHONDLIIZ
FERREFRTITHOBIE 5T, FR~-ERFICHES 0.1~0.2mm O > IU AL — b2 RN

EUTEETS, XBREAT—IIDO0VTI, &IV A= NZNETO5mm N5
& 25mm D#EREVOEZ DD+ KE X DO20mm IZETIHEKRL .

L. BRSO OULY— MEMEEITEN -EOBETHESNRTNZ, RINFADHE
ERITHERNA 2 DOT L — NNORITLKEHE, 235 2HENFE O L FTRIERBRITHE
VR DMEHMERENICAEENED, BRICERADRETIAEEENS D, MAT, 1>
POUL— DOEMIIAHENEL S LI o THMEENENENT S &, Bamz 21k
ETBHIENTERLRD., BHEAEROBRERICREANRET DAREENH 5.

ZTIT, 2OHBREAINTUREBETD, BRICEAZELCLHZEBSBEETESZ L,
PBRUEARREFRICHAENZ D DI E2ANDZDIT. BRIMmETS 2.

T, AT EBEROUHL EITY, RELEZET I LIICLD. FIEOK
BOSNBREZAZ L. 6, FIVYICESR 2 EEMFNICHAA S, EREZEATT ik
BEURBIEEN RN ESNERRTHHMT, 77710 U XKRENEBICLDE2HRKD
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HERMEERZITo 2. KIT, DXBERERFNEE— LT 1 > BL11XU OEEICERL., 7>
Ja LRI EDEREANEEG T T, ERICHAZERBREE CEEBHEZT S ZEAD
EERMFEEER R . :

REUBETIE, 7514 > TOZRBREERW Oy F 27— THEIC K HE&EETE. B
KU BL1IXU IZ BT B MEFHEIC DWW TR S,
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2. T 54 FHh

FT A EHIDERFIRIIDOWTERE - REBIUFIEOEIEZRR-%, avF T h—
T T AERBRICOVNTXBARNMEBEEREEOEEBLVEREBEOLBICET A ER
2TV RIVFICHER 2 @E2HAAS LT REZEICEHRE UREICBT 28R EICD W TEHE
oz,

2.1 EBHIE

2.1.1 %& - il

(D X%
SPring-8 FIAERMH 1 F HIEEQ2Q)ICRB SN/~ RAFMEREZ AN,
Photograph 2-1 1T, FEERITHEHT %6%¥ %K % Figure 2-1 ITRT,

DX BRFEAEEE
X LB MISXHF-SRABK S vy 7 - A LA EHERA Lz, AEBIIEE
M REE T, EFEREIE 18kW, £ AT X 0.5x10mm TH B, ¥F—5 v MiZid Mo %
ERL. B X MoKair (:=0.7093A, E=17.48keV)ZFIB L7z, BEEHE L TEEEBE
CEERIE. Si11D)ME O FHE T 35kV,10mA. Si(311)H T 35kV,30mA T L7z,

2) A=A A—4
TZFA—FIX EREI A A—F (Lo B = k8% RST-6KI, 7 EEE 0.0002%/pulse)
BLUOEEREEI-_FA—F(FHoi1=y b : 8% KTG-15D, 7 f##E 0.01arcsec/pulse) %
Z A7 — KHI-4S B LU KHIASK IZ#f1T. eFEEBEK16-2000 XY 27— EIZB T
TN D HEEBARASHED, HEDH S TNFNOEEF.OE TOESIE LK 620mm. T
B 1120mm & U7z, Z#HBGEOFFTEBICTHHRT Iy FRENMEENZ LD T TV T
A -HBOA - M)/ NNVAE—FRANCTREZT> 7. {77 v 74X Si(11DH : 6.495°,
Si(31DT : 12.51°}

3 U A— AR
58 1SRRI SIUDE OFHME Tid Si1IDERHRZ. SiGIDE TR SiG1DEMEREEA L.
WINH R E LT, REHEIE 2smmxE 90mmxE 35mm THD, TNEFERAT
—VRERICTERMT, ERIZFA—FIREL =,

H Ay R '
EHRTFRAU w MLt 1,2,3) 2 FER EICARL. RIORTHEDOTEBLIOMIBETHEA L,
ERAYw MOt D:FO & lmmxi@ 10mm 3 U A— A RETICEBGEEN 5 345mm)
AU w MSlit2) : O & 10mmxiE 100 4 m MK RERTICE B CGEED S 920mm)

BDERZ

Rt
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THWAY w RSlit 3) : B0 & 10mmxi8 10mm R HEEEATICEECEEN 5 1620mm)

5) RaiiEs

BeagiIcid. Nal(TD> > FL—3a > 7 0—7 Type SP-10 BIOE Y T 4R 48D 2/
BEL. HENS 1650mm OALBICHRE L 2. ZOM/ IV AFKERIZIE. TUT 7 A1
77, WEANE. AT —F., I —THEREINIBOEHERL /.

(2) FEHRBIERTIVYEREROAD)

AHEASRIZ SIMIDEB LY SiGIDE D 2 THHK AR TH D, REF-HEIL. WThBHIE
25mmxE 90mmx®& 35mm TH 3. N5 2EOHERERFESRMEZHHAKBRTIF6,T]
IZH AR A2 (Photograph 2-2). FE~FERRIV YL, BLOER~EREFICIZIES 0.1lmm ©
A2 VTLT— b 3WEEELZFigure 2-2). TNSERINFIHAANZIRETHEEZH
WTETREZRBICTIFRIZAA—FICREL .

2.1.2 EBFIE

£9, XBREHFEEZHE E MoK BEREI R, EHEAY v MSlit DOBEOE, ERTI=
FA—F OZHEH, FHRAY Y FSlLit OO E TRIZA A -5 OEEEMOFEE
JEIZIT 2 fz0 RWNT, BTEH O SI1DE. SiGIDEENZFNIZDONT, X AF—JICLDTF
RMIZFAAT—T2EEBH IS Z & T Figure 2-3 IRTE DI X O AFLE & HEE T
REEHFENS X BAMIC 0.5~1mm AT v 7T TIA U AF v 2 E3E, TNENOMETO
v F T H—TEBIELE, |

2.2 EBFERBIUEZR
Si(11DE. SiGIDHEENENIIDNT, SA VAFy VRICEEL 20 v F > T H—T O¥{E
18 - E— 78 - E— I ALEZ Table 2-1 IR,
REAZOYF T H—T LU TAFMNBEEREPRNS 1,2,6mm OMEICEY MU THIE
L7=® D% Figure 2—4 12, AFHLEDEIITH D FEROHER % Figure 2-5 IZ/RT .

221 0vF2Th—7T
Table 2-1 BL N Figure 24 I K V. Si(11DE. SiG1DEDO Y F > T H—TIKDNWT, E—
JigE., E—JMNBRARMNBIKGET —E0EZ E52ENDOMN o/, & 51T Table 2-1 8B
K U Figure 2-5 5 AMERE O FERVBAFMBIKFETIE—ETH 2 I ENHEREIN
7o

2.2.2 HHHFEIE & O
Figure 2-6 iZ1d Si(11DH. SiG1DEZNENIT DN TERINEE K L 7z MoKou IZ3%9 % Him 1
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YFRITN=T T S T r—A)ErT. AL DESNSHERBICEHEDTITRBICK
B ZRrHBOYMREZER L - HmEERISELRICLATO®ED &85,

Wiy = ‘/E Wy = \/—2— -3.2 = 4.5(arc sec)

a)C(311) = ﬁ ' a)(311) = \/5 ‘13 = 1.8(arc SCC)

HIEE & OB D7D B ¥ENE Si(111)E ~4.5 arcsee. Si(311)[H ~1.8 arcsec KT 2/ %
Figure 2-5 EIZBML 7z, Bl N/ZEEEE. SiQIDHE. SiGIDEZNFNIICDNTAH
MBICEKGEETHRESIZZARETHZ I E0bho iz,

23 FT75A EEDE ED

TV 2B E AR, REOSBOBE B THEATARECT. BRICBHWTZ
EREcEs 0y F - TRIEE SIQ1DE. SiIG1IDHEENEIUTDNTIT o /2. T DHER.
WTFNOREREICDOWTH, KD ENbhoiz.

CEENE - E—UEE - E-MNBERARMBICEKFEETRE—ETH S,

B SN ERERNERAEESZIFREETH S,

Wo T AREROBRENL NI LMD R0z, BLEXKD, FR TR OEES L TR
LENERICGALEBIIERA LEHTEXORETHEL I EERRATE .
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Figure 2—

1 Schematic view of the optical system for the off-line experiment.

2 Schematic view of an assembly of cryogenically cooled Si crystals and Cu cooling
blocks.

3 Schematic view of x-ray hitting points on the crystal surface.

4 Observed rocking curves with MoKou radiation (17.48 keV) at the x-ray hitting points
of 1,2 and 6 mm offset distance from the boundary of Si(111) and Si(311), along X-axis
perpendicular to the beam axis.

5 Observed FWHM with MoKa: radiation (17.48 keV) as a function of the offset distance
from the boundary of Si(111) and Si(311) to an x-ray hitting point, along X-axis
perpendicular to the beam axis, together with the calculated (convoluted) FWHM.

6 Calculated (intrinsic) rocking curves from Si(111) and Si(311) with MoK radiation
(17.48keV).

Table 2—
1 Observed FWHM, maximum intensity and peak position with MoKau radiation (17.48
keV) as a function of the offset distance from the boundary of Si(111) and Si(311) to an

x-ray hitting point, along x-axis perpendicular to the beam axis.

Photograph 2—
1 X-ray generator and double-crystal diffractometor of (+,—) parallel setting.

2 Assembly of cryogenically cooled Si erystals and Cu cooling bolcks.
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Slit 2 10mm height
X 100pm width

Slit 11 1mm height
x 10mm width

Nal(TD SC

Slit 3: 10mm height

X-ray generator: x 10mm width

MoKan
A= 0.7093A
E=17.48 keV ) Double-crystal diffractometer of (+, ~) parallel setting:

1st crystal for collimation 2nd crystal for samples
(1) Symmetric  Si(111) (1) Symmetric  Si(111)
(2) Symmetric  Si(311) (2) Symmetric Si(311)

Figure 2—1 Schematic view of the optical system for the off-line experiment (not to scale).

Blade spring

Indium sheet

Spacer

Figure 2-2 Schematic view of an assembly of eryogenically cooled Si crystals and Cu cooling
blocks.
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the boundary of Si(111) and Si(311)

x-ray hitting points

Figure 2-3 Schematic view of x-ray hitting points on the crystal surface.

siain | sy b '
—lmm| T s ~—1mm |
—2mm| L ——2mm |
S —=—6mm | —=—6mm |
& j Lol ;
2+ ) / \ \ 1T :
2
: Wwﬂ~ o g | : -
»= o X %
W An—-ﬁ—aﬂ—m.js M U 2
o\ o sty
. JQQCMJOUOO;,{O . &O%%ﬂoocf,@J ogpc/x’?od- . ) . , O0cP000600c~0)
-10 -5 0 5 104 -3 2 -1 0 1 2 3 4
6 - 6 (arcsec) 6 - 6 (arcsec)

Figure 2-4 Observed rocking curves with MoKou radiation (17.48 keV) at the x-ray hitting
points of 1,2 and 6 mm offset distance from the boundary of Si(111) and Si(311), along X-axis

perpendicular to the beam axis.
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Observed FWHM from Si(111)
4 Observed FWHM from Si(311)
Calculated FWHM from Si(111)
Calculated FWHM from Si(311)

6 : I ,
T Q_o0 wmlc.(ll]) = 4.5arc sec . —
3 o] o] o
84 |
O
F ]
33 B |
=
§ 2 - Wy 311y = 1.8arcsec ]
& ATE " A - = A = . -
1+ B
0 ( | [ [
° " 4 6 8 10

Offset distance from the boundary, Si(111)/Si(311) (mm)
Figure 2-5 Observed FWHM with MoKau radiation (17.48 keV) as a function of the offset
distance from the boundary of Si(111) and Si(311) to an x-ray hitting point, along X-axis
perpendicular to the beam axis, together with the calculated (convoluted) FWHM.

o Si(111) o Si(311)

Intensity (a.u.)

Angle (arcsec)

Figure 26 Calculated (intrinsic) rocking curves from Si(111) and Si(311) with MoK
radiation (17.48keV).
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Table 2—1 Observed FWHM, maximum intensity and peak position with MoKai radiation
(17.48 keV) as a function of the offset distance from the boundary of Si(111) and Si(311) to an

x-ray hitting point, along x-axis perpendicular to the beam axis.

Offset distance FWHM Maximum intensity Peak position
(mm) (arcsec) (a.w) (arcsec)
Si(111)  Si(311) Si(111)  Si(311) Si(111)  Si(311)
0 - - - - - -
0.5 4.64 1.68 766 1145 0 -0.52
1 4.58 1.74 779 1114 -0.5 -0.07
2 4.2 1.6 757 1175 0 -0.07
3 4.51 1.69 788 1140 0 -0.07
4 4.28 1.6 773 1156 0 -0.22
5 4.38 1.67 758 1175 0.5 -0.22
6 4.31 1.62 766 1180 0.5 -0.22
7 4.35 1.63 799 1153 0.5 0.23
8 4.62 1.68 794 1189 0.5 0.23
9 4.47 1.58 820 1164 0.5 0.38
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3. 254 LFHE (BHAE—LST ER)

B E—L T > BLIIXU TOEBRGEEZBRRZE, WEZRGH SiHREKGT1TVE
2 RERDXBBREDLE, Oy F 7 —THERL D HETE 5 RAMKEFELEORE. BX
DHEMERD L) F—KEHIC DN TR DI 21T > 7.

3.1 EBHE

3.1.1 %#%i& - #H

(1) YR
BIF OB ZE#HT 5 BL1IXU I TERETT o /2. Figure 3-1 IKH¥EROMIEN ZRT.

D BEZEHEMXBRY P2l —5[8]
HEIIEZEEH IR X BT >V al—¥ THB. Photograph 3-1 ICEBDEEEZRY . AEE
DAAHASNE 2K 4480mm. FH%K 140, BEAYER 32mm TH B, 07 > al—Fp
5B 5 NDHMHNE 6~T0keV OFFETHIAT 5.

2) 70 L RAVw ROIBERT ST 71 b7 4V 5 —
Photograph 3-2 ICHFRDEEZRT . 74 NY —ITIINTEREEKASRMEH" NFVZw sy
75774 MEE 1gemd)NEZINTNDS, HENMSBEEFOLETOEERI. AUy b
289m, 75774 bT74)VF =3 27.6m THD. AUy bEHOEH ImmxE lmm. 7 1))
¥ —DEZ1L0.3mm TH 5, '

3) —#ERhtERl4]
Photograph 3-3 IXEBDEEZ#RT. Xl o fli(3~27°, /7#EEE 0.2arcsec/pulse) * JEhH M
Wik Y & - &S Z - 75w 7 MA Ao Bi(FERE 0.01arcsec/pulse) -+ JEEATE A /K (T
UE) X#h - BB 08 « IOV RE—FICKY. THEREMFARE Zc BIA DAV
L XORET B, AEHI SEMREET.OE TOERL 38.7m THD., X BIAT—IX
SiQIDEFEAREK 10mm U > 7N, Si@1DEMARK 15mm F—ILRINBEI S €7,

4) WEERBRER6,7,10]
Photograph 3—4 ICEBOEERRY . AERTIIEAHERRICT, REZEREEZ 5K,
WAERMEZH 5U/min &L TW5,

5) RiidR
Yy PIN 7% bFAA— FEEMRE b =7 ZHRRRH 83584 U —X. it 28mm XA
28mm) % AW [11]1 2 HEN S 48.3m O EIZFRE L =. Photograph 3-5 IZHHEIEDEEE R
9. BRMEDOTRABDIZIX 6514 system electrometer 3K IN 486 picoammeter(W3 TN H
Keithley Instruments Inc.#tE)EMHH Lz, TOMEKEIRICIE, AF—F, F1~<—, VF
AUN—F—THERENGDHBOEERLZ,
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(2) ks
E—EE BR-ERAOA VUL FNEEDHA 02mm &L EDNMITRTE M
A ERIBRICU TRV FICHBIAATE, NS DOREH SN UDESAHBET > LT R
KBTI A AT —DICERE L=, Photograph 3-6 ICHEE %, Figure 3-2 IZHIEXZRT

3.1.2 EEBFE

(1) 5&EHIE
ET. AHBROEM 0 B0 TR F—BIE, EAEHRLEOWEETo k. EREMICT >
Tal—F OUAFIFERE (ID-Gap ) ZrEDEICHEL. #RICXEZRBH LERTIV
YOBENZETHETHEL 2. XKIT. SiQIDHE. SiG1DEENZIUT DN THNIRIVF
—14.4keV IZ0 - ID-Gap EZEZ AR L /2. MHBITIX VI PIN 74 hF 1 F— RERW,
AB2 BE N ID-Gap HEREICAF v > L, BIBBERENEREBDFMEICHEL., TOEE
E—r@EEL TR LE. XBOME (75w 27 A photons/sec) . MHIBDOEBIMMEZEFT
EDOEMMNEERNTER L. REBOBREBIUN T Iy 7 A0WNWTNHHERERER
fE% 100mA LU THETAZ LK DEKRIEL =,

Q) oyF>Fh—THIE
(D ERBRICHERICXRZRN LIRENZET 5 X THREL 2K, Si1IDE, SiG1DHENETN
IZDOWT, U2 PIN 74 YA F—RBEHEERN, A AFr itk yF 2 Fh—
TERE L, BANKEEOER TR, X NVF—%2EEL. ID-Gap EEZELIVTBHI &
TEARNERLIEE, TRINF—EKEEOERTIL., TxNF—2E{LZH ID-Gap EEH
BLER, SITXNF-IBTB0vF o Ih—T %2 EL .

3.2 EBRERPIUER
Si(11DE, SiGIDEZENEIUTDNT, BERIELRE Table 3-112, OwF > FH—THE
DHE, BEFHKENEDERER%E Figure 3-3~5, Table 3-2 IZ. TR\ F—IKEHEDEREE A
R % Figure 3-6~8, Table 3-3 IZ/RT .

3.2.1 EAE
Table 3-1i2X 0. SiIIDEBLL SIiGIDEIZDONWT, 14.4keV IZHIT 5 PIN Eififd. X4
BEIIZNEN 17.1mA, 3.4x10%3photons/sec B LK 5.7mA, 1.1x10photons/sec &72 1,
ETHEAINTOWAEFAVYECFUDEOE S (EWE 2.3mA. 77/9x
4.6x1012photons/sec) & IL#Ed 5 &, Si(M1DE TIZHY 7.4 £, SiB1DE TIZH 2.4 fFI2HE0
LTBY, T XBRENESNTWAZENbMo. (79 v 7 AOERITIIBHREN S
DE¥ZNE 5pA /10000 cps & FVr7z[11])
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3.2.2 OyF T H—THIE

(1) BERH&EFESE
D Si(11DmE
Figure 3-3 IZ& V. 14.4keV IZ BT BHIE TIIHREWHOEMITH LA ERBLITA S N>
7z Figure 3-5 3L U Table 3-2 12k 1, FfEIRIL. BEMIEKERTTIZIEZ—EDEE &> %,
- T, BEWMICLDOBROEAIR SNz =,
2) Si(311)if
Figure 3412k V. 40keV IZBW 2HE TIE Si11DHE & F#ICHAGSRMHEML THEIIR
5NN o7z, Figure 3-5 BL U Table 3-2 I2& D & B 5N EEEBICDWT, B -8
W<, INSIRBERKEETZIEZ—EDEEEDEEIS5ND. Ko T, EELRRESL
RO L5NT, EHEMERW I &b ho iz,

(2) TRNF—IkFHE
Table 34 2. I LX) F—TOEBEMEREEDHTREORNHKT v T r— A0/
ELHYRFABREERT.
1 Si(11D&E
Figure 3-6 Ic& 0. TR F—2iNdsiconTayF o Frh—T70Y— 7238 < s 5 EM
ME5N 5, Figure 3-8 BL U Table 3-3 12X D, HIEN 5ES N2 EERICDONWTIIKEIC
BMUZEREEREEREL TS, ZL0BENALSNZHOON RV ERMEICGELS, TIFHE
WD QLR F—KERENRD 5.
2) Si(311)
Figure 3-7 12k 0. TR F—DEMIIXHL 40keV L LTI OV F 2T H—TOE—TBIK
RN R SN 572, Figure 3-8 BX U Table 34 IC XD, {BS5NIZEEIEIL 25keV
5 40keV NIV F— DN T B 5, 40keV LA L TIEHK 1.9~2.0arcsec DIFIE—F
DEZE LD T ENDMNoTz. K. RIORLUZEROEER SR T 5 &, 25~67.4keV THH
EDK 1.9~4.0 fEITEN > /7. BHERD ORI F—KEENZD Shahoiz. LLE,
Figure 3-5 IR TEVHAMICL2ZETRRNVWOT, ERERE L0 OB E
BIZE, BREREVKELSFEL TS EEZSNS, SI1IIDED & 3 I HERMN I HIED
RENTGERT 5 HERBEME X D BHMBOICTHICKEVWREITE, TOEGNERAEN
THHR LN EERICHT I ZEOFLIINEL, ERRBERSIN b2 EE—EKT S, —
A SiBIDE D & DI EEEANE <IRENC L DL EIREME EFEFOBEAIE. ZEABI
EBFHGRAERICRD., BEHICOYF T —TORERBNENZD ZEEEZS5NS, 7
KOWTIRSBOFMERNEEZ NS,
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33 A I D E LD

BLIXU CBWTX I TFREGSH S AT LFEETOBEERZIT o R, RO Do

7o

- XKERBE, 14.4keV THRG Y 1 VEY RERFEAK SBT3 EEEERE 100mA BT
S(11DE TN 7.4 FIH =5 3.4x1013 photons/sec. Si(SIDE TIEH 2.4 FIXHiz5
1.1x1013 photons/sec & 5 1. REEANITHEML 7=,

Oy F T A—71 SiIDE. SiGIDH E 6 6 bAAMICLDHBREAIZAR SN,

s Oy F T H— T OFEIET SIQIDE TIHZIFERBE D IC LRI —ITEET 5, Si(311)
H Tl 40keV ZAE THBEREMNE 1.9~2.0arcsec £/ 0D T XI)IF—DEINIEKEZEL 2o 7=,
SiBIDE T, FEEBNERMEE —HET, LI ENbholz. FRE Figure 3-5 OFf

EN5, BROHARICLSbOTIHEL., BROERNETC LD THEEEASH
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M- %-BHEYZN3H

Figure 3-

1
2

Schematic view of the optical system for the experiment on BL11XU.

Schematic view of dual symmetric silicon geometry, Si(111)/Si(311), for the
double-crystal monochromator.

Observed rocking curves from Si(111) with an x-ray of 14.4keV for three gaps of the
undulator.

Observed rocking curves from Si(311) with an x-ray of 40keV for three gaps of the
undulator..

Observed FWHM as a function of the gap of the undulator, together with the incident
power density to the first crystal.

6 Observed rocking curves from Si(111) for various x-ray energies.

7 Observed rocking curves from Si(311) for various x'ray energies.

8 Observed FWHM of rocking curve from the dual symmetric silicon geometry,

Si(111)/Si(311), as a function of x-ray energy.

Table 3—

1

2

3

4

Observed peak PIN current and the photon flux with an xray of lst harmonics
14.4keV at the gap of the undulator = 20.1mm.

Observed FWHM of rocking curve from Si(111) and Si(311), for three gaps of the
undulator.

Observed FWHM of rocking curve from the dual symmetric silicon geometry,
Si(111)/Si(311), for various x-ray energies.

Calculated FWHM of rocking curve from Si(111) and Si(311), for various x-ray

energies,

Photograph 3—

In-vacuum undulator ID11.
Front end slit and filter.
Double-crystal monochromator.
Cryogenic cooling system.
Silicon PIN photodiode detector.

Cryogenically cooled silicon crystals installed on the double-crystal monochromator.
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Undulator: XY-slits:
A=32mm 1mm height x 1mm width
N = 140 periods

Cryogenic
cooling system Be window:
250um thickness

Si PIN photodiode
Graphite filters: Be windows: .
100pum thicknessx3 250um thickness % 2 Double-crystal monochromator:
1st crystal 2nd crystal
(1) symmetric Si(111) (1) symmetric Si(111)
(2) symmetric $i(311) (2) symmetric Si(311)

Figure 3-1 Schematic view of the optical system for the experiment on BL11XU (not to scale).

74 X2“‘aXiS

e

Si(111)

SR

e R

Figure 3-2 Schematic view of dual symmetric silicon geometry, Si(111)/Si(311), for the

double-crystal monochromator.
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Si(111)

8, =7.89 deg

—o— 10mm

Intensity (a.u.)

1

—— 19.7mm

——O— 30mm
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Figure 3—3 Observed rocking curves from Si(111) with an x-ray of 14.4keV for three gaps of

the undulator.

E{E Si(311)

0, = 5.43 deg

—o— 10mm

Intensity (a.u.)

—a— 18.6mm

O 30mm

6 -4 2 0 2 4 6
A®, (arcsec)

Figure 3—4 Observed rocking curves from Si(311) with an x-ray of 40keV for three gaps of the

undulator.
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— Observed FWHM from Si(111)
-#=~ Observed FWHM from Si(311)

- = Power Densityl
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Figure 3-5 Observed FWHM as a function of the gap of the undulator, together with the

incident power density to the first crystal. (The incident power density in the first crystal
was calculated by employing the computer code SPECTRA [12].)
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Figure 3—6 Observed rocking curves from Si(111) for various x-ray energies.
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Figure 3—7 Observed rocking curves from Si(311) for various x-ray energies.

12 i i 1
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- ¢ Observed FWHM from Si(111) |
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Figure 3-8 Observed FWHM of rocking curve from the dual symmetric silicon geometry,
Si(111)/Si(311), as a function of x-ray energy.
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Table 3-1 Observed peak PIN current and the photon flux with an x-ray of 1st harmonics
14.4keV at the gap of the undulator = 20.1mm.

Netplane Bragg Angle  Observed PIN Current PIN Current® Photon Flux”
(deg)  (mA)@storage ring currrent (mA)  (photons/sec)
Si(111) 7.89 15.6@91.35mA 17.1 3.4E+13
Si(311) 15.24 5.3@93.10mA 5.7 1.1E+13

aThe PIN current is normalized as storage ring current of 100mA. It was converted into the
photon flux by the use of coefficient of 5pA / 10000 cps [11].

Table 3-2 Observed FWHM of rocking curve from Si(111) and Si(311), for three gaps of the

undulator.

netplane Gap E Op Power density FWHM
(mm) (keV) (deg.) (kW /mrad®)  (arcsec)

Si(111) 10.0 14.4 7.89 430.4 5.73
19.7 143 .4 5.89
30.0 ' 26.30 5.73

Si(311) 10.0 40.0 5.43 430.4 2.25
18.6 165.6 1.90
30.0 26.30 1.90

aThe incident power density in the first crystal was calculated by employing the computer
code SPECTRA [12].

Table 3-3 Observed FWHM of rocking curve from Si(111) and Si(311), for various x-ray

energies.

netplane Gap E Op observed FWHM calculated FWHM
(mm) (keV) (deg.) (arcsec) (arcsec)

Si(111) 12.3 8.0 14.31 10.09 10.3
19.7 14.4 7.89 5.89 55
11.4 20.0 5.67 4.37 4.0
12.4 24.0 4.73 3.77 33
15.7 32.0 3.54 2.48 24

Si(311) 13.5 25.0 8.71 2.49 1.30
18.6 40.0 5.43 1.90 0.79
20.0 55.1 3.94 1.95 0.56
16.3 67.4 3.22 1.96 0.48
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Table 3—4 Calculated FWHM of rocking curve from Si(111) and Si(311), for various x-ray

energies.

netplane E wave length FWHM convoluted FWHM

(keV) (A) (arcsec) (arcsec)
Si(111) 8 1.5498 7.3 10.3
14.4 0.86100 3.9 5.5
20 0.61992 2.8 4.0
24 0.51660 23 33
32 0.38745 1.7 2.4
Si(311) 25 0.49594 0.92 1.3
40 0.30996 0.56 0.79
551 0.22502 0.40 0.56
67.4 (0.18395 0.34 0.48
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Photograph 3-3 Double-crystal monochromator.

Photograph 3—4 Cryogenic cooling system.
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