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Fig. 1 (Color online) Schematic drawing of hard x-ray split-and-
delay optics with Si(220) perfect crystals. Pulse energies at
several points are measured with beam intensity monitors
(BIMs), which consist of a thin polyimide film and one or
two photodiodes.
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Fig. 2 (a) Measured rocking curve of a 12 um-thick Si(220) crystal
and (b) distribution of slope errors. Dashed rectangle in
Panel (b) corresponds to the x-ray illumination area of 1
mm? at the rocking curve measurement.
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Fig. 3 Four-bounced x-ray topographs of Si(220) channel-cut crys-
tals measured (a) before and (b) after PCVM treatment.
Almost same area of the channel-cut crystals was illuminated
in both measurements.
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(Color online) Schematic drawing of experimental setup at BL3 of SACLA. Scales show the distance from the
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Fig. 5 (Color online) Intensity correlations between (a) BIM2 and
BIM4, (b) BIM2 and BIMgyy, and (c) BIM4 and BIMgpyc.
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Fig. 6 Results of time delay measurements with an x-ray streak
camera. (a) Example of a streak image; (b) measured delay
time as a function of As. Dashed line represents the fitted
linear function and dark data points are errors from the fit-

ted line.
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Fig. 7 Measured focal profiles of split pulses along the (a) vertical
and (b) horizontal directions. Solid lines show the Gaussian
fits. Similar profiles were obtained over the delay time range.
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Fig. 8 Averaged scattering patterns from a glassy carbon plate with
a thickness of 1 mm. Panels (a) and (b) show the patterns
measured with split pulses from the variable and fixed bran-
ches, respectively.

LB PICANy ZIVDBHERIND, YV 7 IV gy T
75 b VAT VT v EROBELEE L 2B SN T
W7 Ay 7 VISHER R 7 0 - 7228, KF#at» ooy
bS5 AT ERMEAEETH 520, - T, SDOIZ L - THE
L 72 E OV AT, Tl XPCS A T2 5 &%
Zbh b,

6. FLHLFARRE

Si(220) FEfL AR L 728 X #850 %] « BIEXY RO S
Ok% A4 FaRESEL, SACLAIC B\ TR E%R % 1T
7o B ESOU AN ORI £ 10 % FEE OREFE CHIE T
BThHY, ENXHFOEMER S 5 BECHETHS
R Lice BEVSOVARERBH L Ty vy —N—1RY
PHD ARy 7 )R ETE L, XPCS O e %
mL7z, 7z, XA Y—2H AFIT K- T100-200 fs
DOFEE CEAERHY O ZIRETE S Lol L7,

F 0 ERE L BEREEIEE & LT, a5 OV A KR+
DOFWRERE N TH S, THROLE IV T ¢ [TRALKT
RIMKELZBICONETL, ZORHEEZa—V Vb
BERICHIY 4 % 720, B fs OFEE CRIERR Y 0 % g

k%, /2L, Tz R 570135 E L 28
DAXRYZ FIVPEHEL TWALLERHD, E&Z)‘ir‘f@ 2 pm
ORFEELE FIH L 20 N S\, 20713 ms
%%@%ﬁ%@%&%@iﬁ%ﬁfﬁb,ﬁﬁ%ﬁnﬁ%
DTV 5,

GrESOV A O AT FIVOFED, XTIV A

XPCS EwTOBIC A EBPMLETH S, AL RPER
% &R U BELAIT KR d 8L 7 B VS ZEEd S 72
HIE e e A — IV HIR S h 5, Si(220) @ﬁ%ﬂ
AL 723« D SDO Tid, &1/ AKM O LT v
F—D#£OE V7% L E/E>6.0x10754 7% (s
WREOZE /A LR, X215, BELNY FIVOZEL
log i3

oA oA
|og| = 4nsm0§=q7 (6)

LEINDL, ZIT, FESNHBENRY PIVOZEALE A
Ny ZIWHYAZXD25O1LT &L THEIZAK S,
=AY A XA DITHT B ANy 7 A X Aq i3, TP
Iz

Ag~2rD-1 )

tRIN b, X(6), (7) Lk
BRI AREL R PV Gmax 13,

NOREE 5 &, HIERT

Qmax =

A
5 (8)

o=

LD, XBOWRITK DT qua~5.2 A1 (%R A —
WTEHL2A Y LRBELON, -7, k&
B e B f A (F L L, W7 O E OV AN 1 um 2
JEE CTHENT S LKL, ¥ 700 A XPCS %
IC& o TRTFAT—IVDXAF I 7 A% PEd 5T LRT]
BEIC7: %, FIZ, 19K 2 um EOMEEREFHAEB 4 L
1«7rwoﬁ@ttﬁﬁmlioﬁﬁmwz%ﬁﬂ%
TE, JOEENLEHTHE T IV AXPCS AT
b EHIREI NS,

SiEE

KRFFEDEITDIZDICHKIe T R—TF wHW 7, KK
SOIANRASS, EFRAUEE, BIUSE#H, 5
I, BT ORER A E L, EIFRREL, &
FEtE L, H EFEAE L, JASRI OEHE AL, K
RIE—1E+, FEEKEEL, Z L TSACLA/SPring-8 ® A
oy TEETICERE BB L T4, ABFRO— IS B LA BT
GERT SEBERL R BB SE BB IR OB % %2 T Th i,
SPring-8 BL29XUL i }5 1) % S8k i3 SPring-8 F F 5 55 5
B (HEEEE 0 20130033, 20140013, 20150075) 1T B\
TfT- 72,

ZEX

1) T. Ishikawa ef al.: Nat. Photon. 6, 540 (2012).

2) P. Emma ef al.: Nat. Photon. 4, 641 (2010).

3) @ilziX, M. C. Newton et al.: Nano Lett. 14, 2413 (2014).

4) #Hlzi¥, K. H. Kim ef al.: Nature 518, 385 (2015).

5) A.A.Lutman et al.: Phys. Rev. Lett. 110, 134801 (2013); T.
Hara ef al.: Nat. Commun. 4, 2919 (2013).

6) A. Marinelli ef al.: Nat. Commun. 6, 6369 (2015).

7) 1.Inoueetal.: Proc. Natl. Acad. Sci. USA. 113, 1492 (2016);
K. R. Ferguson ef al.: Science Advances 2 (2016) doi:
10.1126/sciadv.1500837

8) M. Sutton ef al.: Nature 352, 608 (1991).

9) G. Griibel ef al.: Nucl. Instrum. Meth. Phys. Res. B 262, 357
(2007); C. Gutt et al.: Opt. Express 17, 55 (2009).

10) J. W. Goodman: Statistical Optics (John Wiley & Sons, Inc.,
1985).
11) S. Roling et al.: Phys. Rev. ST Accel. Beams 17, 110705

150 @ #Hgtdt May 2017 Vol.30 No.3



bE Y 72 WRRAIERRE X O8] « BEAXFRORRE : BREATREE

12)
13)

14)
15)
16)

17)
18)

19)

20)
21)
22)
23)
24)
25)
26)

(2014).

C. David ef al.: Sci. Rep. 5, 7644 (2015).

W. Roseker et al.: Opt. Lett. 34, 1768 (2009); W. Roseker et
al.: J. Synchrotron Rad. 18, 481 (2011); W. Roseker ef al.:
Proc. SPIE 8504, 850401 (2012).

T. Osaka ef al.: Opt. Express 24, 9187 (2016).

Y. Mori et al.: Rev. Sci. Instrum. 71, 4627 (2000).

T. Osaka ef al.: Key. Eng. Mater. 523-524, 40 (2012); T.
Osaka et al.: Opt. Express 21, 2823 (2013).

T. Hirano et al.: Rev. Sci. Instrum. 87, 063118 (2016).

K. Tamasaku ef al.: Nucl. Instrum. Meth. Phys. Res. A 467—
468, 678 (2001).

T. Osaka: Doctoral Thesis (Osaka University, 2016), http://
hdl.handle.net/11094/55928.

Tono et al.: New J. Phys. 15, 083035 (2013).

. Tono et al.: Rev. Sci. Instrum. 82, 023108 (2011).

. Yumoto ef al.: Nat. Photon. 7, 43 (2012).

. Zhu et al.: Appl. Phys. Lett. 101, 034103 (2012).
Tamasaku ef al.: J. Synchrotron Rad. 23, 331 (2016).

. Inubushi ef al.: Phys. Rev. Lett. 109, 144801 (2012).

. Kameshima et al.: Rev. Sci. Instrum. 85, 033110 (2014).

Q<R O E R R

J. W. Goodman: Speckle Phenomena in Optics: Theory and
Applications (Roberts & Co., Englewood, Colo., 2007); S. O.
Hruszkewycz et al.: Phys. Rev. Lett. 109, 185502 (2012).

KikZE
BLFREMBSARTEREMER ¥ —
EBRFERIMRE

E-mail: osaka@spring8.or.jp

TR X #LE, BEIR

(R EE]

20164F 3 A KB K5 Kbt Lo pF e fHE
LREREE T, ELE (), 201344
HBEARSMiRM SR NPEA (DCL),
20164F 4 A L D B, KBK5K¥REL
SRS R ST = R 7

Development of wavelength-tunable hard X-ray
split-and-delay optics: Current status and future

perspectives

Taito OSAKA RIKEN SPring-8 Center, 1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5148, Japan

Abstract We have developed a hard x-ray split-and-delay optical (SDO) system based on perfect diffraction
with silicon crystals for measuring dynamics at femtosecond to nanosecond time scales through
x-ray photon correlation spectroscopy and x-ray—x-ray pump—-probe methods. An incoming x-ray
pulse is split into two pulses by an ultra-thin Si crystal with a thickness of ~10 um. The split
pulses propagate on different optical paths, and finally they are recombined onto a common path
with a time delay by another thin crystal. Adjustment of a path length of one branch enables pre-
cise control of the time delay from zero up to 200 ps. In this topic we describe the concept of the
SDO system, results of the fabrication of crystal optics and tests of the SDO system performed at
SACLA. Finally, we show the feasibility of methods for measuring ultrafast dynamics with the

system.
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