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Remarks

* |deal light sources allows us to innovate x-ray
optics & beamline devices in much simpler
schemes; Chance to bring new ideas

* Synergy and distinction in XFEL-O, SASE-XFEL,
and DLSR



Map on “X-ray optics”

X-ray optics in applications\

Mossbauer
_Ultimate focusing/FTXS/SDO
Design & operation of -ray optics for XFEL-

X-ray cavity

X-ray optics as core technologie

High-quality
X-ray optical elements

. _ Stabilization
X-ray diagnostics

(both mechanical & thermal)

Be windows/lens
Mirrors
Diamond crystals 3




Speckle-free Be foils & mirrors
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Recent activities on mirror developments

Focusing/collimating
Adaptive KB optics
Ellipsoidal mirror

Light source

—

Ellipsoidal mirror

Imaging
Advanced KB

R. Kodama et al., Optics Letters (1996).

® Achromatic
® Wide FOV

Wolter mirror

Electroforming
technique
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o~ Wire scan profile

» Beam profile
—Calculated beam profile
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Motivation Courtesy of Dr. umoto .

Focal point

Light source

Intensity profile

The manufacturing of the mirrors

. . ] ° l °
is challenging. Ellipsoidal mirror

Advantage
- High focusing efficiency
*Simple mirror manipulator

Kirkpatrick-Baez geometry Focal " Position stability improvement
Horizontal focusin point Bl / of f()cusing beam

mirror [ ~Sample

Focusing device &
collimator for many
applications

Intensity
profile

X—ray/v

Vertical focusing
mirror Elliptical-cylinder mirrors




Optical design of ellipsoidal mirror —7Target — Courtesy of Dr. Yumotg,
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. Court fDr. Y t
Measured focusing beam profiles at 7 keV e
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X-ray Optics
Applications \
@ IMossbauer
Ultimate focusmg/FTXS/SDn/

Desighi&Yepelaticniolf
WFEY CEVITY

XFEL-O

Core technologies on X-ray optics

High-quiality
X=ray optical elemenmnts

Stabillization

X:-ray diagmostics (bothimechanical & thermal)




Ultimate focusing with mirrors
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Low divergent beam -2 limitation of NA

WD becomes short

| Simple focusing 3

2 stage focusing

Focusing with enough NA

w'v and enough WD

XFEL

Focusing - —
About 70m Focal point
Between EH4 and EH5

<
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Beam size enlargement
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Two-stage focusing system
XFEL pulses ~102%0 W/sz @ 10 keV

Focusing optics 1

Focal point 1

s' o Focusing optics 2

Focal point 2

\

® Beam profile
——Wire scan profile
—Gaussian 45nm(FWHM)
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Generation of 1029 W cm 2 hard X-ray laser pulses
with two-stage reflective focusing system

Hidekazu Mimura'*, Hirokatsu Yumoto: Satoshi Matsuyama Takahisa Koyama®, Kensuke Tono®,
Yuichi I vire Sato®, s 3
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Vertical Mimura et al, Nature Commun 5 3539 (2014)



Jutput energy

Cu Ko atomic laser

9 keV (pump) &
8 keV (seed)

Yoneda et al.,

Two-stage Nature 524, 446 (2015)
focusing
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“X-ray optics”

Applications \
Maossbauer
Ultimate focusing/FTXS/SDﬁ/

XFEL-O

R
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ore technologies on X-ray optics
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FTXS

APPLIED PHYSICS LETTERS VOLUME 83, NUMBER 15

Tamasaku et al, APL 83 (2003) 2994

High-resolution Fourier transform x-ray spectroscopy

Kenji Tamasaku® and Tetsuya Ishikawa
SPring-8/RIKEN, Mikazuki, Hyogo 679-5148, Japan

Makina Yabashi
SPring-8/JASRI, Mikazuki, Hyvogo 679-5198, Japan

Sil460 @ 17.36 keV
P.D.max ~ 10 mm; Resolution ~1e8
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Ultrafast pulse duration facilitates 15

measurement of interferogram



“X-ray Optics

Applications

@ @ Maossbauer
Ultimate focusing/FTX@D_Q/

XFEL-O

R
C

ore technologies on X-ray optics

16




First split-and-delay optics for HX

Courtesy of Gerhard Grubel W. Roseker et al., Opt. Lett., 34 (2009).
W. Roseker et al., J. Synchrotron Rad., 18 (2011).
Based on Bragg diffraction and W. Roseker et al., Proc. SPIE, 8504 (2012).

90° scattering with Si(511) or (422)

Sum of coherent speckle

Xg

>

4 ™

Sample

Proposal on XFE aj
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Type | //_\_’ 2 thin + 2 thick + 2 c.c.

1 thin + 3 thick
+ 1 c.c. (thick) + 1 c.c. (thin)

P el

Typelll /Hw::q’-’ 6 thick + 2 c.c. (thick)



SDO configuration

Si(220) e i
" Beam reflectors 1and 2
XFEL pulse D Variable-delay branch
‘ (Upper)
z Beam splitter Beam merger
thln Si (thin Si)
x Channel cut 1 Channel cut 2

Fixed-delay branch
(Lower)

Crystal diffraction:
Large time delays (>ps)
High energy resolutions (AE/E < 1x104)

Two independent delay branches:

Enables access to time zero
Osaka-san

(Osaka U = SACLA) Use of channel cuts:

Much stabilized operation 18



Key optical devices

Thin crystal beam splitter/merger: T. Osaka et al., OE 21, 2823 (2013)
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Channel cut CryStaIS: T. Hirano, T. Osaka et al., in reviewed.
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Both crystal devices were fabricated using a plasma etching technique.
PCVM: non-physical contact, damage-free, controllable plalsgma size



Prototype SDO
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Built with all commercial componnts for motion control.
Each intensity diagnostic module consists of thin Kapton film scatter and photodiode.

— - - / — S ‘ =

250 T T T T 1.0 T T T T

20 P\ TP S e Photon energy range
7150 | B 6.5 keV ~ 11.5 keV
S 306
2 100 | 2%

E S04 Delay time range @10 keV
8, NS 1 &,,1 : -50 ~ +47 ps w/ <1 fs step
ol SEEEEEEES ! (up to 220 ps @6.5 keV)

i | 8 | 9 | 10 | 11 ° 7 | 8 | 9 | 10 | 11

Photon energy [ keV ] Photon energy [ keV ] 20



Performance test @SPring-8

BL29XUL T. Osaka et al., OE 24, 9187 (2016)
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w/ Si(111) DCM X oousit0 ™0 ot
E =10 keV (20.35 eV) I; et cCP MG 3
7~ +45 ps ’ O
X DO
VS slit: 10 x 10 pm? ©
WO

KB is aligned w/ the lower beam,
and then fixed during this test.
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Sub-urad alignment accuracy achieved 21



End
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