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ESRF, Grenoble, France PETRA IIl @ DESY,
Hamburg, Germany

XFEL @ DESY,
Hamburg, Germany



HNcrounnkn CH B Poccunm (mnaHsr)

NcTouHuk CneunanmsanpoBaHHbIN
CUHXPOTPOHHOro 3nyyeHuns

CUIJIA, TpoTBKHO

+

[MepecTtporka KNCU (Crnbupb-2)

Cubupcknin KorepeHtHbin UcTouHMK ®otoHoB CKND
(SKIF), HoBocnbupck  ~ 40 mnpg pybnewn!



Diffraction limited SR sources

~ 10 pyrad V source size (FWHM)

10% ph/s/mm?/Si-111 |
= =10
3 S, = 10 um
M s, =10 um
200 um x 500 pm
at 20 m

wavelength / source size ~ beam divergence

For 12.4 keV
A=1010m
S =10 um
Als =10 urad !



X-ray Compound Refractive Lenses

Re(n)=1-8+ip<1 NATURE - VOL 384 - 7 NOVEMBER 1996
1-n ~ 10°-106

A compound refractive lens for
focusing high-energy X-rays

A. Snigirev*, V. Kohnt, |. Snigireva* & B. Lengeler*}

X - * European Synchrotron Radiation Facility, BP220, F-38043 Grenoble
-rays Cedex, France

T Kurchatov, I. V., Institute of Atomic Energy, 123182 Moscow, Russia
F=15m

Be

E =10 keV
6 =3.4*%10°
R =100 um

F=0.5m

00000 —

N=30 "7 2Ne

Al, R =300um
R




X-ray Refractive Optics

single parabolic lens

stack of lenses:
compound refractive lens (CRL) CRL transfocator

! linear lens

| A=1x25mm?
| R =200, 300, 500,

2D Be lenses

o

R=15mm 1mm 500um 300um 200pum 50 pm




Use of Refractive Optics Worldwide
15 synchrotrons in 10 countries

France ESRF, Solell

Germany PETRA Ill, ANKA
Nelella ALBA

Switzerland SLS

UK Diamond

US APS, NSLS, SSRL, LCLS
Japan SPring-8

South Korea PLS

China BSRF

Russia Kurchatov synchrotron, SSRC (BINP)
THOM-X France, LURE

Maijor users are large high-energy facilities: ESRF, Spring-8, APS and PETRA-III
Half of the ESRF and all PETRA-III beamlines are equipped with refractive optics

X-ray Free Electron Lasers
US LCLS, Stanford
Japan SACLA, Hyogo
Germany XFEL, Hamburg
Switzerland XFEL,



[TonMeHEHMS
* ONTMKA OPMMPOBAHUA/KOHAMLLIMOHMPOBAHMS MYy4KA
(Beam conditioning optics)
v KOHAEHCOPbI  (condensers)
V' KOAAMMATOPLI  (collimators)

v MOHOXPDOMATOPbI (monochromators)
v" MOAQBUTEAU TAPMOHUK (harmonics rejecters)
v DACLUMPUTEAL NMYYKA (beam expanders)

®* MMKO-(HOHO-)JOOKYCHMPOBKA  (micro (nano)-beam)
V' AMADPAKLME, CMEKTPOCKOMMSA, MUKPOCKOMMS
(diffraction, scatftering, microscopy & spectroscopy)

®* AMATHOCTMKA MYy4Ka (Beam/emittance diagnostics)

HoBble MeToAbl (New techniques)

v' KorepeHTHAs NMOAHO-MOAbHAS M AMADPAKLLMOHHAOS
MUKpocKonms (Coherent full-field imaging and diffraction
Mmicroscopy)

v TEMHOMNOABHAOSY MUKPOCKOMMS (Dark-field microscopy)

v NHTEPDEPOMETPMUS (In-line interferometry)



A. Collimated top-hat beam - crystallography of large macromolecular complexes
B. Micro-focused beam - serial crystallography
C. Collimated top-hat beam - time resolved sernial crystallography

X-ray tomography

Objective (CRL)
at the detector stage

50 pm

M. Polikarpov, G. Burenkov, T. Schneider (EMBL, Hamburg), A. Snigirev (IKBFU, Kaliningrad)




Proposal for BL layout for High Preasure BL

Undulator

Si-111 Bragg flat
12 x 130 um? (vxh)

White-beam CRL (v) mono 30 keV (water cooled)

35m

% ?—
40 m

WB CRL (v) : MB transfocator (h) :
Var.1l Var.1l

Be 1D Be 1D
N=25R=200um N= 110R =200 um
Aeff = 900 um Aeff = 430 um

Var.2 Var.2

Al 1D Al 1D
N=16R=200um N= 70R =200 pum
Aeff = 380 um Aeff = 180 um

var.l versus var.2
factor > x5 flux in focus

flux gain in focus

compare with ID9 HP : X 10!

1
7
.507

Mono beam
transfocator (h)



Insitu KOHTPOAb 30 MPECCOBAHMEM AMH3
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High Energy Focusing

optics hutch exp. hutch

Wiggler: 300 AL CRL! | i
60 X 300 um?2 (VXH) | : 7 X 25 um2 (VXH)!

7 X 25 um? (VXH)
10° ph/s




High Energy X-ray focusing test of Ni lenses

E=115 keV, L,=51.5cm }

ID15
E =40 -150 keV
L, =60 m
F=0.5-5m

, a.u.

Intensit

Res = 0.75 um at 50 keV
0.9 um at 150 keV

E, keV L, cm Number of Aperture, Radius,
lenses pum pm

46 51 13 94.3 125
78 13 94.3 125
82 8 80.4 10.8
86 34 100.1 13.9
50 1187 153

08 08 12.8

74 9.6




1 MeV focusing

Al lenses Ni lenses

R =200 um R =200 um
N = 40 000 |~ 40 m | N = 12 500 | ~12.5 m |

Ni lenses Ni planar lenses
R =50 um R=5pum

N = 3000 N =300 |~5cm! AU, Pt, U




ID11 Toward the < 100 nm Frontier

From 30 to 100 keV!!!
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High Energy X-ray focusing test of Ni kinoform lenses

5um @ 212 keV !

Kinoform Ni lens
Z=4.6m

Gain=7
FWHM=5 pm

4 E=212 keV
ID15A beamline

0
0 50 100 150 200
Y, um




SYNCHROTRON RADIATION NEWS Yador &E "
’ AHEAD-OF-PRINT, 1-9 aylor rancis
doi.org/10.1080/08940886.2021.2022387 Taylor & Francis Group
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Diamond X-Ray Refractive Optics

Irina Snigireva! , Maxim Polikarpov? , and Anatoly Snigirev>

1 European Synchrotron Radiation Facility, Grenoble, France 2 ETH Zurich, Zurich, Switzerland 3 Immanuel Kant Baltic Federal
University, Kaliningrad, Russia
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Implementation of X-ray Refractive Optics

Refractive Optics - the most versatile and adaptable optics for wide energy range: 2 — 200 keV
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mode of use focal length resolution
condensers/collimators F~10m 10 um
micro-optics F~1m 1um

nano-optics F ~10-100 mm 50 — 100 nm



Microoptics test bench based on
X-ray micro-focus Metal-Jet source







