
ȼȬȳȼȬȭȺȾȶȬ ȺȻȾȴȶȴ
Ȱȷɋ ȶȺȸȻȾȺȹȺȮȽȶȴɁ ȴȽȾȺɃȹȴȶȺȮ

ȲȱȽȾȶȺȯȺ ȼȱȹȾȯȱȹȺȮȽȶȺȯȺ ȴ ȯȬȸȸȬ ȴȳȷȿɃȱȹȴɋ

21.03.2022

Ȱɘɔɞɜɔɕ ȳȮȱȼȱȮ
ȬəɌɞɚɗɔɕ ȽȹȴȯȴȼȱȮ

ȸȹȴɂçȶȺȯȱȼȱȹȾȹȬɋȼȱȹȾȯȱȹȺȮȽȶȬɋȺȻȾȴȶȬ

ȰȷɋȿȽȾȬȹȺȮȺȶȶȷȬȽȽȬȸȱȯȬȽȬȵȱȹȽè
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2019 ï2021  

ʃʘʙʦʨʘʪʦʨʠʷ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ

çʂʦʛʝʨʝʥʪʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʦʧʪʠʢʘ ʠ ʤʝʪʦʜʳ ʥʘ ʝʝ ʦʩʥʦʚʝ 

ʜʣʷ ʜʠʬʨʘʢʮʠʦʥʥʦ-ʦʛʨʘʥʠʯʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚè

2014-2018

ʃʘʙʦʨʘʪʦʨʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʦʧʪʠʢʠ ɹʌʋ

ʇʦʩʪʘʥʦʚʣʝʥʠʝ 220 ïʄʝʛʘʛʨʘʥʪ
çʀʩʩʣʝʜʦʦʚʘʥʠʝʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭʤʘʪʝʨʠʘʣʦʚ è

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ɹʌʋ

çʂʦʛʝʨʝʥʪʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʦʧʪʠʢʘ ʜʣʷ ʫʩʪʘʥʦʚʦʢ ʄʝʛʘʩʘʡʝʥʩè

Head: Prof. Anatoly Snigirev

https://www.researchgate.net/profile/A-Snigirev

http://xoptics.ru

2022 ï2025   çʇʨʠʦʨʠʪʝʪ 2030è

2021 ï2023  ʇʨʦʛʨʘʤʤʘ ʨʘʟʚʠʪʠʷ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʠ ʥʝʡʪʨʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ

2022 ï2024 ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʧʪʠʢʠ ʜʣʷ ʩʪʘʥʮʠʡ ʉʂʀʌ



Our team

Head: Prof. Anatoly Snigirev
https://www.researchgate.net/profile/A-Snigirev

http://xoptics.ru

- 2 professors

- 2 senior researcher

- 4 PostDocs

- 5 young researchers 

- 4 PhD students

- 4 engineers

International research centre

ñCoherent X-ray optics for Megascience facilityò



To see invisible 
1 - 250 keV (1 MeV ?)



PETRA III @ DESY, 

Hamburg, Germany

XFEL @ DESY, 

Hamburg, Germany
Russia 27%

Russian beamline

ESRF, Grenoble, France

Russia 6%



ʀʩʪʦʯʥʠʢ ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ʉʠʥʭʨʦʪʨʦʥʥʦʛʦ ʀʟʣʫʯʝʥʠʷ

ʉʀʃɸ, ʇʨʦʪʚʠʥʦ

+

ʇʝʨʝʩʪʨʦʡʢʘ ʂʀʉʀ (ʉʠʙʠʨʴ-2)

ʉʠʙʠʨʩʢʠʡ ʂʦʛʝʨʝʥʪʥʳʡ ʀʩʪʦʯʥʠʢ ʌʦʪʦʥʦʚ ʉʂʀʌ  

(SKIF), ʅʦʚʦʩʠʙʠʨʩʢ~ 40 ʤʣʨʜ ʨʫʙʣʝʡ!

ʉʀʃɸ

ʉʂʀʌ

ʀʩʪʦʯʥʠʢʠ ʉʀ ʚ ʈʦʩʩʠʠ (ʧʣʘʥʳ)



wavelength / source size ~ beam divergence 

For 12.4 keV 

l= 10-10  m

s = 10 mm

l/s = 10 mrad !

source size (FWHM) 

sv = 10 mm

sh = 10 mm

200 mm x 500 mm
at  20 m

~ 10 mrad V

Diffraction limited SR sources

1015 ph/s/mm2/Si-111



F = 15 m

X-rays
R

Re(n )= 1-d+ib< 1

1-n ~ 10-5-10-6

Be

E = 10 keV

d= 3.4*10-6

R = 100 mm

N = 30 

Al, R = 300mm

F = 0.5 m

d
R

F
2

=

x N

X-ray Compound Refractive Lenses

d
R

F
2 N

=



Parabolic lenses (RXOPTICS)

50 mm500 mmR=1.5 mm 300 mm 200 mm1 mm

2D Be lenses

linear lens

A =1 x 2.5 mm2

R = 200, 300, 500, 

1000, 1500 mm

10 mm

stack of lenses:

compound refractive lens (CRL)

F=
R

2Nd

CRL transfocator

single parabolic lens

X-ray Refractive Optics



15 synchrotrons in 10 countries

France ESRF, Soleil

Germany PETRA III, ANKA

Spain 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

Major 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, 

Use of Refractive Optics Worldwide



ÅȺɛɞɔɖɌ ɠɚɜɘɔɜɚɎɌəɔɫ/ɖɚəɐɔɢɔɚəɔɜɚɎɌəɔɫ ɛɟɣɖɌ

(Beam conditioning optics)

V ɖɚəɐɑəɝɚɜɧ (condensers )

V ɖɚɗɗɔɘɌɞɚɜɧ (collimator s)

V ɘɚəɚɡɜɚɘɌɞɚɜɧ (monochromators )

V ɛɚɐɌɎɔɞɑɗɔ ɏɌɜɘɚəɔɖ (harmonics rejecters )

VɜɌɝɤɔɜɔɞɑɗɨ ɛɟɣɖɌ (beam expanders)

Åȸɔɖɚ-(əɌəɚ-)ɠɚɖɟɝɔɜɚɎɖɌ (micro ( nano )-beam )

V ɐɔɠɜɌɖɢɔɫ, ɝɛɑɖɞɜɚɝɖɚɛɔɫ, ɘɔɖɜɚɝɖɚɛɔɫ

(diffraction, scattering , microscopy & spectroscopy )

ÅȰɔɌɏəɚɝɞɔɖɌ ɛɟɣɖɌ (Beam/emittance diagno stics)

ȹɚɎɧɑ ɘɑɞɚɐɧ (New techniques )

V ȶɚɏɑɜɑəɞəɌɫ ɛɚɗəɚ-ɛɚɗɨəɌɫɔ ɐɔɠɜɌɖɢɔɚəəɌɫ 
ɘɔɖɜɚɝɖɚɛɔɫ (Coherent full -field imaging and diffraction 
microscopy )

V ȾɑɘəɚɛɚɗɨəɌɫɘɔɖɜɚɝɖɚɛɔɫ (Dark-field microscopy )

V ȴəɞɑɜɠɑɜɚɘɑɞɜɔɫ (In-line interferometry )

Ȼɜɔɘɑəɑəɔɫ



Macromolecular beamline P14@ PETRA III

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

X-ray Tomographic Microscopy X-ray tomography 



50 m

40 m

Si-111 Bragg flat

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

Mono beam

transfocator (h)

35 m

Undulator

12 x 130 mm2 (vxh)

WB CRL (v) :

Var.1 

Be 1D 

N =  25 R = 200 mm

Aeff = 900 mm

Var.2 

Al 1D 

N =  16 R = 200 mm

Aeff = 380 mm

focus 

~ 7x7 mm2

MB transfocator (h) :

Var.1

Be 1D 

N =  110 R = 200 mm

Aeff = 430 mm

Var.2 

Al 1D 

N =  70 R = 200 mm

Aeff = 180 mm

var.1 versus var.2  

factor  > x5 flux in focus

Proposal for BL layout for High Preasure BL

flux  gain in focus

compare with ID9 HP :    X 10!

50 um



Insituɖɚəɞɜɚɗɨ ɓɌ ɛɜɑɝɝɚɎɌəɔɑɘ ɗɔəɓ



Double crystal

Laue mono

Wiggler:

60 X 300 mm2 (VXH)
300 AL CRL!

60 m 10 m

ID15A

optics hutch exp. hutch

Focus:

7 X 25 mm2 (VXH)

115 keV

High Energy Focusing

115 keV

7 X 25 mm2 (VXH)

109 ph/s

mm



E, keV L2, cm Number of 

lenses
Aperture, 
mm

Radius, 
mm

FWHM, 
mm

46 51 13 94.3 12.5 0.75

78 225 13 94.3 12.5 1.3

82 270 8 80.4 10.8 1.8

86 90 34 109.1 13.9 1.4

86.5 66 50 118.7 15.3 1.1

115 51 98 98 12.8 0.78

144 51 117 74 9.6 0.9

High Energy X-ray focusing test of Ni lenses

ID15

E = 40 ï150 keV

L1 = 60 m
F = 0.5 ï5 m

Res = 0.75 mm at 50 keV

0.9 mm at 150 keV



Al lenses 

R = 200 mm

N = 40 000   l ~ 40 m !

Aeff ~ 100 mm

Ni lenses 

R = 200 mm

N = 12 500   l ~12.5 m !

Aeff ~ 100 mm

Ni  lenses 

R = 50 mm

N = 3000 l ~ 3 m !

Aeff ~ 100 mm

1 MeV F = 5 m
l

Ni planar lenses 

R = 5 mm

N = 300 l ~ 5 cm !

Aeff ~ 100 mm

1 MeV focusing

Au, Pt, U



ID11 Toward the < 100 nm Frontier
From 30 to 100 keV!!!

80 nm

Bi-lens Multilens

1 mm
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E= 212 keV

ID15A beamline

 

 

Kinoform  Ni  lens

Z= 4.6 m

Gain= 7

FWHM= 5 mm

G
a

in

Y, mm

High Energy X-ray focusing test of Ni kinoform lenses

5mm @ 212 keV !





ʂʦʤʧʘʢʪʥʳʡ ʪʨʘʥʩʬʦʢʘʪʦʨ



Optics hutchEH1EH2 FE

50-100 m
40 m

30 m

~20 m

source

Refractive Optics  - the most versatile and adaptable optics for wide energy range: 2 ï200 keV

mode of use focal length  resolution 

condensers/collimators F ~ 10 m 10 mm

micro-optics F ~ 1 m 1 mm

nano-optics F ~ 10-100 mm 50 ï100 nm

nano-lenses micro-optics front-end lenses/transfocators

Implementation of X-ray Refractive Optics

micro-lenses



Microoptics test bench based on 

X-ray  micro-focus Metal-Jet source




