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TEST SYSTEMS (ANTIBODY-ANTIGEN)

BIOCOMPATIBLE IMPLANTS

NOVEL TARGETED DRUGS ULTRASENSITIVE TOXICOLOGY

NOVEL MEDICINE TECHNOLOGIES
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NOVEL NANOELECTRONICS

SPINTRONICS

ENERGY EFFECTIVE TECHNOLOGIES UNDOCUMENTED FEATURES

QUANTUM COMPUTERS



TARGETED BIOSYNTHESYS

"GREEN" CHEMISTRY
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DEEP OIL PROCESSING

STABLE HIGHLY SELECTIVE 
CATALYSTS

ZERO-WASTE 
TECHNOLOGIES



LIGHT COMPOSITES

LAM

ADDITIVE MANUFACTURING
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NOVEL PHOTOPOLYMERS

THERMAL 3D PRINTING
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NOVEL ACCUMULATORS HYDROGEN ENERGETICS

ENERGETICS OF FUTURE

FUEL CELLS
SUPERCONDUCTIVITY

Nobel prize 2019
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WASTE IMMOBILIZATION

TOLERANT FUEL
REACTOR MATERIALS

NUCLEAR SYNTHESIS

NUCLEAR TECHNOLOGY

50 sm



First-phasebeamlinesaddress the most important tasks

Å1-1 "Microfocus"
Ånm-resolutiontomographyof

nanoelectronics

Åstructuralbiology

Å1-2 "Structuralanalysis"
Åbiocompatiblecomposites

Åin situmaterialsscience

Å1-3 "Fastprocesses"
Åthermonuclear reactormaterials

Åextremeconditionsphysics

Å1-4 "XAFS spectroscopy"
Åoperandostudyof novelcatalysts

Ålocal order studies 

Å1-5 "Hardx-ray diagnostics"
Ålaseradditivemanufacturing

ÅX-ray tomography and largefield
bioimaging

Å1-6 "Electronicstructure"
Ånovelcatalysts

Åquantumelectronics

Scientific case
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Beamlines

Straight section (6 m) : 13
Straight section (3 m): 1
Bending magnet (0,5 T): 8
Bending magnet (2 T) : 8

=30
End-stations =50

Number of beamlines 
at the end of 2023: 1
at the end of 2024: 5

=6

Total cost:
75 millions euro 
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Optimization ID -based beamlines

ǒ ŀ ŘǊŀǿōŀŎƪ ƻŦ {wC ά{YLCέ ŎƻƳǇŀŎǘƴŜǎǎ ƛǎ ƭƛƳƛǘŜŘ ƴǳƳōŜǊ ƻŦ L5 ǎǘǊŀƛƎƘǘ ǎŜŎǘƛƻƴǎ όмпύ

ǒ around 100 research techniques are currently available for SR users with many of them 
requiring highly-specialized end-stations and beamlines

ǒ to maximize user access to research techniques the following measures can be taken 
given a single ID straight section:

ïάǘǊŀƛƴ-ƭƛƪŜέ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƻŦ ŜƴŘ-stations
ïbeam multiplexing
ïcanted undulators

beam multiplexing
instrumentations are used in parallel

άǘǊŀƛƴ-ƭƛƪŜέ ŎƻƴŦƛƎǳǊŀǘƛƻƴ
instrumentations are used sequentially
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Beam multiplexing

Past Present Coherent future

XFELs (LCLS, EuXFEL...)

SKIF

LS-CAT (APS, 2007)

MASSIF (ESRF, 2015)

TROIKA (ESRF, 1994)

QUADRIGA (ESRF, 1998)
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Beam multiplexing

Wavefrontpreserving diamond beamsplitters

New Diamond Technology LLC,

Saint-Petersburg, Russia

(Stoupinet al.2016)

IGM SB RAS,

Novosibirsk, Russia

(courtesy of A. Snigirev)

TISNCM,

Troitsk, Russia

(Stoupinet al.2014)

Tested and used at APS, LCLS, PETRA III, etc.
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¸ Best performance: ID only

¸ Highly optimized set of research techniques:

- Fixed energy (two multi-end-station undulator beamlines with beam multiplexing)

Coherent and submicron beams beamline 1-1 (low-beta ss)

High-resolution / in situ XRD and SAXS beamline 1-2 (high-beta ss)

- Hard and soft spectroscopy (two tunable undulator beamlines)

Hard x-ray spectroscopy beamline 1-4 (sc ñtaperedòundulator)

Soft x-ray spectroscopy beamline 1-6 (switchable undulator)

- High-energy (two wiggler beamlines)

Ultrafast high-energy diffraction and radiography beamline 1-3

General high-energy diffraction and radiography beamline 1-5

Beamlines

¸ To be complemented with more specialized energy-tunable second-stage beamlines:

- Resonant protein crystallography (MAD)

- Resonant small-molecule crystallography

- Resonant SAXS

- Multi-isotope nuclear resonance
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1-5 Hard X-ray diagnostics (30-150 e͟V)

1-4 XAFS spectroscopy
(4,5-40 keV)

1-3 Fast process
(15-100 keV)

1-6 Electronic 
structure

(0,01-1,9keV)

1-1 Microfocus(5-47 keV)

1-2 Structural 
analysis

(5-40 keV)

˸˻

Scientific infrastructure
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Beamline 1-1 Microfocus
Coherent imaging of complex and hierarchical nanostructures

¸ High-energy coherent diffraction imaging and ptychography

up to 1-nm-resolution

¸ Holotomography with 150-nm-resolution

¸ XRD and XRF nanotomography with 200-nm-resolution

¸ Coherent flux at 27 keV up to 1012 ph/s in pink beam

aerospace alloys
nanoelectronicsin vivo cells

(low radiation damage)

energy storage devices
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Beamline 1-1 side end-stations

¸ High-energy x-ray diffraction and total scattering at extreme conditions

¸ Innovative scheme of phase-contrast sample imaging combined with sub-ɛmfocus localization

¸ 1010 ph/s in monochromatic 31 keV beam focused to 300-nm spot

¸ Submicron serial and time-resolved protein crystallography

¸ Phase-contrast sample imaging

¸ 2Ĭ1012 ph/s at ~14 keV down to 0.6-ɛm spot

¸ Nested (~2 meV) and spectrograph-type

high-resolution monochromators

¸ Synchrotron Moessbauer source

¸ In situ techniques (DAC, cryostat etc.)
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Beamline 1-2 Structural diagnostics
Application of X-ray diffraction techniques to solve a wide range of research and 

technological problems

catalysis and in situreactions

nanomaterials and 
polymers

fuel cells

High-resolution X-ray diffraction techniques at variable energies of SR (6.5-35 keV, 
resolution ~0.003 at 30ϲ)
Variable temperature experiments, climate chambers, variable gas environment 

{/¦ tŜŀƪ ŦƭǳȄ όм ͻ м ƳƳ2 at 26 m)

B. Zakharov
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Beamline 1-2 side end-stations
Single-crystal X-ray diffraction for the samples which are not 
suitable for conventional laboratory diffractometers (small size, 
unstable samples etc.), up to Ţ-density resolution

SAXS for wide range of objects including biological 
samples, inorganic materials etc. (Qmin ~ 10-4)-1)

In Situand Operando studies at high temperatures and in 
variable gas atmospheres, including catalytic processes 
and chemical reactions (32.5 keVhard X-rays)

single crystals

in situreactions
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Beamline 1-4 XAFS spectroscopy

Opportunities:
Å From Tito Ce (K-edge)
ÅWide range of sample environment 

equipment for in situ/operando 
study(for example DRIFTS-XAS
study)

Å XES: resolution at K-edge up to 100 
meVand high flux up to 1015 ph/s

Features:
ÅNew SR source ςSC tunable undulator(BINP)
Å5/a ƛƴ άŦƭȅέ ƳƻŘŜ όм ǎ ǇŜǊ 9·!C{ ǎǇŜŎǘǊǳƳύ
ÅTwo XES spectrometers (JJ X-ray)
ÅFocusingςCRL and/or multilayer optics (for XES)
Åɲ9κ9 ғнϊмл-4 (unfocused mode for XAS)
Åɲ9κ9 Ғтϊмл-5 (collim.+focus. mode for XES)

Front end

300 Õm Be

max. 100x120 

mrad2

Undulator
DCM

Fixed 

exit

Low-E 

filter:

glassy 

carbon

CRL (collim. 

focus.)

25 m

WB 

slits

50 m

Mono 

slits
Mono 

slits

67.7 m
55 m

CRL 

(collim.)

66 m

Sample
A. Saraev

Designed to study the local spatial, electronic and magnetic structures of 
crystalline and amorphous materials, etcΧ

19



Beamline 1-4 XAFS spectroscopy

Parameter

Period,mm 18

Numberof periods 128 (more than 10 sections)

Magnetic field, T 0.1-1.25

Phase error, degree < 3

Power, kW < 8.2 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
10

4

10
5

10
6

10
7

10
8

10
9

10
10

10
11

10
12

10
13

10
14

10
15

10
16

10
17

Flux (@25ʤ, 0.064³0.064 mrad
2
)

 SCU

 300 mm Be

 

 

 

F
lu

x
, 

p
h

/s
/0

.1
%

 B
.W

.

Energy, eV

Idea
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A. Bukhtiyarov

Beamline 1-6 Electronic structure

NAP XPS

Reflectometer

Parameters:
Å Energyrange10 ς1900 eV
Å InsertiondeviceςUndulator
Å MonochromatorςPGM

M1
M2/G

M3

M4
M5

Planegratings
600 l/mm; 1200 l/mm

Tasks:
1. NAP XPS ( A.V. Bukhtiyarov ςBIC SB RAS)
Å In situ andoperandostudyof catalyticsystems
Å Exsitu and in situ studyof wide rangeof

innovativefunctional materials
2. Spin-ARPES (O.E. TereshchenkoςISP SB RAS)
Å Study the electronic and spin structure of solids for

applicationsin nanoelectronicsandspintronics
3. Reflectometry and Metrology( A.D. Nikolenkoς
BudkerINPSB RAS)
Å certification of spectral optical elements, focusing 

elements and X-ray detectors
Å reference detector method for absolute calibration of 

the spectral sensitivity of various kinds of X-ray 
radiation receivers in the VUV and Soft X-Rays ranges

Spin-ARPES
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Beamline 1-6 Electronic structure
switchable undulator

Themain parameters Undulator άWigglerέ

Period, mm 100 200

Thenumberof periods 26 13

Thetotal amountof poles 56 56

Total length, mm 2900 2900

Magneticfield, Tesla 0.05- 0.5 0.05 - 0.5

Max phaseerror 2o 2o

Firstharmonic(Lowestphoton energy), eV 67.6 9
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Beamline 1-3 Fast processes

I. Rubtsov

άtƭŀǎƳŀέDynamic processes 

Dynamic processes 

ω aŜŀǎǳǊŜƳŜƴǘ ƻŦ ŘŜŦƻǊƳŀǘƛƻƴ 
parameters inside the material,
ω aŜŀǎǳǊŜƳŜƴǘǎ ǿƛǘƘ ǎǇŀǘƛŀƭ ǊŜǎƻƭǳǘƛƻƴ ƛƴ 
depth below the surface,
ω 5ȅƴŀƳƛŎ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿƛǘƘ ŀ ǘŜƳǇƻǊŀƭ 
resolution of the order of 10 ˃ ǎ.
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