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"GREEN" CHEMISTRY
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ADDITIVE MANUFACTURING

CKHND

3MaB 4+

LIGHT COMPOSITES

THERMAL 3D PRINTING
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ENERGETICH FUTURE CKIND

3MaB 4+

NOVEL ACCUMULATORS HYDROGEN ENERGETICS
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Scientific case

Firstphasebeamlinesaddress thermastimportant tasks

A1-1 "Microfocug'

Anm-resolutiontomographyof
nanoelectronics

Astructuralbiology

A1-2 "Structuralanalysi$
Abiocompatiblecomposites
Ain situ materialsscience

A1-3 "Fastprocesse$
Athermonuclearreactormaterials
Aextremeconditionsphysics

A1-4 "XAFSspectroscopy

Aoperandostudyof novelcatalysts
Alocal order studies

A1-5 "Hard x-ray diagnostic$
Alaseradditive manufacturing
AX-ray tomography andargefield

bioimaging

A1-6 "Electronicstructure”
Anovelcatalysts
Aquantumelectronics



Beamlines

1 atax CoTtm. 0.000)

CKND

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

=30
Endstations =50
Number of beamlines
at the end of 2023: 1
at the end of 2024: 5
=6

Total cost:
75 millions euro



CKND

Optimization ID -based beamlines
s RN} g6l O]l 2F {wC a{YLCé¢ O2YLI}I OGySaa ;

around 100 research technigues are currently available for SR users with many of th
requiring highlyspecialized endtations and beamlines

to maximize user access to research techniqgues the following measures can be take
given a single ID straight section:

{ GO NIRYSE O2y T Adadizhg G A2y 2F SyR
i beam multiplexing W .y
i cantedundulators

0

GONIMYYSE O2y FAITdzZNF GA2Y beam multiplexing

iInstrumentations are used sequentially instrumentations are used in parallel
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Beam multiplexing
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Beam multiplexing

CKND
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Novosibirsk, Russia
(courtesy of A. Snigirev)
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Beamlines CKND

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 (scii t a p eundalaion)
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

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
13
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Scientific infrastructure CKHNOD
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Beamline 1-1 Microfocus

Coherent imaging of complex and hierarchical nanostructures
EH4.1-4.2 EH3
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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 102 ph/s in pink beam
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Beamline 1-1 side end-stations

c

Nested (~2 meV) and spectrograph-type

| | EH4.2
high-resolution monochromators ‘;’"’ \
Synchrotron Moessbauer source B > EH3
In situ techniques (DAC, cryostat etc.) o

—t

10 m
[

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

OHle"c ,;_-!I- . OH2

CKND

Submicron serial and time-resolved protein crystallography

Phase-contrast sample imaging
21 1012 ph/s at ~14 keV down to 0.6-em spot

Innovative scheme of phase-contrast sample imaging combined with sub-& mfocus Iocallzatlon

1019 ph/s in monochromatic 31 keV beam focused to 300-nm spot
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Beamline 1-2 Structural diagnostics CKNO

Application of Xay diffraction techniques to solve a wide range of research and
technological problems

EH4 EH3 EH2
~\
i-3 1.4
. I B. Zakharov
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nanomaterlals and 1E125000 " q0000 15000 E 20000 V 25000 30000 35000
. Energy, e - )
polymers {/' tSI1 TFZad2&m)od

fuel cells catalysis anah situreactions

Highresolution Xray diffraction techniques at variable energies of SR-86.keV,
resolution ~0.003 at 3

Variable temperature experiments, climate chambers, variable gas environment 7



Beamline 1-2 side end-stations CKND

Singlecrystal Xray diffraction for the samples which are not
suitable for conventional laboratory diffractometers (small siz

core aggregate

A

medium aggregates . .
T worm-like unstable samplestc.), up to T-density resolution
SRl a single crystals
micelle-like
Y N\

SAXS for wide range of objects including biological
samples, inorganic materiagsc. (Q.,;, ~ 104 )
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Y e
oo M

in situreactions

0 y 1
@~ 1 NIO(111)
$c i
g;os /‘/\K’/\ /J}/ \m Ni(111)
23 U i
% i U {
7 il
o N
= 70
" |
“ H#35 i

I In Situand Operandastudies at high temperatures and in

variable gas atmospheres, including catalytic processes
and chemical reaction@2.5keVhard Xrays)
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Beamline 1-4 XAFS spectroscopy CKN®O
Designedo study the local spatial, electronic and magnetic structures of
crystalline and amorphoumaterials,etcX ~

Front end Low-E
300 Om Be filter: CRL (collim.
max. 100x120 wp 9lassy Mono focus.) Mono
mrad? slits ~ carbon DCM slits * slits Sample A. Saraev
|_| |_ Fixed |_| []
Undulator 1 ] _ 1
* exit 55 m |_|
25m 66 m 67.7m
CRL 50 m
(collim.)
Features Opportunities

ANew SR souregSCQunableundulator(8INB A FromTito Ce (Kedge)
A5/ a Ay aFffeé¢ Y2RS o6 mA yideshoeofsamplegnvirgnnashdd

A Two XES spectrometers (dayj equipment for in situ/operando

A Focusing; CRL and/or multilayer optics (for XES)study(for example DRIFP&\S

An9 k 9 +(unfoomsed mode for XAS) study)

An9 k 9 #(zoilim+focus. mode for XBS A XESresolution at kedge up tal00 )
meVand high flux up to 20ph/s i

GDL PEM GDL
Anode MEA cathode

(@) Fuel cell . 19



Beamline 1-4 XAFS spectroscopy CKNO,
. . . 1017
superconducting i t a p eundaelaton 10°}
1015
1014r
Period,mm 18 E,
Numberof periods 128 (more than 10 sections) g Fluy, (@2 ompimeddp s
e —— 300 nm Be
Magnetic field, T 0.1-1.25 Elind
Phase errolegree <3 ig
Power, kW <8.2 1 o0 3000 3000 4000 500D 8000 7000 5000 500D 10000
Energy, eV
Fquz'0 =
1keV =

Noraized Intensity [arb. units)

- L LA AN,

4400 4600 4800 5000 5200 5400 5600
E eV
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Beamline 1-6 Electronic structure Spin-ARPES

Parameters
A Energyrange10¢ 1900eV

M2/G

A Insertiondevicec Undulator
A Monochromatorc PGM

30m

Planegratings
600 I/mm; 1200 Iimm N3

Tasks

1. NAP XPS ((A.Bukhtiyarov ¢ BIC SB RAS)

A In situ and operandostudy of catalytic systems

A Exsitu andin situ study of wide rangeof
innovative functional materials

2. SpItARPES (O.Eereshchenka ISP SB RAS) . | i —

A Sudy the electronic and spin structure of solids for S S\
applicationsin nanoelectronicsand spintronics ' :

3. Reflectometry and Metrologyf A.D.Nikolenkoc

BudkerINPSB RAS) R

A certification of spectral optical elements, focusing T
elements and Xay detectors :

t;
gas

A reference detector method for absolute calibration of
the spectral sensitivity of various kinds of-bay 3

radiation receivers in the VUV and SoftRays ranges



Beamline 1-6 Electronic structure | CKND
switchable undulator
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CKND

Dynamic processes
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w aSladaNBYSyid 2F RS
parameters inside the material,

w aSladaNBYSyia 6A0K
depth below the surface,

w 58YyIFIYAO YSI adz2NBYS
resolution of the order of 16 a
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