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L Synchrotron and neutron research in Russia U3

In accordance with the decree, the “Kurchatov Institute” is p o
the leading scientific organization for the implementation of the ®
Synchrotron and Neutron Research Development Program
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VIBEPAIEHA
nocTaHoBNeHHeM [IpaBHTENTBCTRA
Poccrfickofi Pegepannn
oT 16 MapTa 2020T. Ne 287

VKA3
MPE3UJIEHTA POCCHUHCKON ®EJEPALIMHA
®ETEPATBHAS HAVYHO- TEXHHYECKAS IIPOTPAMMA

PaIBHTHA CHHIDOTPOHHBIX H HeATPOHHBIX HeCTe10BAHAI '
O mepax 110 pasBHTHIO CHHXPOTPOHHLIX N HEfi TPOHHBIX A Hecae]oBaTe bckoll HEQpacTpyKTyphl Ha 2019 - 2027 rogsl
HecTeToRAHNEN | HCI:J'IQJJ,DB&TE."ILCK"“ “qupﬂﬂpyiﬁ'l'}'pb[
B Poceniiexoii @egepaumn B
MACIIOPT
B LETAX KOMIUIEKCHOTO PEIeHHA 3a7ad YCKOPEHHOTO PasBHTHA q>e‘1e;pamoﬁ Hayq;go-’rexﬂgqecxof{ OpOorpaMMel

CHHXPOTPOHHEIX W HeliTPOHHEIX  HcelefoBaHuii, HeoOXOMHMBIX 118 PA3BHTHA CHHXPOTPOHHEIX H HeHTPOHHHX HCCIeTOBAHH
CO3AHHA NPOPBIBHLIX TeXHOMOIHA, a Takke ODECIEYEHHH CO3NAHHA H H HCCIeJOBATeAECKOR HEGpacTpyETYpsl Ha 2019 - 2027 rogr

pasBHTHS  HCCHenoBaTeIbekol  HHppacTpykTypel B Poccmiickoii
DegepallHM N OCTAH O B I A 10!

1. Tlpaeurensery Poccniickoi @enepaunn: HaEMeHOBAHHE - delepaTbHATL HAYTHO-TEXHHTECKAR IPOTPAMMA

a)p J-mecsunbii cpok paspaGorare u yreepaute DenepansHyio TIporpaset PAIBHTHS CHHXPOTPOHHEIX H HEATPOHHEIX
HAYYHO-TEXHHYECKYI)  NPOTPaMMy  Pa3BHTHA  CHHXPOTPOHHBIX | HCCAETOBAHHH H HCCIEA0BATENBCKOH
HEHTPOHHBIX HCCNEJOBAHMI M HconenoBatenbekod  MH(pacTpykTypsl EEGpacTpyETYpE! Ha 2019 - 2027 rogs
Ha 2019 - 2027 rose (nanee - [lporpammal;

0) obecreunTs mpu paspaboTke W peannsanuy [porpaMmes: OcroBanne - Ykas IIpesnnenta Poccuiickol Penepanan ‘

onpejieNieHie OCHOBHBIX HANpPaRICHHMIl Hecleopanii, Kacalouuxes A4 pazpaboTRH ot 25 moma 2019 7. Ne 356 "0 Mepax mo pasBHTHIO 3
pelens [NPHHUMIHAILHO HOBBIX  QYHAGMEHTAILHBIX M KPYNHBIX Tporpaer e e et >
I[pHKTJa,E[HhIK 3anad B HCIAX pea.rmaalm}—l anOPHTSTHh[X HanpaBJ‘Jclmﬁ OO TIENO AT CRECRUR B:qupacrp}mpu ‘

A armE"
HAYYHO-TEXHOJOMHYECKOTO  PasBHTHA W JOCTHACHHA HAUMOHAJIBHBIX B PoccmAcKoH tbe:[ep

Decree on the development of synchrotron- Federal program for the development of synchrotron Vigit of Vladimir Putin
neutron research (25.07.2019) and neutron research until 2027 (16.03.2020) to the NRC "Kurehatov Institute” (10.04.2018)
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L The program should provide o

v' Formation of a united community of users of synchrotron and neutron radiation
sources covering scientific organizations, universities, applied science and industrial
companies;

v Complementarity of the formulation and solution of global scientific problems in
the framework of synchrotron and neutron studies, the distribution of scientific
problems considering the scientific, technical and technological needs of the
regions;

v' Territorial coherence of the country by creating a branched research infrastructure
of synchrotron and neutron research in the framework of solving the scientific
problems;

v' International cooperation by attracting foreign research organizations to
participate in Russian projects and the integration of domestic research network
infrastructure in the activities of the global scientific community.
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L Scientific directions of the Program L

1. Synchrotron and neutron researches for material sciences and
industry technologies.

2. Synchrotron and neutron researches for life sciences, organic

and hybrid materials.

3. Synchrotron and neutron researches for socio-humanitarian

sciences, including research on historical materials and cultural
heritage.

4. Development of accelerator and reactor technologies, including
technologies of nuclear medicine.
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-+ The objectives of the Program 1]

Creation and development of
scientific and technological
infrastructure
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L Scientific infrastructure of the breakthrough

L T

N ]

BASIC SYNCHROTRONS
"Workhorses* - 1,5-3 GeV (>70)
- 5 B PIK s =,
W - ] ‘/1_-_9...:.— - E::.. - : 4 =
A _;;_;“\f;; . | e BREAKTHROUGH
= FLAGMAN
SYNCHROTRONS

6 - 8 GeV (~1000 m)

APS - USA
Spring-8 - Japan
Petra Illl - Germany
ESRF-EBS - France

Far Eastern
synchrotron 2,5 GeV

USSR-4, RUSSIA

Support and development

of existing technologies
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-L General information about KCSNTI uy

KCSNI is one of the few ‘-
places in the world where
synchrotron (KSRS) and
research reactor (IR-8) are
located on the same site

ot a0

7N RESEARCH REACTOR IR-8

KSRS: 16 beamlines
(5 under construction)

IR-8: 7 beamlines
(3 in construction)

NEUTRON BEAMLINES
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L Kurchatov synchrotron radiation source o
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Beamlines:

Operating (15)

incl. 100 m

New 2015-19r (5)
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L KSRS - beamlines i

v LANGMUIR - X-ray studies of molecular films on liquid surfaces

v'BIOSAX - small-angle X-ray scattering for biosystems

v'RSA (XRD) - atomic and real structures using single- and polycrystalline diffraction

v'PHASE - precision X-ray diffractometry and reflectometry, phase-sensitive methods for studying substances.
v'BELOK (PROTEIN) - X-ray diffractometry of macromolecular single crystals

v'RKFM - materials structure characterization by X-ray diffraction and scattering methods

v'PRO - X-ray diffraction methods for the study of matter

v'STM - studying the features of the spatial structure of materials in a wide scales range by spectroscopy
v'REFRA - EXAFS spectroscopy in the fluorescence mode and X-ray fluorescence elemental analysis

v EXAFS-D - polycrystalline and amorphous materials study by X-ray spectroscopy and diffraction
v'NANOPES - electronic structure of solids by photoelectron, optical and probe spectroscopy

v'RT-MT - topography and microtomography

v’ MEDIANA - synchrotron visualization for medical and materials science diagnostics

v'LIGA - three-dimensional visualization of large objects (1 - 10 cm) using the X-ray computed tomography
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L KSRS: new beamlines

Microfocus beamline, = H& = <. - - BioSAX beamline
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L KSRS: laser-synchrotron complex o

Synchronization of short synchrotron
pulses from KSRS with femtosecond
petaWatt optical pulses from laser
complex is expected to give a
possibility  for  pump-probe  time-
resolved experiments

Optic laser (pump)
At=0 S¢c 10¢c At=15¢c

KURCHATOV COMPLEX FOR SYNCHROTRON - NEUTRON INVESTIGATIONS April 29, 2020



L KSRS: scientific areas o

Crystallography, material science, structural chemistry

e PROTEIN
e DIKSY
e Langmuir

e Mediana

Cultural heritage
e REFRA

PHASE

g e STM
RKFM Organic and hybrid multilayer e DIKSY
NanoPES e e RKFM
Langmuir * Mediana
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L KSRS: material science results o

Standard methods

27 28 29
Ta Co Ni Cu I > (reflectivity) are not
et bty e sensitive to the structure
. Cu 8.9 g/cm? 8.92 glcm? of the layers of Co and Cu!
E-'-'-'-'-'-'-'-'-'-'T-'a-'-'-'-'-'-'-'-'-'-'j Standlng X= ray waves methOd

Magnetic structure on
the effect of giant
magnetoresistance

Stoichiometry

The task of research:
How does the
nonmagnetic Cu layer
behave?

How are the Co layers

separated? RESULT: The island mechanism of Cu growth,
the formation of an alloy of CuCo

Depth, A
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Extracting
Purification
Crystallization

Cytochrome with nitritereductase (TvNIiR) g
the extremophilic bacterium Thioalkalivibrio nitratireducens. Resolution 1.5A
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L KSRS: life sci 1 L)
. l1Ie science results O,

Determination of the orientation of the fullerene-

porphyrin dyad on the surface of the subphase

Fluorescence marker
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Zn distribution, rel. units
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-40 -

Fluorescence e ;’E
Bioorganic detector S - - - byl

monolayer on P sunpres I

l.i q U id S U rface Electron density (compared to substrate)
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L KSRS: life science results o

Decalcification studies of bones in Learning cognitive processes
a long stay in space using x-ray tomography

Gecko vertebra after space flight Active centers in the brain of a
newborn mouse visualization
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L KSRS: cultural heritage results

Objects with an ornament from
the mound “Black grave” (X century)

Slavic medieval parchments

X-Ray fluorescence 2D mapping

CnexTp neprameHTa ¢ TeKCTOM KPacHOro useta

: , Pbla
* Pbip
. | |
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L Neutron reactor IR-8 w

B Nuclear-physics channels

B Experimental channels

- Ultra cold neutrons

- Nuclear spectroscopy

- Stress analysis

......

2 "Ik Cold neutrons
hall

- Single crystals

5 i B | "N SAX
10 | -High pressure
*Reflectivity

Inelastic scattering
- High pressure

- Capillary optics
- n, Y -radiography

O 00 N OO U1l AN W N B
|

- Small angular scattering

10 - Cold neutrons source
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Neutron visualization of the blade of gas turbine engine

April 29, 2020
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L TR-8: cultural heritage results o

X-Rays

Neutrons
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L NBICS infrastructure o

INeutronlreactor{|IR-8

Kurchatov
institute

Large-scale facilities of KSRS surrounded by scientific laboratories of NBICS center makes Kurchatov
institute a really unique place in the whole world for fundamental and applied interdisciplinary researches
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L Scientific technological platforms of NBICS UMk

v’ Hybrid systems, integration of nanobiotechnologies and microelectronics HYBRID

v Synthesis of neurophysiology, cognitive and social sciences BRAIN

v'Brain-machine interfaces, hybrid sensor systems BIONIC ROBOTICS

v'Genomic medical technologies of personal medicine and ethnogenetics GENOM
v'Drug design, regenerative medicine BIOMEDICINE

v'Nuclear medicine and radiopharmaceuticals IZOTOP

v'The effect of radiation on living systems BIORADIATION

v'Promising energy technologies: generation and consumption, bioenergy ENERGOTECH
v’ Multi-level computer modeling and design SUPERCOMP

v'Interdisciplinary EDUCATION
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L KCSNI: statistics o

more than 200 experiments annually

60 Russian and foreign user organizations Solid state

28%

more than 150 research papers annually

Life sciences
6%
Metodology
6%
User affiliation (sorted by beamtime):
47% - scientific organizations, Soft matter
6%
206% - universities,
Structural

23% - internal Kurchatov institute users, biology

o Chemistr ateria
0 , o 15% ’ ’\s{\cichel
2% industry users

13%
2% - foreign users
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L KCSNTI: users

Top 10 users (by allocated time)
1. NRC “Kurchatov institute”

Lomonosov Moscow State University

LOMONOSOV MOSCOW

2
3. Borissiak Paleontological Institute RAS
4 STATE UNIVERSITY

Federal Research Center "Crystallography
and Photonics" RAS <

U

Kazan Federal University 5

6. Kurnakov institute of general and inorganic X
Vs
chemistry RAS

7. Frumkin Institute of Physical chemistry and
Electrochemistry RAS

8. Boreskov Institute of Catalysis SB RAS
9. Voronezh State University
10. Institute of Nuclear Physics SB RAS
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L International partners Lof

4%  ESRF - European Synchrotron Radiation Facility

DESY —Deutsches Elektronen-Synchrotron

HZB...... H7B — Helmholz Centrum Berlin

Zentrum Berlin

&Y £ ETTRA - Italian synchrotron

Elettra Sincrotrone Trieste

Armenian academy of sciences

Azerbaijan Academy of sciences
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L .
Access policy I

v'Single procedure for all types of users (via official website)
v'Proposal review procedure every month

v'The key principle of the access — research made by our staff with
active participation of the proposers (direct and remote access)

v'Easy access for Russian citizens

v'For foreign citizens visits to our institution is controlled by federal
agencies, and an application for a pass must be submitted 40 days in
advance.

v'Assistance in obtaining a Russian visa
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L KCSNI: website

W

KURCHA

About Kurchatov Complex for
Synchrotron and Neutron
Investigations

History

Synchrotron radiation source

Beamlines of the Kurchatow
specialized source of
synchrotron radiation "Ki3l-
Kurchatov"

Neutron research complex based
on the IR-& research reastor

Beamlines at IR-3 neutron
research reactor

Publications 2018

Contacts

COMPLEX FOR SYNCHROTRON A

APPLY FOR BEAMTIME

ll NATIONAL RESEARCH CENTER RS I'll NATIONAL RESEARCH CENTER & M =
"KURCHATOV INSTITUTE"

rulen

ru/en

W2 "KURCHATOV INSTITUTE"

NEUTRON INVESTIGATIONS

research and rewolutionary high-tech daw
= formed around unique mega-science resea
se faciities scientists can periorm high
wide them with the most complete overview
ters they can also develop unique

KURCHATOV COMPLEX FOR SYNCHROTRON AND NEUTRON INVESTIGATIONS

and neutran Sourc
complementary meth
n

3 variety of
blucﬂc |

About Kurchatov Complex for Beamlines of the Kurchatov specialized source of synchrotron radiation "KISI-Kurchatov"

Synchrotron and Neutron

Investigations PHASE

History

and biclogical objects
nd archasologica! sam,

ing. biotechnology and d i
Each yaar Kurchatow Synchratron is e

Synchrotron radiation source

Beamlines of the Kurchatov
specialized source of
synchrotron radiation "KISI-

fex of laboratory
structure of LI:E sampl

ray instrumentation is designed to perform axpress analysis of aiomic and mofecilar
omplements capabiiies o Vi
s and to trial experm

KURCHATOV COMPLEX FOR SYNCHROTRON

Kurchatov"
The 1=ut'nn
el LANGMUIR
BIOSAX
RSA (XRD)
PHASE
BELOK (PROTEIN)
RKFM
PRO
STM Specialized beamiine for diagnostics using methods of precision X-ray diffractometry and reflectometry, as well as
REFRA phase-sensitive methods for studying substances.
EXAESD Methods:
NANOPES - X-ray Standing waves (XSW);
RT-MT + High-resolution diffraction (XRD});
MEDIANA « Multiwave diffraction;
LIGA = Surface diffraction;

« X-ray acoustooptics;

= X-ray holography;

= Resonance diffraction;

= X-ray Reflectometry (XRR),
- Diffuse scattering.

Neutron research complex based
on the IR-8 research reactor

Beamlines at IR-8 neutron
research reactor

Publications 2018

NEUTRON INVESTIGATIONS

April 29, 2020




L KCSNI: contacts o

Web site: http://kcsni.nrcki.ru/en.shtml

Facility Head:
Nikita Marchenkov

Deputy for the users:
Roman Senin: senin_ra@nrcki.ru
+/ 916 594 39 33
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