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SSTRC History

CHu-77
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Optimal geographical location
Unique interdisciplinary scientific
infrastructure

Big number of the regional universities with
broad profiles

Experienced users society from Siberian center
of synchrotron and terahertz radiation
(collective resources center)

International cooperation with Kazakhstan.
Mongolia. China

User potential

« About 50 institutes of the Siberian and
Ural Branches Russian academy of
science

« About 10 universities from Novosibirsk.
Tomsk. Krasnoyarsk. Irkutsk .
Ekaterinburg and other

* A number of the industrial enterprises
from Siberian region



SSTRC BINP superconducting ID over the
Main directions world

SR applications activity

FEL developing, building, maintenance and upgrading

FEL radiation applications in the teraherz rage

Developing and fabrication superconducting insertion devices
Developing and fabrication magnetic elements for accelerators
Developing of the new light source for SSTRC

SR and FEL conferences organization

Education activity

International collaborations

. Synchrotron and Free electron laser Radiation: generation and
L

application (SFR-2020)

SFR-2020

13-16 July 2020
Budker INP




WEB site of the SSTRC - https://ssrc.biouml.org/#!
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Cubupcknii LieHTp CuHXpOTPOHHOTD W Teparepuosoro Manyuerun (CLICTIAY

Mnzeran  WViHGOpMaLUMA AMA NOAL: Teneid =  Pacnwcaque cved O O6opygosadke LK

[obpo noxanosars Ha calT
Cubupckoro LeHTpa CUHXPOTPOHHOTO W TeparepLioso
nanyyexua!

Mo Aenaen;l Mup apue!

Meponpuatua LleHTpa

International Conference “Syrchrotron and Free electron laser Radiation: generation and application” {"S7R-
20207
13-16 Jule, 2020, BINP, Novosibirsk

3UMHAR LIKONE MOROLIX YHeHbx «CHHXPOTPOHHTE USAYUEHUE B MYNETUINCLMNAMESDHEIX MCCAS0BaHNA:
(CUMOW-2020} (CWIMAW-2020), 3-7 peepana 2020,

TenedoHHbIl CIpaEoYHWK VIAD 2014 ropa (ckssats)

360-rpag. @OTO: WrHcTwTyTa sa
NC coedike (AnB0 Ha apyroM cepsepe).

i Gusren (103, CW, naasma, kornahgeps JETEXTORS], W T.4.) -

2 CUCTW, 1996 - 2020,

s Uncrpyrkymna

Nenta HoBOCTER

15.03.2020 TEXHWYECKWE paﬁDTbi Ha B2rn
[16:07, 19.03.2020] Boris Goldenberg: 3asTpa (MATHMLE) ¢ $:00 g0 12:00 SyayT TexHrnyeckue padorsl Ha B3NN
(MusmuHoE TLAL). B 370 Epema CW He Sydet Ha oSoux B3MM.

B cpeay {25 mapra) € 9:00 po obeaa TexHuueckue pabotel Ha BY BIMN-4 (MemikHos T1AY B 370 Bpema He BygeT
CH Ha B3MN-4

04,03.2020 CmeHbl CK B mapTte
Ha CaWTe OTKDLITO 409 3aNN0H PACTINCAHWE CMEH B GAWXaNIWAA 3axa: 16-29 Mapra (BE segemm),
3anuchisadTecs!

06.02.2020 CucTeMa NoAaun 3aRBOK

Yeamaemele konneril

CeMfHaC COZNBETCA W TECTAPYETCR HOBEA CHCTEME NMOEYM 33RE0K. 378 CUCTEMS TDEBYET 3ANOAHERWNA PRAA
GOpPM; 4O BIIOCNEACTEMM CYLIECTEERHO OBAENMT HaM HE TOABKD NAZHHPOEEHME CMEH, HO W NOATOTOEKY
OTUETOE W 7.0, TTPCWY NOAHOCTER 3AMCAHATE BCE Mond. CKa4aiTe MHCTPYKUMIO N0 pasoTe C

caiiTom. MoxanyicTa, PErMCTPMPYWTECE, 3an0AHARTE. Bonpocs! U Npegaoxerns - Toasgenbepry B.IL

Bce HosoCcTH ==




Light sources in the SSRTC

3. Convertor
5. Synchrotron
(350 MeV)

| ROKK-IM | Detector KEDR




VEPP-3 VEPP-4M VEPP-4M
Low Energy High Ener'gy
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VEPP-3 synchrotron radiation beamlines
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Oa - LIGA-technology and X-ray lithography

Ob - Fast dynamic process (detonation etc)

2 - Precise diffraction and anomalous scattering

3 - X-ray fluorescence analysis —
g = RS

4 - High pressure diffraction

5a - X-ray microscopy and microtomography
5b - Time resolved diffraction

5c - Small angle scattering

6a - Time resolved luminescence

6b - Precise diffraction-2

7 - SR monitoring station

8 - EXAFS-spectroscopy
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VEPP-4 SR beamlines
«Cosmos» (metrology in VUV and soft X-ray
range 10-2000 eV)

Phase contrast microscopy, microtomography
and hard X-ray fluorescence

XRF in hard X-ray range

«Vzryv-2» (nanosecond diagnostics)
"Plamya” beamline

Precise difractometry




X-ray Lithography and LIGA-technology x-mask U3

Single microbeam SR or microbeams array are
used for Direct X-ray lithography for
Fabrication of deep LIGA structures.

difragma

%12 BSE 40Pa 8/23/2013 4.00mm Elecfron |i1'hography,
SEM  Hitachi Type II + Nanomaker for
microstructure forming in the thin PMMA layers (2-3 pm)
for fabricating intermediate template for the soft X-ray

Samples of high aspect ratio microstructures:
micro-lamellae, micro-grid, array columns lithography
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Scanning ySRXRF
Confocal polycapillary X-ray optics

sample

Microfluid
insertions

N Lenses
~  adjustment
stages

\ . ,_,.,‘_rq ®

Spatial resolution about 10 ym
3d reconstruction

Elements distribution in the coss-section
of the human hair



Equipment for XRD experiments with high pressure and high temperatute
Beamline 4, VEPP-3

polycyclic aromatic hydrocarbons - important components of inclusions in the deep ‘ ‘Q
minerals and meteorites . >
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X-ray microscopy and microtomograpy

Monochromator

Main layout Experimental hatc

Konnuwatop

165M

Testing of the X-ray transparent coatings

Konnumatop
(b) T—

Konnuuarop

N, HeoaHopoaHocTe /MM’

145m

2-0ft Kpuctann

165m

Imaging schemes
(a) - without magnificationt, (b) -
scheme using asymmetrically cut
crystals

X-ray topography on natural diamonds mixture

The main parameters of the station
Monochromator:

Two crystals, silicon, (+ n, -n) ¢ working
crystallographic plane (111)

The range of photon energies of
monochromatic radiation: 5-45 keV
Spatial resolution

In the circuit without increasing: 50 pm
In the circuit with increasing 2 pm

Hair from accent barrows

13

1 - sample 2 - first asymmetrical crystal,

(@ i Konnuwarop Channel cut monochromator: Si
otpaseu (111) 3 - second asymmetric crystal, 4 -
Detector
Density

ERRARAREAAR]

TNT and hexogen

Two dimensions detector*Photonic

h i
Science”

Effective range: 62 x 41 mm?2

The scintillator: Gadolinium
oxysulfide

Energy range: optimum 5 - 35 keV/
Range of registration: 65536 (16-bit)

CCD 4008 x 2670 Fiber optics with

pixel size 9x9 pm?

magnification 1.73
Minerals distribution in geological
samples

distribution in the explosive

Hexogen with 7% T},

Archaeological research

Detail of the tip in buffalo bones



. . Equpment
P recise d l ff PGCTO m eT r‘y High temperature X-ray chambers N )
Phase composition of Ni-Cu catalysts for the

synthesis of nitrogen-containing carbon
nanofibers and its changes in response

General view Layout

Kanan CU Ne6
HakonuTens anekTpoxos BAMM-3 Changing the state of
the catalyst in a reaction

medium. 100% C2H4

Changes in the catalyst
lattice parameterin a
reaction medium. 100%
C2H4

Mo3anumnoHHo-
UYBCTBUTENbHBIN
[neTekTop
Of-3M-350

Cwubupckuit LieHtp
CuHxpoTpoHHoro Uanyuyexns

Cxema C No3NUMOHHO- Ni*(111)
YyBCTBUTENbHLIM ETEKTOPOM

B PeXVME pa3peLLeHns Mo BpemMeHn

Obpasel

Peakuys pasnowenns CH,

Luggage Anton Paar HTK-2000 experiments at
temperatures up to 1400 ° C in air or an inert
atmosphere to 2000 ° C in vacuum.
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Autooscillations reaction rate in the catalytic

The main parameters of the station oxidation of light hydrocarbons to Ni and Pd

Monochromator:

A single-crystal, with the beam deflection in
the vertical plane at an angle ofapproximately
30°% ]
Crystals: Ge (111), Si (111), Si (220); A R R R R R TR
The discrete set-energy radiation: ol '

7.162 keV, 7.460 keV, and 12,183 keV
collimator:

Slits output;

beam on the sample size 0.5 x 5 mm2
detection systems:

One-coordinate detector OD-3M-350;
The range of angles 30 °, resolution 0.01 °, the
time resolution of 1 ms.

Sample Holders:

High-temperature X-ray cameras Anton Paar
XRK-900 and HTK-2000

8000

*3-channel system of preparation of gas mixtures on the basis of mass
o flow-controllers;

*hydrogen generator

*Gas analyzer based on SRS RGA-100 quadrupole mass spectrometer

WiTencusHocTs, oTH.eA.
]

Corundum lattice parameter change due to thermal
expansion by heating in an inert atmosphere. Camera
XRK-900, envinment - He.

Tewmnepartypa, °C
430 630

XRD patterns of corundum, obtained at
different photon energies in a fixed
detector position

30 230 700 700

04778 1,307

0,4776
- 1.308

Realized methods 0474
diffractometry with time resolution at high o]
temperatures (up to 1400 ° C in air to s
2000 ° C in vacuum);
diffractometry with time resolution in a oare2]
reaction medium (up to 900 ° C at gas 0760

- 1.305

0,4768

T
22,800

41303

a, Hm

0,4766

0,4764 < 1.302

In Situ Investigation of the structure changes
alloy based on zirconium with saturated

< 1.301

14

pressures from 0.1 mbar to 10 bar);

0,4758

0,4756

T
20 40 60
Bpems, MuH

T
80

< 1.300

1,299

hydrogen from the gas phase



X-ray detectors “Scionix”
Purposes and “Canberra’;

Carrying XANES and EXAFS researches -

determination the charge states of the elements

G eneral view and structure of the local agents in various states
s of aggregation.

Main parameters

Monochromator: channel cut, silicon, crystallographic
planes (111).

The range of photon energies of monochromatic
radiation: 5-32 keV

The concentration of the studied element 0.01-100%.
Possibility of measurements techniques - transmittance
and fluorescence output (in current and counting
modes).

* A study of catalytic nano and precursors for various
processes.
* A study of functional nanomaterials, nano-
semiconductor, thin nanostructured films.
* Study of organometallic compounds

Research applied Pd-Au catalyst raw material ~ compounds and inorganic complex composition.
processing systems from renewable resources " The study of biological objects and archaeological

for pharmacology and medicine finds.

A study of low-interest Ni-Au catalysts
for the conversion of biomass
fermentation products for alternative
energy

 —

1 - two-crystal monochromator;
2.4 - ionization chambers; 3 -
the sample; 5 - the detector

Study of CVD films of hf and Al oxides

(PMT / PDP); 6 - the controller; . : .
’ s 3 : NiK
] PA-Pd, 277A  PaK AulL e | B
7 - management and recording vt RE 7\ SR
Pd-0. —Au-Au, 2.86A Au-0, Au-Au, 2.86A E % 3 o 5
. : ! g A £
system; 8 - PC 3 3 : g e E
3 3 » o oxaioysi| =l i o 3
= E : Au -foil A micrograph of HfO2 / Si wroa =] ol =]
% =N cutting and EXAFS data N owowmoys| &/ g
s pa0Pa 30534 ¥ ! for CVD films based on Al L | £] / U]
;'g % and Hf oxides. Eam 0 20 R-s‘.’i.«\ 60 80 E e E R
ES <l
2 Fiooude | = ; AuAu
_Pd-Pd, 39550 \ P Ao It was established that the method of CVD beta- d ‘20 S
; : \ diketonate complexes Hf and Al nanocrystalline film 2
00 20 40 60 R5(A) 00 20 4D 60 R-3(A) obtained solid solutions of mixed oxides.

It was found that
the structure of the
shell of the active
component Pd-Au
catalysts, leading
to high process

Pd-Au

®

It is shown that the active catalyst

H ° oo Ni-Au component has features of
selectivity. 0 o : f =0 4 o the structure causing high catalytic
H o} H H activity.
OH H HH oH ™H

15



New stations on the wiggler beamline from VEPP-4 storage ring

=
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Phase contrast microscopy

(a) — Absorption contrast, (6) — Differential phase contrast 0®(x)/,
(8) — phase contrast @(x), (2) — Tomographic reconstruction of three-
dimensional structure of strawberries set phase projections.

17
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Studies of the effectiveness of radiation therapy in hypoxia
conditions caused by manganese nanoparticles.

100 - A
90 - f
52 80 -
w 70 -
[~} i
£
g 50 -
T 40 A
3
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5 20 -
n
10 - I
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Beamline for study of the fast dynamic processes
(detonation, explosion etc.)

The old submicrosecond process research

station of the VEPP-3. New explosive camera and detector hutch
on Channel 0 on VEPP-3.

20



VEPP-4M Detonation Beamline

Cratki collimator

Fast detector DIMEX

Explosive chamber for 250 g TNT

SAX signal from the
detonation
nanodiamonds

21



Detonation Diamond nucleation : scale effect

Proportional behavior

TNT, p=1,56

Scale effect

—=—Intensity after sample

—s—Intensity of SAXS

+—-+

Experiment at VEPP-4

I

time*125, ns

Nanodiamond growth reciprocal velocity. a.u.

Explosives diameter, mm

»  The scheme of SAXS _ * The scheme of SAXS experiment
experiment during detonation of during detonation of explosive
explosive trotyl/hexogen. trotyl/hexogen.

« It was found that an increase the mass of explosives leads to increases of produced diamonds mass. Accordingly,
increases the rate of formation of diamonds. However, the dependence of the diamonds mass versus the mass of
explosive is nonlinear. Also there is non-linear dependence of the formation rate of diamonds versus the weight
of the explosives. Thus we observe a scale effect.

« Interpretation: the dependence of chemical reactions from the detonation conditions (diameter), the formation
of larger diamonds in the detonation of explosives with large diameters.

22



Comprehensive study of the dynamics of the dust cloud in gas
environments by SR methods, the PDV laser complex and

piezosensors.

15

14

13

12

E 11

.10

2/ 4 P

¢ g

8

Scheme (left) and general view of experimental assembly: 1- 7

detonator, 3-explosive lens, 6-main charge of THE MB, 7 - tin 6
disk d'26-3 mm; 8 - lavafilm film 0.2 mm thick; 9 - piezo 0

sensor; 10 - hull; 11 - DIMEX detector; 12th PDV collimator

Density*100, g/cm3

-1 T T T T T r T r
10.2 10.3 104 10.5 10.6 10.7 10.8 109 11.0

Sensor, mV

F

z-.—.—.—.—.—-—-—o-

1473

—=—Density*100
—e— Sensor

23

Time, us
Rz 63

Sensor, mV

steps.

1474

Density*10, g/cm®

s
000 sassansuse®

b

L I T
12.0 12.2 12.4 12.6

10
The SR intensity dynamics with 124 ns time

1600
1400
1200
1000
800
600
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200
1]

X, MM

0.2 =
T
1
0.15 | M
. |
2 92—
= \
= \
0.05 \
h \\J\
of \ O i
0 5 10 15 X, MM

The dynamics of dust mass distributions. Every
tenth frame is shown (through 1.24 msec.)

Comparison of piezosensor data with the
density of dust flow in the sensor area. With
large Rz dust clouds on the SR detector can be
seen before the piezosensor registers,
readings from the piezosensor (red dots) and
the dust flow density recorded by the detector
(black dots)



ITER: plasma discharge on the diverter.
Material behavior. Model experiment with
laser pulse heating

LASER pulse

'

0.06 *  Stress relaxation

¥

= 560 1000 1500 2000 2500 3000
Time, microsecond

0.08

0.04

= Jlasep

0.02

X-ray diffraction pattern shift, degree

The scheme of model experiment with
LASER pulse heating during 100 The experimental data of model
microseconds. experiment with LASER pulse heating .

»  Now we are ?r'eparin an experiment to study the
behavior of the crystal lattice of the material of
the fusion reactor first wall in a plasma discharge
on the diverter

24




Soft X-ray and VUV metrology station

Gratis monochromator for Soft X-ray monochromator Reflectometry system in the experimental
VUYV range

Optics layout

The spectral sensitivity of the reference

detector SPD

silicon photodiode development
PTI (St. Petersburg)

The detector is calibrated to the

national metrological

center

German PTB using a cryogenic
radiometer. Calibration

accuracy - 1%.

0.28
S_ — — —— —— -
H
ER
54
£<
g
= 0.24
0.22
0.20
1 1
0.4% x 0 0
- 0.2% x |0
d= 2 “cg il
X x *x
02k A

1 1

04%
Buepris poronos, 58

0
The top graph - the calibratién data (+) and
approximation of data (solid line) of the model

10
00

function. The lower graph shows the

difference between (x).
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R

e

Spectral range: 80-3000 eV
Spectral resolution: 0.1-10%

Spectral range: 5 - 100 eV The range of angles of incidence:

Spectral resolution: 0.3-2% 10°- 85°
The The angle of incidence: 70° Mirrors: Y / Mo, Fe / C, W/ Si; It allows to work with mirrors, crystals
calorimeter. Absolute detector Scanning angle: £ 10° Crystals: mica, RbAP, KAP and diffraction gratings. Investigation
for absolute measurement The'lamce period: 1/300 mm Afljust the aggle of the second of the reﬂegtlon co;fﬁments, rocking
of beam powerof 300 mW or Plating: Gold ) mirror: £ 107 curves, quality focusing systems, etc.
more The ﬁxed. position of the output beam in The fixed position of the output
Measurement accuracy - 2-5% the scanning process - 14 mm beantl in the process of scanning the

spectrum

Sensitivity map measurements

o] ][]
— e
=
e =

pemrenoucane
on

Calibration meter solar activity for a geostationary satellite
"Electro-L Ne3" Customer - Institute of Applied Physics (Moscow)

Cxema KanEposKM Ha
cTaHum "Kocmoc”

Eor—rr|

Two coordinate detector fro
Lebedev Institute (Moscow)

Absolute spectral sencitivity

OTH. uYyBCTBUTENBHOCTD, %

Based on CCD E2V tech.
(GB)

KoopawHata Z, mm

certified measurement

Map sensitivity photodiode FDUK-100UV after local procedure
irradiation dose of 1.8 MGrey (123 J/cm2)



CKHND

Siberian circular photons

source
(SKIF, CKM®)

(CKN& = Scythian)
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TECHNOPROM Forum, Novosibirsk, August 28, 2018
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Light sources (energy-emi’r’rance plot)

Emittance [(nm.rad)
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General layout of the SKTIF Light-

Ener
Linac 200 MeV 2

......... . Beam
AN current

Lattice

Symmetry

. Booster. ;
\ 1Hz.0.2-3 GeV/
Emittance

S
--------

Injection
type
Circumferen
ce

ID

Main Ring. E=3 GeV.
1,=400 mA. =465 m.
€,=200 pkm-rad

RF

100 m

29

3 GeV
Up 400 mA

Mulibend achromat
(7 bends in cell)

16 cells

75 pkm rad (without ID)
Top up

~ 480 m

14 wigglers or ondulators

350 MHz + 1050 MHz



SKIF lattice

v.= 3.175  5p/p=0.000

v, = 1172 201 period, C= 29. 609
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PW%ofocu? %g‘amq%e scanning uXRF (V.S. Sobolev Institute

>

of Geology and Mineralogy );

Structural diagnostic beamline (Institute of Solid State
Chemistry and Mechanochemistry);

Fast dynamic processes beamline (Lavrentyev Institute of
Hydrodynamics);

XAFS-spectroscopy and MCD beamline (Boreskov Institute
of Catalysis);

Phase contrast imaging and microtomography beamline
(Budker Institute of Nuclear Physisc);

Soft X-ray spectroscopy and reflectometry beamline
(Nikolaev Institute of Inorganic Chemistry).



SKIF Light Source for Siberian Region

Main parameters

Powerful impact for development industrial and
Energy 3 Gev scientific infrastructure of the Siberia region
Number of beamlines 30 . . .

: Critical research directions
Circumference 470 m
Interests + new materials: Na,He (>100 GPA). nanodiamonds.

catalysts. composite materials

50 institutes of the Siberian. Ural and Far East
branches Russian Academy od Sciences

More than 10 universities + new propeties: high temperature (200 K)
Industry Chemical. Energy superconduc’rivi‘ry in st 150 GPa

production. mechanical
engineering. pharmacy.

microbiological etc + new medicine: Vitrinol. target delivery
Workplaces . : : :
P .+ new technologies: synthesis and diagnostics of
Workplaces 300 (100 — scientific) . . A .
hano- and hybrid materials. molecular biological
Users (every year) More than 10000 e
processes. modified surfaces
Schedule and cost + future energy production: Comprehensive
RN [EERY research of materials for thermonuclear reactors
Phase -1 S5year 30 billions rubles

o + import substitution. lack of analogues in Russia and
Phase - 2 5 net 2 billions rubles
33 every year much. much more ...



Thank you for attention
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