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SSTRC
Main directions

SR applications activity Veg .  ‘ o 1;‘;
FEL developing, building, maintenance and . it B
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 collabor'aﬂons




Light sources in the SSRTC

| ROKK-1M Detector KEDR




VEPP-3 VEPP-4M VEPP-4M
Low Ener'gy High Ener'gy

Energy, GeV

Circumference, m
Lattice type

Emittance, nm
rad

Max. current, mA

Number of
bunches

SR devises

Optic function in
irradiation point
Bx. By, Nx, M

Source size in
irradiation point
Ox X G, , MM

Critical energy,
keV

Number of
beamlines

72
FODO
~300

100

1-2

Wave length
shifter (2 T)

2,45,07

0.9x0.3

5.3
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Time for SR applications work (hours)
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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

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

«Vzryv-2» (nanosecond diagnostics)

«High presure» - assembling

"Plamya” beamline - developing

Precise difractometry (planning)



“LIGA” station at VEPP-3 x-mask SU-8

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

REELOR A8 LR R R S Y A

+, $3400:15.0kV. 1%.6mm x170 BSE 40Pa 6/11/2013 300um

Electron lithography.

SEM Hitachi Type IT + Nanomaker for microstructure
forming in the thin PMMA layers (2-3 pm) for fabricating
intermediate template for the soft X-ray lithography

Samples of high aspect ratio microstructures: micro-lamellae, micro-grid, array columns



Beamline 3, Scanning uSRXRF
Confocal polycapillary X-ray optics

sample

Microfluid
insertions

50 MKM

: O\ Lenses
AN, N - _ adjustment
X-ray polycapillary lenses stages

150 125 100 75 50 150 125 100 75 50

25

50

i
[

75

100

\

Spatial resolution about 10 ym
3d reconstruction

Elements distribution in the coss-section
of the human hair
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Beamlibe 3. SRXRF. Lake bottom sediments analysis.

"% Rb/Sr ratio, climatological indicator
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XRD experiments at simultaneously high pressure and high temperature
Beamline 4, VEPP-3

High pressure, resistively heated diamond anvil cell and general view of the diffraction experiment

Stability of hydrocarbon compounds at high pressure and temperatures and
implications for the deep structure of the Earth and planets

polycyclic aromatic hydrocarbons - important components of inclusions in the deep “ O ‘
minerals and meteorites
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Structure and anisotropic compressibility
of naphthalene up to 6 GPa

poly-phase inclusions of
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The equation of state of explosives

Diamond anvil

Shockwave experiment

Pressure, GPa

14
@ Diamond anvil

12
@ Shockwave

10

Limit of a
shockwave
experiment

0,75 0,80 0,85 0,90 0,95 1,00

Experimentally obtained curve equation of state of
shockwave loading TATB and compression in the
diamond anvils
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Beamline bb. Time-resolved XRD

One-coordinate detector OD-3 One-coordinate detector OD-3
WAXS mode SAXS mode

Dedication:

In situ study of the phase and structural
transformation during chemical reaction
by X-ray diffractometry

Main parameters:

Monochromator: curved asymetric cut
silicon single crystal Si (111)

Energy: ~ 8.2 keV

Equipment:

One-coordinate detector OD-3:

Angle range: ~ 30 degrees (at a distance of
up to 350 mm of the sample)

Channel: ~0.01°

The number of channels: 3328

Minimum time frame - 1 mks

Maximum load: 10 MHz

XY detector MarCCD

Pixel Size - 80 * 80 mkm

The diameter of the working area - 165
mm

The minimgm reading time — 2 sec

Formation 3D-structure of the silver nanoparticles produced by
the decomposition of the carboxylate
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Phase transformation dynamics in the Self-propagating high temperature
synthesis (SHS) in the mechanical composite materials....
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.. and during formation mixed organic crystals

Peaks of mixtured crystal

Meloxycame

Initial mixture of meloxycame and amber acid
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Beamline 6. Precise diffractometry

General view

MoHoxopmatop B 6yHkepe CW/ B3IMMM-3

The main parameters of the station
Monochromator:

A single-crystal, with the

beam deflection in the vertical plane at
an angle ofapproximately 30 °;
Crystals: Ge (111), Si (111), Si (220);
The discrete set-energy radiation:
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
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XRD patterns of corundum, obtained at

High temperature X-ray chambers

Phase composition of Ni-Cu catalysts for the synthesis of nitrogen-
containing carbon nanofibers and its changes in response
Equpment

Changing the state of the catalyst in a reaction
medium. 100% C2H4

Peanyis paznaxeina C M,

Changes in the catalyst lattice parameter in a

reaction medium. 100% C2H4
N

cutit "’F‘
AN

(002

e
i e L LU T A e

Pusessga painamamnn CH,

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

Autooscillations reaction rate in the catalytic oxidation of light
hydrocarbons to Ni and Pd

W3meHeHre ha3oBoro cocTaBa kaTtanuaatopa, COCTaBa ra3oBOil CMECH Ha BbIXofe W3
peakTopa 1 TemnepaTypbl kaTanuaaTopa B NpOLECcce KaTanuTu4eckoro OKUCIIeHUs MeTaHa

\Hamm neJ, Wk \
S O W N s
e |

ey
LT T T T

Camera Anton Paar XRK-900 experiments at
temperatures up to 900 ° C in an oxidizing or
reducing environment, and gas mixture
pressure of from 0.1 mbar to 10 bar.

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

« hydrogen generator

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

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

In Situ Investigation of the structure changes alloy based on zirconium
with saturated hydrogen from the gas phase

In an atmosphere of hydrogen at 350 ° C is formed of a cubic phase of zirconium

Teﬁ:‘;vepavyp:ﬁ'c hydride, and at 450 ° C there is a transition to the tetragonal phase cubic.
4

different photon energies in a fixed detector ** T—+——= - By 070 0 T : — -
position . q 1308 by | e baf
04772 4 o 1308 / :r" ;
/ o}
Realized methods e a0 /1A e §
diffractometry with time resolution at high ~ z **™ drsn 2 ' / === N A
temperatures (up to 1400 ° Cinairto = | ; O oo
2000 ° C in vacuum); o] | / -
diffractometry with time resolution in a 04760 Zet)
reaction medium (up to 900 ° C at gas oarse 2 i = ===
0478 1209 . 1o

pressures from 0.1 mbar to 10 bar);

Bpems, MuH



Beamline 5a. X-ray microscopy and
microtomograpy

Main layout Monochromator Experimental hatch Two dimensions detector*Photonic
Science”

Effective range: 62 x 41 mm2

The scintillator: Gadolinium oxysulfide
Energy range: optimum 5 - 35 keV
Range of registration: 65536 (16-bit)

(a)

(b)

Collimator

Menochromator _ Channel cut monochromator: Si (111) 1 - sample 2 - first asymmetrical crystal,
Collimator Collimator Detector 3 - second asymmetric crystal, 4 - CCD 4008 x 2670 Fiber optics with
Sample Detector pixel size 9x9 um? magnification 1.73
L . . Density distribution in the explosive Minerals distribution in geological
004 RN N ; samples
L) z ) Testing of the X-ray transparent coatings e g A
'

Collimator
Monochromator

Collimator

1-stcrystal

Sample

SmyrbcuoHHoe BB

16.5m 02m 2-nd crystal

Imaging layout
(a) - without bragg-magnifier, (b) - with
bragg-magnifier

o 0
TNT and hexoﬁen Hexogenwith 7% Tf,

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

without bragg-magnifier: 50 pm

with bragg-magnifier 2 um

Archaeological research

Hair from accent barrows Detail of the tip in buffalo bones



Phase contrast imaging with using Laue Talbot

interferometer
qu G, qu G,
L
> —p]
>
> :;SI
) :#l
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> —=>
>
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(Ag=11/2)
nL=npy,*/ 2

Pa=Pg
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Phase contrast microscopy

Amplitude grating
Phase grating/~ -

Detector

(a) — Absorption contrast, (b) — Differential phase contrast J@&(x)/ X,
(c) — phase contrast @(x), (d) — Tomographic reconstruction of three-
dimensional structure of strawberries set phase projections.
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In-vivo experiments on Hairless SCID mouse

Irradiations zone

Microbeam irradiation Broad beam irradiation
800 Gy 400 Gy
(mouse survived) (mouse died at next day)




Detonation Diamond nucleation : scale effect

Proportional behavior

&

z; 45

g 40 4 Scale effect

2 5.

g ]
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S apd / Experiment at VEPP-4
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S 154

é 10 4

g .

201.0-1.5-2.0-2.5-3.0-3.5-4.0

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.



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

LASER pulse

¥

0.06 *  Stress relaxation

5y
s g

0.021

0.08

X-ray diffraction pattern shift, degree

“77500 1000 1500 2000 2500 3000
Time, microsecond

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 preparing 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



Soft X-ray and VUV metrology station

Optics layout Gratis monochromator for Soft X-ray monochromator Reflectometry system in the experimental

VUV range volume

BY®

MnNu‘(p: war

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

Spectral range: 5 - 100 eV The range of angles of incidence:
o Spectral resolution: 0.3-2% 10°- 85°
The spectral er;;g:l\)/:tg ;)I; the reference The The angle of incidence: 70° Mirrors: Y / Mo, Fe / C, W/ Si; It allows to work with mirrors, crystals
. Scanning angle: + 10° Crystals: mica, RbAP, KAP and diffraction gratings. | tigati
i ; calorimeter. Absolute detector : - . ' ’ gratings. Investigation
SlllCOHP_I?_TOtSOtd'sdte d(;velopment for absolute measurement The lattice period: 1/300 mm Adjust the angle of the second of the reflection coefficients, rocking
(St. Petersburg) of beam powerof 300 mW or Platln_g: Gold_ _ ) mirror: £ 10° 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 beam in the process of scanning the
spectrum

. . Sensitivity map measurements
The detector is calibrated to the

national metrological center | (e | (| [ A2 Calibration meter solar activity for a geostationary satellite
German PTB using a cryogenic : @ P "Electro-L Ne3" Customer - Institute of Applied Physics (Moscow)
radiometer. Calibration } (o= l ‘3 ‘ O —
accuracy - 1%. P 7 J Ry ey cramun "Koonoc: .
TP T ORI ' ’
IEEEY Y
e Ry gty oy g
§ B 0.26 {} ‘
g . L4
g* Two coordinate detector fro A
P on Lebedev Institute (Moscow) o
0.22 G
o : : 1 § - T
. < 0 | )
o b T 3 : :
<= o :"‘“(’5‘ e ,2'_ 5 A
ook : $
0.4% 1 L 10 z
i s 8 w Based on CCD E2V tech. © oopamara Z,mn certified measurement
The top graph - the calibration data (+) and (GB) ’
approximation c?vzg?tiésﬁlfhg:v?tﬁ: the model Map sensitivity photodiode FDUK-100UV after local procedure
: giap irradiation dose of 1.8 MGrey (123 J/ cm2)

difference between (x).



Problems

Currently used storage rings are not dedicated for SR
generation, thus the SR parameters are not satisfying for
modern requirements

VEPP-3 and VEPP-4 are intensively used for high energy
physics experiments, thus SR experiments have a low
priority in operation time sharing rules
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Reasons for creation new source in Novosibirsk

» Siberian Synchrotron Radiation Center (SSRC) unifies many SR
users from different scientific organizations. Most popular modern
scientific techniques are realized on SSRC beamlines.

» Good geographical location of the Novosibirsk Scientific Center
provides effective applications of SR methods for institutes and
universities from Siberian region.

» BINP stuff has a big experience for development and fabrication of
the modern acceleration elements as well as facilities (including
light sources), so possibility to make such source for own needs is
evident,

» Great experience of BINP in developing and fabrication of
superconducting insertion devices for SR centers also gives some
additional kicks for SR source project.

27



Siberian circular photons source
(SKIF. CKN®)

» Project review



National strategy for light sources

—

SKIF project(3 GeV. 480 m)
2. USSR-4 (Kurchatov Institute. Protvino. 6 GeV. 1.3 - 1.5 km)
3. Far East light source (Vladivostok. Russky Island)

» Developing of the optimal scalable cell

» Unification of the straight elements (quadrupoles. sextupoles and
correctors)

» Common approach for design of the bending magnets. dipoles
chambers and girders

» Similarity of the key systems (RF. power suppliers. IDs. frontends
etc)

» Staff education

SKIF can be pilot project for other Russian light sources.

29



SRF “SKIF" KN

The order of the President of Russian Federation Vladimir Putin to

build two synchrotron radiation facilities:

- 6 GeV Machine in Protvino (Moscow region, Kurchatov Institute -
USSR-4)

- 3 GeV Machine in Novosibirsk (BINP and IC SB RAS - SRF
"SKIF")

and x-ray radiation facility at Island Russkiy (Vladivostok - type of

machine is under discussion)
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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

X
|




BINP capabilities
Accelerator elements
and systems
manufacturing

Industrial technologies. big workshop
Experience in the manufacturing different
accelerators systems:
* Magnetic elements
« Insertion devices (including
superconductive)
Vacuum and cryogenic systems
RF system (generators. cavities. waveguides
etc)
+ Electronics for diaghostic and control
Real experience for fabrication and
commissioning of the big accelerator facilities




Stages and funding (bln. Rub. In the prices of 2017)

Subsequent operation for up to 30 years.

___ Stages |18 19 /20|21 12223 24| - |33 34
DR

C

TDR 10 2.2

Accelerator 03 44 50 3.3

Beamlines 06 20 25 25 10 10 10 10
Maintenance 10 1.7 17 17 17

Starting in 2024. developing beamlines of Stage 2
2034 - reaching the design capacity.
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CKND

SRF "SKIF"

Parameter Value

Energy

Current

Emittance

Injection type
Perimeter

Number of experimental stations

Number of ID

3 GeV

Up to 400 mA (2 mA in bunch)
186 pm-rad

(current structure)

61 pm-rad

(under investigation)

Full injection
480 m

6 (first stage)
+24 (second stage)

14



emitance/\(2 (pm.rad)

-t
o
&

10”7

Light sources
(emittance-circumference plot)

emittance scaling

F==BESSY Il m

. SPEAR3

——ALS ?:ALB A’:PLS-I

S—

RF __
S‘S g-Diamond
. =
" Elettra-l TPS
. |
Soleil-y__ MAXIV
-3 ~ Sirius ‘feLSF
———"ALS-U ® cn
e Diamond ||
SLS-I ”‘i‘"‘CL | e 4 pneratio
SKi ina B
-t lf &) e Spring 8|
= t =T E SRF-U
~ @ in operation
L ®
. ® planned/study APS- ok ~PEP-X
® construction/commissioning SSRS-4 perra v
2 3 4 5 6 7 8 & Gev 2

9
1000




SRF "SKIF”




Phase-1 beamlines

Nanofocus beamline. 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).



1-1 «MicroFocus» Beamline

Multi-purpose beamline with diamond ‘beam-splitters’ @K@I@I@I@
(LCLS design)

Four microbeam end-stations for simultaneous ol
operation: s
Macromolecular crystallography Lo
Nuclear resonance L =
Extreme conditions Stoupin et al. 2014

Nano XRF&XRD

Transmission (arb. unit)

Diffraction pattern Electron density map Protein model




1-2 Structural Diagnostics Beamline

Beamline dedicated to application of diffraction techniques for
wide range of research and technology tasks

,0.99 A
SAXS 0.55 A
!n situ
0.38 A
" SC-XRD
T {Be’/
 J g g
SCU 1.65, 0.71, 0.45,
Diamond  Diamond Diamond DCM Si (111) 0.29,0.26... A.
(1) (111) (111) HighRes
Front End - -
Applications

Features

- Source - SC Undulator

- Simultaneous operation of all
sections in main mode (fixed
energy)

- Energy variations for HighRes
section in extra modes (side
sections are out of operation)

- Hydrogen energy, fuel cells

- Catalysis

- Ceramics and energetic materials

- Films and membranes

- Polymers and carbon materials

- Pharmaceuticals
- Disperse phases

- Nanomaterials



1-3 Fast processes Beamline

CKND

The station is designed to study objects with rapidly changing properties and is optimized
for measurements with high temporal resolution up to one bunch.

Experimental methods:
eHigh-speed  radiography
tomography (X-Ray Imaging);
eTime resolved small angle X-Ray
Scattering;

eTime resolved X-Ray Diffraction.

and

In the sector of extremely high

temperatures, the formation of high-

temperature materials under pulsed
heating will be studied.

* Synthesis  of  high-temperature
materials (oxides, borides, carbides)
in the process of electron-beam and
laser processing.

* Production  of  high-temperature
composite materials for parts of
hypersonic and spacecraft and the
needs of nuclear energy.

* Materials science tasks (annealing,
recrystallization, texturing) at high
temperatures..

Station
microfocus

A

temperatures

Station for studying fast processes

sector of

. “Plasma”
extremely high sector

sector of dynamic processes

\ UUDOD
- \

N\

In the "Plasma” sector, the

effect of plasma in a
thermonuclear  reactor on
materials will be investigated:
« the effects of high
temperature and plasma on
materials in a fusion
reactor. It is planned to

reproduce: constant and
pulsed heat load, plasma
flow;
« diffraction measurements

of strain and stress.

In the sector of dynamic processes, the
behavior of a substance under extreme
conditions will be investigated under
intense dynamic effects:

« properties of energetic materials,
shock and detonation front structure,
equation of state, phase tfransitions
under compression, chemical
reactions, dynamic formation of
nanostructures;

*  high-speed deformation and
destruction of materials and
structural elements;

« dense plasma behavior for inertial
thermonuclear fusion conditions.



1-4 XASF & MCD Beamline CKND

Experimental methods:
e XAFS-spectroscopy (EXAFS, XANES, NEXAFS);
e MICD.

®nyopecueHTHbIN Kpucrann-

aHanmsartop
aHanums3 MoHuTOpUHIr

— WK #0 Q MK #1 — VIK#2~|:|~ MarHuTHbIM I

haN OVUXPOU3M S

O6pasey

Mornotutens

Ob6pasey
cpaBHeHust

O6pasey

PeHTreHoBCckumn

CI'IeKTpOCKOI'IVIﬂ PEHTreHOBCKOro norrioweHns o
OMUCCUNOHHbIN CMEKTPOMETP




1-5 High-energy X-ray Diagnostics Beamline

Material studies

Superconducting
wiggler

Monochromator

at high pressures
X-ray microscopy || and temperatures

White beam

Phase-contrast
X-ray imaging

and composite
materials

Monochromatic beam

—
|
|
i
i
i
f \
; ’i |
) \
| ! !
;
f |
Sl | [l
o o -

Characterization of
materials at
pressures ranging to
30 GPa and
temperatures up to
2500°C

X-ray imaging for
biological and medical
application




CKIND 1-6 Electronic structure Bamline

Plane gratings Parametrs:

600 I/mm; 1200 I/mm + Energy range 20 - 1900 eV
» Insertion device - Shifter

*  Monochromator - PGM

30m M1

Tasks: M2/6

1. Near Ambient Pressure XPS

* In situ and operando study of catalysts

« Ex situ and in situ study of wide r
ange of functional materials

3

ARPES

2. UHV-reflectometer
Certification of:

« spectral optical elements Wl *ﬁgad'“;/ - ‘\:’;‘ > ¥
« focusing elements —l ‘;;.',,’,:F" L MOE s
*  X-ray detectors 3

3. Angle Resolved PES

« Investigation of semicunductor
materials

« Investigation of multilayer
materials and interfaces




Todays questions: CKNOD

1. Interest to our project from worldwide synchrotron
researchers community in two way:
- experimental tasks and activity;
- experimental station proposals.

2. Future collaboration on facility construction/building
and using of the new machine SRF "SKIF".

Ya.V.Rakshun@inp.nsk.su
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Thank you for attention



