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Submitted by Gleb Lyubas
For track: X-ray spectroscopy
Authors:
e Gleb Lyubas (Institute of Solid State Chemistry and Mechanochemistry of Siberian Branch
Russian Academy of Sciences, Kutateladze 18, Novosibirsk, 630090 Russian Federation)
» Boris Tolochko (Institute of solid state chemistry and mechanochemistry)
e Vladimir Nazmov (Budker INP, Novosibirsk, Russia)

High-energy physics requires new luminescent materials with nanosecond flash times or less.
The study of luminescent structures based on porous aluminum oxide was carried out in works [1-3].
The use of polymethylmethacrylate as a luminophore has not been practically investigated. This work
is a logical continuation of the works [1-3]. The first aim of this study was to determine the effect of
the molecular weight on the spectral characteristics of the radioluminescence of non-radioactive
synthesized polymethylmethacrylate. The second aim of this study was to determine the effect of the
molecular weight on the optical properties of non-radioactive synthesized polymethylmethacrylate.

This work was supported by the Ministry of Science and Education of Russia (project Ne FWUS-
2021-0004).
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2. G.A.Lyubas, Nanotechnologies in Russia 12, 276 (2017).
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BXOJHOM KOHTPO.Ib BOJIbTAMIIEPHBIX XAPAKTEPUCTHK
KOMIIO3ULBIOHHBIX MTPOBOJAHUKOB HA OCHOBE Nb-Ti CIIJTABOB ITPU
TEMIIEPATYPE ’KUAKOI'O I'EJIUS #2
Submitted by Alexandr Brodnikov
For track: SR and FEL sources and centers
Authors:
e bpogaukoB A.®. (Muctutyt sinepHoit ¢puszuku um. I'.1. byakepa CO PAH (USD), r.
Hosocubupck, Poccus)
o KonnpatseB B.1. (MucTuTYyT simepuoit puzuku um. .M. bynkepa CO PAH (UAD), r.
Hosocubupck, Poccus)

PaccMoTpensl MeTO W HW3MEpHTENbHAs YCTAHOBKA [UISI OMPEICIICHUS JCeWCTBUTEIHHBIX
3HAYCHUH KPUTUYECKOTO TOKA B CBEPXITPOBOHUKAX, TIPU TE€IMEBBIX TEMIIEpaTypax, MOCTYMAOITUX
Ha PBIHOK OT OTEYECTBEHHBIX WM 3apyO€KHBIX MPOU3BOIUTENICH KOMIIO3UIIMOHHOW IPOBOJIOKH,
KPYTJIOTO WJIH TPSMOYTOJIBHOTO ceueHus, Ha ocHoBe cruiaBa Nb-Ti. [IpuBeneHbl pe3ynabTaThbl
HCCJICIOBAHMSI, TOATBEPKAAIOIINE PAOOTOCTIOCOOHOCTh U3MEPHUTEIHLHONU YCTAHOBKH.

B Hacrosiee BpeMs: KOMIIO3UITMOHHBIE TPOBOJIHUKY Ha ocHOBe Nb-Ti crutaBoB mpeo0OmanaroT
HAa MHUPOBOM PBIHKE CBEPXIPOBOISIINX MAaTEPHAIOB. BBUAY JOCTATOYHO BBICOKOW KPUTHUYECKOM
IUIOTHOCTH TOKAa, IIACTHYHOCTH, a TAaK)KE€ OTHOCUTEIILHO HH3KOM CTOMMOCTH, OHM SBJISIOTCS
pPacXoJHBIM MaTEepPUAIOM U IIMPOKO HCHONB3YIOTCS B KPHOTCHHOW TEXHUKE, B IPOJOJIKCHHE
MOCJICTHUX HECKOIBKUX JNecATHwiIeTuid. B maHHbI MOMEHT denepanbHbie 3aKOHbI «O TEXHHYECKOM
perynmupoBarann» U «O CcTaHOapTU3AIMM» HMEIOT CTaTyC «I0OpOBOIBHOTO MpuUMeHeHws» [1],
MMOATOMY OTEYECTBEHHBIC NPEANPUATHS, BKIIOYas 3apyOe)KHbIE, TOCTABISAIONIMNE HAa PHIHOK
pa3IMYHbIE MaTepHalibl, HE HMMEIOT O00S3aTENIbCTB M BO3MOXKHOCTEH OCYIIECTBISATH BBIXOTHOM
KOHTPOJIb TI0 KOJIOCCAJTLHOMY YHCITY CYIIECTBYIOIIMX CBOMCTB, Ja €I M B TUANa30HE KPUOTCHHBIX
TEeMIIEpaTyp.
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[TosTOMy moTydast OT MpOU3BOAUTENIEH KOMIIO3UITMOHHYIO ITPOBOJIOKY Ha ocHOBE Nb-Ti crtaBoB
BBIITYCKaeMYIO0 CEpUHHBIMU MApTUSAMHU MM SKCIIEPUMEHTAIbHBIE 00pa3ibl KOTOPHIE MPEACTaBISIET
coboii kommo3uT, comepkamuii Nb-Ti BosokHa, pacnpenenéHHbIe B MaTPHUIIE U3 BBICOKOYHCTOM
MEIM WM PEe3UCTUBHOrO CIlaBa Ha 0a3e Meau, B COCTaB KOTOPOrO MOTYT BXOAWUTH U JIPYTrHe
MaTepuabl, UCIOIb3yeMble B KauecTBe NU(PPYy3MOHHBIX M PE3UCTHUBHBIX OaphepoB Takue Kak Nb,
Cu-Ni, Cu-Mn. M#bI ocymiecTBisieM BXOAHOH KOHTPOJIb KOMITO3UIIMOHHON IMPOBOJIOKH C IIEINBIO
MPEeIOTBPALLECHUS 3allycka B IPOU3BOJICTBO MPOIYKIMH, HE COOTBETCTBYIOIIEH TpeOOBaHUAM
KOHCTPYKTOPCKOM M HOPMATUBHO-TEXHUYECKOW TOKYMEHTALIUH.

Onepanuy BXOJHOTO KOHTPOJI CBEPXIPOBOJHUKOB pPa3nuyHOW (opMbl peanu3yercs
CIICAYIOIIMM 00pa3oM, W3rOTaBIMBAETCS OMNpaBKa B BHUJC IUIOCKOMAPAIUIETBHOIO MMIMHIAPA B
KOTOpOIl CBEpINIATCS OTBEPCTHsSI, B KOTOPBIX PACIIONAraloTcsi 00pa3ibl HCCIeAYEMBIX MPOBOJOB U3
pa3HBIX NapTUil TPUOOPETEHHOTO CBEPXIIPOBOAAIIECTO IPOBO/IA, Aajiee IPOBOJHUKH 3aKPEIUISIOTCS B
OTBEpCTHSIX, MPOU3BOAUTCS HUIM(OBKA M BCIEJ 3a TEM OINPABKY pacloyiaraeéM B AJIEKTPOHHOM
mukpockorne HITACHI S-3400N. ITo nony4yenHo#l nHpopManuu CKaHUPOBAaHUS NUTH(a IPOBOIOB
MIPOBOAMM aHAIM3 U JeJIaeM 3aKII0YeHHE O KaueCcTBE HCCIeAyeMbIX 00pa3loB, U X AaJbHEHIIEro
NIPUMEHEHHS WIH 3a0paKOBBIBAEM.

Taxke mpu MPOEKTUPOBAHUU CBEPXITPOBOISIINX MAarHUTOB M IPYTMX OOBEKTOB KPHUOTEHHOM
TEXHUKA O0COOyI0  poib  yAENseM  XapaKTepPUCTHUKAM  YKa3aHHbIMU  IPOHM3BOJUTEISIMU
CBEPXMPOBOANINX MPOBOAOB. B cBsi3u ¢ 3tum B MUSD ObulO MPUHATO pElICHHE O CO3IaHUU
W3MEpPUTENIBHON YCTAHOBKH, IPEJHA3HAYECHHOW JUISl ONPEACIICHUS JACHUCTBUTENBHBIX 3HAYEHUU
KPUTHYECKOTO TOKa B CBEPXIPOBOJHUKAX, IMOCTYMAIOIIMX Ha PHIHOK OT OTEYECTBEHHBIX H
3apyOeIKHBIX TIPOU3BOAUTEINICH KOMITO3UIITMOHHON MTPOBOJIOKH, HAa OCHOBE cruiaBa Nb-Ti.

W3mepurenbHas ycTaHOBKa M3roToBieHa Ha 0Oa3e kpuoctara KI'-60/300-1 Bo BHyTpeHHEH
MOJIOCTH KOTOPOTO, B CPEJie KUAKOTO TeIHsl, pacIlojlaraeTcs COJICHOM I, a B €ro IIEHTpaIbHON YacTu
pacrionaraercsi BCTaBKa-aepxareib ¢ oopasoM. [Iuranue conenonna u uccieayemoro odpasia, mo
TOKOBBOJIaM DACIOJIOKEHHBIMA B BEpPXHEH KpBIIIKE KPUOCTATa, OCYIIECTBISIETCS HCTOUYHUKAMHU
nutanus ¢upmbel Danfysik — system 8800 mpu momomm IIK u ynpapmisrormieil mporpaMmsl,
paspabotanHoii B USD.

Jnst onpoOoBaHMsS YCTAHOBKH IO OINPEACICHUIO BOJbTAMIIEPHBIX Xapakrepuctuk (BAX) B
CBEPXITPOBOJAHHUKAX IIPU T€IMEBBIX TEMIIEpAaTypax, ObLIN MPOBEACHBI UCIIBITATEIbHbIE U3MEPEHHUS IO
metoauke MBHc 400-423/8-2018 pazpaborannoit AO «BHUMHM)» [2]. U3mepenus npoBOaUIN HA
oOpasmax KOMIO3UIIMOHHOW MPOBOJIOKH, Ha OcCHOBe cruiaBa Nb-Ti, mmuHOU paBHOU 0,08 M u
muamerpamu 0,5 u 0,85 MM, OTpe3aHHBIMH OT MIPOBOJIOB IUTATHBIX MApPTUH, MpU 3ToM BAX Obutn
yKa3aHbl IPOU3BOIUTEISIMU JAHHBIX CBEPXITPOBOAHUKOB. Kax b1t 0Opasen npunanBascs K onpaBKe
U3 MeOu CceyeHHeM 4X2 MM HUHAMNM-OJIOBSHHBIM HU3KOTEMIIEpaTypHbIM npunoeMm. OmnpaBka c
00pa3oM MOHTUpPYETCS K TOKOBBOJAAM KpHoOcTaTa. B 1meHTpe m3MepsieMoro mpoBojia MpHIIanuBalv
MOTEHIMAJIbHBIE TPOBOJA HAa PACCTOSHUM | CM MeXay coOOH, KOTOpbIe MOAKIIOYAIOTCS K
YHUBEPCATBHOMY NMPEHM3HOHHOMY u3MepuTento B7-99. Bech nponecc usmepeHuid perucTpupyercst
IIPY TIOMOILM MPOTPAMMHOT0 00€CTIeYEHU s, IIOCTABISIEMOT0 C U3MEPHUTEIIEM.

[locne maiiku Bce TEXHOJIOTMYECKHE KaHAaBKM  OOE3KUPUBAIOTCS M 3aJIUBAIOTCS
BBICOKOTEMIIEPATYpPHBIM CHJIMKOHOBBIM Te€pPMETUK-NIpoKiIaakoil. Ilocine oxoHuaTenbHON cOOpKU
BCTaBKH-JIEPKATENs B €ro LIEHTPAIbHON YacTH YCTaHABIMBAETCS NaTYMK XOJUla, AJs U3MEPEHUs
MarHuTHOTO 1oJst, mpousBoacTBa komnanuu «Lake Shore Cryotronics Inc.» (Sensor Model: HGCT-
3020, Mean Loaded Sensitivity: 0,773mV/kG) HemocpeaCcTBEHHO BOJIU3H C HU3MEPSIEMbIM
CBEpXIIPOBOAHUKOM. [lepen mpoBeieHEM UCTIBITAHN BCE CPECTBA U3MEPEHUIN TAHHOM YCTaHOBKH,
OBLITH OTKAJTMOPOBAHBI B METpOJIOTHYECKOU ciy)oe NAD.

Bcenen 3a npoBeneHNEM BceX OpPraHM3allMOHHBIX ONEpalUil MpU 3aJIMBKE B KPUOCTAT KHUAKOTO
TeJHsl, OCYIIECTBIISISI KOHTPOJIh YPOBHS ra3a B KpHocTare u ero temrepartypsl 4,2+1K (matunkamu
temnepatypsl DT-670 Silicon Diodes, xomnanmmu Lake Shore Cryotronics Inc.), a Taxxke
TEeMIIepaTypbl TOKOBBOJAOB. [lasiee mogHMMaeM MarHUTHOE IOJie B cojieHouje N0 ypoBHS 7 Ti
COTJIACHO TOKa3aHWsM natdnka Xoia (54,11+£0,01 mV), B kadecTBe OMOPHON TOYKU YKa3aHHON
MIPOU3BOJIUTENIEM CBEPXIIPOBOJHHKA.
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3anuce BAX B o0pasmax mpoBOAMTCS MPU YBEIUYCHUH CHIIBI TOKa CO cKopocThio 110 0,1 A/c
BIUIOTH JI0 TIOSIBJICHUS BETMUMHBI HANIPSDKEHHOCTH AieKkTpudeckoro nous E paBhoii 0,8 — 1,0 MmxB/cm
[3]. 3a kputnueckuit Tok (Ic) mpuHUMaeTcs: 3HAYCHHSI TOKA, COOTBETCTBYIOIIEE JIEKTPUUECCKOMY
noito B obpasue 0,8 — 1,0 mxB/cMm, kak HaknoH rpaduka log E - log I B ykazanHOM auamnazone
JNEKTPUYECKUX TOJIeH. Pe3ynpTaT n3mMepeHus: KpUTUYECKOTO TOKa B IPOBOAHUKE B 3aBUCUMOCTH OT
MHIYKIIMM MarHUTHOTO TOJIs TpeicTaBiieH Ha rpaduke BAX obpasna nuamerpom 0,5 mm mipu 7 To.

PacueTHoe 3HayeHME KPUTHMYECKOTO TOKA, YKAa3aHHOTO M3TOTOBHUTEIEM  HM3MEPSAEMBIX
CBEPXMPOBOIAIINX TPoBOAOB Ipu 7 Ta momxHo coctaBisaTh 200 A u 372 A. [lonyyeHHoe HaMu
3HaueHue coctaBmwio 212 A u 382 A, uto cocrasisier MmeHee 10% [4] 1 3TO COOTBETCTBYET Ipeaeny
J0OIyCKaeMol OCHOBHOM abconoTHOM morpemHoctd u3mepurens B7-99 koropas cocraBnser =+
(1,5-10-3 + 4,5-10-5-|U|) MmB (U - uzmepennoe Hanpspkerue, MB). Kak BuiHO paboToCcriocoOHOCTH
U3MEPUTEIIBHON YCTaHOBKM MJIl OIpPENEICHMs] JEUCTBUTEIbHBIX 3HAUEHUN KPUTHYECKOIO TOKa
MOATBEP)K/IEHA, a JajbHelllee MOBBIIIEHHE TOYHOCTH pe3ysbTaTa H3MEPEHHH MOXET ObITh
JOCTUTHYTO MYTEM COBEPILIEHCTBOBAHMS COBPEMEHHON MPEIM3UOHHON IU(PPOBON U3MEPUTEIBHON
anmapatypsl, C He MeHee JIOIyCKaeMoi ocCHOBHOM abconmoTHOM norpenrHocThio +0,0025%+0,02 uB.
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SOME COMPOSITE MATERIALS BASED ON AN ALUMINUM MATRIX FROM SHOT
BLASTING WASTE OF VANADIUM ALLOYS #3
Submitted by Danil Eselevich
For track: X-ray structural analysis
Authors:
e Danil Eselevich (Institute of Solid State Chemistry UB RAS)
e Maksim Baklanov (Institute of Solid State Chemistry UB RAS)
e Vladimir Shevchenko (Institute of Solid State Chemistry UB RAS)

Aluminum alloys and composites based on it are widely used in various fields of mechanical
engineering for the manufacture of parts with improved performance. JSC "Uralredmet" mastered
highly efficient industrial production of ligatures for titanium alloys, which are used in the
manufacture of parts for the aerospace industry, defense equipment, shipbuilding and chemical
engineering. The alloy VnAl-65 (V = 60-65%, rest. Al) and VnAl-1 (V = 70-75%, rest. Al) is the
main product for producing Ti-6Al-4V titanium alloy. Increasing volumes of production of Al-V
alloys lead to the accumulation of a large amount of waste at JSC Uralredmet, which has not yet been
used.

The products of shot blast cleaning (shot blast dust, SBD) from ingots of Al-V system ligature
have been certified. Based on the obtained data on phase and chemical analysis, morphology and size
distribution, pressed samples of a mixture of aluminum powders and SBD composition were made:
30 wt. % Al + 70 wt. % SBD and 95 wt. % Al + 5 wt. % SBD. They were annealed in an argon
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medium at temperatures of 750 °C and 1050 °C, electron microscopic and X-ray phase analysis was
carried out. It has been established that after annealing (at 1050°C) tablets with a low SBD content
contain only metal phases in their composition: 49.9% Al; 31.9% Al45V7; 14.3% AI3V and 3.9%
Fe4All13, which indicates the prospects of using SBD for testing the modes of obtaining composite
materials based on an aluminum matrix.

The work was carried out in accordance with the state order of the Institute of Solid State
Chemistry UB RAS Ne AAAA-A19-119031890028-0

IN-SITU STUDY OF STRUCTURAL CHANGES DURING HEATING OF HAp
NANOCOMPOSITES MODIFIED BY TiOy #4
Submitted by Danil Eselevich
For track: X-ray structural analysis
Authors:
e Danil Eselevich (Institute of Solid State Chemistry UB RAS)
e Zakhar Vinokurov (Boreskov Institute of Catalysis SB RAN)
o Svetlana Rempel (Institute of Solid State Chemistry UB RAS, Ural Federal University)

As a basis for bioimplants in medicine, calcium phosphates and composites based on them are
widely used. Due to its high biocompatibility, special attention is paid to synthetic hydroxyapatite
(HAP). In order to significantly improve the mechanical properties (strength, abrasion resistance and
crack resistance), it was modified with titanium monoxide (TiOy). The certification was carried out,
the morphological properties and structure of the obtained nanocomposites (HAP + 10 and 20 wt. %
Ti00.92, HAP + 10 and 20 wt. % TiO1.23) were studied.

The physicochemical properties of the initials and modified HAP were studied in-situ on a
synchrotron radiation source when heated from room temperature to 900°C at a rate of 5°C/min. in a
stream of dry air. It has been established that the temperature shift of phase transitions and the thermal
stability of hydroxyapatite depend on the stoichiometry and the amount of titanium monoxide in the
nanocomposite. Thus, the addition of 10 wt. % Ti00.92 increases the decomposition temperature of
HAP by approximately 100°C. In the case of a content of 20 wt. % Ti00.92, the decomposition
temperature of HAP increases only by 20°C. In nanocomposites, the a-TCP phase appears in the
temperature range of 780—840°C, while the B-TCP phase appears at 860—-900°C. The range of TiOy
phase transitions is 480-600 °C and depends on the initial stoichiometry and the amount of additive.

All phases of nanocomposites are biocompatible after heat treatment up to 900°C. The oxyapatite
and TiO2 phases retained the nanostate of their initial components, while o- and B-TCP were
microcrystalline.

The reported study was funded by RFBR, project number 20-03-0067

RADIOLUMINESCENT OF CORUNDUM/GARNET STRUCTURES #5
Submitted by Alexey Zavjalov
For track: X-ray fluorescent analysis
Author: Gleb Alexandrovich Lyubas (Institute of Solid State Chemistry and Mechanochemistry SB
RAS, 630128 Novosibirsk, Russia)
Co-authors:
o Alexey Pavlovich Zavjalov (Institute of Solid State Chemistry and Mechanochemistry SB
RAS, 630128 Novosibirsk, Russia)
e Oleg Olegovich Shichalin (Far Eastern Federal University, 10 Ajax Bay, Russky Island,
Vladivostok 690922, Russia)
e Anastasia Andreevna Vornovskikh (Far Eastern Federal University, 10 Ajax Bay, Russky
Island, Vladivostok 690922, Russia)
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e Denis Yurievich Kosyanov (Far Eastern Federal University, 10 Ajax Bay, Russky Island,
Vladivostok 690922, Russia)

This work is a logical continuation of the works [1-3]. ALO3—Ce:YAG and Al,O3;—Ce:(Y,Gd)AG
composite ceramics were fabricated by reactive spark plasma sintering (SPS) using high-purity
commercial oxides. In brief, a-203 (99.99%, Fenghe Ceramic Co., Ltd, China; d~0.2—0.4 um), Y203
(99.999%, Fujian Changting Golden Dragon Co., Ltd, China; d~5 um), Gd203 (99.999%, Jining
Zhongkai New Materials Co., Ltd, China; d~3—5 um), CeO2 (99.99%, Alfa Aesar Chemical Co., Ltd,
China; d~2—3 um) were used as raw materials. For the ceramics, the molar ratio of garnet/A1203 was
controlled to be ~1.3 (Al,O3 content was ~11.5 wt%); the Ce*" and Gd** concentrations were set to
be 0.1 at% and 25 at%, respectively, according to the stoichiometric ratio of (Ce+Y+Gd):Al=3:5 for
the YAG phase. Sintering additives were 0.8 wt% tetraethyl orthosilicate and 0.08 wt% MgO. The
raw materials were mixed for 12 hours by a planetary ball mill (QM-3SP2, Nanjing Chi Shun
Technology Development Co., Ltd., China) with a rotation speed of 279 rpm, using ethanol as a
dispersant and alumina balls as grinding media, respectively. Then the obtained homogeneous slurries
were dried at 70 °C in an oven, sieved through a 200-mesh screen, and calcined at 600 °C in the air
for 4 hours. The prepared powder systems (sample 1.5 g) were loaded into a graphite die with an
inner diameter of 15 mm, the internal surface of which was covered with a graphite sheet, subjected
to an SPS-5158S sintering machine (Dr. Sinter LAB™, Japan), and pressed. SPS experiments were
conducted in a vacuum (~6 Pa) at the temperature 1450 °C and dwell sintering time 15 min (under
external pressure 30 MPa). After sintering, the ceramics were annealed in the air at 1000 °C for 10
hours to recover oxygen vacancies and remove residual stress. Finally, samples were mirror polished
for further measurements.

To study the spectral and kinetic characteristics, X-ray spectroscopy with time resolution was
used when a synchrotron radiation beam was excited at the experimental station “X-ray spectroscopy
with time resolution” of Siberian Synchrotron and Terahertz Radiation Center (SSTRC), Budker INP,
Novosibirsk. The maximum of the spectrum of the sample 0.75A1203—Y2.997Ce0.003A15012 lies at =533
nm, the maximum 0.75A1,03-Y2.247Gdo.75Ce0.003Als012 lies at =542 nm, i.e. the addition of
gadolinium leads to a shift in luminescence to the red region of the spectrum (the so-called “redshift”).

Also, the second sample in the red region of the spectrum clearly shows a line associated with
the addition of gadolinium (the maximum of the line is approximately at ~628 nm), which may be
interesting, including from the point of view of combining these laser structures with He-Ne lasers
operating at a wavelength of 0.63 microns. The intensities of the samples are the same.

Acknowledgments: This work was partially supported by the Ministry of Science and Higher
Education of the Russian Federation (Project No. FWUS-2021-0004), and by the Russian Science
Foundation (Project No. 20-73-10242; Fabrication of AlbO3—RE:YAG (RE=Ce; Ce+Gd) composite
ceramic phosphors). D.Yu.K. is grateful to the Council for Grants of the President of the Russian
Federation (scholarship no. SP-3221.2022.1).
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THE SECONDARY SYNCHROTRON RADIATION SOURCE AT VEPP-4 #6
Submitted by Boris Tolochko
For track: X-ray structural analysis
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Co-authors:
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On the synchrotron radiation beamline of VEPP-4 No. 8, a secondary SR source was formed with
dimensions of 25x25 um (7x7 pm in plans). This made it possible to realize the registration of small-
angle X-ray scattering from a minimum angle of 0.2 deg. At VEPP-3, the initial SAXS detection
angle is 0.6 deg. This methodological result expands the range of research of nano-objects by 3 times,
which is extremely necessary for our users.

A problem has been discovered: the micron slits of the secondary source under the action of SI
VEPP-4 due to the arising thermal stresses completely overlap after 10 seconds of operation under
the beam.

This work was supported by RFBR grant number 19-29-12045.

INVESTIGATION OF "DUSTING" USING SYNCHROTRON RADIATION #7
Submitted by Konstantin Ten
For track: SR technological application and X-ray apparatus
Author: Konstantin Ten (LIH SB RAS)
Co-authors:

e Edward Pruuel (LIH SB RAS)

o Aleksey Kashkarov (LIH SB RAS)

o Iwan Rubtsov (SRF BIC SB RAS)

o Aleksey Studennikov (SRF BIC SB RAS )

e Boris Tolochko (ISSC SB RAS)

e Lev Shekhtman (BINP SB RAS )

e Aleksandr Garmashev (FSUE RFNC VNIITF )

e Dmitriy Petrov (FSUE RFNC VNIITF )

e Evgeniy Smirnov (FSUE RFNC VNIITF )

o Kirill Novoselov (NSU)

The exit of a strong shock wave to the free surface (FS) of a metal sample leads to the ejection
of a cloud of particles from the front of the FS (the so-called "dusting"). The destruction of the FS
into microparticles occurs due to the presence of small inhomogeneities, in which stress concentration
occurs, leading to the detachment of microparticles. Interest in this phenomenon is associated with
the influence of the "dust" emission on the results of measurements of the dynamics of the motion of
the SP using shadow, electric contact and laser methods of motion registration. Experimental study
of these processes is very difficult due to the small size of microparticles (1 - 100 microns) and high
speeds of their flight (1-5 km/s). The most commonly used systems are laser systems (PDV) and
piezo sensors. Their advantages are multi-channel and the possibility of transportation. And the
disadvantages are the low accuracy and complexity of calibrating the measured readings (data).
Synchrotron radiation makes it possible to obtain many radiographic images (movies) of the process
of generation and dynamics of a cloud of microparticles.

The report presents the results of simultaneous measurements of the dynamics of a dust cloud by
three methods - laser PDV, piezo sensors and synchrotron cinema. It is shown that integrally all
methods are equivalent, but "fast" measurements of cloud density are visible only with SR
radiography.
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ON APPLICATIONS OF ULTRASHORT PULSES X-RAY PULSES GENERATED BY
THE INVERSE COMPTON SCATTERING #8
Submitted by Ruslan Feshchenko
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e Ruslan Feshchenko (P.N. Lebedev Physical Institute)
e Igor Artyukov (P.N. Lebedev Physical Institute)
e Alexander Vinogradov (P.N. Lebedev Physical Institute)
e Vasiliy Shvedunov (Skobeltsyn Institute of Nuclear Physics)

Ultrashort X-ray pulses with duration in the picosecond range are useful for various applications
in such diverse areas as the condensed matter physics, material sciences, inorganic chemistry and
molecular biology [1]. This may include, for instance, observing phase transitions in solids in real
time, X-ray structural analysis of transient states (including lattice deformations caused by laser
heating) as well as studying fast processes such as heat and phonon propagation in solids. Other
examples are investigating chemical reactions processes in solutions, solid-state decomposition, and
explosion of energetic materials and studying evolution of the structure of complex proteins with a
picosecond temporal resolution. Picosecond X-ray pulses can be used to study phase transitions in
chalcogenide alloys such as Ge2Sbh2Te5 (GST) or similar materials, which may find applications in
the so-called Phase Change Memory (PCM) vying as a replacement of both DRAM and FLASH
memories [2].

While there exist different ways of generating ultrashort x-ray pulses, which are based on laser
plasmas, synchrotron radiation, X-ray lasers and X-ray tubes, these methods do not satisfy the needs
of all users. So, in present work a design, X-ray radiation parameters and possible applications of the
Picosecond Compton X-ray Sources (PCXSs), which are based on scattering of short and energetic
laser pulses by trains of low emittance electron bunches produced by a linear accelerator, are
considered. It is demonstrated that creation of such sources is feasible based on the existing
accelerator and laser technologies. The design of both the linear accelerator and main laser system of
PCXS are considered. A possible design of the X-ray optical system delivering X-ray pulses onto the
sample is also discussed.

[1] M. M. Murnane, H. C. Kapteyn, S. P. Gordon, R. W. Falcone, Ultrashort X-ray pulses, Applied
Physics B, 58(3), 261--266 (1994).

[2] H. Hayat, K. Kohary, and C. D. Wright, Emerging Nanoscale Phase-Change Memories: A
Summary of Device Scaling Studies, (2016).

SPIN-ORBIT INTERACTION IN OSMIUM COMPLEXES #9
Submitted by Igor Asanov
For track: X-ray spectroscopy
Author: Igor Asanov (Nikolaev Institute of Inorganic Chemistry)
Co-authors:
o Anastasia Fedorenko (Nikolaev Institute of Inorganic Chemistry)
o Tatiana Asanova (Nikolaev Institute of Inorganic Chemistry)

The discovery of the influence of strong spin-orbit interaction (SOI) on the properties of
compounds has revealed a new class of so-called spin-orbit materials. A strong SOI can change the
electrical and magnetic properties of materials. The most well-known materials with strong SOI are
compounds with unusual electrical and magnetic properties - topological dielectrics, compounds with
an SOIl-induced metal-dielectric transition, compounds with low-dimensional, exciton and singlet
magnetism.

To understand and predict properties in such materials, it is necessary to identify structural factors
that affect the parameters of the electronic structure associated with SOI and understand the
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mechanism of their influence. The most promising method of study is the use of an X-ray absorption
spectroscopy and theoretical calculations of the electronic structure. X-ray absorption spectroscopy
provides information about the local geometry, atomic structure, and the electronic structure,
including the density of vacant states, charge, orbital and spin state of the system. Theoretical
calculations make it possible to determine the SOI value and its effect on the electronic structure and
physicochemical properties.

Osmium(IV) octahedral complexes were chosen as objects of study in the work. Osmium
compounds are still poorly understood, despite the discovery and prediction of unusual magnetic
properties (singlet magnetism, Kitaev magnetism). Measurements of the magnetic susceptibility
showed the presence of a magnetic moment, even though the electron configuration of Os atom is d4
in an octahedral environment of halogen atoms, and should correspond to a zero total moment.
Measurement of X-ray absorption spectra at Os L2,3 edges during the formation of finely dispersed
Pd-Os and Pt-Os bimetallic alloys at the thermal decomposition of double complex salts
[Pd(NH3)4][OsCl6] and [Pt(NH3)4][ OsCl6] shows an unusually large ratio of the intensities the
absorption edge L3/ L2 [1]. This indicates a strong electronic interaction in these complex salts, and
a large value of SOI operator L.S, comparable to iridium compounds where metal-insulator transitions
were found. Calculations of the electronic structure and spectra made it possible to estimate the value
of the SOI constant in the complexes ~0.4 eV, to reveal the character of the SOI influence depending
on the composition and geometry of the ligands and noncubic distortions of the [OsCl6]2- cluster.
The results of the work are important for the development of materials with new magnetic properties.

References
1. Asanova T.I., Asanov I.P., Yusenko K.V. et al. /Mater.Res.Bull.2021.V.144.P.111511.
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K-CA CARBONATES AS PART OF THE DEEP CARBON CYCLE #10
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o Sergey Rashchenko (1Sobolev Institute of Geology and Mineralogy SD RAS, Novosibirsk,
Russia 2Budker Institute of Nuclear Physics SD RAS, Novosibirsk, Russia 3Novosibirsk
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e Sergey Goryainov (1Sobolev Institute of Geology and Mineralogy SD RAS, Novosibirsk,
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o Alexey Ancharov (Institute of Solid State Chemistry and Mechanochemistry SB RAS)

Alkali carbonates present an essential but still poorly investigated part of the deep carbon cycle
related to the formation and evolution of the mantle carbonatite magmas. There is no definite view of
the presence of alkali carbonates in the mantle as stable phases or simply as daughter products within
the crystallization sequence of alkali melts. The recent discovery of a number of double K-Ca
carbonates in the high-pressure experiments [1,2] stimulates a search for the potassium-bearing
phases stable in the mantle conditions. Here we present the first results of the in situ X-ray diffraction
and Raman spectroscopy studies of the double K-Ca carbonates with different K:Ca stoichiometry in
a wide P-T range. New interesting features of the structure compression mechanisms were revealed.
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The obtained data suggest a limited occurence of alkali carbonates as crystalline phases at deep Earth
conditions.

This work is supported by the Russian Foundation for Basic Research (grant No 21-55-14001).
The work was partly done at the shared research center SSTRC on the basis of the VEPP-4 - VEPP-
2000 complex at BINP SB RAS. Diffraction experiments were also performed at the ESRF
(Grenoble, France) and PETRA III (DESY, Hamburg, Germany).

References:

[1] Shatskiy A., Litasov K.D., Palyanov Y.N., Ohtani E. (2016) Phase relations on the K2CO3—
CaC0O3-MgCO3 join at 6 GPa and 900-1400 °C: implication for incipient melting in carbonated
mantle domains // American Mineralogist 101(2), 437-447.

[2] Arefiev A.V., Shatskiy A., Podborodnikov I.V., Rashchenko S.V., Chanyshev A.D., Litasov
K.D. (2019) The system K2CO3—-CaCO3 at 3 GPa: link between phase relations and variety of K—
Ca double carbonates at < 0.1 and 6 GPa // Physics and Chemistry of Minerals 46, 229-244.

INPUMEHEHMUE LIGA-PACTPOB JJIS1 ®PUJIBTPAIIUU PACCESIHHOT'O
W3JTYUYEHMS B JIEHTAJIbHOU PEHTTEHOTI' PAOUU #11
Submitted by Evgeny Iv. Palchikov
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Authors:
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Metonom LIGA-T€XHONIOTHI € MCIOJIB30BAHUEM CHHXPOTPOHHOTO H3IYYECHHUS YCKOPHUTENS
BOIIII-3 co3naHbl 3KCIIEpUMEHTANIBHBIE IK3EMILISIPBI HIECTUTPAHHBIX MUKPOCTPYKTYP HHUKEJIEBBIX
pactpoB TonmuHoN 1200 MKM 1 quaMeTpoM KaHaiioB 80 MKM.

[Tomy4yeHHBI pacTp OBUI HCHONB30BAaH B OSKCIEPUMEHTAaX M0 YIYUYIICHHIO KadecTBa
M300pakKeHUH, TOJy9aeMbIX Ha CTaHIAPTHOM 3yOOBpauyeOHOM BHU3HOTPAUIECKOM KOMILICKCE
SIRONA — peHrTeH-anmnapar ¢ HanpsHKEHHEM Ha PeHTIeHOBCKOM TpyOke 60 kB m MakcuMymoMm B
criektpe uzinydenus 40 k3B ¢ marpuunbiM [13C-geTekTopom.

Buonoruueckue TKaHH, OKpYy’Karolye 3y0 U CTOsIIKE Ha MyTH Iy4Ka (JeCHa, IeKa) COCTOAT U3
3JIEMEHTOB C HU3KUM HOMepoM sizpa. [Ipu nmpoxoxkaeHnu ckBo3b HUX (GOoTOHOB ¢ 3Hepruii 30-50 k3B
3HAUUTENIbHBIN BKJIaJ NPUXOAUTCS HAa KOMIITOHOBCKOE PACCESHUE, UYTO NMPUBOANUT K YXYALICHUIO
KauecTBa peHTreHorpamm. PaccessHHOe TKaHSIMU 00BbEKTa CheMKH BTOPUYHOE M3TYyUCHHE MOIaaeT
Ha Bce nukcenu [13C-gerexkropa, CHIXKast KOHTpACT u3o0paskeHus. [t cHKeHus JanHoro 3ddexra
MIPOU3BOJIUTENN BHU3UOTPAPUUECKUX KOMIUIEKCOB HCHOJB3YIOT MPOrpaMMHYIO (DUIIBTPALIUIO
M300pakeHU C TOAYEPKUBAHMEM KOHTYPOB M YaCTOTHOW (uibTpammen, 4YTO CHHXKAeT
MIPOCTPAHCTBEHHOE pa3pelIeHne U MOXKET MPUBOAUTD K MOSBICHUIO apTe(aKTOB.

Pa3memenue pactpa HenocpenacteHHo nepen I13C-nerekTopoM no3BOIISET OTCEYb PACCESHHOE
U3ITy4YEHUE U YBETUYUTh COOTHOILIEHUE CUTHAJI/IITYM MPAaKTUYECKU 0€3 yXyALLIEHUS SIPKOCTH CHUMKA.
[IpssMoli My4OK OT pPEHTTEHOBCKOTO MCTOYHHMKA MPOXOJUT YEpPe3 pacTp NPAKTUUYECKH HE
3aziepkuBasich. PaccesHHOe u3nmyueHune, Nomnajgaromiee Ha pacTp moJ OOJIbIIUMHU YIilaMHu, HAa000poT,
MaKCHUMaJIbHO TIOTJIOIIAETCS CTEHKaMH pacTpa. B omiMume OT CyImEecTBYIOIIMX —OOJIBIINX
OJTHOMEPHBIX PacTpOB, MPUMEHSEMBIX, HalpUMep, NMPU PEHTTEHOBCKOW ChEMKE JIETKHX, JaHHBIN
pacTp — IByMEpHBIH, YTO TO3BOJISIET JIyullle (GUIbTPOBATH BTOPUYHOE U3ITyUYEHHE.

CpaBHeHHE TPACCUPOBOK IU(PPOBBIX CHUMKOB MOKA3bIBAET JIYUILINI KOHTPACT MYJIbIIbI U LIENN
MEXIy TIoMO00i M 3yOOM B cilydae NpUMEHEHHUs pactpa. Takod sxe 3¢ddexkr momydeH mnpu
TpaccUpoBKe TOINepeKk 3yOHOTo KaHaia C pacTpoM. TakuMm o0pa3oMm, MOKa3aHa BO3MOXKHOCTb
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ucrions3oBanus LIGA-pactpa s ynmydmieHUsT KOHTpAacTa M COOTHOIICHUS CHUTHAI/IIYM ISt
JCHTAILHOW CheMKH. J[J1s1 MalbHENIero pa3BUTUs. METOIMKH JKENATeIbHO CO3/aTh HOBBIE 00pa3IlbI
pacTpoB ¢ 6osee BBICOKUM HOMEpPOM aTOMHOTO Sifjpa U KaHajJaMH, OPUEHTHUPOBAHHBIMU Ha (HOKYC
PEHTI€HOBCKOM TPYOKH.

THE LUMPED UHV PUMPS ON BASED NON-EVAPORABLE GETTERS #12
Submitted by Alexey Semenov
For track: SR and FEL sources and centers
Author: Alexey Semenov (BINP SB RAS)
Co-authors:
e Alexander Krasnov (BINP)
e Vadim Anashin (BINP)

In the time a vacuum obtaining in the modern accelerators is impossible to present without an
applicantion a lumped vacuum pumps on based the non-evaporable getters (NEG). These pumps are
one of the types using for vacuum obtaining in the synchrotron source of 4th generation SFR “SKIF”.
A company named “Polema” (Tula, Russia) is one of the reliable and proved manufactures the NEG
in Russia. The results for the NEG prototype investigations (300 I/s, 600 1/s, 900 1/s for Hydrogen)
created by BINP are presented here.

References:
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Atomizdat, M., 1976

[5] G.L. Saksaganskii, Getter and Getter-lon Vacuum Pumps (Harwood Academic Publishers,
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Earlier the review paper devoted to the possibility of exploiting the spontaneously emerging two-
dimensional electron gas (2DEG) state at the SrTiO3-TiO2 interface to influence the thermoelectric
characteristics of the material was published [1]. The idea is to construct by relatively simple
consolidation methods oxide biphase materials (which was previously demonstrated using the Y203—
MgO system [2]) with a chessboard grain to saturate materials by 2DEG state to improve
thermoelectric effectively for high temperature applications as a part of a comprehensive solution of
the tasks of optimizing traditional methods and the development of alternative types of energy
production.

Ceramics was obtained by reactive spark plasma sintering of SrCO3 and TiO2. This work is
dedicated to results of applications of synchrotron radiation (SR) techniques implemented at the
shared research center SSRC on the basis of the VEPP-4—-VEPP-2000 complex at the Budker Institute
of Nuclear Physics of Siberian Branch of Russian Academy of Sciences [3] on the experimental
stations of the VEPP-3 storage ring to study of the dynamics of the reaction between the components
(station 5b “Diffraction Cinema” [4]) and to detect quantum size effects by X-ray luminescence
spectroscopy (station 6b “X-ray spectroscopy with time resolution”) and XANES (station 8 “EXAFS
spectroscopy”).

In situ heating XRD experiments made it possible to understand the phase transformations
specific dynamic. It has been shown that an excess of TiO2 in the mixture intensifies the interaction
reaction of the components, which is expressed in an earlier (by ~100 °C) onset of the formation of
the SrTiO3 phase. At the same time the reaction between the components is completed by ~1000 °C.
In comparison with the dynamics of compaction, this indicates that in the temperature range of 1000-
1200 °C, non-reactive sintering processes are activated.

Clear signs of size quantization in biphasic ceramics were detected by the X-ray luminescence
method, which is expressed in the blueshift of the biphase ceramics luminescence spectrum by 21+£9
meV and its narrowing by 19.9+1.7 % in comparison with the proportional sum of spectra of separate
components [5].

XANES also demonstrate the suppression of the pre-edge lines of the biphase ceramics spectrum
up to ~20% in comparison with the proportional sum of spectra of separate components. That’s should
be modeled for a clear interpretation.

This work was supported by the Russian Foundation for Basic Research (Project No. 18-29-
11044).

A.P.Z. appreciate the financial support from the Ministry of Science and Higher Education of the
Russian Federation within the governmental order for Institute of Solid State Chemistry and
Mechanochemistry of SB RAS (Project No. FWUS-2021-0004).

D.YuK. is grateful to the Council on grants of the President of the Russian Federation
(scholarship No. SP-3221.2022.1) for supporting the studies devoted to obtaining advanced
composite ceramics by the reactive sintering technology.

The work was partially done at the shared research center SSTRC on the basis of the VEPP-4—
VEPP-2000 complex at Budker Institute of Nuclear Physics of Siberian Branch of Russian Academy
of Sciences.
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KOMINIEKCHOE CTPYKTYPHOE IN SITU UCCJIIEJOBAHHUE ND1.6CA0.4NI1-yCUyQ4+a
(Y =0.0-0.4) C TIPUMEHEHHUEM INOPOIIKOBOM PEHTTEHOBCKOM 1
HEWUTPOHHOM JIN®PAKIIMA B CPEJAX C PA3JIMYHBIM MAPIIUAJIBHBIM
JABJIEHUEM KUCJIOPO/JA. #14
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Kpucramnmuueckas ctpykrypa oopasnoB coctaBa Ndi.¢Cao.aNiiyCuyOs+s (y = 0.0-0.4, Ay = 0.1)
U ee TOBEJCHHE IMPH BBICOKUX TEMIIEpaTypax B Ta3oBbIX Cpelax C Pa3IMYHBIM MaplHalIbHBIM
JaBJIEHHEM KHCIOpoAa Obljla U3y4eHa METO/IaMU in situ MOPOIIKOBON PEHTI€HOBCKOM Au(pakiuu ¢
HCIOJIb30BAHUEM CHUHXPOTPOHHOTO M3Iy4deHHs Ha cTaHIuu «lIpennsnonHas qudpakToMeTpus - 2»
BOIIII-3, CLCTU, UAD CO PAH [1], naGoparopnoro mudpakromerpa Bruker D8 Advance
(Karlsruhe, Germany) W BpeMANpOJETHOW TMOPOIIKOBOM HEUTPOHHON JH(PPAKIIUKA BBICOKOTO
paspenieHuss Ha HEUTpoHHOM audpakromeTpe Bbhicokoro paspemenus (DIBP), JlaGoparopwus
HeiitpoHHoil ¢u3uku um M. M. @panka (OObeIMHEHHBIH MHCTUTYT SACPHBIX MCCIEAOBAHHM, T.
Hy6Hua) [2].

N3yuaemble B JaHHON paboTe 00paslbl SBISIOTCS NEPCHEKTHUBHBIMHU JUIS TPUMEHEHUS B
KayecTBE MaTepuasoB KaTOJ0B CPEAHETEMIIEPATYPHBIX TBEPJOOKCHIHBIX TOIIMBHBIX 3JIEMEHTOB (B
TOM YHCJIE€ C TPOTOH-ITPOBOISALIMMU 3IEKTpoIUuTaMu) [3].

In situ peHTTeHOBCKOM AudpaKirei ObUTH OnpeieJIeHbI TeMIepaTyphl hazoBoro nepexona Bmab
— [4/mmm nns Bcex 00pa3ioB MpH NOCIEI0BATEIILHOM HarpeBe U OXJIAXKICHUH CHavyaja B atmocdepe
cuHTeTnyeckoro Bozayxa (80 % He+ 20 % O2), 3atem B atmocdepe renus. TemnepaTypsl ha3oBoro
nepexojia OKa3ajich BBIIIE B aTMoc(epe renus, 4To ObUIO CBA3aHO C YMEHBIICHHEM KOJIMYECTBA
BBICOKOIIO/IBIDKHOTO MEXKJ0Y3€JIbHOTO KHUCJIOpOAa B CTPYKType IMpU HarpeBe B arMmocdepe ¢
MOHMKEHHBIM MapLUAIbHBIM JaBICHHEM KHUCIOopoJa. beutn u3mepeHsl 00beMHbIe KO PHUIMEHTHI
TEIJIOBOTO pacIIMpeHus, 00HapyxeHo ymeHblieHne 00beMHbIx KTP npu nonmmupoBanuu Mensio.

Hcnonb30BaHne HEUTPOHHOMN TU(PPAKLINU TO3BOJIMIO YCTAHOBUTH KOOPAWHATHI U 3aCEIEHHOCTh
KHCIIOPOJIHBIX MO3UIMI B CTPYKTYpPE 10 U MOCIIE BEICOKOTEMIIEpaTypHO 00pabOTKH Ha BO3AYXE U B
Bakyyme (10 Gap). Beuio oOHapyxkeHO mHepepacHpejelieHHe KHCIOpOAa MEKIY amuKalbHOM
MO3UIMENl B KHUCIOPOJAHOM OKTajJApe BOKPYTI MEPEXOJHOT0 MeTajljia M MO3UIMEeH KUCIOPOJHOTO
Mexaoy3nua B crpykrype tuna KoNiFs4 mocne BbicokoTemmepaTypHOi OOpabOTKM Ha BO3IyXeE.
JlomoTHUTENBHO OBLIO ONIPEIETICHO, YTO KUCIOPOAHbIE BAKAHCHUH JIJIsl JAHHBIX 00Pa3IoB 00pa3yoTcs
B OCHOBHOM B alUKaJIbHOH MO3UIIUH KHCIOPOJHBIX OKTA3POB.

JlanHast paboTa BBINIOJHEHA B pamMKax (PMHAHCHUPOBAHUS MPOEKTa rOCYAapCTBEHHOTO 3aJaHMS
MuHHCcTEpCTBa HayKH | BbIciiero oopasosanusi Poccuiickoit @enepanuu st HKIT « CKUD» UK
CO PAH.
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V.L., Karnaev S.E., Kiselev V.A., Levichev E.B., Meshkov O.1., Mishnev S.I., Nikitin S.A.,
Nikolaev I.B., Sinyatkin S.V., Vobly P.D., Zolotarev K.V., Zhuravlev A.N. Synchrotron Radiation
Research and Application at VEPP-4//Physics Procedia, 2016, Vol. 84, P. 19-26.

2. Balagurov A., Balagurov D., Bobrikov 1., Bogdzel A., Drozdov V., Kirilov A., Kruglov V.,
Kulikov S., Murashkevich S., Prikhodko V., Shvetsov V., Simkin V., Sirotin A., Zernin N.,
Zhuravlev V. High-resolution neutron Fourier diffractometer at the IBR-2 pulsed reactor: A new
concept//Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions with
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Materials and Atoms, 2018, Vol. 436, High-resolution neutron Fourier diffractometer at the IBR-2
pulsed reactor, P. 263-271.

3. Tarutin A.P., Lyagaeva J.G., Medvedev D.A., Bi L., Yaremchenko A.A. Recent advances in
layered Ln 2 NiO 4+9 nickelates: fundamentals and prospects of their applications in protonic
ceramic fuel and electrolysis cells//Journal of Materials Chemistry A, 2021, Vol. 9, Recent
advances in layered Ln 2 NiO 4+96 nickelates, No. 1, P. 154-195.

THZ REFRACTOMETRY OF METAL SURFACES VIA SURFACE PLASMON
INTERFEROMETRY ON THE NOVOSIBIRSK FREE ELECTRON LASER #15
Submitted by Vasily Gerasimov
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Authors:
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A novel method is proposed for determining the average permittivity of highly conductive
reflecting metal surfaces in the terahertz range from the characteristics of surface plasmon polaritons
(SPPs) (propagation length and refractive index) measured with Michelson SPP interferometer using
THz radiation of the Novosibirsk free electron laser. This method is reliable and allows avoiding the
parasitic effect of SPP radiation losses generated on metal surface inhomogeneities.

CHERENKOYV RADIATION BY A CHAIN OF BUNCHES MOVING INSIDE A
PARTIALLY DIELECTRIC LOADED WAVEGUIDE #16
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In this report we are going to deliver our recent results on the radiation by a chain of relativistic
electron bunches moving along the cylindrical waveguide axis, assuming, that the waveguide is
loaded with a dielectric substance. We have output the analytical expression for the spectral
distribution of radiation energy flux through the waveguide cross section at large distances from the
plate obtained solving Maxwell equations for the motion of a single electron along the waveguide
axis. The numerical analyses prove the feasibility of getting a quasi-coherent Cherenkov radiation by
a chain at certain waveguide modes. The obtained results are compared with the radiation intensity
by a chain moving inside a cylindrical hole of a dielectric-loaded waveguide. We will discuss the
phenomenology of this mechanism of radiation amplification as well as, based on this phenomenon,
the possibility of developing novel powerful sources in GHz and THz frequency ranges.
The work was supported by the Science Committee of RA, in the frames of the research
project No 21 AG-1C069.
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WITH A FOUR-SECTIONED ULTRASOUND TRANSDUCER #17
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Commercial acousto-optic (AO) deflectors are characterized by the number of resolvable
(according to the Rayleigh criterion) elements close to N=500 in the scanning range. This is possible
due to the use of birefringent single crystals (for example, paratellurite TeO2) as the AO interaction
medium. In the terahertz (THz) range, the known birefringent AO crystals are opaque. Therefore, AO
devices suitable for this range can be based only on the optically isotropic medium. In addition, it is
necessary to take into account the strong divergence of long-wave radiation beams in comparison
with the visible one. As a result, the characteristics of the AO deflector are significantly worse. For
example, an AO deflector based on germanium Ge is characterized by the number of resolvable
elements N=10. When the ultrasound frequency F changes, the Bragg synchronism is violated, which
leads to a narrowing of the operating frequency bandwidth AF and a decrease in N. If, with a change
in the ultrasound frequency, a synchronous rotation of the wave front of the sound wave occurred,
satisfying the Bragg condition, then it would be possible to significantly increase AF and N. This can
be realized if a sectioned ultrasound transducer is used. The paper presents the results of modeling an
AO deflector with a four-sectioned ultrasound transducer, the phase difference between the sections
of which is equal to 7. A comparison was made with an AO deflector with a single-section ultrasound
transducer of the same size.

This research was funded by the Ministry of Science and Higher Education of the Russian
Federation under State contract No. FFNS-2022-0009.

MUKPOMOPO®OMETPUYECKHUE XAPAKTEPUCTUKHU KATAJIU3ATOPOB
METOJA0M MAJIOYTJIOBOT'O PEHTTEHOBCKOI'O PACCESIHUSI HA
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KaranuszaToppl, Kak MpaBHUIO, MMEIOT BBICOKYH) MOPUCTOCTb, PAa3BUTYH0 MOBEPXHOCTh M
ONpeeaEHHbIM XUMUUECKUHN COCTaB. /[aHHbIE XapaKTEpUCTUKH, KaK U3BECTHO, CHUKAIOT YHEPIHUIO
aKTUBALMU XUMUYECKUX peakinii. MUKpoMOp(dOoIorust U CTpYKTypa OonpeessieT CKOPOCTh peaKItid,
a XMMHYECKMI COCTaB HalpaBleHUE INpoTeKaHusl peakuuid. OIHUM U3 METOJOB MCCIEN0BaHUS
MUKpPOMOP(OJIOTHH, HAJJATOMHON CTPYKTYpbI, BHYTPEHHUX HEOJHOPOIHOCTEH BEIIECTB SIBISETCS
METO]l MaJIOYTJIOBOTO PEHTTTeHOBCKOTO paccesaust (MYPP), Ha uTo ObUI cieNaH aKIeHT B TaHHOU
pabore.

Ha mopomkoBoMm audpakTomMerpe ObUIM TMOJIyYEHBI KPUBBIE MAJOYTJIIOBOTO PEHTTEHOBCKOTO
paccesiHusl, OnpeaeseHbl KOppeasiuuoHHble QYHKINU, QYHKIUU paclpeesieHusl 0 PacCTOSHUSIM.
BbisicHunm, 3T0 00paslbl MMEIOT TMOPHUCTYI0 CTPYKTypy. llocuMrTanbsl paauychl WHEpLUH,
MaKCHMaJIbHBIA pa3Mep 4acTull U 00bEM YaCTHII.

YCTaHOBIEHBl  B3aUMOCBS3U  YIIPYIOIO  PAacCesHUs  PEHTICHOBCKOIO  M3JIY4EHHUS C
KPUCTAJUTMYECKON CTPYKTYPOU U yAEIBbHON MOBEPXHOCTHIO MEAHOLIMHKOBBIX KaTAIIM3aTOPOB.
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DEVELOPMENT OF A ONE-DIMENSIONAL COUNTING DETECTOR FOR
DIFFRACTION EXPERIMENTS AT A SYNCHROTRON RADIATION BEAM #19
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The Institute of Nuclear Physics is developing coordinate X-ray detectors for conducting
diffraction experiments to study structural and phase changes. Currently, two OD3M gas detectors
for these purposes are working at the beam lines of the Siberian Synchrotron and Theraherz Radiation
Centre (SSTRC). The SOCOD one-dimensional coordinate semiconductor detector under
development allows providing a spatial resolution better than 100 microns at photon energy in a wide
energy range (3-30 keV) and rate capability up to 1 MHz per channel which significantly exceeds the
parameters of previous versions of detectors. A specialized integrated circuit (ASIC) SICODS8A has
been developed for such a detector that includes 8 registration channels each containing charge-
sensitive and forming amplifier, followed by four comparators with adjustable thresholds and four
scalers. This configuration allows counting photons in four energy ranges. The first detector prototype
is based on GaAs microstrip sensor with strip pitch of 50 um and strip length of 10 mm. The prototype
has 96 recording channels. The first measurements of the parameters of the ASIC and the detector as
a whole were carried out, including the dependence of noise on the input capacitance, count rate of
the calibration signal as a function of threshold and the measurements of spatial resolution,
dependence of count rate on the threshold and rate capability with synchrotron radiation beam.

REACTIVE SPS OF AL:0;—CE:(Y,GD)AG COMPOSITE CERAMICS: APPROACH
OPTIMIZATION BY SR XRD INVESTIGATIONS #20

Submitted by Alexey Zavjalov
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Author: Alexey Pavlovich Zavjalov (1Institute of Solid-State Chemistry and Mechanochemistry,
Siberian Branch of RAS, Novosibirsk, 2SEC “Advanced Ceramic Materials”, Far Eastern Federal
University, 10 Ajax Bay, Russky Island, Vladivostok)

Co-author: Denis Yurievich Kosyanov (2SEC “Advanced Ceramic Materials”, Far Eastern Federal
University, 10 Ajax Bay, Russky Island, Vladivostok)

White light-emitting diodes (WLEDs) have attracted increasing attention as the next-generation
solid-state lighting source in recent years. Ideal WLEDs must possess many advantageous properties,
including high luminous efficacy (LE), adjustable correlated color temperature (CCT), high color-
rendering index (CRI), exceptional thermal performance (excellent high-temperature strength,
thermal conductivity, and quenching behavior), etc. [1]. To solve the problems mentioned above, a
new type of WLEDs using AbO3—Ce:(Y,Gd)AG composite ceramics has been emerging as a hot
topic in recent years [2, 3]. Recently, we suggested a new approach to obtain fine-grained RE3+:YAG
ceramics via reactive SPS of nanopowders in the Y203;—-RE203—-Al>0O; oxide systems with controlled
particle size distribution [4]. This work is therefore devoted to study formation of structural-phase
state of fine-grained Al,O3;—Ce:(Y,Gd)AG composite ceramics by reactive SPS.

A series of Al,O3—Ce:(Y,Gd)AG composite ceramics were prepared by reactive SPS using high
purity commercial oxides: mua-AlO3 (99.99%, Fenghe Ceramic Co., Ltd, China; d~0.2—-0.4 pum),
Y203 (99.999%, Fujian Changting Golden Dragon Co., Ltd, China; d~5 um), Gd203 (99.999%, Jining
Zhongkai New Materials Co., Ltd, China; d~3—5 um), CeO> (99.99%, Alfa Aesar Chemical Co., Ltd,
China; d~2—3 pm). The powders mixture was prepared for the ceramics expected molar ratio 0.75
mol ALO; (~11.5 wt%) to 1 mol (Yo0.7490Gdo.25Ce0.001)3Al5012. Sintering additives were 0.8 wt%
tetraethyl orthosilicate and 0.08 wt% MgO. The raw materials were mixed for 12 h by a planetary
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ball mill (QM-3SP2, Nanjing Chi Shun Technology Development Co., Ltd, China) with a rotation
speed of 279 rpm, using ethanol as a dispersant and alumina balls as grinding media, respectively.
Then the obtained homogeneous slurries were dried at 70 °C in an oven, sieved through a 200 mesh
screen, and calcined at 600 °C in the air for 4 hours. The prepared powder systems (1.5 g) were loaded
into a graphite die with an inner diameter of 15 mm, the internal surface of which was covered with
a graphite sheet, subjected to an SPS-515S sintering machine (Dr. Sinter LABTM, Japan), and
pressed. SPS experiments were conducted using a two-step sintering profile: heating up to 1000 °C
with a rate 100 °C-min-1, above 1000 °C — 50 °C-min-1. Two experimental series (‘“Temperature”
and “Pressure”) was obtained. “Temperature” series regime was: the holding temperature 1350, 1400,
1425 and 1450 °C and dwell sintering time 15 min under external pressure 30 MPa. “Pressure” series
regime was: the holding temperature 1425 °C and dwell sintering time 30 min under external pressure
30, 60 and 90 MPa. After sintering, the ceramics were annealed in the air at 1300 °C for 5 hours to
recover oxygen vacancies and remove residual stress. Finally, samples were mirror polished for
further measurements.

Two synchrotron radiation (SR) techniques implemented at the shared research center SSRC on
the basis of the VEPP-4-VEPP-2000 complex at the Budker Institute of Nuclear Physics of Siberian
Branch of Russian Academy of Sciences [5] on the experimental stations of the VEPP-3 storage ring
(2nd beamline station “Precision diffractometry and anomalous scattering” [6] ana 4th beamline
station “Diffractometry in the hard X-ray range and at high pressures” [7]) was applied to study
formation of structural-phase state of the ceramic samples.

Precision diffractometry study of the [10 0 4] reflex of Y AG-like phase for “Temperature” series
demonstrates at least two components for the samples sintered at holding temperature up to 1425 °C
which correspond to (Y,Gd)AG:Ce solid solutions of different stoichiometry (the ratio estimated by
components intensities are 60:40, 73:27 and 86:14 for the holding temperature 1350, 1400 and 1425
°C, respectively) and clear one component structure for the sample sintered at holding temperature at
1450 °C which demonstrate completeness of (Y,Gd)AG:Ce solid solution formation. At the same
time 2D diffractometry study of “Temperature” series demonstrates recrystallization only for the last
sample which reason is an eutectic melting closeness. So, for further investigations the holding
temperature 1425 °C was chosen as an optimal but the holding time had should be prolonged.

Precision diffractometry study of the [10 0 4] reflex of YAG-like phase for “Pressure” series
demonstrates clear one component structure for the samples sintered under external pressure 30 and
60 MPa and at least three components for the sample sintered under external pressure 90 MPa (the
ratio estimated by components intensities are 6:49:45). At the same time 2D diffractometry study of
“Pressure” series demonstrates no recrystallization for all samples. Additionally, the crystallinity for
the sample sintered under external pressure 60 MPa was higher and the sintering regime of this sample
was chosen as an optimal.

Acknowledgments: This work was supported by the Russian Science Foundation (Project No.
20-73-10242). A.P.Z. appreciate the financial support from the Ministry of Science and Higher
Education of the Russian Federation within the governmental order for Institute of Solid State
Chemistry and Mechanochemistry of SB RAS (Project No. FWUS-2021-0004). Also, D.Yu.K. is
grateful to the Council on grants of the President of the Russian Federation (scholarship No. SP-
3221.2022.1) for supporting the studies devoted to obtaining advanced composite ceramics by the
reactive sintering technology.
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We investigate the radiation from a charged particle moving inside a dielectric cylinder parallel
to its axis. General case is considered when the cylinder is immersed in a homogeneous medium. By
using the electromagnetic field Green tensor, expressions are derived for the electric and magnetic
fields inside and outside the cylinder without specifying the frequency dispersion of interior and
exterior dielectric permittivities. Depending on the charge velocity and on dielectric permittivities,
three types of radiations may present: Cherenkov radiation in the exterior medium, radiation on
guiding modes of the dielectric cylindrical waveguide and the emission of surface polaritons confined
near the cylindrical interface. Closed analytic expressions are provided for the spectral distribution
of the intensity for those types of radiations. It is shown that under certain conditions the strong
narrow peaks appear in the spectral distribution of the Cherenkov radiation in the exterior medium.
The features of different types of radiations are compared with the corresponding results obtained in
[1] for a charge moving outside a cylindrical waveguide.

The work was supported by the Science Committee of RA, in the frames of the research project
No 21AG-1C069.
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The small-angle scattering beamline "BioMUR" is used for studying partially or fully disordered
structures, mostly of the biological origin, in their native state and under different thermal or chemical
conditions. The beamline is located at the Kurchatov synchrotron radiation source and is in operation
since 2018. It has a single-crystal Si(111) triangular monochromator and a Rh-coated X-ray full
reflection mirror, originally from the former X33 beamline from DESY. The beam can be focused in
horizontal and vertical directions by bending the monochromator and the mirror, respectively. The
minimal beam size on the detector is 480x260 microns. The DECTRIS Pilatus3 1M with 20-bit
dynamic range, zero self-noise and photon-counting pixels is used as the detection system.

Some technical and methodological work was done since the start of the beamline operation to
improve the user experience. In particular, the new sample holders were designed and constructed,
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allowing to place up to 5 liquid samples and up to 20 powder samples for the experiment
simultaneously. The sample holder for the liquid samples can be thermostabilized in the range from
-50°C to +90°C. The new construction of the vacuum tube, which contains detachable sections of
different size, was developed to speed up the process of changing the sample-to-detector distance.
Two last blocks of slits, initially with tungsten carbide blades, were replaced by the scatterless slits
(JJ X-Ray, Denmark), this resulted in a complete elimination of the scattering on the slit blades. Also
the vacuum windows were changed from 15-micron mylar to 40-micron mica after conducting some
test experiments to reduce the background scattering. As the result, the beamline signal-to-noise ratio
become 3.5 times better, which allowed to conduct experiments on weakly scattering solutions.

Two examples of recent works demonstrating the opportunities of the BioMUR beamline are
shown. The first one is the research aiming to determine the process of structural changes before the
crystal formation in the KDP solutions - we have shown that mainly octamers of the KDP lead to the
further process of crystallization. The second one is the experimental proof that the right aptamer to
the RBD-protein of the SARS-CoV-2 forms a stable complex in the solution. We've obtaines the
SAXS curves and built the pair distance distribustion functions showing that the size and shape of the
complex change significantly, which means that the aptamer binds to the protein.

X-RAY STUDIES OF CONCREMENTS IN THE CHOROID PLEXUS AND PINEAL
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Physiological (cerebral) intracranial calcifications are frequently observed by radiologists. It is
generally believed that their formation is associated with aging changes. It is asymptomatic and
detected by chance during neuroimaging. Calcification deposits can be localized in different areas of
the brain, namely in the pineal gland, chorioid plexuses, etc. Physiological calcification of cerebral
structures is clinically insignificant, but the composition and causes of intracranial calcifications
remain unstudied. Studies of calcified deposits occurring simultaneously in different brain structures
contribute to the understanding of the mechanism of concrements formation. In addition, they can
provide a basis for identifying and comparing pathological and physiological changes occurring in
brain structures containing calcifications.

In this work, a detailed study of physiological calcifications in the pineal gland and choroid
plexus of the human brain was performed using various X-ray methods: micro-CT, high-resolution
phase-contrast tomography (XPCT), diffraction (XRD) and topography (XRDT).

The XRDT experiment revealed the presence of crystalline mineral grains and subgrains in the
concrements. The XRD results show that pineal gland concrements consist mainly of crystalline
hydroxyapatite with traces of other minerals, whereas calcified choroid plexus concrements have both
organic and inorganic composition with a lamination of alternating materials rich in organics and
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minerals (hydroxyapatite with a low degree of crystallinity). It was found that the most common
morphological structure of calcification in the choroid plexus is the alternation of calcified and non-
calcified layers. Analysis of XPCT-images showed that the concrements have different characteristics
for each brain structure, i.e., the formation of calcified deposits in different brain structures should be
considered structurally specific. In addition, XPCT studies have revealed that once calcification
begins, layers are deposited around the primary center, forming individual concrements that may
subsequently aggregate together to form larger conglomerates. The XRD method showed that
individual concrements can reach hundreds of microns in size, and aggregated conglomerates
resembling a mulberry berry are up to several mm in size. Calcospherites in the choroid plexus are
mostly regular spherical in shape with a concentric lamination structure developing from a single
primary center of their formation. The concrements in the pineal gland are lobed and more irregularly
shaped. In addition, irregularly shaped microgranules scattered in the pineal gland parenchyma were
found.

The work was supported by the Ministry of Science and Higher Education within the State
assignment FSRC "Crystallography and Photonics" RAS in part of "interpretation of tomographic
data", The bilateral project CNR/RFBR (2018- 2020) - accordo CNR-RFBR delle Relazioni
Internazionali (CUP B86C17000210005 & Russian number 18-52-7819), in part of "absorption,
diffraction, and phase-contrast X-ray microtomography".
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X-ray microtomography allows restoring the internal structure of an object from a set of its
projection images. The quality of the projections also depends on the quality of the tomographic
reconstruction. One of the main stages of processing X-ray projection images is normalization (flat-
field correction) to an empty beam, i.e. to a beam that does not contain an object. Usually, empty
beams are registered at the beginning or at the end of the measurement and then the object is no longer
removed from the beam. However, the intensity and profile of the direct beam vary greatly during the
tomographic measurement. This can happen both on laboratory X-ray microtomography setups, and
on free-electron lasers, where each X-ray pulse can be very different from the subsequent ones, and
on synchrotron radiation sources. To improve the results of such studies, it is necessary either to
measure an empty beam several times when measuring an object, which significantly increases the
study time of one sample, which is limited on synchrotron installations and free-electron lasers. For
example, using a dynamic normalization method, which requires much more computing power and
does not allow tracking changes in real-time.

We propose to use neural networks to solve the problem of normalization to an empty beam. The
article describes the process of selecting deep convolutional neural network parameters to solve the
normalization problem with the instability of an empty beam. It describes the training of this network
and checks its operability on the generated data. The developed method was tested on X-ray
laboratory and synchrotron microtomography measurements. The comparison of the quality of flat
field corrections with the three methods (classical normalization, dynamic normalization, and
normalization using a neural network) is presented.

The work was supported by the Ministry of Science and Higher Education within the State
assignment FSRC "Crystallography and Photonics" RAS in part of "interpretation of tomographic
data"
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In this work, we present the results obtained in the framework of the bilateral project (CNR-RFB)
on the study of the limbic system in human brain [1].

In particular, the object of this study were the pineal glands of the human brain. The pineal gland
(PG) is located in the hypothalamus, near the center of the brain, and it is the central structure of the
circadian system that produces melatonin. PG plays an important role in regulating the circadian
rhythm of the body. Calcium deposits are a common occurrence in human PG. They are progressively
accumulated in PG tissue with age and are not usually considered pathology. It is expected that the
examination of PG by high-resolution X-ray phase-contrast tomography will make it possible to
visualize vessels, pinealocytes, neurons, and glial cells in them without using contrast agents. The
study of the morphological structure of PG will contribute to further studies of age and sexual
changes, as well as individual cytoarchitectonic differences. It can also help in understanding the
mechanisms of circadian rhythm disorders in individuals suffering from neurodegenerative diseases.

Here we presented the nondestructive high-resolution 3D investigation of PG morphology at
different scales: from the whole organ to the cell. We identified different tissues such as parenchyma,
vascular network, calcified tissue, and calcifications. Methods of X-ray microtomography (micro-
CT) with a pixel size of 9 microns (FSRC "Crystallography and Photonics" RAS), propagation-based
phase-contrast tomography (XPCT) with pixel size of 1.28 microns and 0.64 microns (performed in
collaboration with CNR Nanotec @ ESRF and @ Petra III) and histology were used to study the
morphological structure of PG. Unlike standard imaging methods such as histology or micro-CT,
XPCT enables the high-resolution visualization of both brain tissues conventionally x-ray transparent
and x-ray absorbing calcification without destructive sectioning and the need for exogenous contrast
agents.

We identified via micro-CT the morphometric parameters of the whole PG, such as the volume
of pineal organs, the percentage of calcifications, and their average sizes for all sets of samples under
investigation. Using XPCT we displayed in 3D with near-histological quality the PG lobular structure
and pinealocytes surrounded by connective tissue spaces, PG vascular network, and calcifications of
varying sizes embedded in a PG soft tissue. In addition, we detected PG lesions and visualized the
degenerated tissue fine structure invisible in micro-CT. These results were confirmed by histological
examinations.

32



SFR-2022 Book of abstracts

The work was supported by the bilateral project CNR/RFBR (2018-2020) - accordo CNR-RFBR
delle Relazioni Internazionali (CUP B86C17000210005) & the Russian Foundation for Basic
Research (Project Nos. 18-52-7819) in part concerning data processing and analysis, the Ministry of
Science and Higher Education within the State assignment FSRC "Crystallography and Photonics"
RAS in part of micro-CT experiments.

[1] Investigation of the human pineal gland 3D organization by X-ray phase contrast tomography. I
Bukreeva, O Junemann, A Cedola, F Palermo, L Maugeri, GB Provinciali et al. // Journal of
structural biology 2020, 212(3), 107659

ON THE PHASE CONSTITUTION OF AL - BASED METALLIC-INTERMETALLIC
LAMINATE (MIL) COMPOSITES #26

Submitted by Yulia Emurlaeva

For track: X-ray structural analysis

Author: Yulia Emurlaeva (Novosibirsk State Technical University)

In recent decades, metallic-intermetallic laminate (MIL) composites based on AI-Ni, Al-Ti, Al-
Zr, Al-steel, Al-Cu, Al-Co systems are of great interest in the scientific community. One of the ways
to produce MIL composites is annealing of bimetal plates obtained using explosion welding.
Intermetallic layer formed during annealing can contain only one phase, as well as two or more layers
of different phase constitution. The phases in such interlayers differ significantly from each other
both in the crystal structure and in the chemical composition.

In this work, the phase composition and structural features of the intermetallic layer formed
during annealing at the interface of Al-Ti, Al-Ni, Al-Zr, Al-stainless steel, AI-Cu, Al-Co explosively-
welded plates were studied. The annealing temperature did not exceed the melting temperature of the
plates; the annealing duration was in the range from 1 up to 100 hours. The synchrotron X-ray
diffraction method was used to determine the phase constitution of the layer. Diffraction patterns
were obtained in the German Electron Synchrotron on the high-energy materials science beamline at
the PETRA III accelerator. The photon energy was 100 keV, which corresponded to a wavelength of
0.124 A. The cross-section of the beam was limited by a collimator with a gap of 0.2 mm. The sample
was scanned in the direction from the Al to the pair metal with a step of 0.1 mm to assess the change
in the phase constitution. Diffraction patterns were recorded using a Perkin Elmer two-dimensional
detector with a resolution of 2048 x 2048 pixels2 and a pixel size of 200 x 200 um?2. The sample-to-
detector distance was about 1.8 m. Each diffraction pattern was obtained by summing 40 frames with
an exposure of 0.1 seconds.

Some studies were also carried out at the Siberian Center for Synchrotron and Terahertz
Radiation at the station 8a based on the VEPP-4 accelerator. The photon energy was 69.5 keV and
the exposure time was 2 minutes. X-rays passed through the sample with the thickness 0.7 mm, the
beam size was 300 x 100 pm?2 (verticallyxhorizontally).

The diffraction ring patterns were azimuthally integrated using the open-source pyFAI package
developed for the Python programming language.

It was shown, that annealing of the explosively-welded Al - Ti composite results in two
modifications of titanium trialuminide - TiAl3 with the D022 structure type and a Ti8AI24
superstructure. According to X-ray phase analysis, the volume fraction of Ti8Al24 increases as we
close to the Ti - intermetallic interface. The Ti8Al24 superstructure can be considered as one of the
long-period structures (LPS) in the Til+xAl3-x compounds formed at the Ti - intermetallic interface
due to the lack of Al for the construction of stoichiometric TiAl3.

During annealing of the explosively-welded Al-Zr composite, only one phase is formed at the
interface - ZrAl3 with the D023 structure type.

Annealing of Al - Ni composite at the initial stages shows the formation of a wide NiAl3 layer
and much thinner Ni2AlI3 layer. Further annealing causes an active growth of the Ni2Al3 intermetallic
layer and a decrease in the NiAl3 thickness. Such redistribution of phases in the intermetallic layer is
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due to the lack of nickel atoms diffusing to the NiAl3 layer through the Ni2Al3 layer, which leads to
gradual depletion of the NiAlI3 layer.

After annealing of the Al - stainless steel sample, the intermetallic layer consists of Fe4All13
(C2/m), Fe2Al5 (Cmcm) and Fe2.024A15.401 (P21/c) compounds. The intermetallic layer of the Al
- Cu sample consists of Cu9Al4 (cubic system, P-43m), CuAl2 (tetragonal system, [4/mcm), Cu4Al3
and CuAl (orthorhombic system) compounds. After annealing the Al - Co sample, the Co2Al9
(P21/c), Co4Al13 (Pmn21) and Co2AlS (P63/mmc) compounds were found in the intermetallic layer.

The work was carried out according to the project No. C-22-13 of the competition for young
scientists on the topic “Features of structural-phase transformations and growth of intermetallic
compounds at the boundary of explosively-welded materials” in 2022. Research were conducted at
core facility "Structure, mechanical and physical properties of materials" (Ne 13.11KI1.21.0034, 075-
15-2021-698).
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The development of sensor materials for the detection of toxic, explosive and other dangerous
gases and vapors is an actual problem. Various carbon nanotube (CNT) gas sensors for detecting toxic
gases with high selectivity, such as NO2, NH3, H2S, organic vapor, etc., can achieve response at
room temperature due to fast response, large absorption capacity and stability to the environment [1-
4]. At the same time, chemical functionalization or the formation of heterojunctions with other
materials improves the sensor properties of CNTs [5—8]. The sensitivity and selectivity of gas sensors
can be improved using the principles of molecular recognition and molecular receptor. Calixarenes
(CAs) represent an interesting and important class of molecular receptors due to their variable cavity
sizes and the presence of two separate hydrophobic and hydrophilic regions, which may play an
important role in the early detection of pollutant gases in the air [9-11]. CA and TCA can adopt cone
or basket structures, creating voids that can encapsulate ions or small molecules such as gases. An
important feature of CA and TCA is the possibility of molecules functionalization by replacing the
upper and/or lower rims with various functional groups, as well as by replacing methylene bridges
with S, SO, SO2, N, NO-bridges, etc., which makes it possible to change the selective and reactive
ability of these compounds. Promising objects for sensor applications are hybrid structures based on
thin films of low-dimensional materials (CNTs) acting as carriers with molecular receptors deposited
on their surface, such as calixarenes (CA) and thiacalixarenes (TCA).

The receptor and selective properties of materials are related to the features of the electronic
structure, which can be described using the methods of X-ray absorption spectroscopy (XAS),
emission spectroscopy (XES) and X-ray photoelectron spectroscopy (XPS), in combination with
quantum chemical methods.

In this work, the electronic structure of TCA molecules is studied using the experimental methods
of XPS, XPS, RSP and quantum chemistry methods. Quantum-chemical calculations of the electronic
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structure of TCA molecules were carried out in the ADF software package by the DFT method.
XANES calculations of the carbon spectrum were performed in the ground state of molecules and the
Z+1 model. The X-ray emission spectra were calculated in the SAOP approximation in the ground
state. Fukui calculation In the Orca 4.2.1 program was performed to determine the most preferable
sites for electrophilic and nucleophilic attack. Based on the obtained experimental and theoretical
data, the composition and energy position of the HOMO and LUMO of molecules were studied,
possible donor and acceptor centers were determined, and the receptor and selective properties were
compared with the electronic structure of the compounds under study.
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Computed tomography is spreading into daily life at an incredible speed. Despite the fact that the
first commercial scanner came out more than 50 years ago, the technology, that can highlights internal
morphology structure with nanometer resolution by nondestructive way, does not stand still and with
the development of hardware (advanced sychrotron beamlines and laboratory set-ups), it is required
to develop and implement new fast algorithms for reconstruction, for big data loading and saving,
and for convenient visualization of reconstruction results.

In our talk we present our novel reconstruction tool the Smart Tomo Engine (STE) developed by
Smart Engines Service LLC [1]. STE is a cross-platform software that implements fast [2, 3] and
precise reconstruction algorithms, artifacts reduction methods and data 2D and 3D visualization tool.
It can be installed on the beamline or on a new laboratory set-up. Typical STE tomography
reconstruction workflow consists of the following steps: loading the source data, correcting geometry
parameters (like rotation axis position search and correction), tomography reconstruction, artifacts
reduction [4, 5], visualization and saving results. The input set of projections can be loaded from
different types of format - TIFF (float32, uintl6, uint32), PNG (uintl6, uint32), DICOM,
DICOMDIR, Nexus. The STE supports various CT scanner system geometries that can be combined
from beam geometry and scanning scheme, Including any-time approach [6]. Beam geometry is a
model of X-ray propagation. Supported geometries: parallel (2D, 3D), fan (2D), cone (3D). Scanning
scheme is the relative position of the x-ray tube, the object, and the x-ray detector for all time of the
tomographic experiment. Supported schemes in STE: layered circular (layer-by-layer), helical
(spiral).

At the first stage of loaded data processing, the flat field correction is performed: the dark current
is taken into account if such frames are present in the input dataset; then the images are normalized
to frames of the empty beam and, if necessary, the logarithm is taken. Additionally, the STE can
automatically search for the axis of object rotation, perform correction of ring artifacts and
automatically correct data in order to suppress artifacts caused by polychromatic radiation.

Reconstruction algorithms for layer-by-layer 2D and/or true 3D reconstruction of received data
with a circular scan path are also available in the Smart Tomo Engine. In STE we use classical
reconstruction algorithms, such as Filtered Back Projection (FBP), Feldkamp, Davis and Kres
algorithm (FDK), Direct Fourier Reconstruction method (DFR), Simultaneous Iterative
Reconstruction Technique (SIRT), SIRT with Total Variation (TV) regularization, the fastest and the
most modern algorithm reconstruction algorithm - Hough based Filtered Back Projection (HFBP) and
the fastest iterative reconstruction algorithm - Hough based Simultaneous Iterative Reconstruction
Technique (HSIRT). The STE contains an iterative algorithm for metal artifact suppression based on
bilateral filter. The STE also provides an iterative algorithm for expanding the reconstruction area. It
was created for the case when the entire object does not fit into the field of view of the detector. STE
implements x64 compatible CPU, ARM processors, and GPU accelerators (CUDA).

The result of the reconstruction can be viewed layer by layer in different color palettes or ina 3D
visualizer. The 3D visualizer presents three types of visualization of the reconstructed volume:
monochrome, translucent color and solid visualization. A monochrome rendering type is a grayscale
rendering of an image. Type translucent color displays a three-dimensional reconstruction in the form
of a translucent volume, according to the laws of light absorption. The solid type renders a 3D
continuous isosurface, while the brightness level is set by the user himself in the graphical interface.
The reconstruction result can be saved layer by layer in TIFF (float32), PNG (uint8), DICOM formats,
as well as in a two-dimensional image of three-dimensional visualization.

This work was partly supported by RFBR 20-07-00934.

[1] Description of the smart tomo engine software. https://smartengines.com/ocr-engines/tomo-
engine/, accessed on 3 May 2022.
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[2] DOI: http://dx.doi.org/10.14529/mmp200107

[3] DOL: http://dx.doi.org/10.31857/S0235009220010072
[4] DOL: http://dx.doi.org/10.1117/12.2557499

[5] DOL: http://dx.doi.org/10.1155/2019/1405365

[6] DOLI: http://dx.doi.org/10.1109/ACCESS.2020.3002019
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Sputtered thin Zinc sulfide (ZnS) films are dielectrics in the IR and THz ranges. Because of high
refractive index and low absorption in the THz range, ZnS films are used as covering dielectric layers
of conducting surfaces in the THz plasmonics. To develop plasmonic methods for a surface
diagnostics, ZnS films can be used as reference films; therefore, it is important to know their optical
properties. The optical constants for bulk ZnS are presented in the reference literature, but there are
no data for thin layers. Besides, the structure and homogeneity of films can be significantly depend
on sputtering technique, conditions, substrate material and the surface preparation method. In this
work mid-infrared and THz optical properties of ZnS sulfide films with about 1-3 mm thick sputtered
on different substrates (quartz, silicon, gold layers) with electron beam evaporation were studied
using by THz time-domain spectroscopy, ellipsometry and spectrophotometry. Their surface
roughness and homogeneity were tested with electron and atomic force microscopy.
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X-ray computed tomography (XCT) is a method of non-invasive study of the internal structure
of an object using a set of measured transmission images. In recent decades, XCT gained enormous
popularity because this type of investigation is nondestructive and reliable. However, an inevitable
concomitant phenomenon during a tomographic study is the radiation dose received by the object.
This can potentially cause the occurrence of diseases associated with radiation exposure in wildlife
objects and damage, up to destruction, of inanimate objects. Therefore, as soon as X-rays were used
as a diagnostic tool, the methods for low-dose XCT began to arise. At the moment, it is possible to
reduce the dose in several ways: to reduce the exposure time of a single image, to reduce the number
of measured images or to apply the method of monitored tomographic reconstruction (MTR).
However, to reduce the exposure time leads to the increase of noise in the reconstructed image, which
usually leads to a loss of resolution. Reducing the number of projections also leads to a reduced
resolution, differently for different reconstruction algorithms. The number of projections (angles
sampling) needed to reconstruct a valid image depends on the scanning scheme, the size of the region
reconstructed, and the spatial resolution to be achieved. A method that does not depend on the above
conditions is the MTR, the study of which is the subject of this work.

The monitored tomographic reconstruction technique is a pioneering method for low-dose X-ray
computed tomography that reduces the time of the experiment and the radiation dose. The method
was proposed in 2020 by Bulatov et al. [1]. The acquisition of the projections in the monitored
reconstruction technique is guided by a scanning protocol built on similar experiments to reach the
predetermined quality of the reconstruction. The construction of such a protocol allows to set a
threshold for an expectation of the reconstruction quality, which could then be converted to a stopping
threshold. In a tomographic study with MRT, the reconstruction process begins from the moment the
first projections are obtained and stops when the stopping threshold is achieved. This method allows
achieving the same average reconstruction quality as in ordinary tomography while using lower mean
numbers of projections. In [1], this approach was demonstrated for the example of real micro-XCT
data applying a Filtered Back Projection reconstruction algorithm.

In this paper, we, for the first time, systematically study the MTR technique for several
reconstruction algorithms on synthetic data. The phantoms used to obtain synthetic data represent
objects with different morphological structures are used to calibrate various parameters of XCT
scanners. We use classical reconstruction algorithms, such as Filtered Back Projection (FBP), Direct
Fourier Reconstruction method (DFR), Simultaneous Iterative Reconstruction Technique (SIRT),
SIRT with Total Variation (TV) regularization, the fastest and the most modern algorithm
reconstruction algorithm — Hough-based Filtered Back Projection (HFBP) [2] and the fastest iterative
reconstruction algorithm — Hough-based Simultaneous Iterative Reconstruction Technique (HSIRT)
[3]. Our goal is to answer the question whether it is possible, under ideal conditions, to obtain a dose
reduction for various tomographic reconstruction algorithms using MTR. According to the
constructed plots, the dependence of the convergence of reconstruction algorithms on the number of
projections selected both in the classical scanning protocol and in the monitoring allow to conclude
that the monitored tomographic reconstruction approach is applicable for a broad field of applications.
It was shown that the reduction of the mean number of projections with retaining the mean quality
when stopping the reconstruction process according to the MTR protocol happens for each evaluated
reconstruction algorithm, not only for the FBP as demonstrated previously. While it was shown before
that the MTR demonstrates effect if the quality is measured as the distance to a final result achievable
with a full protocol, in this paper it is also shown that the effect is demonstrable if a phantom image
is considered as a target.

This work was partly supported by RFBR by grant 20-07-00934.
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Currently, many countries with an advanced nuclear industry are developing accident tolerant
fuel (ATF) claddings to improve the oxidation resistance and mechanical properties of Zr-based
alloys under both normal operation (360 °C, 18.6 MPa) and possible accidental conditions such as
loss of coolant accident (LOCA) [1, 2]. One of the promising methods to protect zirconium alloys is
Cr-based coating deposition [3, 4]. At high temperature (over 1200 °C) the Cr-Zr interdiffusion at the
interface increases significantly, which leads to accelerated oxidation of the Zr-1Nb alloy. One way
to solve this problem is to develop a new type of Cr-based protective coating with a barrier sublayer
that can prevent Cr-Zr interdiffusion [5].

In this paper, a molybdenum barrier layer is proposed as a sublayer between the Zr-1Nb alloy
and Cr coating. Bilayer Cr (8 pm)/Mo (3 um) and single-layer Cr (8 um) coatings were oxidized in
air at 1100 °C during 15-60 min. In situ XRD measurements were performed to understand the
behavior of molybdenum diffusion at linear heating up to 1250 °C in vacuum using synchrotron
radiation at the station “Precision diffractometry II”” at Siberian Synchrotron and Terahertz Radiation
Center of the Budker Institute of Nuclear Physics of the Siberian Branch of Russian Academy of
Science. According to SEM, XRD, in situ XRD and optical microscopy it was established that a 3
um-thick barrier Mo layer can limit Cr-Zr interdiffusion under high-temperature oxidation. The
thickness of residual Cr after 60 minutes of oxidation is greater in Cr/Mo-coated Zr alloy (~5 pm)
compared to single-layer Cr-coated sample (~3.5 um). The thickness of Cr203 layer after oxidation
of Cr- and Cr/Mo-coated samples are similar that indicates insignificant influence of the Mo layers
on the outer Cr oxidation resistance. However the diffusion of molybdenum at high temperature leads
to the formation of Cr3Mo and Mo2Zr phases at the interfaces (Cr protective layer/Mo layer and Mo
layer/Zr-1Nb alloy). The thickness of the Cr-Mo and Mo-Zr interdiffusion layers grows with
increasing oxidation time. The thickness of the indicated layers is equal ~2 and 20 pm after 60 min
of oxidation in air at 1100 °C.

The research was funded by Russian Science Foundation (grant No. 21-79-00175).
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B noknage Oyaer mnpencTtaBieH 0030p MOCHEIHUX HKCHEPUMEHTOB, IO HCCIIEAOBAHUIO
TeparepLoBbIX IOBEPXHOCTHBIX IU1a3MoH-nI0s1puToHOB (I1I1IT), pacnpocTpaHsomuxcs 1o mIoCKuM,
W30THYTBIM W UWIMHAPUYECKHM MPOBOJSALIMM IOBEPXHOCTSAM, a TAaKXKE JIOKAIM30BAHHBIM
COCTOSIHUSIM, KOTOpBIE BBIMOJMHsUIMCH Ha HoBOCHMOMpCKOM 5azepe Ha CBOOOAHBIX AJIEKTPOHAX
(HJICD) B mocneaHue rofpl.

bruto nokazano, 4to 3QpexkTuBHOCTH 3axBaTa TIIl MOBEPXHOCTHBIX 3JIEKTPOMArHUTHBIX BOJH
METOJIOM TU(PAKIIUU Ha KPAIO COCTABISAET NECATKU MPOIEHTOB, a NuHbI mpodera [I1I1 Ha mmockoii
MeETaJI-IUAIEKTPUYECKON MMOBEPXHOCTH JOCTATOYHO O0JbIINe (TIOpsSAKa IeCATKa CAHTUMETPOB), IO
cpaBHeHHI0 ¢ BUIuMbIM U UK auanasonamu. IIponemonctpupoBano, uro TI'i moBEpXHOCTHBIMU
BOJIHAMU MOKHO 3¢ (EKTUBHO YIPABIATH C UCHOJIB30BAHUEM IUIOCKUX 3€pKal U JTUIIEKTPUUECKUX
JIEJINTENEH, a TaK)KE HAIPaBJIATH 110 M30THYTHIM IOBEPXHOCTAM. Bce 3TO MO3BOMISET peanu3oBarh
pa3IMYHBIE ONTHUYECKHUE CXEMbl MAKPOCKOMUYECKMX MacmTaboB ¢ ucrnoib3oBanueM TIm ITIIII.
Hanpumep, BriepBble IPOEMOHCTPUPOBAHA BOZMOKHOCTD JIOKALIMU OOBEKTOB, CKPBITHIX 3a JTUHHEH
FOpHU30HTA HA MPOBOASAIIEH UCKpHUBJIEHHON ToBepxHOCTU. C ncnons3oBannem HJICO peanuzoBana
pedpakToMeTpus MPOBOALICH MOBEPXHOCTH C UCIOJIB30BAHUEM IIJIa3MOHHOTO HMHTephepomerpa
MalikenbCOoHa, TO3BOJAIOIIAS  U3MEPATh  JIUAJIEKTPUUYECKHE  KOHCTAHThl  METAJUIMYECKUX
MIOBEPXHOCTEN U TUIEHOK TONIMHOM 10 100 HM, HAHECEHHBIX HAa 3TU OBEPXHOCTH.

st peppakTOMETpUN TUANEKTPUICCKUX TUICHOK, KHUIKOCTEH W ra30oBbIX cpen co3maan HITBO
ciekTpoMeTp (B kKoHpurypanuu OTTO0), T1e 32 MPU3MOI TOMEIIAETCsI CyOBOIHOBAsI METANTNYECKAs
olHOMepHasi peuierka. Ha perierke B yrioBoM CHEKTpe MpU OIpeNeeHHOM Yriie Bo30yxkaaercs
IUIa3MOHHBIN pe3oHaHc. Ha Toil ke ycTaHOBKE NPOJEMOHCTPUPOBAHO BO30Y)KICHHE LIMPOKHX
IUTA3MOHHBIX PE30HAHCOB Ha OECHPUMECHOM AaHTUMOHHJAE WHAMS, KOTOpBIM IJIaHUpYyeTCs
MCTOJIB30BATH JJIS MJIAa3MOHHOM MHUKPOCKOIIUN OOBEKTOB.

BrniepBbie poieMOHCTPUPOBAHO BO30YKIEHUE TIIa3MOHOB ¢ OpOUTATIBHBIM YTIIOBBIM MOMEHTOM
Ha OCECHMMMETPUYHBIX OJHOCBS3HBIX IMEPENAIOMIUX JIMHUIX NpU AU(PPAKIUU Ha BXOJHOM TOpIE
BUXPEBBIX pauajIbHO MOJSPU30BAHHBIX MyYKOB. [[0Ka3aHO, YTO 3TH MIa3MOHBI PACIPOCTPAHSAIOTCS
Ha paccrostHue a0 150 MM 1O BUHTOBBIM TPAeKTOPHSIM, AU(PPArupyloT Ha KOHIE JUHUU U
npeodpa3yloTcs B OObEMHBIE BOJHBI C OPOUTAIBHBIM YIJIOBBIM MOMEHTOM, MMEIOLIUE TOT XK€
TOTIOJIOTUYECKUNA 3apsii, KOTOPBIA MMeN BO30YXXAABIIUM IUIa3MOHBI My4oK. MBI monaraeM, 4ro,
UCIOJIb3YS KOMOHMHAIlMM BHUXPEBBIX IYYKOB HA BXOJle, MOXHO C€O3[aTh IUIa3MOHHBIE
MYJIBTUIIIEKCHBIE KOMMYHHUKAILIMOHHBIE JINHUU.
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HCCJEIOBAHUE CIHIEKTPOB U3JIYUEHUS IIJIA3MBI, CO3JIABAEMOM
MOIIHbIMHA IMKOCEKYHJAHbBIMU JIASEPHBIMU UMITYJIbCAMMU, B
JIMAITA3OHE JIJIVH BOJIH 6-14 A #33
Submitted by Dmitry Nosulenko
For track: X-ray spectroscopy
Author: Imutpuii Hocynenko
Co-authors:
o Erop bopucos
o Jlenuc Buxisien
o JImutpuit I'aBpuiion
e Cemen /leBsITKOB
e Amnnpeit EmenbsiHoB
o Huxkomnaii KapibsixaHos
e [Ilerp JIoGona
e AnTOH OBEYKUH
o Cepreii [laxomoB
o Amnaronuii [Toranos
o Ekarepuna IIpsxuna
e Huxkonaii Turapenko

B Hacrosimiee Bpems OJHHMM M3 HampaBiICHUH HMCCIEIOBAaHUN B 00JacTH (PU3UKU BBICOKHMX
IUIOTHOCTEW SHEPIUHU SIBISETCS M3Y4YEHUE CHEKTPAIbHBIX MIPOOETrOB PEHTTEHOBCKOIO M3JIY4YEHHUS B
BELIECTBE, HArpeETOM [0 TEMIIEpAaTyp B HECKOJBKO JECATKOB MM coTeH 3B. [lnsa mosydenus
HKCHEPUMEHTAIbHBIX J@HHBIX IO MpoOeraM 4acTo NPUMEHSETCS METOJ| 30HAUPOBaHUs, KOTAa
PETUCTPUPYETCS U3MEHEHUE CIIEKTPa UCTOYHHUKA PEHTTEHOBCKOTO M3JIyUEHUs IOCIE MPOXOKIACHUS
CKBO3b CJIOM BEIIECTBA, pPa30rpeToro A0 BBICOKOW TeMreparyphl. [ TpoBeIEeHHS TaKHX
9KCIIEPUMEHTOB  XOpOLIO IMOAXOAAT MOILIHBIE JIa3€pHBIE YCTAHOBKU C  YJIBTPaKOPOTKOM
JUIUTENILHOCTBIO UMITYJIbCA, KOTOPBIE MO3BOJISAIOT CO3/1aBaTh KaK BEIIECTBO B HY)KHOM COCTOSIHHUH,
TaK W HUCTOYHMK 3OHAMPYIOUIETO PEHTTEHOBCKOTO U3IydeHUs. OCHOBHBIMH TpPEOOBAaHMSIMH K
UCTOYHHUKY IOJICBETKH SIBJISIOTCS BBICOKAS! SIPKOCTh U OTCYTCTBUE BBIPAKEHHBIX JIMHUHA U CKAYKOB B
MHTEPECYIOIIEeM AUana3zoHe dHepruil. B skcnepuMeHTax Kpome CIeKTpa MOTIIOMICHUS J0JKHBI ObITh
U3MEpPEHBl IUIOTHOCTh M TeMIIepaTypa Ijga3Mbl B MOMEHT 30HAMPOBAHUSA. DTH MapaMeTpbl MOTYT
ObITH OIpEeNeNeHbl 10 PEHTICHOBCKUM CIIEKTpaM M3JIY4eHHUS IUIa3Mbl U3 COOTHOIICHHUS
MHTEHCUBHOCTEH U (hOPMBI JINHUI MHOT03apsIHBIX HOHOB.

B paGote npuBeneHa KOHCTpYKIus criekrporpada Moranna Ha ocHOBe KpucTayuia Oudranara
KajJusl, a TaKKe pe3yJbTaTbl, MOJYYEHHbIE C €r0 MOMOILBIO B IKCIEPUMEHTaX MO OOIY4YEHUIO
Pa3NUYHBIX MULICHEH JTa3epHBIMU UMITYJIbCAMU C HHTeHCUBHOCTHIO 1017—1019B1/cM2. B nuanazone
JMH BOMH 7-14 A W3MepeHBI CIIEKTphl M3/IydeHHs MHINEHeH, comepKaluX Lepuid, camapuil u
raJlOIMHUNA, KOTOPBIE MOT'YT OBITh HCIIOJIb30BAaHbI B KAUECTBE UCTOUHNUKA PEHTI€HOBCKOMN MMOACBETKU
B JKCIIEPUMEHTaX IO HCCIIEAOBAHUIO CHEKTPAJIbHBIX MPOOETroB H3Iy4EHHs B IUIa3ME€ MeIu U
IIOMUHUS. 3apeTUCTPUPOBAHO JIHHeHaToe u3nyueHust H- 1 He-moqoOHBIX MOHOB aJlFOMUHUS TIPU
oOmydeHnn muteHed Toammuaon ot 1 10 400 mxwm. [y mumeHed ToamuHon 1 MKM, 00TydaeMbIx
UMITYJIbCaMHU ¢ HHTEHCUBHOCTBIO 1017BT/cM2, mpoBeneHb! ra30JuHaMUYEeCKHe pacuEThl U pacuEThI
IepeHoca H3JIydyeHHss C Y4ETOM HEpPaBHOBECHOCTH HOHHOIO cocTaBa Iuia3Mbl. [lomyueHo
YIIOBJIETBOPUTEIBLHOE COITIACUE PACUETHBIX U IKCIIEPUMEHTAIbHBIX CIIEKTPOB.
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COMPLEX STUDY OF LOOSE CAVE SEDIMENTS OF THE CENTRAL ASIAN REGION
USING XRF SR #34
Submitted by Julia Sholokhova
For track: X-ray fluorescent analysis
Authors:
o Julia Sholokhova (IGC SB RAS)
o Ekaterina Bazarova (IEC SB RAS)

Loose cave deposits, due to the constancy of temperature, pressure, as well as the lack of light
and suppression of biological processes in underground conditions, are able to remain un-changed for
a long time and are an attractive object for various kinds of geological and geo-chemical studies.

The presented material is a continuation of the work on the study of the cave-mine Kan-i-Gut
[Bazarova et al., 2016], located in Batken district in south-western Kyrgyzstan, in the Sary-Too
massif.

We carried out a comprehensive study of 11 samples of loose sediments taken at different points
of the cave. The mineral composition of all samples was determined in Irkutsk at the ana-lytical center
of the Institute of the Earth Crust of the Siberian Branch of the Russian Academy of Sciences by X-
ray phase analysis on the diffractometer DRON-3 on CuKé-radiation. In addi-tion, the mineral
composition of the samples (except for the surface soil sample) was determined on a scanning electron
microscope VEGA 3 LMH with the system of X-ray energy dispersive microanalysis INCA Energy
350/X-max 20 at the Mining Institute of the UrO RAS in Perm by analyst Korotchenkova O. The
elemental composition of the samples was analyzed by X-ray fluorescence analysis with synchrotron
radiation at the experimental station "RFA-SR" at Sibe-rian Center for Synchrotron and Terahertz
Radiation (BINP SB RAS). The measurement tech-nique and description of the experiment are
presented in detail in [Markova et al., 2012].

As aresult of the XRF SR study of the sediments, the contents of K, Ca, Ti, V, Mn, Fe, Cu, Zn,
Ga, As, Br, Rb, Sr, Y, Zr, Mo, and Ag were determined. The elemental composition of the loose
sediments is closely related to the mineral composition of the sample, indicating the pres-ence of
certain minerals. Higher concentrations of Mn, Fe, and Zn are noted for samples from the lower and
middle parts of the subsurface system. X-ray phase analysis and electron microscopy in these samples
were identified minerals such as goethite FeO(OH), hematite Fe203, oxides Mn, gypsum CaSO4-
2H20, smithsonite ZnCO3, which is consistent with the elemental composition. Also in these samples
increased, relative to the samples from the upper horizon, the content of Ag, As, Mo, and Y was
noted. We were not found minerals, the presence of which could cause an increase in concentrations
of these elements, but earlier researchers noted the presence of na-tive silver in manganese oxides
[Sosedko, 1935], and the increased content of As may be associ-ated with an admixture of this
element in marcasite. As for Mo, it is probably also an impurity in sulfides. Increased concentrations
of Y may indicate undiscovered Y-bearing minerals associated with Mn- and Fe-oxides; in addition,
elevated concentrations of this element may be contained in calcite [Znamensky and Znamenskaya,
2021], since Y and Ca are correlated in the samples. For the sample from the near-entrance grot
observed sharply increased K content relative to other samples. X-ray phase analysis did not reveal
in this sample K-containing minerals, but the study of the sample on the electron microscope revealed
the mineral gergeite K2Ca5(S0O4)6-H20, previ-ously described only for the salt deposits
[Tchaikovsky, 2011].

Thus, using three analytical methods, including XRF SR, a comparison of the elemental and
mineral composition of the loose sediments of such unusual natural-technogenic object as Kan-i-Gut
cave-mine was carried out. As a result, the mineral gergeite was identified for this ob-ject for the first
time. The obtained concentrations of Mn, Fe, and Zn agree with the minerals identified in the samples
from the middle and lower horizons. Given the increased Y concentra-tions in the loose formations
of the studied samples, we can assume the presence of Y- and REE-bearing minerals, which may be
the source of the previously noted [Filippov and Mavlyanov, 2013] elevated radioactivity of rocks
and ores in the cave.
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THE PROJECT OF THE BEAMLINE "X-TECHNO" FOR THE SYNCHROTRON
RADIATION SOURCE "SKIF" #35
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For track: SR technological application and X-ray apparatus
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A project of the synchrotron radiation station called "X-Techno" at a bend magnet beamline of
the "SKIF" SR source is presented. The purposes of the beamline "X-Techno" are study the
physicochemical properties of materials under irradiation to X-ray in the spectral range from 2 to 70
keV. The selecting of a narrowed spectral range is supposed to be carried out using metal foils and a
grazing-incidence mirror, which provides redirection of the x-ray beam with corresponding radiation
spectrum into one of the three experimental chambers. The fourth interchangeable chamber is used
for studying samples with low outgassing properties. The objects of study can be like gases, liquids,
and solids.

Materials research carried out at the beamline will be the foundation for the development and
manufacture of micro parts with a spatial submicron resolution using the above-mentioned devices.

The scheme of the beamline and the station, estimates of the SR power spectra for various
applications are resented.

APPROACHES TO THE STUDY OF THE EVANESCENT FIELD OF SURFACE
PLASMON POLARITONS AT THE NOVOSIBIRSK FREE ELECTRON LASER #36
Submitted by Valeriya Kukotenko

For track: THz radiation aplication

Author: Valeriya Kukotenko (Budker Institute of Nuclear Physics)

Co-author: Vasily Gerasimov (Budker Institute of nuclear physics SB RAS)

Waveguide surface refractometry is one of the applications of terahertz surface plasmon
polaritons (SPP) propagating along the conductor-insulator interface. The conductor can be a metal,
a dielectric in the absorption line, or a doped semiconductor. Measuring of characteristics of SPP
(propagation length along the interface, phase velocity and depth of penetration of the SPP field into
the dielectric) allowed restoration of the optical properties of the conductor, which is important for
the problems of diagnosing the quality of surfaces and thin films, sensorics, etc. In contrast to the
visible range, all noble metals have high conductivity in the THz frequency range. As a result, the
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SPP’s field in the dielectric is weakly coupled to the surface. There are large radiative losses of
plasmon intensity even on small roughness and inhomogeneities [1]. This imposes certain difficulties
for the practical implementation of plasmon refractometry, in particular, for measuring the evanescent
SPP field above the conductor surface.

In this work, we consider experimental approaches to measuring the attenuation of the intensity
of the SPP evanescent field: the probe method with external modulation and modulation by the
oscillations of the probe itself, as well as the registration of the field arising after SPP diffraction at
the edge of the conducting surface.

1. Vasily V. Gerasimov, Boris A. Knyazev, Alexey G. Lemzyakov, Alexey K. Nikitin, and
Guerman N. Zhizhin. Growth of terahertz surface plasmon propagation length due to thin-layer
dielectric coating // Journal of Optical Society of America B. V. 33, Is. 11, P. 2196-2203 (2016).

PTYCHOGRAPHY FOR IMAGING RELIEF OF INCLINED SURFACES #37
Submitted by Nikolay Popov

For tracks: SR and FEL sources and centers, X-ray structural analysis

Author: Nikolay Popov (P.N. Lebedev Physical Institute of the Russian Academy of Sciences)

Ptychography is a method of obtaining an image by computer processing of overlapping field
intensities (scans). When scanning an object, it is assumed that the illuminating beam and the position
of the detector remain unchanged. It is used in a wide range of wavelengths from infrared to X-ray
and can do without optical elements. In this paper, the possibility of obtaining an image of the relief
of the surface of an object inclined to the incident beam at a critical angle is investigated. The
wavelength is 0.134 nm, the sliding angle is 0.170. It is shown that ptychography can be useful for
controlling the shape of extended objects, such as X-ray mirrors.

FINE CRYSTAL STRUCTURE, SPECTRAL PROPERTIES AND MICROMORPHOLOGY
OF FILMS OF ENERGY-INTENSIVE COMPOUNDS OBTAINED BY
CRYSTALLIZATION FROM THE GAS PHASE ON VARIOUS SUBSTRATES #38
Submitted by Aleksandr Stankevich
For tracks: THz radiation aplication, X-ray spectroscopy, X-ray structural analysis
Authors:

o Aleksandr Stankevich (Federal State Unitary Enterprise «Russian Federal Nuclear Center —

Zababakhin All—Russia Research Institute of technical Physicsy)

e Anna Sobolevskaya (FSUE «RFNC — VNIITF named after Academ. E. 1. Zababakhiny)

e Marina Streltsova (FSUE «RFNC — VNIITF named after Academ. E. 1. Zababakhiny)

e Anastasia Gretsova (FSUE «RFNC — VNIITF named after Academ. E. 1. Zababakhiny)

e Olga Frolova (FSUE «RFNC — VNIITF named after Academ. E. 1. Zababakhiny)

In this work, we studied the structure of thin films of various thicknesses from benzotrifuroxan,
cyclotrimethylenetrinitramine, cyclotetramethylenetetranitramine, triaminotrinitrobenzene,
dinitroanisole, pentaerythritol tetranitrate, diaminodinitroethylene, obtained by crystallization from
the gas phase on various substrates: polyethylene terephthalate, parchment, aluminum, quartz glass,
polymer resin, silicon and sapphire. Preliminary preparation of gaseous products, which were
obtained by the method of thermal vacuum sublimation, was carried out. It has been established that
the obtained thin films have a molecular structure corresponding to the studied substances. The
texture of the obtained films was determined. In the bulk, the micromorphology of films are
determined by particles having a columnar shape, nonequilibrium faceting, and a developed surface.
The measurements were carried out by x-ray polycrystalline diffraction, Raman spectroscopy, IR
spectroscopy, UV-Vis spectrophotometry, optical and electron microscopy.

In addition, studies of the surface topology and electronic properties of the obtained textured
films were carried out.
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MICROSTRIP SILICON DETECTOR FOR STUDY OF ULTRA-FAST PROCESSES AT
THE SYNCHROTRON RADIATION BEAM #39

Submitted by Lev Shekhtman

For track: X-ray structural analysis

Author: Lev Shekhtman (Budker Institute of Nuclear Physics)

Present status of the development of the prototype of the Detector for imaging of explosions
(DIMEX) based on silicon microtrip sensor is discussed. The prototype includes silicon p-in-n sensor
with metal strips in direct contact with p-implants. Strips are 30 mm long and have 50 um pitch.
Signals from the strips are read out with specially developed ASICs DMXS6A, that include 6
channels with DC compensation circuit at the input, four integrators, 32 analogue memory cells and
output analogue shift register. The prototype detector has 96 registration channels provided with 16
DMXS6A ASICs. Each strip of the sensor is connected to the guard-ring through a 400 Ohm resistor
and through 100 kOhm resistor to the input of the front-end ASIC. This resistive divider allows to
adapt the dynamic range of the integrator of the ASIC to the full flux range of the beam line 8 at the
VEPP-4M storage ring that includes 9-pole wiggler with 1.9 T B-field as SR source. The
measurements of the dynamic range of the DIMEX-Si prototype demonstrate that maximum photon
flux from one bunch that can be measured by this detector exceeds 100000 photons per channel. For
these measurements the sensor was inclined at an angle of 1.7 degrees with respect to the beam plane
in order to increase quantum efficiency. The possibility to work in multi-bunch mode with bunches
following in 55 ns is demonstrated, that proves that this detector can be successfully exploited at new
SR-source SKIF that is under construction in Novosibirsk region.

EXCITATIONS OF SURFACE PLASMON RESONANCE ON INSB BY ATTENUATED
TOTAL REFLECTION PRISM WITH TUNABLE AIR-GAP USING THZ RADIATION OF
NOVOSIBIRSK FREE ELECTRON LASER #40
Submitted by Ildus Khasanov
For track: THz radiation aplication
Authors:

e Ildus Khasanov (Scientific and Technological Center of Unique Instrumentation of the

Russian Academy of Sciences)

o Vasily Gerasimov (Budker Institute of nuclear physics SB RAS)

e Oleg Kameshkov (BINP SB RAS)

o Alexey Nikitin (Scientific and Technological Center for Unique Instrumentation of RAS)

We have created a setup for measuring the reflection coefficient from an attenuated total
reflection prism in the Otto configuration using a terahertz free electron laser (THz FEL) as a quasi-
monochromatic radiation source. The goniometric system of the setup allows to carrying out precision
angular measurements in the range from 10 to 70 degrees. The Novosibirsk FEL is a tunable radiation
source with many generation lines from 8 to 300 pm, which makes it possible to carry out
multispectral measurements in the THz range. The used Otto configuration allows scanning by the
size of the air gap, which reaches tens of micrometers in the THz range. The presence of an air gap
makes it possible to apply this method as a non-destructive testing for thin and flat samples, such as
semiconductor wafers. In the THz range lie plasma frequencies for many semiconductors, which
causes to excite a strong surface plasmon resonance and therefore with high sensitivity to determine
the concentration of carriers on the surface of the semiconductor. We have carried out a series of
angular measurements of the reflection coefficient from a cylindrical prism made of high resistivity
float zone silicon separated from an undoped InSb wafer by variuos values of the air gap (up to 320
um) at a radiation wavelength of 141 um. We have registered surface plasmon resonance near the
critical angle of the prism.
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SYNCHROTRON BASED X-RAY FLUORESCENCE MICROSCOPY FOR STUDYING
SODIUM DEPOSITS IN CARDIAC AND STRIATED MUSCLES #41
Submitted by Igor Artyukov
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This presentation reports the results of a co-ordinated investigation aiming at validating
hypothetical sodium accumulation in the intercellular space of myocardial and striated tissues. In
these accumulations the sodium cations are assumed to be in a bound state, which prevents their active
participation in the usual osmotic and biochemical processes. The existence of such sodium deposits
in the heart muscle leads to a noticeable deterioration in muscle elasticity and, consequently, to
dysfunction of the contractile activity.

Sodium accumulation was detected with the help of X-ray fluorescence using both TwinMic
STXM/XRF microscope and micro-XRF IAEA beamline workstations of the ELETTRA synchrotron
(Italy). The high spatial resolution and spectral sensitivity of the TwinMic X-ray microscope made it
possible to obtain composite X-ray images at the cellular level while revealing the chemical
composition of myocardial and striated tissue samples, which were taken from laboratory animals
from two groups differentiated by the level of salt diet.

The presented finding and study of previously unknown non-osmotic sodium deposits in the
intercellular space of the myocardium marks a fundamentally new direction in the diagnosis,
prevention and treatment of heart diseases.

NEURAL NETWORK RECONSTRUCTION ALGORITHM FOR WIDE RANGE OF
ANGLE COUNT AND NOISE LEVEL #42
Submitted by Andrey Yamaev
For track: X-ray structural analysis
Authors:
e Andrey Yamaev
e Marina Chukalina (Smart Engines LLC, 117312, Russia, Moscow; Institute for Information
Transmission Problems RAS, 127051, Russia, Moscow; FSRC “Crystallography and
Photonics” RAS, 119333, Russia, Moscow)
e Dmitry Nikolaev (Smart Engines LLC, 117312, Russia, Moscow; Institute for Information
Transmission Problems RAS, 127051, Russia, Moscow)
e Alex Chulichkov (Mr.)

Computed tomography, which allows reconstructing a digital image of an object from a set of
measured projections, is currently finding novelties in various important ways of life. This is due to
new technological solutions that develop the hardware and software of the method, allowing it to
increase its spatial and temporal resolution. New applications also impose new restrictions on the
methods of measurements, for example, in medical applications [6], the X-ray dose load is limited;
in the dynamic processes research there are restrictions on the exposure time, etc.

With these new restrictions, along with the development of classical approaches to working with
measured data, neural network approaches are increasingly used in solving the reconstruction
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problem. In this work, we proposed a new complex algorithm, consisting of solutions to three
problems that were solved using neural network models.

The first problem was the projection noise, which is caused, in particular, by X-ray probe
instability. In the paper [1] there was used our residual convolutional network for noise reduction on
projections. It is shown that the proposed approach is computationally efficient in terms of the ratio
of quality to running time compared to previously proposed algorithms.

The second issue under consideration is to increase the speed of reconstruction. A time-efficient
image reconstruction algorithm from low noise projections was proposed [2]. It is a modification of
the FBP algorithm [5], in which the frequency filter is selected by the machine learning method in
accordance with the dependency to the projection measurement geometry. This allows us to get the
same reprojection error as in computationally complex iterative algorithms, such as, for example,
SIRT [4].

The third alleged problem is the regularization of solutions with zero reprojection error in the
case of a small number of projections. In this case, there is more than one image, which is conditioned
to the measured projections. To select the correct image from all possible, we proposed [3] the
residual convolutional network to SIRT reconstruction with interpolation and normalization in the
Fourier surface.It is shown that the proposed approach for solving the third problem demonstrates
state-of-the-art reconstruction accuracy among existing neural network regularizers.

The paper showed that algorithms for solving these three problems can be used both as
independent modules and as a complex reconstruction algorithm. On synthetic and real data sets, it is
shown that the proposed complex algorithm has a high reconstruction accuracy when working with
highly noisy projections, and in the case of a small number of projections, and in the case of a small
number of highly noisy projections. The results obtained by the proposed complex algorithm are also
compared with the results obtained using classical approaches and other neural network approaches.

This work was partly supported by RFBR (grant) 19-29-09044.

[1] Yamaev A. et al. Lightweight denoising filtering neural network for FBP algorithm //Thirteenth
International Conference on Machine Vision. — International Society for Optics and Photonics,
2021.—-T. 11605. - C. 116050L.

[2] Yamaev A. et al. Algorithm of exact frequency flter fnding for few view tomography problem
//IMMRO-2021. - C. 434-435

[3] Yamaev A. et al. Neural network regularization in the problem of few-view computed
tomography //Computer Optics. - T. 46(3)

[4] Trampert J., Leveque J. J. Simultaneous iterative reconstruction technique: physical
interpretation based on the generalized least squares solution //Journal of Geophysical Research:
Solid Earth. — 1990. — T. 95. — Ne. B8. — C. 12553-12559.

[5] Pan X., Sidky E. Y., Vannier M. Why do commercial CT scanners still employ traditional,
filtered back-projection for image reconstruction? //Inverse problems. — 2009. — T. 25. — Ne. 12. - C.
123009.
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ANALYSIS OF THE EVOLUTION OF DISLOCATION STRUCTURE OF
POLYCRYSTALLINE MATERIALS BY USING SYNCHROTRON X-RAY
DIFFRACTION #43

Submitted by Ivan Ivanov

For track: X-ray structural analysis

Author: Ivan Ivanov

Analysis of the dislocation structure is an important but not trivial task. Often, for

investigation of dislocation parameters, methods based on microscopy are used. However, the use of
such methods is extremely limited by the nature of the object under study. Thus, the determination of
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the structure and properties of the dislocations of strongly deformed metal alloys is a difficult task.
This thesis presents the possibilities of a method based on the profile analysis of diffraction results
for estimating the dislocation structure of metal alloys during the cold plastic deformation and
heating. The presented results testify to the internal rearrangements of the dislocation structure in the
process of external action and are confirmed by the simulation results.

ATOMAPHASA CTPYKTYPA AKTUBHBIX HEHTPOB CU/ZSM-5 KATAJIUBATOPOB
CEJIEKTUBHOI'O OKUCJIEHUSI METAHA: EXAFS UCCJIEJOBAHUE #44
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[leonuThl ¢ HAHECEHHBIMM MEPEXOAHBIMH METaNIaMH SIBJISIFOTCS OJHUMM U3 MEPCIEKTUBHBIX
KaTaJu3aToOpOB CEJIEKTUBHOIO OKHUCIIEHHs MeraHa. Hampumep, ZSM-5 no3BosirOTCS IPOBOAMTH
PEAKIMIO CEJIEKTHUBHOIO OKHCJIEHUS METaHa J0 METaHOJa, OJHAKO CEJIEKTUBHOCTh IO METAHOIy
Majla, YTO CHHMXAeT KOMMEPUYECKYIO IPHMBJIIEKATEILHOCTh Ipouecca. Moaudukanus Meapro
MO3BOJISIET MOJIABUTH MMOOOYHBIEC PEAKIIUU M YBETUUYUTh CEJICKTUBHOCTH 110 METaHOITY 110 97%.

OCOOEHHOCTBIO MOJOOHBIX CHUCTEM SABISETCA TO, 4YTO MapLIPYT MPOTEKAHUs PpeaKH
OIIpEAEIAETCS KaK CBOMCTBAMU HOCUTENS (LI€0JINTA), TaK U B BUJE KAKUX LIEHTPOB IPUCYTCTBYIOT
KaTUOHbl Meau. JIeWCTBUTENbHO, KAaTHOHBI MEIUM MOTYT CYIIECTBOBaTb B BHJE OTHENbHBIX
METAIJIMYECKUX WJIM OKUCIIEHHBIX aTOMOB, B BUJIE IBYXaTOMHBIX LIEHTPOB, KJIaCTEPOB, HAHOYACTHUIL
WIA KpUCTAUINTOB. HecMOTps Ha 3HA4YMTENbHBIA MpOrpecc B NMOHMMAaHUU CBOWCTB IICOJIUTOB,
MOJU(UIIMPOBAHHBIX MEABIO, BOINPOC O CTPYKTYype AKTHUBHBIX IIEHTPOB IO CHUX IIOp OCTaeTcs
OTKPBITBIM.CIIEKTPOCKONHUSI PEHTTEHOBCKOI'O IMOMIOIIEHUS! — OAMH M3 Haunbojiee BOCTPeOOBAHHBIX
METOJIOB MCCIIEA0BAaHUS KaTaJau3aTOPOB, TO3BOJISIIOIINNA YCTAHOBUTh CTPYKTYPY aKTUBHBIX LIEHTPOB.
BaxHO OTMETHTh, YTO B OTJIMYMM OT PEHTTEHOBCKOM IOU(PPAKLMU IO3BOJIAET MCCIEI0BAThH
peHTreHoaMOpP(HBIE CTPYKTYPHI (KJIACTEPHhl, OTAEIbHBIEC aTOMBI, HAHOYACTHUIIBI Pa3MepoM < 2 HM).

B kauecTtBe 00BEKTOB HcCleAOBaHUS ObUTM BBIOpaHBI KaTalaW3aToOphl Ha OcHOBe ZSM-5 c
conepxxanueM Meau 1%. [Ipennonaraercs, 4To B 3aBUCUMOCTH OT crioco0a CHHTE3a KaTaJlu3aTophl
comepkaT MeAb B pasnuyHoM coctosHud: (1) wm3ommpoBanHble KaTHOHBI Cul2+, (2) miocko-
KBaJIpaTHBIE BYSIEPHBIE OKCO- M TMIPOKCO-KOMJIEKCHI B KaHaJIax LE0JNTa, (3) HaHouacTulbl CuO
Ha MOBEPXHOCTU IieoynuTa. s yTOUHEHUS CTPYKTYpbl KaTaau3aTOPbl MCCIIEJOBAaHbl C MOMOILBIO
EXAFS-cnekTpockonuu. DKCIIEpUMEHTHI ITpoBeaeHbl B Kyp4aTOBCKOM LIEHTpPE CHHXPOTPOHHOTO
m3nydeHus: (KMUCH, r. Mocksa) Ha ctanmuu «CTpyKTypHOE MaTepuaioBeeHHE». MoieInpoBaHme
EXAFS mnokazaso Hanmuuyue HaHOYacTHIl Menu, a pesyiabrar POOC mokaszan cTaOuibHOCTH
KaTaJn3aropa J10 U MOcCie Peakluu.

bnaronapuoctu: Pabota BeimonHena npu noanepxke [Iporpammsr [puopurer-2030.

IDENTIFICATION OF THE BESSEL MODE IN GIVEN THZ BEAM #45
Submitted by Natalya Osintseva
For track: THz radiation aplication
Authors:
e Natalya Osintseva (INP SB RAS)
o Boris Knyazev (Budker Institute of Nuclear Physics)
e Yulia Choporova (Budker Institute of Nuclear Physics)

48



SFR-2022 Book of abstracts

e Vasily Gerasimov (Budker Institute of nuclear physics SB RAS)
Co-authors:

e Vladimir Pavelyev (Samara University)

e Valeriia Kukotenko (Budker Institute of Nuclear Physics)

Gaussian beams were transformed into Bessel beams with topological charges 1 ==+1,...,#4 using
silicon binary phase axicons with helical zones. To identify the topological charge of the resulting
beam, a combination of one of the axicons and a lens was used. The experiments demonstrated the
possibility of identifying a mode by this method in a beam propagating both in free space and through
an inhomogeneous medium.

THERMOTROPIC PHASE TRANSITION IN ADSORPTION LAYER ON N-
HEXANE/WATER INTERFACE ANALYZED WITH SYNCHROTRON X-RAY
SCATTERING #46
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Adsorption layer of a surfactant on the oil/water interface can be described in terms of a two-
dimensional thermodynamic system with parameters (p, 7, ¢), which can exhibit both isotropic and
anisotropic behavior [1]. In particular, increase in temperature 7 over the critical temperature 7¢ in
the surfactant monolayer leads to phase transition from two-dimensional crystal mesophase to liquid
Gibbs monolayer, while subsequent decrease in T leads to multilayered adsorption effects on the
interface [2].

We present systematic data on the thermotropic phase transition in a layer of triacontanoic acid
C30H6002 on the interface n-hexane C6H14 / water solution of KOH (pH = 10), based on the
measurements of X-ray reflectivity (XRR) and grazing-incidence diffuse scattering (XDS). Data were
obtained at the synchrotron station X19C, NSLS-II, Brookhaven [3] with peak intensity [ =~ 1010 s—1
at photon energy E = 15 keV (wavelength A = 0.825 A). Liquid/liquid samples have been prepared in
a sealed cell with transparent polyester windows [4] kept in a two-step thermostate with temperature
precision up to 0.1 °C. Series of experimental reflection and scattering curves were measured within
range 43°C to 60°C, with critical phase transition temperature 7c = 50°C.

Simultaneous analysis of XRR and XDS data has been performed according to self-consistent
model-independent method [5] which allowed us to extract depth-graded distributions of electron
concentration p(z) as well as roughness power spectral density distributions C(v). It has been found
that during crystallization of Gibbs monolayer, additional planar smectic-type structure forms at the
interface, with its roughness spectrum differing from the classical statistics of capillary waves.

Theoretical part of the present work has been supported by the Russian Science Foundation
(project #18-12-00108).

[1] T. Takiue, T. Matsuo, N. Ikeda, K. Motomura, M. Aratono, J. Phys. Chem. B 102, 4906 (1998).
[2] A-M. Tikhonov, JETP Lett. 104, 318 (2016).

[3] M. L. Schlossman, D. Synal, Y. Guan et al., Rev. Sci. Instrum. 68, 4372 (1997).

[4] A.M. Tikhonov, J. Chem. Phys. 130, 024512 (2009).

[5] V. Kozhevnikov, L. Peverini, E. Ziegler, Phys. Rev. B 85, 125439 (2012).
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STRUCTURAL-PHASE TRANSFORMATIONS AT THE INTERFACE OF METALS
UPON FRICTIONAL LOADING: OBSERVATIONS USING SYNCHROTRON X-RAY
DIFFRACTION #47
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An operando approach to analyze the structural transformations occurring under dry sliding was
recently proposed in [1, 2]. It was found that using of synchrotron X-ray radiation coupled with
diffraction models [3] provides an opportunity to analyze the dynamics of the phase constitution as
well as microstructure parameters such as the size of coherent scattering regions, density and type of
dislocations, etc. directly under frictional loading. Another one method to analyze structural and
phase transformations close to the interface of an element of a rubbing pair will be presented during
the report. It consists in mapping of the friction surface by a beam of synchrotron radiation. The high
brilliance of the radiation provides a high spatio-temporal resolution of maps and gives an opportunity
to study surface layer of metals at different stages of wear test in order to identify friction-induced
structural changes.

The reported study was funded by RFBR, project number 20-32-90119.

1 A.A. Bataev, V.G. Burov, A.A. Nikulina, I.A. Bataev, D. V. Lazurenko, A.I. Popelukh, D.A.
Ivanov, A Novel Device for Quasi In Situ Studies of Materials Microstructure during Friction,
Mater. Perform. Charact. 7 (2018) 20170065. https://doi.org/10.1520/MPC20170065.

2 ILA. Bataev, D.V. Lazurenko, A.A. Bataev, V.G. Burov, I.V. Ivanov, K.I. Emurlaev, A.L
Smirnov, M. Rosenthal, M. Burghammer, D.A. Ivanov, K. Georgarakis, A.A. Ruktuev, T.S.
Ogneva, A.M.J. Jorge, A novel operando approach to analyze the structural evolution of metallic
materials during friction with application of synchrotron radiation, Acta Mater. 196 (2020) 355—
369. https://doi.org/10.1016/j.actamat.2020.06.049.

3 T. Ungér, I. Dragomir, A. Révész, A. Borbély, The contrast factors of dislocations in cubic
crystals: the dislocation model of strain anisotropy in practice, J. Appl. Crystallogr. 32 (1999) 992—
1002. https://doi.org/10.1107/S0021889899009334.
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Compound refractive lenses (CRL) with rotationally parabolic profiles and CRL-based systems
are widely used to manipulate synchrotron radiation (SR) beams. These effective and simple optical
elements, easy to align and operate, have become standard elements in synchrotron beamline
instrumentation. By varying the shape, composition, and number of individual lenses, CRL can be
adapted to photon energies from 2 to 200 keV, providing flexible adjustment of focal lengths for a
wide range of research methods [1,2].
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To date, the magnetic systems of storage rings of existing SR sources are being upgraded up to
the 4th generation. SR beams with an ultra-low emittance of about 100 pmrad have already been
obtained at the MAX-1V [3] and ESRF [4]. In Russia, work is underway to create centers with Mega-
science-class facilities: design and construction of two SR sources with emittance about 75 pmrad
[5]. A new generation of synchrotron radiation sources with significantly increased beam
characteristics poses new challenges to refractive lenses and CRL-based systems. Therefore, there is
a great demand for the development of devices equipped with a large number of CRLs, since it allows
for comprehensive optimization of X-ray beamline designs for particular user experiments.

First systems with a changeable number of lenses, the Transfocators (TFs), were proposed to
move and easily adjust the position of the CRL [6]. Typically, the TF consists of several cylindrical
cartridges containing a geometric progression of numbers of Al or Be parabolic lenses between two
and 254 lenses grouped by powers of two. The use of these devices made it possible to optimize the
size and divergence of beams, including the white SR beam [7]. The simplicity and versatility of TFs
led to their wide distribution [8], changing the concept of beamlines at the SR sources [9] and X-Ray
Free-Electron Laser Facility [10]. They are used for collimating and pre-focusing the SR beam [11]
as well as for rapidly changing the beam size, through combinations of horizontal and vertical lenses
[12].

Despite the detailed and elaborate design, the cartridge-type lens arrangement inevitably leaves
empty spaces between individual cartridges, and these gaps vary in a complicated way when
switching from one set of cartridges to another. Hence, the optical properties of the lens system are
affected throughout the entire focal length range. A new ultra-compact version of the transfocator
(UCTF) was designed and manufactured by us to minimize the gaps between the individual refractive
lenses [13]. The main distinctive feature of the UCTF is discrete-type lens switching, referred by us
as a single-lens approach, which means that individual parabolic lenses are moving one by one
independently. Moreover, in combination with its small overall size and lightweight, allows one to
integrate it at various experimental setups, thus being suitable as a short-focal magnifying objective
for a wide range of applications even at non-specialized imaging beamlines. Currently, the device is
mounted at the second end station of the EMBL P14 beamline, shaping the beam for time-resolved
pump-probe serial crystallography experiments.

In this paper, we present our advanced versions of the CRL-based X-ray TFs. The devices can
be used in both white and monochromatic beams to focus, pre-focus, or collimate the beam. The TFs
can be used with other monochromators and/or other focusing elements, leading to significant
increases in flux. Furthermore, the chromatic nature of the focusing means the TF suppresses
harmonics and can also be used as an extremely high flux broad-band-pass monochromator. There
are three main options for the mechanical design of X-ray TFs:

» Ultra-Compact Transfocator (UCTF) with discrete-type lenses switching

* In-vacuum Transfocator (IVTF) with binary-type lenses switching

* In-vacuum Transfocator with water cooling system (IVTF+)

All basic parameters of the devices can be changed depending on the specific task of their use.
For example, Ultra-Compact Transfocator can be manufactured in the In-vacuum version and
equipped with a water-cooling system to ensure stable operation when the device is used under
vacuum conditions. The number of lenses is customizable and can be configured according to the
customer's request. Special Python-based software was designed to provide high-level access to
device-control functions with the possibility to create custom commands. The software can be
integrated into most modern synchrotron beamline controlling systems such as SPEC or ACTL.

1. Snigirev A., Snigireva I. High energy X-ray micro-optics // Comptes Rendus Phys. 2008.
Vol. 9, Ne 5-6. P. 507-516.

2. Dimper R. et al. ESRF Upgrade Programme Phase II (2015-2022) Technical Design Study.
2014. P. 190.

3. Leemann S.C., Wurtz W.A. Nuclear Inst. and Methods in Physics Research, A Pushing the
MAX IV 3 GeV storage ring brightness and coherence towards the limit of its magnetic lattice //
Nucl. Inst Methods Phys. Res. A. 2018. Vol. 884, Ne December 2017. P. 92-96.
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4. Chenevier D., Joly A. ESRF-EBS Facility Update: A Pictorial Essay // Synchrotron Radiat.
News. Taylor & Francis, 2020. Vol. 33, Ne 3. P. 37-41.

5. Baranov G., others. Magnet Lattice Optimization for Novosibirsk Fourth Generation Light
Source SKIF // Sib. Phys. J. 2020. Vol. 15, Ne 1. P. 5-23.

6. Snigirev A. et al. High energy X-ray transfocator based on Al parabolic refractive lenses for
focusing and collimation // J. Phys. Conf. Ser. 2009. Vol. 186. P. 10-13.

7. Vaughan G.B.M. et al. X-ray transfocators: Focusing devices based on compound refractive
lenses: 2 // J. Synchrotron Radiat. 2011. Vol. 18, Ne 2. P. 125-133.

8. Zozulya A.V. et al. Microfocusing transfocator for 1D and 2D compound refractive lenses //
Opt. Express. 2012. Vol. 20, Ne 17. P. 18967.

0. Fedotenko T. et al. Laser heating setup for diamond anvil cells for in situ synchrotron and in

house high and ultra-high-pressure studies // Rev. Sci. Instrum. AIP Publishing LLC, 2019. Vol. 90,
Ne 10. P. 104501.

10.  Zozulya A. et al. Beam conditioning CRL transfocator optics at the MID instrument of the
European XFEL // X-Ray Lasers and Coherent X-Ray Sources: Development and Applications
XIII. International Society for Optics and Photonics, 2019. Vol. 11111. P. 111110H.

11. Buffet A. et al. P03, the microfocus and nanofocus X-ray scattering (MiNaXS) beamline of
the PETRA III storage ring: The microfocus endstation // J. Synchrotron Radiat. 2012. Vol. 19, Ne
4. P. 647-653.

12.  Bowler M.W. et al. MASSIF-1: A beamline dedicated to the fully automatic characterization
and data collection from crystals of biological macromolecules // J. Synchrotron Radiat. 2015. Vol.
22. P. 1540-1547.

13.  Narikovich A. et al. CRL-based ultra-compact transfocator for X-ray focusing and
microscopy: 4 // J. Synchrotron Radiat. 2019. Vol. 26, Ne 4.

GENERATION OF FAST RECONSTRUCTION ALGORITHMS FOR COMPUTED
TOMOGRAPHY WITH ARBITRARY GEOMETRY SET-UP #49

Submitted by Petr Kulagin

For track: SR technological application and X-ray apparatus

Authors:

e Petr Kulagin (Moscow Institute of Physics and Technology)

e Dmitriy Polevoy (Smart Engines LLC, , Russia, Moscow, 60-letiya Oktyabrya Ave, 9)

e Anastasia Ingacheva (IITP RAS)

e Marat Gilmanov (Smart Engines LLC, , Russia, Moscow, 60-letiya Oktyabrya Ave, 9)

e Marina Chukalina (Smart Engines LLC, 117312, Russia, Moscow; Institute for Information
Transmission Problems RAS, 127051, Russia, Moscow; FSRC “Crystallography and
Photonics” RAS, 119333, Russia, Moscow)

e Dmitry Nikolaev (Smart Engines LLC, 117312, Russia, Moscow; Institute for Information
Transmission Problems RAS, 127051, Russia, Moscow)

In this work, we present a general method for obtaining fast backprojection operators in the
tomographic reconstruction problem, based on the transformation of summing algorithms for fast
calculation of direct projection operators. This method allows us to reduce the calculation time for
reconstruction and do real-time reconstruction.Computed tomography is an X-ray method of non-
destructive evaluation of the internal structure of an object. The method is widely used in medicine,
industry, security, scientific research related to the study of the morphological structure of advanced
functional materials [1].

The task of tomographic reconstruction is the accurate estimation of the internal structure of the
object according to the available tomographic projections. Tomographic reconstruction algorithms
have been developing for more than 80 years. One of the main directions of optimization of
algorithms today is to increase their computational efficiency. This is due to the fact that the user is
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expected from the method of increasing the spatial resolution of the digital image of the object under
study. This leads to an increase in the amount of data that reconstruction algorithms have to work
with.
Analytical, iterative, neural network methods are used to solve the problem of tomographic
reconstruction. Linear direct projection operators A and backprojection operators A*T form their
basis.
The main contribution of the article is the method of obtaining a fast version of the calculation
of the backprojection operator from the accelerated algorithm for calculating the direct projection
operator. An effective algorithm for calculating the direct projection operator is implemented using
the Brady-Young method in combination with the method of Four Russians. A variant of the fast
calculation of the direct projection operator for a circular scanning scheme when probing with a cone
beam is proposed and considered in detail in [2]. With this approach, the algorithm is divided into 2
phases: pre-counting with stopping the main summation algorithm at some iteration and further
counting. Then the matrix decomposition into the product of binary matrices is valid for this
algorithm, and the algorithm for calculating the transpose(backprojection) operator can be obtained
by transposing the product of matrices. In total, the algorithm for calculating the transpose operator
will look like a sequential application of the transposed operators from the product in reverse order.
In this work we analyze the method on the example of two-dimensional and three-dimensional
operators, presents the results of reconstruction using traditional and accelerated calculations of
operators.
1. Topal, E., Liao, Z., Loffler, M. et al. Multi-scale X-ray tomography and machine learning
algorithms to study MoNi4 electrocatalysts anchored on MoO2 cuboids aligned on Ni foam.
BMC Mat 2, 5 (2020). https://doi.org/10.1186/s42833-020-00011-0

2. K. bynaros, M. Uykanuna, /[. Hukonaes. Fast X-Ray Sum Calculation Algorithm for
Computed Tomography Problem. Bectauk FOYpI'Y. Cepus “Matemaruueckoe
MojenupoBanue u nporpammupoBanue” (Bectauk FOYpI'Y MMII) 2020. 13(1) 95-106.
DOI 10.14529/mmp200107
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The classical approach to the detection of tiny molecules with surface plasmon resonances (SPR)
on thin metal films is limited in the terahertz frequency range. In the THz range metals behave like
perfect electric conductors and have high values of dielectric permittivity as opposed to the optical
frequency range. As a consequence, an electromagnetic field cannot penetrate the metal and the air-
metal interface cannot support SPR. To overcome this a surface of metals is structured with
subwavelength gratings. If the period of such structure is subwavelength the structured region at the
metal surface behaves like an effective medium layer, whose dielectric function mixes both air and
metal responses and is lower than simple metals. Spoof surface plasmon resonances (SSPRs) can be
excited on such structures that are similar to SPR. It enables to detect tiny concentrations and observe
small changes in the boundary dielectric medium in the THz range. In this paper, a silicon prism
coupled THz SSPR on flat 1D metal subwavelength grating is studied. The grating sample was tested
using THz radiation of the Novosibirsk free electron laser. Experimental results are compared with
simulation results obtained with COMSOL Multiphysics.
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Stretched wire with direct current magnetic measurements method is widely used for producing
insertion devices, especially multipole superconducting insertion devices like wigglers and
undulators. This method allows to measure and minimize the first and second field integrals along an
orbit trajectory in an accelerator on certain field (like Holl probe method) as well as during ramping
up and down. The main problem of the stretched wire method is the relation between sag, current and
tension (thus sensitivity and accuracy). To increase sensitivity, one has to increase current and use
wire of bigger cross-sectional area, thus increase sag. To decrease sag, one has to increase tension,
thus decrease sensitivity. The article proposes method of stretching copper wire with the help of
Kevlar sleeve. The method was tested at Budker INP during superconducting undulator
measurements.

SOME PROBLEMS IN A PROPOSED PRELIMINARY PROCEDURE FOR THE
CALIBRATION OF SAMPLE’S SIMULATION MODEL UNDER THE REALIZATION OF
A QUANTITATIVE MICRO-XRF TECHNIQUE BASED ON THE FUNDAMENTAL
PARAMETERS MEANS #52
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Quantitative x-ray fluorescence microanalysis technique (micro-XRF) is a relatively simple and
informative non-destructive method for exploring the elemental composition within inner (sub-
surface and deepened) layers of samples of various nature (geological, biological, cosmic,
archeological, forensic, medical, etc.) with a ten-micron typical spatial resolution. It may be actual in
different applications [1-2]. However, a series of additional approaches (such as quantitative x-ray
fluorescence absorption tomography [3], techniques of accounting for the scattered exposed and
secondary x-rays as well as the conjoint processing data from two or more detecting devices [4]) was
needed early to be developed in order to determinate the elements' mass concentration with a
sufficiently high accuracy. It also becomes clear that there exists a range of actual problem those are
individual for each type of explored samples.

The simulation models which micro-XRF inverse problem based on are sensitive significantly to
any errors in setting values of its inner parameters. For example, lack of knowledge of the mass
density and the elemental composition for lightest chemical elements (H, O, C, Si, P, Al, etc.) which
cannot be determined by any XRF techniques results potentially in a significant resulting error for
calculated mass concentrations. In addition, the thickness of the explored layers of the sample as well
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as all some crucial preferences of detector (including the thickness of working and dead layers) should
be well known before its defining to the initial simulation model.

On two concrete examples considering to analyzing two standard samples with principally
various chemical composition, we have shown in detail that some problem from above mentioned
ones is actual in a calibration procedure being developed by us to be follow by quantitative XRF
experiments. This procedure includes using the fundamental parameters means. We also have
proposed ways to eliminate or fairly minimize some arising errors.

The work have been carried out in the framework of RFBR project no. 19-05-50046. The work

was done at the shared research center SSTRC (on the basis of the VEPP-3M/VEPP-4 complex at
BINP SB RAS, using equipment supported by project REFMEFI162119X0022). Some parts of the work
were done at the shared research center “Kurchatov Center of Synchrotron and Neutron Radiation
(KISI-Kurchatov)” (on the basis of the Kurchatov Specialized Source of Radiation at NRC Kurchatov
Institute, using equipment supported by project RFMEFI61914X0002).
[1] Majumdara S., Peralta-Videa J. R., Castillo-Michel H., et al., Anal. Chim. Acta. 755 (2012) 1-16.
[2] Fittschen U. E. A., Falkenberg G., Spectrochim. Acta Part B 66 (2011) 567-580.
[3] Bleuet P., Lemelle L., Tucoulou R., et al., Trends Anal. Chem., 29 (6), 2010.
[4] Spanier M., Herzog C., Grotzsch D., et al., Rev. Sci. Instrum., 87 (3), 2016.

ANALYSIS OF RESULTS OF TWO EARLY PROPOSED APPROACHES DIRECTED TO
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The one- and two-dimensional convolution equations are strongly ill-posed by Hadamar (i.e.,
unstable in calculating) inverse problems. These problems widely occur in processing optical
(photographic, astronomic, medical, etc.) images [1] and signals of several specific types (in
photoelectronic spectroscopy, x-ray fluorescence microanalysis [2], etc.).

So-called regularizing algorithms [3, p. 47-48] only must solve any ill-posed problems. Their
working principle consists in “controllable® suppression of the influence of a stochastic component
of errors of the left and right parts of the problem to their result (approximate solution) by one or the
other means. A crucial limitation of that “controllability* consists in the ability of guarantying only
the convergence (under reducing the errors) of one or the other types to the exact solution (that is a-
priory unknown) for the resulting approximate one [3, p. 19, 47-48]. However, on the other hand, it
is actual under any character of distribution of all problem’s terms (or such their behavior that follow
some fixed specification being sufficiently general). For example, the working principle of Tikhonov
algorithm [3, p. p. 66-68, 118-119; 4, p. 72] as well as the “physical” principle of the obtained result
for its most widely applied modification is described most clearly in [5, p. 52-55].

In any cases, regularizing algorithms can “controllable* suppress the influence of only such types
of errors that are originally intended only. For example, for Tikhonov algorithm in the modification
above mentioned the errors to be handled must by stochastic (e.g., instrumental) noise for the right
part of the inverse problem. The law of normal distribution must describe this error only. If any
significant systematic component of the errors exists in terms of the problem, the working principle
breaks down and, consistently, big additional errors in proposed solution will take place. We
developed early two effective approaches [6] whose application yields effective suppressing two type
of systematic errors: originated from principally finite level of discretization of the one-dimensional
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convolution equation and originated from limited field of observation for the one- and two-
dimensional convolution equations. They were the means of subpixel interpolation for all equation’s
terms (by series of Lagrange polynoms of high degrees for a signal to be found and exactly determined
apparatus function from its a-priory known distribution) and the mean of modification of widely
applied computation scheme [4, p. 37-38] aimed at the minimization of the bound effects of several
types. Certain effectivity of proposed approaches was tested successfully, the RMS for the accuracy
of restoring a series of simulated signals was about 15 percent for the first means and more than 75
percent for the second one [6]. In the work we have followed the mentioned investigation by
significally increasing a number of types of testing signals to be restored and by following analysing
the reasons of some specifics of results in detail.

The work have been carried out in the framework of RFBR project no. 19-05-50046. The work
was done at the shared research center SSTRC (on the basis of the VEPP-3M/VEPP-4 complex at
BINP SB RAS, using equipment supported by project RFMEF162119X0022).

[1] J. B. Sibarita. Deconvolution Microscopy. // Adv Biochem Engin/Biotechnol. 2005. 95. P. 201
[2] P. Wrobel and M. Czyzycki. Direct deconvolution approach for depth profiling of element
concentrations in multi-layered materials by confocal micro-beam x-ray fluorescence spectrometry.
// Talanta , 62—67 (2013).

[3] A. S. Leonov, Otcherky teorii, prakticheshie algoritmy i demonstraciy v MATLAB (in russian).
(Lybrokom, Moskow, 2013, 2nd ed.). P. 336.

[4] Hansen P. C., Nagy J. G., O'Leary D. P. Deblurring Images, Matrices, Spectra, and Filtering.
SIAM, Philadelphia, 2006

[5] S. I. Kabanikhin, Obratnye i nekorrectnye zadachi (in russian) (Sibirskoe nauchnoe izdatelstvo,
Novosibirsk, Russia, 2009). P. 457.

[6] D. S. Sorokoletov, Ya. V. Rakshun, F. A. Daryin. New Intuitive Regularizating Approaches for
Deconvolution Problems. // APMAS 2021. Book of abstracts. 92 p.

TERAHERTZ GHOST IMAGING WITH SPECKLED LIGHT USING NOVOSIBIRSK
FREE ELECTRON LASER RADIATION #54
Submitted Ildus Khasanov
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Authors:
e Ildus Khasanov (Scientific and Technological Center of Unique Instrumentation of the
Russian Academy of Sciences)
o Vasily Gerasimov (Budker Institute of nuclear physics SB RAS)

Ghost imaging (GI) is a lensless imaging technique with a single-pixel detector that is promising
for use in the terahertz (THz) frequency range. Classical GI uses a random light source, for example,
spatially modulated by speckle patterns - random interference patterns, the so-called pseudo-thermal
source. To create speckle patterns a coherent light source is required, for which we chose a
Novosibirsk free-electron laser. THz speckles were obtained by scattering in polypropylene foam. In
the experiments we obtained low-quality ghost images. The ghost image reconstruction procedure
included post-processing to improve image quality, such as threshold filtering taking into account the
autocorrelation function of the speckles. In the report we will discuss the results obtained and ways
to improve the technique for THz ghost imaging.
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APPLICATION OF HIGH-ENERGY X-RAYS AND ATOMIC PAIR DISTRIBUTION
FUNCTION ANALYSIS TO STRUCTURAL DIAGNOSTICS OF CATALYSTS #55
Submitted byVera Pakharukova
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e Vera Pakharukova
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Structural diagnostics is important step in understanding the physicochemical and functional
properties of catalytic materials. A majority of heterogeneous catalysts contain highly dispersed
nanoparticles of metals or metal oxides, which are supported on support material. There is significant
drawback to common XRD methods addressed to well-crystallized materials to probe structure of
supported highly dispersed particles. Here we describe the application of high-energy X-rays in
combination with atomic pair distribution-function (PDF) analysis to study the structure of supported
catalysts. The PDF describes local atomic structure of the material and provides structural information
in the form of radial distribution function of inter-atomic distances. The PDFs are obtained by direct
Fourier transformation of the total scattering function. Availability of high-energy X-rays at
synchrotron sources allows one to obtain PDF data of high resolution.

In this talk, the PDFs calculated from synchrotron radiation data for different catalysts will be
presented and types of structural information extracted from the PDFs will be discussed. The
possibilities of the method to probe structure of catalysts will be shown for some examples: 1)
Ni/Cel-xZrxO2 catalyst for methanation of carbon oxides; 2) Pt/Cel-xZrxO2 catalyst for water- gas
shift reaction 3) mono- and bimetallic (Pt, Rh)/y-Al203 catalysts for hydrocarbon oxidation.

This work was supported by Russian Science Foundation (project 21-73-20075).

COMBINED ANALYSIS OF CHAIN-MELTING PHASE TRANSITION IN
PHOSPHOLIPID LIQUID-CRYSTAL MULTILAYERS WITH THE USE OF
SYNCHROTRON X-RAY REFLECTOMETRY, DIFFUSE SCATTERING AND
GRAZING-INCIDENCE DIFFRACTION #56
Submitted by Yuriy Volkov
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e Victor Asadchikov (FSRC "Crystallography and photonics" RAS)

e Boris Roshchin (FSRC "Crystallography and photonics" RAS)

o Alexey Tikhonov (Kapitza Institute for Physical Problems RAS)
Co-authors:

e Alexander Nuzhdin (FSRC "Crystallography and photonics" RAS)

e Veijo Honkiméki (European Synchrotron Research Facility)

e Maria Blanco (European Synchrotron Research Facility)

e Florian Russello (European Synchrotron Research Facility)

Colloidal solutions of Si02 nanoparticles in water (silica hydrosols) exhibit unique boundary
conditions at the sol/air interface, in particular strong normally-oriented gradient of surface potential.
Previously, an approach to formation of spontaneously-ordered lamellar multilayer structures of
phospholipids on a surface of liquid hydrosols has been demonstrated [1], with properties of the
multilayer stack depending on the composition of hydrosol substrate.

We present systematic investigations on thermotropic phase transition of multilayers of
distearoyl-phosphatidylcholine (DSPC) and dimyristoyl-phosphatidylserine (DMPS) with the
combined use of synchrotron X-ray reflectometry(XRR), diffuse scattering (XDS) and grazing-
incidence diffraction (GIXRD). Measurements were performed at the synchrotron beamline ID31,
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ESRF, Grenoble [2] with peak intensity I = 1019 s—1 at photon energy E = 71 keV (wavelength
L=0.175 A). Samples have been prepared in a 100mm fluoroplastic dish kept in a one-step
thermostate with temperature precision up to 0.5 °C [3], which allowed us to obtain data within
temperature range of 23°C to 40°C. Analysis of experimental data has been performed according to
self-consistent model-independent method [4].

Calculated data on depth-graded distribution of electron density, as well as on interface
roughness statistic and two-dimensional crystal structure, demonstrated qualitative differences
between formation of multilayers of saturated (DMPS) and non-saturated lipids (DSPC), in particular
in dynamics of spontaneous ordering and chain melting.

[1] A. M. Tikhonov, JETP Letters 92, 394 (2010).

[2] V. Honkimaki, H. Reichert, J. Okasinski, H. Dosch, J. Synchrotr. Rad. 13, 426 (2006).

[3] A. M. Tikhonov, V. E. Asadchikov, Y. O. Volkov, A. D. Nuzhdin, B. S. Roshchin, /nstrum.
Exper. Techniques 64(1), 172-176 (2021).

[4] LV. Kozhevnikov, L. Peverini, E. Ziegler, Phys. Rev. B 85, 125439 (2012).

DISTRIBUTION OF CHEMICAL ELEMENTS IN DIFFERENT FRACTIONS OF
BOTTOM SEDIMENTS OF THE LAPTEYV SEA. #57

Submitted by Ivan Kirichenko
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Author: Ivan Kirichenko (V.S. Sobolev Institute of Geology and Mineralogy SB RAS)
Co-author: Kirill Aksentov (V.L.II’ichev Pacific Oceanological Institute, Far Eastern Branch,
Russian Academy of Sciences)

14 samples of the upper layers of bottom sediments of the Laptev Sea were collected in the Lv-
83 cruise. As part of the work, separation into fractions of the bottom sediments of the Laptev Sea
was carried out. Fractionation was performed using a combination of sieve analysis methods (on 32,
63, and 125 micron sieves) and gravitational sedimentation according to the methods described in
[1,2]. We carried out particle size separation of bottom sediment samples into 0-2, 2-10, 10-32, 32-
63, 63-125, >125 microns fractions. Sediment fractions of 32-63 and 63-125 microns were further
divided into heavy and light components. From the prepared material 30 mg tablets of 5 mm in
diameter were pressed [3]. Standards were used as comparison samples: bil-1 and BCR-32. The
chemical composition of various bottom sediment fractions was investigated by XRF-SR method on
the equipment of "SSTRC " on the basis of "Complex VEPP-3" in the BINP of SB RAS. Energy of
primary radiation was 23 keV, additional to this the chemical composition of heavy fractions 32-63
and 63-125 microns was studied at energy of primary radiation 43 keV. Thus the distribution of
chemical elements from K to Mo in K-lines and U, Th, Pb in L-series was obtained, for heavy
fractions such elements as Ag, Cd, Sn, Sb, I, Cs, Ba, La, Ce, Pr, Nd were also determined. The
statistical analysis of the data obtained revealed groups of chemical elements characteristic of each
individual fraction. The data obtained will help to identify the source of chemical elements in the
bottom sediments of the Laptev Sea, and can be used in paleoclimatic studies.

This work was financially supported by the RSF project. Ne 18-77-10017. The work was done at
the shared research center SSTRC on the basis of the VEPP-4 - VEPP-2000 complex at BINP SB
RAS. Some part of work is done on state assignment of IGM SB RAS
1. BorBunkun O. K., Kimroxosckwuii I'. U., Manyitnos JI. A. JlabopaTopHbIii MPaKTUKYM IO
o0IIel TEXHOJIOTHY CHITUKATOB U TEXHHYECKOMY aHAJIN3Y CTPOUTEILHBIX MaTepraioB //M.:
Crpoiinznar. — 1966.

2. [Terenun B. I1. ['panynomerpudeckuii aHaau3 MOPCKUX JOHHBIX ocankoB. — Hayka, 1967.
3. Phedorin M. A., Bobrov V. A., Zolotarev K. V. Peat archives from Siberia: Synchrotron
beam scanning with X-ray fluorescence measurements //Nuclear Instruments and Methods in
Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment. —
2007.—T. 575. = Ne. 1. - C. 199-201
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Novosibirsk free electron laser (NovoFEL) facility operates with three FELs. The FELs are
installed on one-, two- and four- track energy recovery linacs (ERLs) with a common accelerating
system. The ERL type of accelerator allows to achieve high average electron current (ordinarily about
10 mA) and to get the high average FEL power (generally more than 100 W). The new diagnostic
system was developed to control and study the third FEL's radiation parameters. The new system
acquires spontaneous undulator and laser radiation in the middle infrared area 8-14 mkm. The
diagnostics is based on the simultaneous application of reflective double-slit interferometer and
diffractive monochromator. Using this approach, we can measure spontaneous and laser radiation
parameters in time and spectral domain. Spectral data can be obtained directly using a monochromator
and can be compared with the measured correlation function. The new station is also used for the
laser radiation spatial characteristics measurements. The calculations and the first results obtained
with the new diagnostics are presented. Further experiments are discussed.

SAXS-STUDY OF ELECTRON BEAM TREATMENT EFFECT ON HNIW THERMAL
TRANSFORMATIONS #59
Submitted by Mikhail Mikhailenko
For track: X-ray structural analysis
Authors:
e Mikhail A. MIkhailenko (Institute of Solid State Chemistry and Mechanochemistry SB
RAS)
e Marat Sharafutdinov (ISSCM SB RAS, BINP SB RAS)
o Konstantin B. Gerasimov (ISSCM SB RAS)
e Petr I. Kalmykov (Federal Research and Production Center "Altai", Biysk, Russia)
e Eugenia V. Artemova (Federal Research and Production Center "Altai", Biysk, Russia)
o Boris Tolochko (Institute of solid state chemistry and mechanochemistry)
e Mikhail V. Korobeynikov (Budker Institute of Nuclear Physics)

Hexanitrohexaazaisowurtzitane, also called HNIW and CL-20, is a nitroamine with the formula
C6HO6N12012. It releases 20% more energy than traditional octogen(HMX)-based propellants, and
is  widely superior to conventional high-energy  propellants and  explosives.
The crystals of e-phase (that are stable at room temperature) having a size of 40 pm were investigated.
Crystals were treate by electron beam gernerated by a pulse accelerator ILU-6 (BINP, Novosibirsk).
Electron energy was 2.4 MeV, pulse duration 500 ms, pulse repetition rate 2 Hz. A moving table with
the sample crystals passed under a beam window with a speed of 2 cm/s several times with pauses to
prevent an overheating of crystals. A total acquired dose was 40 kGy (J/g). A thermal transformation
study in situ was carried out by 5b channel a VEPP-3 collider (BINP, Novosibirsk). The heating rate
10 o/min. When heated the e-phase undergoes a polymorphic transformation to a g-phase at a
temperature of 150-156 oC and decomposition at 220-225 oC.

Intact samples show no noticeable increase in the scattering intensity up to polymorphic
transformation temperature, at which a formation of a pseudomorphosis with numerous interfaces
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occurs. An abrupt increase in the scattering intensity occurs at polymorphic transformation
temperature.The irradiated samples show linear increase in SAXS intensity at temperatures above
100 oC, that indicates the formation of the internal interfaces. A transition onset in irradiated e-phase
crystals at temperature of about 100 °C was not fixed by other methods. SAXS method permits to
surely observe it.

PMMA WITH A MOLECULAR WEIGHT OF TEN MILLION GRAMS PER MOLE FOR
X-RAY LITHOGRAPHY #60
Submitted by Vladimir Nazmov
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Widely used in X-ray lithography, polymethyl methacrylate with a molecular weight of one
million grams per mole (trademark GS 233) has high consumer characteristics in terms of spatial
resolution, stability in acidic environment, glass transition temperature, but low sensitivity to X-rays
and relatively low contrast. At the same time, it was shown that with an increase in the molecular
weight of the polymer, the ratio of the dissolving rate of the irradiated material to that of the non-
irradiated material increases at the same doses of absorbed radiation [1].

In the present work, we studied polymethyl methacrylate, with a molecular weight of ten million
grams per mole achieved by ionic polymerization, which differs from its widely used analogue by an
approximately tenfold increase in the length of the polymer chain. Based on the obtained absorption
spectra in the IR range, data from differential thermal analysis and gel permeation chromatography,
the changes caused by the ionizing radiation are studied. During thermal decomposition of the initial
polymer, the mass loss dependence can be divided into different sections: low-temperature with a
maximum decomposition rate at 260.5-261 °C and a process start point at 207-209 °C and a high-
temperature one with a maximum decomposition rate at 379-379 °C with a process start point at 346-
348 °C and the end of the process at 398-400 °C.

As the dose is increased, there is a regular decrease in the decomposition start point from 207
(209) to 152 ° C, a decrease in the temperature of the maximum of low-temperature decomposition
and its blurring, as well as a shift in the temperature of the end of the process to higher temperatures
398 (400) - 427 (428) °C. At the same time, the position of the maximum of the main decomposition
peak is in the range of 376-384 °C. The DTA curves show the disappearance of the pronounced
thermal effect of melting even after exposure to minimal ionizing radiation.

The developed polymer has approximately an order of magnitude higher sensitivity to X-rays.
The contrast is also slightly higher than that of PMMA with a molecular weight of one million grams
per mole. A characteristic feature is a higher development temperature, caused by the large size of
the coil molecules, consisting of fragments of the destroyed macromolecule, preventing the
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penetration of the developer.The microstructures obtained by deep X-ray lithography have lower
internal stresses and curvature at high values of the aspect ratio.1.

Reference

1. W.M. Moreau, Semiconductor lithography: principles, practices, and materials, New York :
Plenum Press, 1988.

PERIODICITY IN THE DISTRIBUTION OF CHEMICAL ELEMENTS IN THE BOTTOM
SEDIMENTS OF THE CHUKCHI SEA. #61
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Russian Academy of Sciences)

As part of the work, a core of bottom sediments of the Chukchi Sea was studied, sampled in
2021 during the LV-95 cruise. To determine the concentrations of chemical elements along the
bottom sediment core profile, the non-destructive XRF-SR scanning method using synchrotron
radiation was applied. The XRF-SR scanning samples were prepared according to the technique
described in [Phedorin and Goldberg, 2005] and represented wet sediment plates with geometric
dimensions of 30x1.5%0.5 cm, cut from the central part of the column (core) and placed in aluminum
cuvettes. The prepared "slabs" were wrapped in two layers of 10-micron thick polymer film to prevent
the integrity of the material under study, as well as to protect the sediment from drying. To take into
account the variation of humidity along the length of the studied column, as well as to convert the
relative values of chemical element concentrations into absolute values, the method of external
standard was applied. For this purpose on various intervals of the studied core of bottom sediments
the sites in the size about 0,5-1 cm from which fragments of sediment were selected, which then were
dried, rubbed and homogenized From the prepared material 30 mg tablets of 5 mm diameter were
pressed [Phedorin, 2007]. Standards were used as comparison samples: bil-1.

"Slabs" were irradiated with a beam of collimated, polarized, monochromatic radiation with
a vertical aperture of 1 mm. The following mode of analysis was used: source energy 23 keV,
scanning step 1 mm, exposure per point was 45-100 seconds, with a total number of particles hitting
the detector per second 5000-10000 Hz. Exposure for tablet studies was 120-300 seconds with a
detector load of 12 kHz. Chemical element distributions from K to Mo by K-lines and U,Th, Pb by
L-lines were obtained as a result.

Wavelet and Fourier analysis of chemical element distribution data showed significant
statistically reliable periodic fluctuations in the chemical element content. The obtained data will help
to clarify the climate variability of the Eastern Arctic seas during the last millennia.

This work was financially supported by the RSF project. Ne 21-17-00081. The work was done
at the shared research center SSTRC on the basis of the VEPP-4 - VEPP-2000 complex at BINP SB
RAS. Some part of work is done on state assignment of IGM SB RAS
1. . Phedorin M. A., Bobrov V. A., Zolotarev K. V. Peat archives from Siberia: Synchrotron
beam scanning with X-ray fluorescence measurements //Nuclear Instruments and Methods in
Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment. —
2007.—T. 575. = Ne. 1. - C. 199-201
2. Phedorin M. A., Goldberg E. L. Prediction of absolute concentrations of elements from SR
XRF scan measurements of natural wet sediments //Nuclear Instruments and Methods in Physics
Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment. — 2005. —
T. 543. —Ne. 1. - C. 274-279.
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Modern X-ray sources, such as x-ray free-electron lasers (FELs) and the fourth-generation
synchrotrons, including the new Megascience facilities that are being built in Russia, have
outstanding properties: are fully coherent, can generate a high-energy beam with extremely low
emittance and high brightness. To deliver such a beam to the sample X-ray optics, such as
monochromators, mirrors, compound refractive lenses (CRLs), attenuators, etc. are needed. To
preserve the quality of the beam, the quality of the optics has to match. Therefore, the best materials
for optics fabrication are single crystals. Crystalline materials like silicon, germanium, or diamond
are robust, very well reproducible and, due to the ideal internal structure, the optics made of such
materials produce almost no parasitic background. The last feature of the optics made of single-crystal
materials is extremely important for modern x-rays sources. However, there is one drawback of such
optics: diffraction losses caused by undesired Bragg/Laue scattering, which is usually termed the
“glitch effect” [1].

The glitch effect manifests itself as follows: at some energy of the incident X-rays, the
transmitted (or diffracted, in the case of monochromators) beam intensity drops. It happens when
Bragg’s law is satisfied, and a part of the beam is parasitically diffracted in some direction. Therefore,
the main beam (transmitted, or diffracted for monochromators) loses some intensity (the parasitically
diffracted part). Such glitches of the intensity are particularly harmful for the measurements that rely
on the constant change of x-ray energy, like spectroscopy. But even for the experiments with the fixed
X-ray energy, especially for the hard X-rays (E > 10keV), there is a high probability to set the energy
close to some glitch. In this case, the intensity of the beam, incident at the sample, would be lower
and unstable.

In paper [2] an easy way to simulate and predict the appearance of glitches in single crystals for
different energies was demonstrated. Moreover, a way to avoid glitches during the measurements was
proposed [3]. It was also found, that the measured glitches can be used constructively [2-4]. For
example, one can determine the cell parameters and the orientation of the crystal to the beam [2], its
rotation axes [3], and even tune the energy of the X-rays produced by the monochromator by
determining the exact pitch angle of the monochromator crystals [4].

In paper [2] the spectrum of glitches from a diamond crystal was corrected by the manually
refined pitch angle of the monochromator and then all measured glitches were indexed (attributed to
the corresponding Miller indices) and the orientation of the crystal was determined. This procedure
might be greatly improved by the simultaneous determination of the exact pitch angle of the
monochromator (thus the energies of all measured glitches) and the orientation of the crystalline
sample. Such a complex way of solving the problem for the spectroscopy data measured with a
systematic error in the pitch angle can increase the precision of the orientation and the cell parameters
determination. It would also allow correcting the pitch angle better.

That’s exactly what is done in the current work — the spectroscopy data with the systematic error
is analyzed in a way, that the error in the pitch angle is determined together with the cell parameters
and orientation of the crystalline sample. The data measured at ESRF and used in the papers [1-4] is
re-analyzed and better precision is achieved. The whole data processing pipeline is developed as a set
of open-source programs deposited at [5].

The proposed method can be automated and routinely used at any beamline for fine-tuning the
monochromator to make the energy of the generated X-ray beam more reliable and reproducible.
Moreover, a monochromator tuned in this way will produce precise X-ray energy in a wide range of
energies. Soon, this method can be successfully applied at the new diffraction-limited synchrotron
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radiation source (4th generation facility) for the beam position correction without the need of
additional mirrors, which can greatly improve the wavefront of the beam incident at the sample. Such
an improvement is relevant and important for the new Megascience facilities that are being built in
Russia according to the Federal Scientific and Technical Program for the Development of
Synchrotron and Neutron Research and Research Infrastructure during 2019-2027.

Acknowledgments. This research was supported by the Russian Federal Academic Leadership
Program Priority 2030 at the Immanuel Kant Baltic Federal University. The author acknowledges
great support from Oleksandr Yefanov (CFEL@DESY, Hamburg, Germany)
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In this work In situ X-ray diffraction measurements of the process of thermo-stimulated decay
of magnesium hydrides were carried out at the station "Precision diffractometry» at Siberian
Synchrotron and Terahertz Radiation Center of the Budker Institute of Nuclear Physics.
Measurements were performed using SR from the VEPP-3 storage ring.
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e Marina Chukalina (Smart Engines LLC, 117312, Russia, Moscow; Institute for Information
Transmission Problems RAS, 127051, Russia, Moscow; FSRC “Crystallography and
Photonics” RAS, 119333, Russia, Moscow)

o Larisa Krotova (Federal Research Center "Crystallography and Photonics" RAS)

e Vladimir Volkov (FSRC "Crystallography and Photonics")

e Victor Asadchikov (FSRC "Crystallography and photonics" RAS)

e Vladimir Popov (Federal Research Center "Crystallography and Photonics" RAS)

The regeneration of living tissue (tissue engineering) is one of the most important problems of
modern medicine. A possible way of solving this problem is to use bioresorbable porous matrices for
this purpose. Such porous matrices can be based, in particular, on polylactides obtained by treating
amorphous and partially crystalline polymers with supercritical carbon dioxide (sc-CO2). It is
important that matrixes are prepared by this technology without the use of toxic organic solvents or
high temperatures.

Comparative analysis of the internal structure and porosity data for poly-lactide scaffolds
obtained by treatment with sc-CO2 on the scale of 0.02 um to 1000 um was carried out by X-ray
small-angle scattering (SAXS), helium pycnometry (HP), mercury intrusion porosimetry (MIP) and
laboratory and synchrotron X-ray micro-tomography (micro-CT). This approach opens up
possibilities for large-scale evaluation, computer modeling, and prediction of physical and
mechanical properties of polylactide scaffolds, as well as their biodegradation behavior in the body.
[1]

It was shown that X-ray small-angle scattering can be applied to study pores with a radius less
than 0.05 um, while mercury porosimetry is not suitable for such small pores, as it requires high
pressures, which destroys the walls of the polymer under study.

The work was supported by the Ministry of Science and Higher Education within the State
assignment FSRC "Crystallography and Photonics" RAS in part of "interpretation of tomographic
data" and grant of RFBR Ne19-29-12045 for synchrotron phase-contrast micro-CT studies.

[1] 1. Buzmakov A.V., Dunaev A.G., Krivonosov Y.S., Zolotov D.A., Dyachkova 1.G., Krotova L.L,
Volkov V.V., Bodey A.J., Asadchikov V.E., Popov V.K. Wide-Ranging Multitool Study of Structure
and Porosity of PLGA Scaffolds for Tissue Engineering // Polymers, 2021, Vol. 13, No. 7, P. 1021.
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The interaction of graphite with inorganic fluorides at room temperature leads to the formation

of fluorinated graphites CFO0.1-0.5, which are layered carbon materials with high chemical,
mechanical and thermal stability. Due to their layered structure and unique amphoteric redox
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properties, these compounds can serve as promising carriers of many substances, both donors and
acceptors. Of particular research interest are carbon materials as a container for storing poisonous
gases. Thus, activated carbon showed high efficiency in the reversible adsorption of NOx molecules,
which are common anthropogenic air pollutants. In addition, the carbon carrier can act as a catalyst
and, under certain conditions, cause the denitrification of NOx to form non-toxic N2. Denitrification
can also take place under the action of ultraviolet radiation. Photolysis of NOx is also of interest from
the point of view of studying processes in the Earth's atmosphere under the action of solar radiation,
where nitrogen-containing oxides play a key role in redox cycles.

Thereby the aim of the work is to carry out a comparative analysis of the composition of
intercalated NOx@CF0.4 before and after annealing at 200°C using the XPS and NEXAFS methods;
study of NOx photoionization, as well as the stability of an intercalated and annealed CF0.4
fluorographite matrix as a result of exposure to a high-intensity polychromatic photon beam (zero-
order electromagnetic radiation from the dipole beam of the BESSY II synchrotron radiation facility)
for 420 s; using IR spectroscopy to study the functional composition of intercalated fluorinated
graphite during heating; when using thermogravimetric analysis, determination of the evaporation
temperature of NOX.

In this work, we performed a comprehensive analysis of the functional composition, electronic
structure, and stability of the CF0.4 before and after annealing, as well as the photochemical activity
of intercalated NOx before and after exposure to a zero-order synchrotron beam in the in situ mode
for up to 420 seconds using XPS and NEXAFS spectroscopy. It has been found that exposure to a
zero-order synchrotron beam leads to defluorination of the FG system, with possible removal of
carbon and the formation of vacancy defects. The graphitic lattice of the annealed sample is more
stable than the original sample. The incorporation of liquid N204 into CF0.4 causes a number of
chemical reactions in the interlayer space of the FG with the dissociation of N204 to NO2 and to
disproportionation reactions with the formation of NO3 and NO followed by denitrification to N2.
Photolysis of NOx in the CF0.4 interlayer space leads to increased denitrification and incorporation
of nitrogen atoms into the graphite lattice in the form of pyrrole-like nitrogen atoms. Annealing at
~200°C for 10 minutes promotes the formation of an “empty” fluorographite matrix with traces of
HNO3, NO2, N2 and pyrrole-like nitrogen at the NEXAFS probing depth, followed by a decrease in
the nitrogen concentration upon irradiation.

GENERATION OF NEAR-INFRARED RADIATION HARMONICS BASED ON
REGULAR POLYMER MATRICES WITH CONE AND CYLINDRICAL PORE
GEOMETRY AND COATINGS APPLIED ON THEM #66

Submitted by Irina Dyachkova
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Authors:
e Victor Asadchikov (FSRC "Crystallography and photonics" RAS)
e Vladimir Nazmov (Budker Institute of Nuclear Physics)
e Boris Goldenberg (Budker INP SB RAS, SRF “SKIF”)
e Andrey Konovko (M.V. Lomonosov Moscow State University)
e Alexander Vasiliev (FSRC “Crystallography and fotonics” RAS)
e Yuriy Grigoriev (FSRC “Crystallography and Photonics” RAS)
o Sergey Bedin (FSRC “Crystallography and fotonics” RAS)
o Evgeniy Epifanov (FSRC “Crystal-lography and Photonics” RAS)
e Irina Dyachkova (FSRC "Crystallography and Photonics" RAS)

Thin commercially available films of such material as polyethylene terephthalate are

characterized by high values of mechanical strength, high chemical and thermal and radiation
resistance, has high transparency in the visible and near-infrared range of the spectrum. Such films

65



SFR-2022 Book of abstracts

are promising for recording by microlithography methods with high density of information and its
long-term storage. Recording of information can be carried out by deep X-ray lithography. For this
purpose, the sensitivity of the material with respect to the dose of absorbed radiation and the rate of
removal of the irradiated material from the surface of the original film was studied in this work,
resulting in a complex dependence of the removal selectivity on the concentration of alkali as a
reagent. The resulting relief has the character of a developed regular volumetric microstructure. Thus,
regular polymer matrices with cone and cylindrical pore geometry were obtained. Metallic and
dielectric cone microstructures were obtained using such matrices. The height of the synthesized
microstructures ranged from tens to fractions of microns with a repeatability period of 3 pm.
Theoretical and experimental studies of harmonic generation efficiency in the interaction of
femtosecond near IR laser radiation with synthesized metallic pointed structures under conditions of
plasmon resonance excitation were carried out. It is shown that irradiation by intense femtosecond
laser pulses of a periodic in two dimensions microstructured metal target with a thin film metal
coating allows the creation of an anisotropic nanostructure on the surface. Formation of the surface
nanostructure leads to an increase in the efficiency of radiation generation at the second harmonic
frequency in the reflection geometry. An installation for optical study of microstructured materials
on the process of the efficiency formation second harmonic from high-frequency femtosecond
infrared radiation in the "on reflection" scheme with the possibility of automated framing of the
surface and volume of samples was developed and created. A method of diagnosing the morphology
of a target based on the study of the second harmonic generation efficiency process in the "backward"
geometry in the mode of continuous measurement of spectra has been developed. The developed
technique was tested on a high frequency near-infrared femtosecond laser radiation.

The reported study was partially funded by the RFBR research projects 18-29-20090 in terms of
obtaining regular membranes and considering the possibility of their applicability for solving
photonics problems and by RFBR research projects 18-02-00528 in terms of developing algorithms
for solving the diffraction problem on surface nano- and microstructures, writing programs
implementing these algorithms and carrying out mathematical modeling.

LIFETIME OF POLYMERIC REFRACTIVE X-RAY LENSES #67
Submitted by Vladimir Nazmov

For track: SR technological application and X-ray apparatus

Authors: Vladimir Nazmov, Elena Reznikova (Budker Institute of Nuclear Physics)

The ability to keep the initial properties under irradiation is one of the most important (along
with effective aperture) characteristics of X-ray lenses. When irradiated with gamma and X-rays,
structural damages are arised in the lens material, called radiation defects, and the temperature in the
lens material under the influence of radiation can reach tens and hundreds of degrees. Therefore, it
take place radiation-thermal effects in the material. It is known that even refractive lenses made of
beryllium undergo destroying in powerful X-ray beams, so it can be expected that the tenure of a
polymer lens in the X-ray beam is especially critical both for the lens and for the result of the
experiment. The following are the main factors determining the lifetime of a polymer lens in an X-
ray beam:

1. Selection of radiation-resistant initial material: polymeric materials are classified according to
resistance.

2. Modification of the lens material in order to reduce internal energy of the material.

3. Relaxation of molecules of the material in X-ray beam.

4. Design features: optimized areas of passive material, microsteructure symmetry, supporting
beams are outside the area of the lens illuminated by X-rays.

5. The use of high photon energy; low absorbed power of X-rays.

6. Gas environment.
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A series of experiments was carried out to study the lifetime of lenses made of SU-8 photoresist.
Namely, in X-rays from a bending magnet of the ANKA synchrotron radiation (SR) source, the
impact of high power and high temperature induced by X-rays was studied, when the refractive
elements were oriented so that the lens optical axis was perpendicular to the direction of the incident
radiation. In this orientation, the X-ray power absorbed by each refractive polymer structure is
maximum. In other experiments, undulator radiation from ESRF and Spring-8 SR- sources was
directed along the optical axis of the lens. The refractive microstructures retained their mechanical
and optical properties throughout the experiment. The high resistance of the abovementioned material
is based on the radiation-resistant cyclic groups and glycidyl groups in its composition, that provide
high thermal stability due to stable bonds with each other.

Secondly, after the lens microstructuring is completed, under the influence of X-rays, up to the
accumulation of a dose of about 1 kJ per cubic centimeter, the opening of epoxy cycles continues
with the formation of new bonds, which also leads to an increase in the life-time. Third, in the absence
of post-curing, the material contains an appreciable amount of water, which leaves the polymer
material and carries away some of the absorbed energy.

STUDY OF EXTREME HYDRODYNAMIC PHENOMENA IN LASER PLASMA BY
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o Kento Katagiri (Graduate School of Engineering, Osaka University)
e Yuichi Inubushi (1. Graduate School of Engineering, Osaka University 2. RIKEN SPring-8
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o Tadashi Togashi (1. Graduate School of Engineering, Osaka University 2.RIKEN SPring-8
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In a variety of phenomena that occur in astrophysics and modern nuclear technology, matter is
under the influence of high intensity energy. This effect, in turn, leads to a whole complex of complex
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hydrodynamic phenomena (various types of instabilities, plasma jets, shock waves), the
understanding of which is of interest for both applied and fundamental problems.

With the advent of X-ray free-electron lasers (XFELs), it is possible to solve the problems of
studying hydrodynamic phenomena in plasmas with radiographic methods. On the one hand, the
femtosecond duration of the pulses of such devices offers a high temporal resolution; on the other
hand, monochromaticity, high coherence and brightness enable diffraction-enhanced images of
objects with small density gradients. In this way, fundamentally new possibilities arise for the
investigation of low-contrast hydrodynamic phenomena in plasmas.

The aim of this work was to investigate with submicron resolution the fast-flow hydrodynamic
phenomena such as the evolution of Rayleigh-Taylor instability and paired shock wave structures in
nanosecond laser plasmas, taking advantage of X-ray lasers.

CRYSTAL STRUCTURE ANALYSIS OF NICKEL-BASED CATALYSTS #69
Submitted by Maxim Mikhnenko
For track: X-ray structural analysis
Author: Maxim Mikhnenko (BIC SB RAS; NSU)
Co-authors:
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In the last decades the methods of researches on the basis of synchrotron sources (SR) of radiation
are actively developed. The use of SR allows to change the wavelength of radiation, which allows
using different methods to study the structure of matter. One of such methods is the atomic pair
distribution method (pair distribution function, PDF), which uses short wavelengths: 0.1-0.2 A. Due
to this method one can receive information on the coordination environment inside the structure,
which is especially relevant. Moreover, the use of SR allows one to apply the methods of in situ X-
ray diffraction with an increased, compared to laboratory devices, intensity and improved angular
resolution of the obtained data, and thus a more precise study of various processes, due to a shorter
accumulation time. This allows a more detailed recording of phase transitions and thus obtain more
structural data

In the course of this work, the structural features of NiO-based nanostructured catalysts were
investigated. The peculiarity of the systems under study was the stabilization of the oxide in highly
dispersed form due to the introduction of silicon additives. X-ray diffraction of the catalyst differed
from the "classical" X-ray diffraction of bulk nickel oxide and was characterized by certain features
- different broadening of diffraction reflexes - whose interpretation by standard methods did not give
satisfactory results. Therefore, the catalyst was investigated by a set of diffraction techniques, which
included PDF and X-ray diffraction simulations by the Debye method. The data for the PDF
calculation were obtained at the VEPP-4 source using a wavelength of 1=0.1792A. The following
structural models were considered: (1) particle shape effect using cube, sphere, plate, and filament as
examples, (2) different models of silicon embedding into nickel oxide structure. It is shown that
silicon incorporation is realized due to NiO layer replacement with formation of a fragment following
the "spinel" Ni2SiO4 structure fragment. The results of transmission electron microscopy also
confirmed this hypothesis and showed that the silicon is evenly distributed on the nickel oxide
particles. In addition, the crystallites have a plate-like shape with a thickness of 1.5 nm and a width
of 3 nm.

The second task was to carry out in situ X-ray diffraction studies of the reduction process of
nickel oxide with the introduction of various additives (W, Si, Cu, Mo). It was shown that depending
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on the chemical nature of the modifier, both acceleration and deceleration of the reduction from the
oxide state to the metallic state occur.
This work was carried out with the support of Program "Priority 2030" NSU.

STRUCTURAL ANALYSIS OF THROMBIN-BINDING G-QUADRUPLEX APTAMERS
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Analyzing 3D structure of G-quadruplex aptamers is not a trivial task as it is not always possible
to use the common methods like X-Ray or NMR. However, alternative methods might provide the
answer to this question. One of such methods is SAXS method. In this project thrombin-binding G-
quadruplex aptamers RE31, NU172 and HD22 have been studied. SAXS method has made it possible
to discover structural difference between crystallized and dilluted samples. Moreover the methods
has given us the ability to estimate to what extent do different concentration of bivalent ions affect
the structure of RE31, NU172 and HD22.

LONG-WAVES REGIME OF TERAHERTZ NOVOFEL WITH HYBRID OPTICAL
RESONATOR #71
Submitted by Vitaly Kubarev
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Author: Vitaly Kubarev (BINP)
Co-authors:
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e Yaroslav Getmanov (BINP)

Typical regimes of the terahertz NovoFEL assume operation on the modes of an open optical
resonator. In recently discovered regimes with anomalously long waves up to 340 um, intracavity
radiation is represented by modes a hollow waveguide inside the undulator and an open cavity modes
in the sections between the ends of the undulator and the mirrors.

POINT-LIKE PLASMA-LIMITED HIGH-TEMPERATURE THZ LASER DISCHARGE
#72
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A continuous equilibrium point laser discharge in the form of a ball 0.8 mm in diameter with a
plasma density of 3E17 cm-3 and a temperature inside the ball of 4.2 eV (49 kK) was obtained at the
terahertz NovoFEL. The ways of increasing the plasma parameters and its potential application as a
source of VUV-radiation are considered.

O/THODJEMEHTHBINA HIIUTPOKOIIOJIOCHBIA MOHOXPOMATOP HA OCHOBE
IVIOCKOM VLS-PELIETKH #73
Submitted by Evgeny Ragozin
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Authors:
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IIpennoxkeHa KOHLENIMS HOBOTO MOHOXpOMaTopa Ha OCHOBE Iulockod VLS-pemerku c
SKCIMOHEHIIMAJIBHON 3aBUCUMOCTBIO YaCTOTHI IITPUXOB OT KOOPJAMHATHI, B KOTOPOM YTOJI OTKIIOHEHHUS
MOCTOSIHEH, a IIEJIU, UCTOYHUK U JIETEKTOP M3JIy4eHHs] HENMOABM>KHBI. CKaHUPOBAHUE JITTMHBI BOJIHBI
OCYULIECTBJISETCS IPU IMOMOIIM JUHEHHON TPAHCISALMU PEIIETKH BJIOJb €€ MMOBEPXHOCTH, IPU ITOM
T parupoBaHHOE M3IIYYCHHUE OCTAaeTCs CPOKYCHUPOBAHHBIM HA BBIXOJHYIO IIENb, M a0eppauu He
HapacTatoT. PaccuMtana cxema mnpubOopa sl NMPUMEHEHHS] Ha CHHXPOTPOHHOM HCTOYHUKE B
CIIEKTpaibHOM Jrana3zone 125 — 4200 A. PaccrostHre OT MCTOYHHKA 710 pemeTku cocrasisier 28.55
M, PacCTOSIHHE OT PEHIETKU 10 BHIXOAHOU 1Ieiau — 650 MM, MOCTOSIHHBIN CKOJIB3SAIIUN YOI MaIeHUS
Ha pemeTky — 7.0°, TOCTOSIHHBIN yroJ OTKJIoHeHHs — 19.5°. Pa3pemaroniast crtocoOHOCTh COCTABIISIET
6000 mpu mupHHe BBIXOAHOH mienu 8§ MkM. Yactora mtpuxoB Bapbupyeres ot ~ 1300 go ~ 35 1/mm.
J11st MOKPBITUS MOJTHOM IIMPUHBI TMAIIa30HA MPEANOJIAraeTcsi UCIOJIb30BAHNE HECKOJIIBKUX CMEHHBIX
pPELIETOK.

AHaJOTMYHBIN MOAXO0JI OKa3ajcs MPUMEHUM TakKe K CO3/JaHMI0 KOMIIAKTHOTO (B YacCTHOCTH,
MeHee 1 M) MOHOXpOMAaTOpa BBICOKOTO pa3pelieHus C PaBHBIMU PACCTOSTHUSMH BXOJHAS LIENb —
VLS-pemerka u VLS-pemnierka — BoIxogHas 1meiab. Tako MOHOXPOMATOP MOXKET MCIIOIb30BaThCH,
HampuMep, B KOMOWHAIMKM C WMITYJIbCHO-TICPUOAMYECKUM JIa3epHO-TUTA3MEHHBIM HCTOYHHKOM
U3ITy4eHUsl B BAKYyMHOM 00JIacTH CHEKTpa.

ESTIMATION OF THE SPATIAL RESOLUTION VALUE FOR CONTACT
PHOTOLITHOGRAPHY AND X-RAY LITHOGRAPHY #74

Submitted by Aleksandr Gentselev

For track: SR technological application and X-ray apparatus

Author: anekcanap reHienes

Simple methods for estimating the spatial lithographic resolution during the formation of a
resistive mask by means of both X-ray lithography using polymethylmethacrylate (PMMA) as an X-
ray resist and synchrotron radiation (SI) as an exposing radiation, and contact photolithography using
a negative SU-8 resist (or its analogues) are described. The cases of exposure of thin (~1 microns)
and thick (~1 mm) resistive layers are considered. An algorithm for determining the technological
window for X-ray lithography based on the formula of the characteristic curve for the used resist and
the specified developer composition and development conditions is described. Attention is drawn to
the fact that the question of calculating the spatial resolution in the hard X-ray spectral range
(A = 0.5+3 A), often used in the implementation of deep X-ray lithography (for example, in LIGA
technology), remains open and requires further theoretical and experimental research.
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Submitted by Daria Sergeeva
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Radiation from electron bunches is usually used for diagnostics of its transverse sizes in
accelerators and colliders including FELs and synchrotron injectors. However, the methods of
diagnostics continue to improve. There are some ideas on single-short diagnostics, or non-destructive
diagnostics, or using new types of targets, among which metamaterials and photonic crystals seem to
be attractive. In this report we suggest using incoherent transition radiation from two-periodical
targets in order to define transversal sizes of the bunch. Usually the diagnostics is reduced to
comparison the measured data to the theoretical one, which take in account the coherent effects. The
generally accepted approach to take into account coherence from electron bunches consists in
multiplying the radiation intensity from one particle by the bunch form-factor, which takes into
account its size, shape, and distribution of electrons. We show that in polarization radiation for a wide
class of structures, such as photonic crystals and metasurfaces, this approach is incorrect. We
construct a theory of coherent and incoherent Smith-Purcell radiation and transition radiation from
such structures and discuss its applicability to relativistic electron bunch diagnostics.

This work was supported by the Russian Science Foundation, grant Ne 21-72-00113.

PLASMA DISCHARGE IN A NON-UNIFORM GAS FLOW, SUSTAINED BY THE
POWERFUL RADIATION OF NOVOSIBIRSK FREE ELECTRON LASER, AS A POINT-
LIKE SOURCE OF VACUUM ULTRAVIOLET RADIATION #76
Submitted by Alexander Sidorov
For track: THz radiation aplication
Author: Alexander Sidorov (IAP RAS)
Co-authors:
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e Alexey Veselov (IAP RAS)
o Vitaly Kubarev (BINP SB RAS)
e Oleg Shevchenko (BINP SB RAS)
e Yaroslav Gorbachev (BINP SB RAS)

In this paper, we consider the prospect of creating a point-like source of vacuum ultraviolet
radiation (VUV) based on a plasma discharge, sustained by the terahertz radiation from the
Novosibirsk free electron laser.

Investigation of the gas discharge in the quasi-optical beams of high-power electromagnetic
radiation of the terahertz frequency range is attractive for a large number of both fundamental and
applied research. The study of this discharge became possible only recently due to the development
of the unique and reliably working sources of powerful radiation in this range. Namely, terahertz free
electron lasers and gyrotrons. The study of localized (point-like) discharge is especially important
due to the need to solve the problem of creating a point-like source of extreme ultraviolet (EUV) light
for the next-generation projection lithography.

The possibility of creating a point-like (characteristic size 100-500 pm) discharge in an
inhomogeneous gas flow sustained by radiation from the terahertz frequency range had been
demonstrated for the first time in IAP RAS. The conditions for the existence of such a discharge, the
plasma parameters and its luminosity in VUV and EUV ranges were studied. It was experimentally
shown that such a discharge radiates very effectively in the region of the vacuum ultraviolet. In
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addition, it was demonstrated that an increase in the frequency of the heating field improves the
coupling of the radiation with the plasma. It was estimated that the optimal frequency of the heating
radiation is in the range of 1-3 THz. Calculations show that for radiation in the vacuum and extreme
UV range the optimum plasma density is of 10°16 - 1017 cm”-3. Thus, the plasma parameters
provided by powerful THz radiation turn out to be optimal for the generation of EUV radiation

It is proposed to use high-power free-electron laser radiation to heat heavy noble gases plasma
in an inhomogeneous stream as a possible promising source of vacuum and extreme ultraviolet
radiation. Experimental studies on the Novosibirsk terahertz FEL with discharges at atmospheric
pressure have shown that the terahertz range is optimal for creating dense plasma with a high plasma
temperature. The plasma density was of 2-1017 cm-3, the electron temperature was of 2-3 eV, ion
temperature in such dense full-ionized plasma can be close to electron temperature.

[Tpu 3TOM CTOUT OTMETHTD, YTO JUISl AOCTHXKEHHSI HEOOXOIMMOMN CTENIEHH KPaTHOCTH HOHU3ALIUU
(c Touku 3penuss msnydueHus B VUV um EUV nmanazoHax) MHOTO3apSIHBIX HOHOB TSDHKEIIBIX
MHEPTHBIX Ta30B HEOOXOIUMO JOCTHYB Temreparyp 31eKTpoHoB B 10-30 3B. ITosToMy ocHOBHOM
3a7a4eil Ha JAaHHBIM MOMEHT SBIISIETCS JOCTHMXKEHHME Takux temnepatyp B TI'm paspsge B
HEOJJHOPOIHOM ITOTOKE Ta3a, MojaepKkuBaeMoM uainyueHuem Hosocubupckoro JICD.

It should be noted that in order to achieve the required degree of ionization (in terms of radiation
in the VUV and EUV ranges) of multiply charged ions of heavy noble gases, it is necessary to achieve
electron temperatures of 10-30 eV. Therefore, the main task at the moment is to achieve such
temperatures in a THz discharge in an inhomogeneous gas flow, sustained by radiation from the
Novosibirsk FEL.

THE POSSIBILITY OF CONTROL OF THE PHASE OF OPTICAL FID IN MAGNETIC
FIELD #77
Submitted by Evgeniy Chesnokov
For track: THz radiation aplication
Author: Evgeniy Chesnokov (Istitute of Chemical Kinetics)
Co-authors:
o Pavel Koshlyakov
o Vitaly Kubarev (BINP)

This work demonstrates the possibility of switching the phase of optical free induction (FID) in
time-domain experiments. This possibility arises in experiments with paramagnetic molecules (free
radicals) in a magnetic field. Changing the direction of the magnetic field alters the direction of
rotation of the polarization plane of the FID and inverts the phase of one of the components of FID.
This effect will be useful for heterodyne detection the optical FID of the free radicals in the terahertz
region.

The spectroscopy of the free radicals in the terahertz region (approximately 1-10 THz or 30-300
um) could be a useful tool for studying combustion processes. In this region there are rotational
transitions of many important free radicals, such as OH, CN, CH, CH2, etc. [1]. Number of works
[2—4] demonstrates the application of terahertz spectroscopy for kinetic studies.

The main feature of free radicals is a magnetic moment which is aroused by the presence of
unpaired electrons. An external magnetic field affects the energy levels and therefore the absorption
and emission spectra of these radicals. Free radicals are usually present in low concentrations, so the
task of selective detection of free radicals compared to the absorption of stable molecules is important.
In a magnetic field, free radicals can be distinguished because the spectra of stable molecules are
insensitive to the magnetic field. Laser magnetic resonance method uses the modulation of the
absorption coefficient of the radicals by a magnetic field [5]. It is more convenient to use the effect
of a magnetic field on the polarization than on the absorption. This is implemented in the Faraday
Rotation Spectroscopy FRS method [6,7].
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In the technique of ESR spectroscopy, manipulation of the phases of exciting pulses is widely
used [15]. Standard ESR spectrometers operate at around 10 GHz, where phase control can be
performed using electronic components. In the simplest case, the alternation of exciting microwave
pulses with antiphases and measuring the difference between the corresponding FIDs permits to
eliminate all possible instabilities of the receiving system. All modern ESR spectrometers use this
technique. Also, special techniques are utilized for exciting the spin echo by a sequence of pulses
with a controlled phase shifts, which provide additional information of ESR spectra [16].

Experiments with OH radical. Without magnetic field the FID radiation is linearly polarized with
the same direction as the NovoFEL exciting pulse (in our experiments — vertical polarization).
Consequently, a horizontally installed polarizer completely blocks the FID signal. When the
longitudinal magnetic field was applied, the plane of polarization of the FID rotated and horizontally
polarized wave component appeared.

The FID phase was determined relative to the reference optical signal formed from the NovoFEL
exciting pulse. The NovoFEL radiation pulse was divided into two parts by a polypropylene beam
splitter. The first part excited OH radicals formed in the cell by UV pulse [13]. The horizontal FID
component was recorded by a detector with a polarizer in front of it. This polarizer, in combination
with the polarization property of the antenna of the Schottky diode detector [21], completely blocked
the passage of the powerful FEL pulse to the detector.

When the reference signal was directed to the receiver together with the weak FID signal, the
result of their interference was clearly observed. At some points in time, the intensity of the reference
signal increased, at others, on the contrary, decreased. When the direction of the magnetic field was
changed, the phase of the FID signal was reversed, and the interference pattern was inverted.

The ability to change the phase of the FID will be extremely useful in heterodyne measurement
of FID signals. It is well known that methods for heterodyne detection of an electromagnetic wave
are much more sensitive than the detection of the radiation intensity. In fact, Fig. 1 demonstrates that
a low-intensity FID wave causes a large change in the intensity of the resulting signal as a result of
interference with the reference wave.

DEVELOPMENT AND CHARACTERIZATION OF IMPULSE THZ HEATING METHOD
USING EPR OF MAGNETOACTIVE COMPOUNDS #78
Submitted by Sergey Tumanov
For tracks: SR and FEL sources and centers, THz radiation aplication
Authors:

o Sergey Tumanov (ITC SB RAS)

e N.A. Artiukhova (ITC SB RAS)

e Anatoly Melnikov (International Tomography Center)

e A.S. Bogomyakov

e Oleg Shevchenko (BINP)

e Yaroslav Getmanov (Budker INP)

e V.I Ovcharenko (ITC SB RAS)

e M.V. Fedin

o Sergey Veber (International Tomography Center SB RAS)

The possibility of a fast temperature change of the sample in a controllable way makes it possible
to study related phenomena, such as thermally induced trapping of metastable states in magnetoactive
compounds or thermally activated catalytic and biological processes. The Electron Paramagnetic
Resonance (EPR) spectroscopy station at the Novosibirsk Free Electron Laser (NovoFEL) makes it
possible to study the influence of terahertz radiation on the spin state of paramagnetic systems.
Changes in the compound temperature due to radiation absorption are inevitable consequences of
such exposure. However, the process of sample heating at the NovoFEL EPR station itself is of great
interest because of the record-setting power of THz radiation at NovoFEL along with possibility of
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using small compound samples. Together these two factors result in significant heating rate. The
magnetoactive complex [Cu(hfac)2LEt] was chosen as a model system for studying the heating
process. The advantages of this complex in the scope of the goal are a sharp spin transition and
significant differences between the spin states above and below the transition temperature. In current
work, the heating process of [Cu(hfac)2LEt] is studied. We have shown the setup ability for pulsed
heating with > 60 K amplitude at 7.3 K/ms heating rate. The results are promising for further studying
of thermally induced metastable states and other thermally activated processes.

NEW SPIN-POLARIZED ELECTRON SOURCE BASED ON ALKALI-ANTIMONIDE
PHOTOCATHODE #79
Submitted by Oleg Tereshchenko
For track: SR and FEL sources and centers
Authors:
e Oleg Tereshchenko (A.V. Rzhamov Institute of Semiconductor Physics SB RAS)
e V.S. Rusetsky
e V.A. Golyashov
e S.V. Eremeev
o D.A. Kustov
e L[P. Rusinov
o T.S. Shamirzaev
¢ A.V. Mironov
e A.Yu. Demin

New spin-dependent photoemission properties of alkali antimonide semiconductor cathodes are
predicted based on the detected optical spin orientation effect and DFT band structure calculations.
Using these results, the Na2KSb/Cs3Sb heterostructure is designed as a spin-polarized electron source
in combination with the A1{0.11}Ga{0.89} As target as a spin-detector with spatial resolution. In the
Na2KSb/Cs3Sb photocathode, spin-dependent photoemission properties were established through
detection of high degree of photoluminescence polarization and high polarization of the photoemitted
electrons. It was found that the multi-alkali photocathode can provide electron beams with emittance
very close to the limits imposed by the electron thermal energy. The vacuum tablet-type sources of
spin-polarized electrons have been proposed for accelerators, that can exclude the construction of the
photocathode growth chambers for photoinjectors.

OPTICAL SCHEMES FOR COHERENT GRAZING INCIDENCE X-RAY IMAGING #80
Submitted by Igor Artyukov
For track: SR technological application and X-ray apparatus
Authors:
o Igor Artyukov (Lebedev Physical Institute RAS)
o Aleksander Busarov (Lebedev Physical Institute RAS)
o Nikolay Popov (Lebedev Physica Institute RAS)
o Aleksander Vinogradov (Lebedev Physical Institute RAS)

It is known that X-ray analytical methods and imaging technologies are often used in the
reflection mode at grazing incidence. Moreover, such an experimental arrangement is in many cases
the most efficient. This paper deals with X-ray imaging. Grazing incidence X-ray imaging is used
now both in lens and lens free experimental schemes at SR facilities as well as laboratory set ups [1-
3]. In both cases, when operating in the range of 30 eV - 2 keV, the need for oblique illumination of
the object is obvious from Fig 1. As can be seen, the reflectivity as well as the transmission of the
sample (over 30 um thick) are extremely low for all the considered elements. In this regard, normal
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incidence reflection and transmission imaging are both inefficient and the only way out is grazing
incidence reflection imaging.

Fig. 1. Graph of the attenuation length L (solid lines) and the reflectance R (dashed lines)
depending on the photon energy for various materials. The figure shows the photon energy range 30
eV - 2 keV where the image can be obtained only by illuminating the sample at small grazing angles
for the sample thickness is at least 30 pm.

This work is devoted to modeling X-ray optical schemes with oblique object illumination (Fig
2). To do this, it is desirable to have a theoretical tool similar to the Fresnel diffraction integral, widely
used in usual optics from visible to X-rays. Such a tool - tilted object diffraction integral (TOI) was
suggested and studied in [4-7]. It has the form:

+o o iklx—s sin 0P +(y-y")?
N i A s J» 4 J- y ¥ Z+scosd d
u(x,y,2) = 5—(x cos 8 + zsin ) y i ug(y',5) Z+scosf

=an A S

cos i
where u(x,y,z) - field, k-wave number, 0 — angle, uO(y’,s) — field on the plane y’s.

Using (1), it is possible to show that with oblique illumination of an object, the image is located
on an optically conjugate plane (see Fig.2), and also to establish a relationship between the field
distributions on the surface of the object and the detector, similar to the known formulas for optical
transformations [8].

Fig. 2. Scheme of the optical system: 0, 0' are the angles of inclination of the object and image
(detector) planes, respectively, to the z axis; k is the wave vector; The detector is located on a plane
optically conjugated to the plane of the object. The proposed theory allows for detailed modeling of
images formation, taking into account their quality, to determine the spatial resolution and field of
view of a system with grazing incidence object illumination. Some examples will be presented.
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COMPARISON OF DIFFERENT APPROACHES FOR DEVELOPMENT OF
TERAHERTZ FOCUSING OPTICS #81
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Different approaches for development of reflective [1] and transmissive silicon [2] and diamond
[3] terahertz diffractive optics were presented in before. Results of numerical as well as experimental
investigation of silicon subwavelength cylindrical lens will be presented. Results of comparison of
different approaches for development of terahertz focusing optical elements will be presented also.
All experiments were performed with the application of coherent monochromatic frequency-tunable
radiation from the Novosibirsk free electron laser.

The study was supported by the Russian Science Foundation grant No. 19-72-20202.

The experiments were carried out at the Novosibirsk Free Electron Laser Facility, which is part
of “the Siberian Synchrotron and Terahertz Radiation Center”.
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340-343 (2021)

ABOUT THE RESULTS OF THE FIRST STAGE OF THE PROJECT «IN SITU
METHODS FOR SYNCHROTRON INVESTIGATIONS OF MULTILAYER
FUNCTIONAL STRUCTURES WITH UNIQUE PARAMETERS AND PROPERTIES
CREATED BY BEAM-PLASMA SURFACE ENGINEERING» #82
Submitted by Vladimir Denisov
For tracks: SR technological application and X-ray apparatus, X-ray spectroscopy, X-ray structural
analysis
Author: Vladimir Denisov (HCEI SB RAS)
Co-authors:

o Nikolay Ratakhin (HCEI SB RAS)

e Alexandr Schmakov (INP SB RAS)

e Anton Teresov (HCEI SB RAS)

o Nikolay Koval (HCEI SB RAS)

A consortium consisting of such organizations as HCEI SB RAS, INP SB RAS, ISPMS SB RAS,
TSC SB RAS, Tomsk universities - TPU, TSU, TUSUR, IEP UD RAS, as well as the Ufa State
Aviation Technical University and the industry enterprise "Technopark-AT", since October 2021,
have been implementing a project on the topic "In situ methods of synchrotron investigations of
multilayer functional structures with unique parameters and properties created by beam-plasma
surface engineering" within the framework of the Federal Scientific and Technical program for the
development of synchrotron and neutron research and research infrastructure for 2019 - 2027".

The objectives of the project are related to each other and, in accordance with Direction 1
"Synchrotron and neutron research (development) in the field of materials science for the
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development of high-tech production technologies", are focused on creating infrastructure and
developing methods for synchrotron and neutron research of structural and functional materials.

The report provides information on the progress of the project, including the most important
scientific results obtained using synchrotron radiation, a description of the infrastructure facilities
being created for synchrotron research, as well as the progress of the educational component of the
project.

BEAMLINE FOR STUDYING FAST-FLOWING PROCESSES AT THE SYNCHROTRON
RADIATION FACILITY SKIF #83
Submitted by Ivan Rubtsov
For tracks: SR and FEL sources and centers, SR technological application and X-ray apparatus
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The work is devoted to the concept of an experimental station for studying fast-flowing processes
(propagation of shock and detonation waves, interaction of plasma with matter, etc.) on a new source
of synchrotron radiation SRF «SKIF».

The beamline for the studying fast-flowing processes consists of two sectors working
sequentially: "Dynamic processes" and "Plasma". The main task of the station is to study fast—flowing
processes with characteristic scales of process change from picoseconds to milliseconds. In recent
years, the direction of the study of fast-flowing processes using synchrotron radiation has begun to
develop actively in the world: England, France and Germany have conducted research on the study
of shock waves generated by guns and/or lasers, and methods for such research have also begun to
develop very actively over the years. And the station in the USA today, in many respects, is a world
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leader in the study of fast-flowing processes using synchrotron radiation. Thus, the development of a
new experimental station and the improvement of methods for studying fast-flowing processes using
synchrotron radiation in the Russian Federation is necessary to maintain a leading position in this
field of research.

STUDY OF THE EFFECTS OF SURFACE CRACKS AND TEXTURE ON RESIDUAL
STRESSES IN TUNGSTEN #84
Submitted by Ilya Balash
For track: X-ray structural analysis
Author: Ilya Balash (Budker INP, ISSC)
Co-authors:
o Aleksey Arakcheev (Budker INP)
e Alexander Shmakov (Boreskov Institute of Catalysis SB RAS)
o Alexander Vasilyev (Budker Institute of Nuclear Physics, Novosibirsk State University)

In a vacuum chamber of a fusion reactor plasma interacts with the divertor walls in the form of
periodic heat pulses as well as constant heat load. As a result of these interactions, plastic
deformations and mechanical stresses occur causing the destruction of the divertor material.
However, these residual deformations and stresses can be relieved by a constant flux of plasma and
the consequential high temperature of the material. The goal of this work was to study the influence
of different factors, such as pronounced texture and presence of cracks on the sample surface, on the
residual stresses in the irradiated material. Residual deformations and stresses were measured using
X-ray diffractometry. The measurements were conducted on tungsten samples that were irradiated
with an electron beam on the BETA facility with the purpose of modeling plasma heat loads. SR
scattering station “Anomalous scattering” on the beam line 2 of VEPP-3 was used to measure
diffractograms from which scattering angle — sample tilt angle dependencies were obtained. The
experimental data was used for calculation of deformation and stress tensor components. The
measurements of the sample with a cracked surface were conducted with spatial resolution and the
obtained profile was compared to the profile of the sample without the cracks. Scattering angles were
also measured on an ITER-specifications manufactured tungsten sample with a cracked surface.
Measurements were conducted on both the irradiated cracked surface and the opposite.

ANALYTICAL MICROSTRATIGRAPHY OF THE BOTTOM SEDIMENTS OF LAKE
NIZHNEE MULTINSKOE USING SCANNING MICRO-XRF ON SR BEAMS #85
Submitted by Andrey Darin
For track: X-ray fluorescent analysis
Author: Andrey Darin (Sobolev Institute of Geology and Mineralogy SB RAS)
Co-authors:

e Valery Babich (IGM SB RAS)

o Tatiana Markovich (IGM SB RAS)

e Fedor Darin (Budker Institute of Nuclear Physics SB RAS)

e Dmitry Sorokoletov (Budker Institute of Nuclear Physics SB RAS)

o [lakov Rakshun (Budker Institute of Nuclear Physics)

o Natalia Rudaya (IGM SB RAS)

Bottom sediments in mountain lakes archive regional and global environmental changes,
including those associated with climate change. Terrigenous material and organics of allochthonous
and autochthonous origin are the main sources of bottom sediment for fresh high-mountain lakes of
the Altai region. Changes in air temperature and the amount of atmospheric precipitation modulate
the elemental composition of bottom sediments, which is determined by the ratio of incoming
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terrigenous and organic material. Analysis of variations in the elemental composition along the depth
of the core of bottom sediments can provide information on changes in the main climatic parameters
of the region over the past millennia with high detail, determined by the spatial (and hence temporal)
resolution of the analytical method.

The worldwide development of XRF scanners, providing new geochemical information at the
micro level, has provided a standard analytical method for rapidly assessing elemental, density, and
textural variations in bottom sediments and other materials with various applications in the study of
natural processes. The method of scanning X-ray fluorescence microanalysis with excitation by
synchrotron radiation (WXRF-SR), which makes it possible to obtain continuous series of elemental
composition over core depth with an annual temporal resolution, was used by us to construct climate
reconstructions of high temporal resolution.

The results of the study of bottom sediment cores of Lake Nizhnee Multinskoe (Altai) using
analytical microstratigraphy techniques, including scanning uXRF-SR, are presented in the report. A
reconstruction of the average annual temperatures in the Altai region for the last two millennia was
built with a time resolution of 3 years. The reconstruction is calibrated according to the data of
regional instrumental meteorological observations for the time interval 1940-2020. The mathematical
analysis of the reconstruction made it possible to reveal the main regularities in the dynamics of
climatic processes in the Late Holocene.

The work was supported by grants from the Russian Science Foundation No. 20-17-00110 and
RFBR No. 19-05-50046 (micro-XRF).

COMMISSIONING OF THE FIRST FEL WITH VARIABLE-PERIOD UNDULATOR #86
Submitted by Oleg Shevchenko
For track: THz radiation aplication
Authors:
e Oleg Shevchenko (BINP SB RAS)
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o Vitaly Kubarev (BINP)
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The concept of the variable period undulator (VPU) was proposed several years ago but it has
not been implemented in FEL design until recently. The VPUs have some advantages as compared
with conventional undulators, e.g., a wider range of radiation wavelength tuning and the option to
increase the number of poles for shorter periods. Both these advantages were realized in the VPU
developed at Budker INP. The new undulator was recently installed on the second track of the
NovoFEL facility instead of the old electromagnetic undulator and the FEL lasing in the wavelength
range 15 -120 microns was demonstrated. In this paper we present the new variable period undulator
design and the FEL commissioning results.
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FIRST RESULTS OF pXRF-SR OF LATE HOLOCENE ERUPTIVE MATERIAL FROM A
NUMBER OF KAMCHATKA VOLCANOES #87
Submitted by Andrey Darin
For track: X-ray fluorescent analysis
Author: Andrey Darin
Author: Andrey Darin (Sobolev Institute of Geology and Mineralogy SB RAS)
Co-authors:
e Oleg Dirksen (IVS FEB RAS)
o Tatiana Markovich (IGM SB RAS)
e Fedor Darin (Budker Institute of Nuclear Physics SB RAS)
e Dmitry Sorokoletov (Budker Institute of Nuclear Physics SB RAS)
o [akov Rakshun (Budker Institute of Nuclear Physics)
e Andrey Gogin (NRC «KI»)
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A collection of eruptive material from the most intense, dated Middle and Late Holocene
eruptions of several Kamchatka volcanoes has been collected: Avachinsky (two eruptions), Ksudach
(three eruptions), Kurilsky and Shiveluch. The test samples were prepared as a layer of fine powder
(200 mesh) applied to a conductive adhesive tape. Such samples without additional sample
preparation can be examined using optical and electron microscopes and a confocal X-ray microscope
(CX-RM).

2D measurements using a CX-RM unit at energies of 19 and 21 keV were carried out at the
Kurchatov Center for Synchrotron Research. The size of the exciting SR beam on the sample was
from 100 to 15 um. The microparticles identified by morphology and elemental composition were
delineated and their composition was measured in detail.

The core of the bottom sediments of Lake Myertvoye, containing a layer of visually
distinguishable tephra, was scanned to develop a methodology for searching and identifying
cryptotephra in the bottom sediments of lakes in the region. As a result of 2D scanning, individual
particles of volcanic matter are outlined. Their detailed study allows us to compare the identification
with known eruptions.

This work was supported by RFBR grant No. 19-05-50046 (Micromir).

TIO2- AND G-C3N4-BASED PHOTOCATALYSTS FOR CO2 REDUCTION: XAS STUDY
#88
Submitted by Andrey Saraev
For track: X-ray spectroscopy
Authors:
e Andrey Saraev (Boreskov Institute of Catalysis)
o Amnrenuna Xypenok (MK CO PAH)
o Amnna Kypenkoa (MK CO PAH)
o EBrenuii ['epacumoBn
o Alexander Trigub (NRC "Kurchatov Institute")
o Exarepuna Koznosa

Pacrymee srepronorpebiieHre COBpEeMEHHOTO OOIIECTBa MPUBOANUT K YBEJIMUECHUIO BHIOPOCOB
MAPHUKOBBIX Ta30B M MOXET NMPHUBECTH K TJIOOATBHBIM KIMMATHUYECKUM U3MEHEHHSIM, UTO JIeJacT
KpailHe aKTyaJIbHOM 3a/1auy MO MOUCKY TEXHOJIOTUN YTUIU3allii MAPHUKOBBIX Ta30B. Kak n3BecTHO,
OJIHUM W3 OCHOBHBIX KOMIIOHEHTOB IAPHUKOBBIX Ta30oB sBIAETCS AUOKcUI yriepoaa — CO2.
[TepcnexktuBHBIM  TOnxonoM K  yrunmsanmuun CO2  sBiIseTcs €ro KOHBepcus B Oosee
peakimoHHOCIocoOHbIe BemecTBa, Takue kak CO m CH4. Dta TeXHONOrusi MO3BOJSIET CHU3HTH
konndectBo CO2 B atMocepe ¥ OJHOBPEMEHHO MOJy4aTh IIEHHbIE OPraHUYECKUE COCAMHEHMS,
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Takhe KaKk MeTaH, METaHOJ, 3TaHOJ U (OpMaJbAETHI, KOTOPbIE 3aT€M MOTYT ObITh HCIOIb30BaHbI B
XUMHYECKON TMPOMBIIICHHOCTH WM B KayeCTBE TOIUIMBA. BaKHBIM TPEUMYIIECTBOM TaHHOM
TEXHOJIOTUH SIBJISIETCS 1OCTYIMHOCTDh Kak peareHToB (CO2 1 Bofa, moxy4aeMble U3 aTMOC(ephI), Tak
M WCTOYHUKA JHEPTrUU — COJHEYHOTo cBeTa. Takum oOpa3om, mpoiecc (HOTOKATATUTHIECKOTO
BocctanoBieHUs1 CO2 sBisieTCst OHOM M3 HanboJiee MePCIeKTUBHBIX TeXHOoMoTHI yrrinn3auu CO2,
OJTHAKO MacIITabHOE BHEIPEHUE ATOT0 POIIecca 3aTPyAHEHO BCIEICTBUE OTCYTCTBHS 3(pPeKTUBHBIX
¢dboTtokaranuzaropoB. Kak n3BecTHO, 115 MOBBIICHUS 3P GEKTHBHOCTH Tporiecca (OTOKATATU3aTOP
MOJIBEPrar0T Pa3TUIHBIMU MOAU(PUKAIIUSAM — TOMMMPOBAHIE HEMETAIIaMU, TepMUYecKast 00paboTka,
HaHeCeHHe cokaTanu3aTopoB. [locneanuii ciocod yBenmmuenus 3¢ HEKTUBHOCTH (POTOKATATN3aTOPOB
aBnsieTcs Haunbosnee 3(QEeKTUBHBIM, TaK KaK HAHECEHHWE METAJUIOB MPHUBOJUT K 0OOpa30BaHHUIO
reTepornepexooB U YBEIMYEHHUIO BPEMEHH >XU3HU (OTOre€HEPUPOBAHHBIX 3apsiioB (SJIEKTPOH-
AapIpouHbIX map). Kpome Toro, B peakuumu ¢OTOKATaIUTUYECKOro BoccTaHoBieHuss CO2
COKaTaJM3aTop MO3BOJISIET YBEJIIMYUTH CEJIEKTUBHOCTD 110 OTHOIICHHUIO K OMPEIEICHHBIM MPOAYKTaM
peakiuu. B crydae ucmoiap30BaHUs COKATATN3aTOPOB HA OCHOBE TIEPEXOIHBIX METAIIIIOB MOCIIEIHIE
MOTYT 00pa30BbIBAaTh Pa3IMYHbIE KOMILUIEKCHI C aICOPOMPOBAHHBIMU MHTEPMEIUATAMHU PEaKIUH U
MEHSTh CBOIO CTETICHb OKHCJICHHSI, YTO MO3BOJSECT MOBBIIIATH CEICKTUBHOCTH MO TEM WM WHBIM
npoaykraMm. Panee Hamu OBLIO MMOKa3aHO, YTO MOAUGUIMPOBAHUE AHOKCHIA TUTaHA MEJBIO
MO3BOJISIET PACIIUPHUTh pabounii auama3oH (poTokaramu3aTropa U YBEIHYHUTH CEIEKTHBHOCTH IO
Metany [1]. HccnemoBanue (oTokaramu3aTopoB 10 M TIOCIE PEAKIMU C TOMOINBI0 METoJa
pEHTreHOBCKOH  (poToanexTpoHHoit cnekrpockonuu (PO®DOC) mokaszamo, 4dYTO KaTHOHHOE
pacrpesiefieHie MeIu M3MEHsETCsl B mpoliecce GorokaTanmuTudeckoro BocctaHornenus CO2. Jlms
TOTO YTOOBI OMPENEIHUTh KIIOUYEBBIE MHTEPMEAMATHl PEAaKIMd HEOOXOIMMO IMpOBEJACHUE in situ
uccienoBanuii, ogHako Meron P®OC He no3BosigeT NPOBOIUTH HCCIENOBAHUS B YCIOBUSX
nporekanus  (OTOKATAIUTHYECKOTo TMpolecca. B kadecTBe albTEpHATUBHOTO  METOA,
MO3BOJISIFOIIMM OTIPEACITUTh KaTHOHHOE pacrpeesieHue Meau B (poTokaTammszaTrope, MOXKET OBbITh
CHEKTPOCKONUSI PEHTIEHOBCKOrO MorfomeHus. J[aHHbIii MeToa MOXeT ObITh aJanTHUpOBaH MAJis
npoBeieHuss in  situ  uccienoBaHui. B gaHHOM  paboTe MBI IPEACTaBIsieM MPOTOTHIT
(bOTOKATaTUTUYECKON SYEHKM [UIsl  peaju3aldd METO/a CIEKTPOCKONHMH PEHTIE€HOBCKOIO
MIOTJIOIIEHUS B PEKUME in situ.

B kadectBe 00BEKTOB HCCienOBaHMS OBUTM BBIOpaHBI KaTaau3aTopsl Ha ocHoBe Ti02 c
conepxkanueM 1 Bec.% mnatuHbl U S5 Bec.% meau u Ha ocHoBe g-C3N4 ¢ coxepxkanuem 1 Bec.%
minatuHbl. [lokazano, 4ro mox neWctBueM oOiydeHus Y® M BUAMMBIM CBETOM IMPOUCXOIUT
W3MCHECHHE KAaTUOHHOTO paCHpeleNieHuss MW B PeaKIHOHHBIA ycnoBusix. VccnepoBaHus
npoBeaeHbl B KypuaroBckom 1ieHTpe cuaxpotponHoro m3nydenus (KMCH, r. MockBa) Ha cTaHITUN
«CTpYKTypHOE MaTEepHATIOBEICHUEY.

Pabota BemonHena npu ¢punancoBoi noaaepxke PH®, mpoext Ne 21-73-10235.

[1] Saraev A.A., Kurenkova A.Y ., Gerasimov E.Y., Kozlova E.A. // Broadening the Action Spectrum
of TiO2-Based Photocatalysts to Visible Region by Substituting Platinum with Copper,
Nanomaterials. 2022. V.12. N9. P.1-15. DOI: 10.3390/nano12091584
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B nacrosimee Bpems B Mucturyre npuxiiagaoit ¢usuku PAH (UI1® PAH) paspabatsiBaercs
(OTOMHKEKTOPHBIA YCKOPUTEIbHBIA KOMIUIEKC, PACCUMTAHHBIM Ha MOJy4YeHHE DSJIEKTPOHHBIX
cryctkoB ¢ »Heprueit no 20 Mb»sB, 3apsgom ~ 100 nKn u anurensHocthto ~ 10 mc mpum
HOPMHPOBAHHOM IIONIEPEYHOM 3MMHTAHCE Ha ypoBHE 1 mmempan. llepBelii kackan yCKOpHUTENs
NpeJCTaBIseT cO00M KiIacCHUecKuil BapuaHT (POTOMHIKEKTOPA C MOJIYTOpasiueeuHOl YCKOpSIOIIen
CTPYKTYpO#, KoTopas 3amuthiBaetcss 5 MBt / 2.45 I'Tu xmuctpoHoMm, u oOecrieunBaeT
(dhopMUpOBaHHE NEKTPOHHOTO My4Ka ¢ 3Hepruei 10 3.5 MaB. @oTo3MuCcCHIO 2IEKTPOHHOTO CTYCTKa
IUTAHUPYETCS 00eCTIeYUTh UMITYJILCOM MOIIHOTO YIbTPa(roIeTOBOrO Jia3epa ¢ JJIMHOM BOJIHBI OKOJIO
260 HM, HccienyeTcsi BO3MOXKHOCTh CO37MaHUS ()OTOKATOJAa HA OCHOBE AIMAa3HBIX IUICHOK IS
(hoTOMHKEKTOpA.

OCHOBY 3JIEKTPOHHOM ONTUKU (POTOMHIKEKTOPA COCTABIISIET CUCTEMa U3 OCHOBHOTO COJICHOM[A
¢ moieM a0 0.25 Tn W JOMOTHUTENHHOW 3aKAaTOAHOW KaTYIIKH, OOECIIeUMBAIOIICH HYJIEBOE
MarHMUTHOE TIOJIE Ha TMOBEPXHOCTH (oTokaToga. DTa CHCTeMa MPU3BaHA OOECIIEUUTh PEKUM
KOMIIGHCAI[MM 3MMTTAHCA, CBS3aHHOTO C TPOCTPAHCTBEHHBIM 3apsiaoM, U (POKYCHUPOBKY
3JIEKTPOHHOr0 Mydka Ha JuyiMHe ~ 1 M. B Hacrosiee Bpemsi BCe KOMIIOHEHTBI YCKOPUTEIbHOM
CUCTEeMbl MU MAarHMTHOM CHCTEMBbI NEPBOr0 KacKaja HM3TOTOBJIEHbI M HCHBITaHbl Ha MajioM (B
«XOJIOJHBIX)» T€CTAX) U BEICOKOM (ITPU 3aIIUTKE U3ITYYEHUEM KIIMCTPOHA) ypoBHE MoIIHOCTU. Hauara
coopka CBY - Omoka yCKOpHUTENs M COBMEIICHHE €ro ¢ JIa3epHOM CHUCTEMOU I TMOJydeHUS
AJIEKTPOHHOTO ITyYKa.

[lepBbIii Kackajg yCKOpPUTENS IUJIAHUPYETCS HCMOJIb30BATh ISl SKCIEPUMEHTATIBLHOTO
HCCIIEA0BAHUS MEPCIEKTUBHBIX PEXKMMOB TE€ParepLoBOrO M3JIy4E€HUs MWHTEHCUBHBIX JJIEKTPOHHBIX
CTYCTKOB, BKJIIOYasl OHIYJISATOPHBIA W UWKIOTPOHHBIA MexaHu3Mbl. Jlns sToro paspaborana
JIOTIOJIHUTENIbHAST MarHuTHas CUCTeMa, OoOecredyuBaronas MHXKEKIMIO 3JIEKTPOHHBIX CTYCTKOB B
00acTh B3aMMOJICHCTBYSI C BEAYIIIMM MarHUTHBIM 1osieM 10 8 TI, ¢ uCoab30BaHUEM MAarHUTHON
nuH3bel ~ 0.4 T, pacnonoxxeHHONW B 00sacTd (HOKATbHOH TMEPETSHDKKK DJIEKTPOHHOTO Tydka. B
YaCTHOCTH, JUTSl pEIU3AIH PEXKIMa TaK Ha3pIBAEMOU OTPUIIATEIHLHON MACChl B KOMOMHUPOBAHHOM
- OHAYJATOPHOM M OKOJOPE30HAHCHOM BEIYILEM - MarHUTHOM II0JI€ JaHHAs CUCTEMA MO3BOJISIET
MMOMECTUTH DJICKTPOHBI HAa CTAllMOHAPHBIC BUHTOBBIE OAYHC-TPACKTOPHUH MPAKTUUYECKU 0€3 MPUMECH
“mapa3uTHBIX MUKJIOTPOHHBIX KOJCOAHHIA.

Jlia yBenuueHust sHepruu 4dactuil a0 20 MaB cnpoekTupoBaH BTOpPOIl Kackaj yCKOPHUTEIS,
COCTOAMIUN W3 3 JOMOJHUTENBHBIX CEKIIMK U (POKycHpYyrONUX cojeHona0B. Kaxknas yckopsromas
CEKIIUs IPEJICTABIISIET COOOM MOCIEA0BATEILHOCTD U3 6 CBS3aHHBIX PE30HATOPOB, 3aITUTHIBAEMBIX OT
onHoro CBY - ucTOYHMKAa M paccuuMTaHa Ha NpUpalleHue sHepruu mydka ~ 6 M»sB. Ilocne
JOTIOJTHUTEIBHOTO YCKOPEHUSI BO BTOPOM KacKaJle CTYCTKU C MaJIbIMU MONEPEYHBIM SMUTTAHCOM U
CKOPOCTHBIM pa30pocOoM IIAHUPYETCSI UCIIOJIb30BaTh UIsi KOMIOTOHOBCKOI'O PacCesHUS JIa3epHBIX
HMMITYJIbCOB, a TaKXe ISl JajlbHEWIed MHXKEKIMH B CHUCTEMY JIa3€PHO-IJIA3MEHOr0 YCKOPHUTEJS,
paspabateiBacmoro B UII® PAH, ¢ mepcniekTuBoi coznanus komMnakTHOro JICO peHTreHOBCKOTO
JMarna3oHa.

Pabora monnepkana Poccuiickum HayuabiM GoHAOM (TIpoekT Ne 20-12-00378 B wacTtm
pa3paboTKK MEpBOro Kackaga M MCCIeNOBaHUNA HOBBIX (POTOKATOAOB U mpoekT Ne 21-72-30027 B
4acTH pa3pabOTKU BTOPOTO KAaCKaa).
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Coznganue MomHoro AmuHHOUMITYIECHOTO JICD cy0-TT'/ Tl 1 Ariama3ona BeeTcs B HACTOSIIIEE
BpeMs B corpynauuectse USAD CO PAH (Hosocubupck) u UII® PAH (Hwxkuuit Horopon).
DKCNEepPUMEHTAIbHOM OCHOBOM MPOEKTA CIIY>)KUT HOBOE IOKOJEHUE JIMHEMHBIX HHIYKIHOHHBIX
yckoputenent «JINY» 5 - 20 MaB / 2 kA / 200 He, peanu3oBaHHBIX B HacTosmee Bpemst B UAD CO
PAH. [lenbto npoekra sABISETCS TOCTHKEHUE B YKA3aHHOM JMaIa3oHe PEKOPAHONW MOIIHOCTH (OT
cy0-I'Bt 1o I'BT ypoBHS) 1 sHEprocoaepkaHus B uMIitysibcax uamydeHus a0 10 - 100 Ix. Oxnow u3
KITFOUEBBIX TpobsieM mpu peanu3anuu nanHoro JICD sBrsercs pa3pabdoTKa JIEKTPOAMHAMUYECKOM
CHUCTEMBI, CIIOCOOHOM OO0ECHeYnTh CTAOWJIBHYIO Y3KOTIOJOCHYIO TEHEpPAlMI0 B  YCIOBHSIX
CYLIECTBEHHON CBEPXPa3MEpPHOCTH.

J171s1 MPOBOJIKM HHTEHCUBHOTO PEIISITUBUCTCKOTO 3JIEKTPOHHOTO My4Ka, hopMupyemMoro «JINY»,
gepe3 MpocTpaHCTBO B3aumojercTBus JICD nuamerp cucteMbl TOJDKeH ObITh ) > 20 MM, 4TO Ha
MOPSAIKHM TPEBBINIAET JJIMHY BOJHBI M3JIy4eHHs B OOCYKJaeMbIX auama3zoHax. Takum oOpa3om,
OTHOM W3 KIIOUEBBIX NPOOJIEM TIpU pealu3alldd 3TOr0 TeHepaTtopa sBIsSETCS pa3paboTka
ANEKTPOAMHAMUYECKON CHUCTEMBI, CIOCOOHON O0ecneunuTh CTAOMIIBHBIA PEKHUM Y3KOMOJIOCHBIX
KoJleOaHUH B YCJIOBHUSIX CYIIECTBEHHOM CBEPXPa3MEPHOCTH MPOCTPAHCTBA B3auMoaeucTBus. [is
pelieHns MnpoOieMbl CENEKIMH MOJ B IMOJOOHBIX YCJIOBHUAX B paMKax pa3BHBAEMOI0 IMPOEKTa
HCCIIEyIOTCSl JIBa OCHOBHBIX THUMA JJICKTpOAMHAMHUYecKux cucrteM: (1) MoauduimpoBaHHbIE
OpATTOBCKHE PE30HATOPHI U (2) KBa3HONTHYECKUE PE30HATOPBI, OCHOBaHHBIC Ha 3 dekre TampboTa.

OTnuyuTeNnbHON O0COOEHHOCTHIO MOAM(PHUIIMPOBAHHBIX OPAITTOBCKHX PE30HATOPOB SIBISICTCS
BKJIIOUEHHE B IeNb OOpPaTHOM CBSI3M KBAa3UKPUTUYECKHX BOJH, YTO MO3BOJISIET CYIIECTBEHHO
yIYUYIIUTh UX CEIICKTUBHBIE CBOMCTBA 110 CPABHEHUIO C «TPATUIIMOHHBIMIY aHAIOTaMu. J{71st paboThI
B nuama3oHe 0.7 TT'y 6p1mn pa3paboTaHbl CTPYKTYPHI JAHHOTO THIIA C YKAa3aHHBIM IHAMETPOM, TIPH
3TOM TMapameTp CBepXpa3MepHOCTH coctaBuil /A ~ 45. TpexmepHOoe MOJSIUPOBAHHUE C
ucrionszoBanueM koma CST Microwave Studio mokasbsiBaeT, 4TO Ja)e NPH TaKUX OOJBIINAX
MOTIEPEYHBIX pa3Mepax MOAU(PUIIUPOBAHHBIE OPITTOBCKUE CTPYKTYPHI MO3BOJSIOT OCYIIECTBUTH
CEJICKTUBHOE OTpaxkeHue paboueld BoaHbl C¢ 3¢dektuBHOCTEI0O ~ 80 - 90% 1O MOIIHOCTH.
[IpoBeneHHBIE  «XOJOJAHBIE»  DIIEKTPOJMHAMUUYECKHE TECThl  MOJTBEPKAAIOT  PE3YyJbTAThI
MOJIETTUPOBAaHUSl M JIEMOHCTPUPYIOT Haln4yue 3S()PEKTUBHOTO Y3KOIMOJIOCHOTO OTpPAXECHHUS B
pacyeTHO 06JacTH YacToT.
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JIJ1s1 «XOJIOTHBIX» TECTOB MaKeT pe3oHaTtopa Tanp00-Turma ObUT U3rOTOBIICH B IMANIA30HE YaCTOT
okono 0.3 TI'u co cBepxpazmepHocTbio O/A ~ 40. Bo30OyxaeHne pe3oHaTopa OCYLIECTBISIIOCH C
BXOJTHOH CTOPOHBI PE30HATOpA, NETCKTHPOBAHWUE CHTHAJNIA MPOBOAMIIOCH Yepe3 OTBEPCTHE CBS3H,
BBIMIOJIHEHHOE Ha BBIXOAHOM 3€pKaje. B COOTBETCTBHM C pe3ylbTaTaMH MOJCIUPOBAHHS B
MIPOBE/ICHHBIX «XOJIOMHBIX» TECTaX HAONIONANCS XOPOIIO PAa3IMYUMBIH THK JETEKTHUPYEeMOU
BBIXOJHOW MOIIHOCTH Ha YacTOTE, COOTBETCTBYIOIICH BO30YXICHHUIO pabodeil MOMbI (CyIepMO/IbI)
pe30oHaTopa, 4To, TAKUM 00pa3oM, OATBEPIKIAIO €ro paboTOCIIOCOOHOCTD.

Pabota npoBoauTcs npu yactuuHoit noanaepxke PH® (rpant Ne 19-12-00212).

TEPATEPIIOBBI JIASEP HA CBOBO/JIHBIX DJIEKTPOHAX C
IEKTPOJAUHAMMYECKONH CUCTEMOM, OCHOBAHHOM HA BO3BYKJIEHUM
CYIIEPMO/] TAJIBBOT-THUIIA #91
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B nHacrosiiee Bpemsi pacTeT UHTEpEC K CO3/IaHUI0 HCTOUYHUKOB, PabOTAIOIINX B TeparepueBomM
JMana3oHe YacTOT C BBICOKOM MOLIHOCTBIO M3Ny4deHHs. EcTecTBeHHBIH MyTh peanu3aluu TaKoro
MCTOYHHKA - MCIIOJB30BaHUE M3IIYYEHHsI CHIIbHOTOYHOTO PENIITUBUCTCKOTO AJIEKTPOHHOTO ITy4Ka.
OpmHako CymecTByeT psija MpoOsieM, CBS3aHHBIX C TeHeparuedl MomHOro korepeHtHoro TITi-
M3JTY4YCHHUs B Ma3epax Ha CBOOOTHBIX AJIEKTPOHAX HA OCHOBE PENSTHBUCTCKUX JIEKTPOHHBIX ITYYKOB.
[Ipexne Bcero, MpUMEHEHHE TPAIUITMOHHOTO MOaX0/a (T.e. paboTa Ha OJHOW 3apaHee BHIOpaHHOMN
Mojie pabodero pe3oHaTopa) K Jauama3oHy dvactoT TI'Il cTalkuBaeTcsi C €CTECTBEHHBIMHU
TpyaHocTAMU. OUYEeBUAHO, YTO pabounii pe3oHaTOp B 3TOM cllydyae JAOKEH ObITh CBEPXpPa3MEPHBIM;
3TO HEOOXOJUMO TIO PSIIy IPUYMH, & MMEHHO - TPAHCIIOPTUPOBKA PEISATUBUCTCKOTO CHIIBHOTOUYHOTO
y4Ka, npodsema npooos MoJist MOLTHOTO U3JIYy4E€HUS BHYTPH PE30HATOPA, OMUUYECKUN HarpeB CTEHOK
pe3oHaTopa MOIIHBIM H3iydeHHe u T.J. OIHaKO B 3TOM CHUTyallMd CHEKTpP MONEPEYHBIX MO
MHUKpPOBOJTHOBOM CHCTEMbI CTAHOBUTCS OUEHbB IIJIOTHBIM, UTO 3aTPYAHSIET 00eCIieueHUE CEIEKTUBHOTO
BO30YXJIEHHUsI OJHOWM pabodyeil momepeyHoi Mojabl. Bropas mpobiema 3akiodyaercss B TPYAHOCTH
oOecrieueHuns CeICKTUBHON OJTHOMOIOBOM 0OpaTHOM CBSI3M B CBEPXPa3MEPHOMN CHUCTEME.

Mpbl ONUCHIBaGM aNbTEPHATUBHYIO KOHLEIIMIO CEJIEKTUBHOTO BO30YXKIEHHs paboyero
KoJieOaHusI B DOJEKTPOHHOM Ma3epe CO CBEPXpa3MEpPHON JIICKTPOJUHAMUYECKONW CHCTEMOH,
3aMUTHIBAEMON CHIIbHOTOYHBIM PEISITUBUCTCKUM 3JICKTPOHHBIM ITydykoM. OCHOBHAs e COCTOUT B
TOM, YTOOBI OTKA3aThCS OT BO30YKICHHs (PHUKCUPOBAHHOM MOJIBI PE30HATOPA B MOJIH3Y BO3OYKIACHUS
BBICOKOJIOOPOTHON CcymepMojibl, (opMHpyeMOil (PUKCHPOBaHHBIM HAOOpOM MOIMEPEYHBIX MOJ
CBEpXpa3MEpHOro BOIHOBOAA. Takas cyrepmMojia MOKeT ObITh CPOPMUPOBAaHA BHYTPU OTHOCUTEIHHO
MIPOCTOTO PE30HATOPA, MPEACTABISAIONIETO0 COOONH OTPE30K BOJHOBOJA, 3aKAHUMBAIOLIUICS TBYMS
3epkanamu, B pesyiabTare sddexra TamboTa, a WMEHHO MEPUOJAMUYECKOTO BOCIPOU3BEACHUS
MOTIEPEYHON CTPYKTYpPhl MHOTOMO/IOBOTO BOJIHOBOT'O TTOJISI B CBEPXPAa3MEPHOM BOJHOBO/IE.

HecmoTps Ha CI0KHOCTH MHOTOMEPHBIX MTPOCTPAHCTBEHHBIX CTPYKTYP CYNEPMOJ PE30HATOPOB
tuna Tambora, K HUM B HEKOTOPOH CTEMEHW MOXKET ObITh MPUMEHEHa HAEOJIOTHS, KOTopas
HCIOJIb3YETCs MPU ONMHUCAHUU MOJI OOBIYHBIX BOJIHOBOJIOB M P€30HATOPOB, & HMEHHO PA3JI0KEHUE IO
HaboOpy OPTOTOHAJIBHBIX MOJ. XOTSA (hopMUpOBaHHE CYMEepMOJ BKIIOYAET OOJBIIOE KOJIUYECTBO
MapUHaIbHBIX MONEPEYHBIX MO, KOJIMYECTBO CYNEPMO/I C BEICOKON T0OPOTHOCTHIO OTPAHUYEHO TEM
¢dakToM, YTO TUGPAKIUOHHAS TOOPOTHOCTH CYNMEPMOJBI PE3KO CMAgaeT C yBETMUYEHHUEM HHJIEKCa
cynepmojbl. biaarogaps aTomy Aaxke B BecbMa CBEPXpPa3MEpPHBIX CHCTEMaxX MOKHO TIOOUTHCS TOTO,
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YTOOBI B CUCTEME OCTaBaJICS TOJIBKO OJIHA HUXKIIas cyrnepmosa. [lo-BuauMoMy, 3To JaeT HaM MOBOJL
TOBOPUTH 00 YHUKAJIbHBIX CEIIEKTUBHBIX CBOMCTBAX pe30HATOPOB ThMNa Tanbora.

B kaudecTtBe mpumepa NpPUMEHEHHsI 3TOTO MOAXOJAa MBI MPEACTABIEM pacyeThl Ja3zepa Ha
CBOOOJHBIX 3JIEKTPOHAX, 3aMHUTHIBAEMOr0 AJIEKTPOHHBIM TyukoM 10 M»3B/2 kA /200 HC
OCHOBAHHOTO Ha BO30YXKJEHUHU cymnepMmojsl Tuma Tambora Ha yactore, Onu3koi k 2 TI'm. [lannas
paboTa HampaBlieHa Ha SKCIEPUMEHTAIBHYIO PpEAlM3alUI0 TaKOro Jiazepa Ha YHUKAIbHOM
CHJIBHOTOYHOM YyCKOpuTese, paspaboranHoM B HWHcTuTyTe simepHOi ¢(usuku um. bynkepa
(HoBocubupck, Poccus). B nokiazge mnpencTtaBieHbl pe3yiabTaTbl HAIIETO0 MHOTOBOJIHOBOTO
MOJEJIIMPOBAHUS  AJIEKTPOHHO-BOJIHOBOIO  B3aUMOJCHCTBUS B  IPOCTPAaHCTBEHHO-BPEMEHHOM
nporecce (popMUPOBaHUS U YCUIICHHS CYNEPMOJIbI B CBEpXpa3MEepHONW MHKpPOBOJIHOBOM CHCTEME.
Pacuetnsiit anextponssii KIIJ[ 3Toro nasepa Ha ypoBHe 5% COOTBETCTBYET TMTaBATTHOMY YPOBHIO
BBIXOHOW MomrHocTH. [IpoToTHMH pe3oHaTropa Takoro THMA pa3padoTaH M MPOTECTHPOBAH B
XOJIOAHBIX IKCIIEPUMEHTAX.

HccnenoBanue BBIMOIHEHO 3a c4eT rpaHTa Poccuiickoro HayyHoro ¢onzga (mpoekt Ne 19-12-
00212).

CONDUCTION BAND ELECTRONIC STRUCTURE FEATURES OF MANGANESE
SULFIDE SOLID SOLUTIONS DOPED WITH LANTHANIDES #92
Submitted by Mikhail Syrokvashin
For tracks: SR and FEL sources and centers, X-ray spectroscopy
Authors:
o Mikhail Syrokvashin (NIIC SB RAS)
o Evgeniy Korotaev (Nikolaev Institute of Inorganic Chemistry of the Siberian Branch of the

Russian Academy of Sciences)
o Anton Nikolenko (Budker INP SB RAS, SRF "SKIF")

Thermoelectric materials have attracted considerable attention due to their possibility for the
direct conversion of waste heat into electrical energy. The thermoelectric generators (TEGs) based
on the high-efficient thermoelectric materials could provide an alternative for traditional power
generation sources. In recent years, material science is focused on the optimization of existing and
development of new high-performance thermoelectric materials based on lanthanide and transition
metal chalcogenides. The electrophysical properties of the thermoelectric materials are significantly
affected by the electronic structure features. For instance, Seebeck coefficient (S) is one of the main
characteristics of the thermoelectric materials and can be represented as follows:

ke ([E:1%‘+2J-nm,—[:ht%+2]|-pn,,)

S===-
e Mty + P , (1)
where £ is the Boltzmann constant, e — the electron charge, Nc and Nv — the effective densities
of states (DOS) in the conduction and the valence band, n, p, un and up — the concentration and
mobility of electrons (n) and holes (p), respectively. As it can be seen from the equation (1), the
Seebeck coefficient value is determined by the DOS distribution in the conduction and the valence
band. Thus, the electronic structure study is one of the key aspects in the prediction and optimization
of the thermoelectric properties of the functional materials. For p-type semiconductors, the
thermoelectric properties are determined by the DOS distribution in the valence band, for n-type
semiconductors — the distribution in the conduction band.

The cation-substituted solid solutions MxMn1-xS (M — transition metal or lanthanide) based on
MnS-matrix are promising functional materials with magnetic and thermoelectric properties. The
functional properties of MxMn1-xS could be modified by the type and concentration of the doping
atoms (M). The cation-substituted solid solutions LnxMn1-xS with lanthanides have demonstrated
the most promising values of Seebeck coefficient (up to 18000 pV/K for Gd0.01Mn0.05S at 900K
/1/"). This fact allows one to consider the lanthanide-dopes solid solutions as promising functional
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materials. Here we report a study of the electronic structure features of the lanthanide-doped solid
solutions LnxMn1-xS (Ln =Dy, Tm, Yb; x = 0.01; 0.05). The data on the conduction band structure
could be obtained by the X-ray absorption edges near edge structure (XANES) spectroscopy. The
local environment and oxidation state of sulfur atoms in LnxMnl1-xS was unaffected by cationic
substitution. The combination of the experimental data with results of quantum-chemical calculations
allowed one to determine the partial contributions of DOS in the absorption edge structure, thereby,
to study the features of the conduction band electronic structure formation of LnxMn1-xS.

The authors are grateful for support to the Ministry of Science and Higher Education of the
Russian Federation (project No. 121031700313-8).
/1/ Romanova O.B., Ryabinkina L.I., Sokolov V.V., Pichugin A.Y., Velikanov D.A., Balaecv D.A.,
Galyas A.l., Demidenko O.F., Makovetskii G.I., Yanushkevich K.I. Magnetic properties and the
metal—insulator transition in GdXMn1—XS solid solutions // Solid State Commun. — 2010. — V. 150.
—N. 13-14. - P. 602-604.

CU/TIO2 ®OTOKATAJIN3ATOPHI TIOJIYUYEHUSA BOJOPOJA: POIC U XANES
NCCJIEJOBAHUE #93
Submitted by Andrey Saraev
For track: X-ray spectroscopy
Authors:
e Andrey Saraev (Boreskov Institute of Catalysis)
o Amnna Kypenkoa (MK CO PAH)
o Amnna Kpemuesa (MK CO PAH)
o EBrenuii ['epacumoBn

o FExarepuna Koznosa
o Bacwmii Kanues (MK CO PAH)

Pacrymee sHepronorpediaeHue COBPEMEHHOTO OOIIECTBA TPEOYET pa3BUTHS aIbTEPHATHBHBIX
9KOJIOTMYCCKU TMPUCMIICMBIX HCTOYHHUKOB SHCPTHUHU, OAHHM H3 KOTOPBIX MOXCET CTATb BOAOPOMA,
CUHTE3MPOBAHHBIA C HWCIOJb30BaHUEM (PoToKaTamu3aTtopoB. JIeHCTBUTEIHHO, BOJOPOJ MOXHO
MOJTy4aTh MOJ| JeMCTBUEM CBETa MPAKTUYECKH U3 JIIOOBIX OpraHnvecKux coequHeHuit. bomnee toro,
(bOTOKAaTaTUTUUECKUI CHHTE3 BOJOPOJa PEIIUTh Ba)KHbIE IKOJIOTHUYECKUE NMPOOIEMbl, B YaCTHOCTH,
OYHCTKA BOABI OT OPraHUYCCKUX SanHBHHTGHCfI. CBS3aHHBIC C 3arpA3HCHHUECM BOIBI. Taxkum O6p3.30M,
UCHOJIb3Ysl (POTOKATATUTUYECKUE MPOIIECChl, MOXKHO OOECIEeUUTh M OYMCTKY BOJbI, M IMOJy4YEeHHE
BOOOpOAA. OCHOBHBIMH Hp06HeMaMI/I Ha HaHHLIﬁ MOMCHT ABJIAIOTCA: OJOPOTOBH3HA BOJOpPOAA,
MOJIYYEHHOTO (HOTO- U IIEKTPOXUMHUYECKUMU METOaMHU, U HEBBICOKAs 3 (HEKTUBHOCTD MOTYUECHUS
Bojopoga. B kadectBe (¢oTOKaTamM3aTOPOB OOBIYHO HCIONIB3YIOTCS TOTYIPOBOAHUKOBBIC
MaTepuaibl, B JaHHON paboTe n3yvaiu AUOKCHU] TUTaHA C HAHECEHHON Ha ero MOBEPXHOCTh MEJIBIO.
Ilenp manHOW pabOTBHI 3aKiIrOYaeTcs B Pa3pabOTKE HOBBIX IMMOAXOJOB K OXapaKTEPU30BAHHUIO
($hoTOKaTaIN3aTOPOB C HAHECEHHBIMU HAHOYACTHIIAMH MIEPEXOAHBIX METAJIOB.

TpaIII/II_[I/IOHHO IJId OJIYUCHUA KAaTHOHHOTI'O PACIpPCACIICHUC AaTOMOB AKTHBHOTO KOMIIOHCHTA
HCIIOB3YIOT METO/ PEHTICHOBCKOHM (hOTOIIEKTPOHHOM CIEKTpOCKOomUU. brijio 0OHapy)eHO, YTO B
npouecce 3anucu POOC cnekTpoB npoucxoauT BocctaHoBienne Cu2+ no cocrosnusa Cul+ u Cu0.
JlaHHbIi (QakT HE MO3BOJSET OJHO3HAYHO OTBETUTH Ha BOMPOC 00 MCXOIHOM COCTOSSHUM MEIU B
HCCIICAYCMBIX q)OTOKaTaHI/I?;aTOan, 60.]166 TOr0 HC yAacTCA OMPCACIIUTL NOJII0 MCIU B COCTOSAHUUA
Cul+ u Cu0, BceacTBre oquHAKOBOW dHEpruH CBs3M nuka Cu2p3/2 u HEBO3ZMOKHOCTH U3MEPEHUS
Osxe-napamerpa. bonee Toro, ObUI0 OOHAPYXKEHO, YTO HAHOYACTUIIBI MEIU 10 M TOCIE PeaKluu
MMEIOT Pa3jIMyHOE KaTHOHHOE pacnpenesieHre. C 3TOH TOYKM 3pEHUs] KpalHe Ba)KHO OIPEICTUTh
KaTHUOHHOE pacipe/IeieHne MEIU, TaK KaK 3TO HANPSMYIO BIUSET Ha (POTOKATAIMTUIECKIE CBOMCTBA.
Jlnia pemieHus: JaHHOM 3a/a4yu ObLIa MCIOJB30BaHA CHEKTPOCKOMMS PEHTI€HOBCKOIO MOTJIOMICHMUS,
n3MepeHHass Ha K-kpae morsomieHuss Mequ. Bbuto ycTaHOBIEHO, YTO HCIOJIb30BaHHE (DOTOHOB
BBICOKOW SHEPrUM HE MPUBOAMT K BOCCTAHOBICHHIO MEOU W IMO3BOJISIET MONY4YaTh BaXKHYIO
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MHPOpPMALIMIO HE TOJBKO O KAaTMOHHOM paclpe/ie]IeHue aTOMOB MEIW, HO U O (a3oBOM cOCTaBe
MeabcoIepKaIuX (POTOKATATU3aTOPOB. DKCHepUMeHThl Oblmu mpoBeaeHsl Ha YHY Cranuums
EXAFS cnekrpockonuu. PaboTa BeimosHeHa pu GUHAHCOBOW MOAepKKe MUHUCTEPCTBA HAYKH U
BhIcero obpasosanus Poccuiickoit @eneparuu (Cormnamenne Ne 075-15-2022-263).

JTAD®PAKIIMOHHBIA AHAJIN3 MHOT'OCJIOMHBIX MHOI'OQJEMEHTHBIX
HAHOCTPYKTYPUPOBAHHBIX META/VIMMECKUX IIJIEHOK #94
Submitted by FOpuii UBanoB
For track: X-ray structural analysis
Authors:

e Opwuit Banos (MCD CO PAH)

e [Opwmit Axmanees (MCD CO PAH)
Co-authors:

e Huxwura I[Ipoxonenko (MCD CO PAH)

o Brnagumup Ulyrypos (MCO CO PAH)

e Onmer Tonkaues (MCD CO PAH)

o Enuzasera Ilerpukosa (MCD CO PAH)

e Mapus [letrokeuu (MCH3 CO PAH)

e Oumpra Kpsicuna (MC3 CO PAH)

o Anekcannp [lImaxos (MAD CO PAH)

MHOT03/IeMEHTHBIE CIUIaBBl 3KBHATOMHOTO (OJM3KOrO0 K SKBHATOMHOMY) cOCTaBa (Tak
Ha3bIBaeMble BBICOKOAHTponHitHbIe cmiaBel (BOC)) sBIsAOTCS, Kak NpaBWiIo, OJHO(DA3ZHBIMHU
TEPMOJMHAMHUYECKH CTAaOMJIBHBIMU TBEPIBIMU PACTBOPAMHU 3aMEIIEHUS, MPEUMYIIECTBEHHO, Ha
ocHoBe OLIK wmmu I'IIK kpucrammumdeckoit pemerku. B OonpmmHcTBe ciydyaes BOC obmangator
YHUKAJbHBIM COYETAHMEM MEXaHMYECKHX, TPHUOOIOTHYECKUX, (PU3NYECKUX U T.O. CBOMCTB, UTO
MO3BOJISIET PEKOMEH/I0BAaTh UX UCIOJIb30BAaHUE B SKCTPEMANIbHBIX YCIOBUSAX B PA3IUYHBIX OTPACIAX
MIPOMBIIIJICHHOCTH.

Lenbto Hacrosimiel pa®OTHI SBJISIETCS aHANIMU3 PE3yJbTAaTOB, MOJYYEHHBIX MPU HCCIEIOBAHUU
3JIEMEHTHOTO U (Pa30BOTO COCTaBa, NEPEKTHON CyOCTPYKTYpHI, MHOTOCIOWHBIX MHOTO3JIEMEHTHBIX
HAHOCTPYKTYPUPOBAHHBIX  METAJUIMYECKUX  IUIEHOK (T.H.  BBICOKOOHTPONMMHBIE  CILJIaBBI
HECTEXHMOMETPUUECKOT0 COCTaBa) METOJIaMU PEHTTEHOCTPYKTYPHOTO aHalIM3a M MPOCBEUMBAIOIICH
T paKIMOHHON AIIEKTPOHHOU MUKPOCKOITUH (MuKpOIH(PPAKITHNOHHBIH U MHKPO-
MUKpoaudpakimonHelii ananu3). Vccnenyembie BOC cuHTE3MpOBaHbI B BHUJE TOHKHX IUICHOK,
c(hOpPMUPOBAHHBIX B PE3YyJIbTaTe OCAKACHUS MHOTOAJIEMEHTHOM METAJUTMUECKOH M1a3Mbl, CO3JaHHON
AJIEKTPOJYTOBBIM IUIA3MEHHO ACCUCTHPOBAHHBIM OJHOBPEMEHHBIM HE3aBUCHUMBIM DPACIBLIICHUEM
KaTOJI0OB BEIOpAHHBIX 3JIEMEHTOB. B kauecTBe aneMenToB, hopmupyromux BOC, ncnonas3oBans! Nb,
Mo, Cr, Ti, Al (manee BOC 1) u Ti, Al, Cu, Zr u Nb (manee BOC 2). B kadecTBe MOJI0KKH
KCIOJIb30BaHbl cTayib aycteHuTHoro kiacca 12X18HI10T, ciaB turana BT1-0 u TBepablid criiaB
BK8. DxcriepiMeHThI 0 HAHECEHUIO MHOTO3JIEMEHTHBIX IJIEHOK METAJJIOB IPOBOMINCH HA HOHHO-
mnasMeHHor ycranoBke «KBMHTA», pazpabotanHol B Ja00paTOpvU TUIA3MEHHON SMHUCCHOHHOMN
anektponnkn MCO CO PAH u Bxomsmeil B cocraBe koMmiuiekca «YHUKYVYM» B mepeueHb
YHUKQJIBHBIX dJIeKTpodu3nuecknx yctraHoBok Poccuu (https://ckp-rf.ru/usu/434216/). DnemeHTHBIN
u (a3oBblii cocTaB, IePEKTHYIO CYOCTPYKTYpY H3Yy4YajH, HCIONb3Yys CIEAYIOllee Hay4dHO-
JIMarHOCTHYECKOE 00OpyIOBaHUE: MPOCBEUMBAIOIMINNA TUGPAKIIMOHHBIN 3J€KTPOHHBIM MUKPOCKOI
(JEOL JEM-2100 F); pactpoBbiii snekrponHblid  mukpockorn (Philips SEM-515 ¢
mukpoananuzatopom EDAX ECON 1V); penrrenosckuii nudpakromerp Shimadzu XRD 6000;
HCTOYHUK CHHXPOTPOHHOIO M3JIYy4eHHMs — Hakomnurtenb 3iekrpoHoB BOIIII-3, MAD CO PAH,
BBICOKOTEMIIEpATypHasi peHTreHoBckass kamepa Anton Paar HTK-2000, no3umnmoHHo-
4yBCTBUTEJIbHBIA OTHOKOOPAUHATHBIN neTexkTop OJ1-3M-350.
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Ycranosneno, yto criaBsl BOC 1 u BOC 2 gBasitoTCst MHOTOCTOMHBIM HAHOKPUCTAITTMYECKUM
MarepuaioM. TommmHa ciioeB u3Mensiercss B mpenenax (12-23) am. Pasmep KpuCTaILIUTOB,
dbopmupyromux ciou, (2-5) aMm. [lokazano (MeTomamMu peHTreHO(])A30BOTO aHANIM3a), YTO IJICHKA
BOC 1 aBnsiercs ogHoda3zHbIM MaTepralioM Ha OCHOBE TBepaoro pactBopa coctaBa MoNbCrTiAl ¢
00BEMHOIIEHTPUPOBaHHOU KpucTaummueckoi pemerkoit (OLIK) ¢ mapamerpom 0,3166 uMm. [1nenka
BOC 2 sBusiercss peHTreHOAMOP(QHBIM MaTepuanoM. MeToJaMu MHUKPOAU(PAKIIMOHHOTO aHAJIN3a
(mpocBeunBaroIIas AIEKTPOHHAS MUKPOCKOIHUS) yCTaHOBJIEHO, 4To mieHka BOC 1 coxepxkur (B
MaJIOM KOJMYeCTBE) JomoiHuTenbHylo ¢azy v-AlTi. Ilnemka B3C 2 cdopmupoBana
YepeAyIoIUMHUCS CIOSMH, HaXOJSIIMMHUCA B KPUCTANIMYECKOM U aMOP(HOM COCTOSTHUSIX.
AmMopHbIe ciion o0oramieHbl aToMaMHi MEIH.

UccnenoBanust obOpasmoB BOC 1 Ha TEepMOCTOMKOCTh U KAPOCTOMKOCTH METOJOM
peHTreHo(a30BOro aHajaM3a C MCIOJIb30BAHHEM CHHXPOTPOHHOTO W3IYYECHHUs IOKA3ajdH, 4TO IMpPH
HarpeBaHWM Ha BO3AYXE pacmaj CHCTeMbl HadyuHaeTcsi mpu Temmepatype (630-640) °C. Ilpu
temnepatypax (1070-1080) °C nosiBisiroTcst HOBbIE peIeKChl, MPEINOI0KUTETHHO, OTHOCSIIUECS K
OKCHUJHBIM COEAMHEHUSIM KOMIOHEHTOB cruiaBa. Pednexkcst BOC momHOCTRIO HWCUE3alOT NpH
temneparypax (1260-1270) °C. Jlanee, NOKpbITUE HaYMHAET Pa3pylIaThCs, MOITOMY ONPEIEIUTH
KOHEYHOE COCTOSIHHE CIIIaBa HE MPEICTaBISETCS] BO3MOMKHBIM.

PaGota BwimonmHena mpu (uHaHCOBOM moanepxkke Poccuiickoir ®Penepanun B JMLe
MuHucTepcTBa Haykd W BbIciiero oOpazoBanus (mpoekt Ne 075-15-2021-1348) B pamkax
Meponpustuii Ne2.1.5,2.1.17 n 2.1.20 (uccnenoanus cruiaa BOC 1) u 3a cuet rpanTa Poccuiickoro
HaygHoro ¢onma Ne 19-19-00183 (uccnenoBanus crutaa BOC 2).

SELF-SUPPORTING X-RAY MASKS FOR THE MANUFACTURE OF PLANAR
ELEMENTS OF TERAHERTZ OPTICS BY DEEP X-RAY LITHOGRAPHY #95
Submitted by Aleksandr Gentselev
For track: SR technological application and X-ray apparatus
Authors:

o Aleksandr Gentselev (Budker INP, Novosibirsk, Russia)

o Sergey Baev (Institute of Automation and Electrometry SB RAS)

o Sergey Kuznetsov (Budker Institute of Nuclear Physics SB RAS)

The design and methods of manufacturing self-supporting perforated (with through holes) metal
high-contrast in the X-ray spectral wavelength range A =~ 0.6 14 A X-ray masks are described. They
are tools for the formation of high-aspect resistive masks with a thickness of up to 1 mm or more,
both positive and negative resists by deep X-ray lithography. Special attention is paid to the method
of manufacturing by laser micro-processing (cutting) of foil by focused radiation of a femtosecond
pulsed periodic laser. The nature of the interaction of radiation with metals changes fundamentally
when the pulse duration decreases to values of < 10 ps. Engraving and cutting of metals occurs as a
result of their explosive destruction or ablation in times significantly shorter than the time of thermal
conductivity processes in them. In this mode, the zone of thermal influence is practically absent and
the resolution is determined by the size of the instrument, i.e. the size of the focused laser beam. By
this method, self-supporting X-ray masks were obtained from industrially produced tantalum foil, 30
microns thick, with minimum dimensions of topology elements up to 15 microns. Graphs of the
spectral dependence of the contrast of these masks, the SEM-photo fragments of their topology and
modes of cutting are given. The samples of X-ray masks made by this method demonstrate reaching
a new qualitative level of their manufacture. This will make it possible to obtain samples of planar
elements of terahertz optics in the form of metal microstructures using LIGA technology, varying the
size of cells, the width of the bridges of structures, and their thickness in a significantly wider range
than was previously done. The method of laser cutting using a powerful femtosecond laser is more
efficient and requires significantly less technological preparation and fewer operations for its
implementation.
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In this paper, a pulsed wire method (PWM) for magnetic measurements was described.
Experimental setup was developed and assembled. A wire position sensor was calibrated. A 128-
period 1.2 T superconductive undulator was used for measurements. A series of 1st field integral
measurements were carried out for various operating modes of the undulator, including those with
local corrective power supplies in various operating configurations. The PWM measurement was also
compared with Hall sensor. The results and further works are being discussed.

EXPERIMENTS ON THE SHORT X-RAY PULSE GENERATION AT THE NOVOFEL
FACILITY #97
Submitted by Yaroslav Getmanov
For track: THz radiation aplication
Authors:
e Yaroslav Getmanov (Budker INP)
e Vladislav Borin (BINP)
e Xiaochao Ma (BINP)
e Yulia Maltseva (BINP)
e Oleg Meshkov (BINP)
e Oleg Shevchenko (BINP)
e Nikolay Vinokurov (Budker Institute of Nuclear Physics)

The Novosibirsk Free Electron Laser (NovoFEL) facility is a laser light source that operates in
IR and THz range. The laser radiation is generated by three FELs installed on the one-, two- and four-
pass energy recovery linear accelerator (ERL). The energy recovery scheme allows to operate with a
high average electron current. The parameters of four-pass ERL are the following: the electron energy
is about 40 MeV, the bunch charge is 0.5-1 nC and the bunch duration is 10 ps. The bunch repetition
rate used for the FEL lasing is 3.76 MHz which corresponds to the average electron current ~ 4 mA.

Another interesting application of the high current NovoFEL ERL is the generation of the x-ray
radiation. This radiation appears as the result bremsstrahlung phenomenon when electron beam
interacts with a foil target. In our experiments, we used graphite foil 25 pm thick and aluminum foil
8 um thick. The advantages of such source are the short pulse duration, high repetition rate and a
large number of the x-ray photons. Moreover, there is no need to mount a new radiation output
window as photons pass easily through the vacuum chamber. In addition, as the foil target can be fast
removed from the electron beam trajectory the facility can quickly return to the ordinary operation
mode.

The main challenge for the foil-radiator at the ERL is the electron beam transport. The electron
scattering on the target increases beam losses, which is significant for the accelerator with high beam
current. The recent results obtained at the NovoFEL and x-ray radiation characteristic are discussed.
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THE PERFORMANCE OF THE CONDUCTION COOLED SUPERCONDUCTING
SOLENOID FOR THZ SPECTROSCOPY #98
Submitted by Alexey Bragin
For track: THz radiation aplication
Author: Alexey Bragin (Budker Institute of Nuclear Physics)
Co-authors:
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This presentation reports on test results and performance of the conduction cooled
superconducting solenoid to be used in THz spectroscopy experimental station of free-electron laser
in BINP. The superconducting solenoid was designed to have 6.5 T in volume having diameter of
102 mm and with length of 0.5 m. The warm bore diameter is 80 mm available for THz spectroscopy
experiments. The SC wire with Cu/NbTi = 1.4 was used. The passive quench protection methods
were realized in the design. The uniformity of the field of 0.5% was provided by using the iron yoke
and by additional side windings. The cryogenics of the solenoid is based on two Sumitomo HI
cryocoolers. The solenoid and the iron yoke are conduction cooled by the second stage of the
cryocooler via copper links. The manufacturing technology of the SC solenoid was described in
details.

The solenoid was tested in LHe bath and its own cryostat, its performance satisfies demands of
experimental station. The obtained filed of 7.5 T is more than designed one due to overcooling to 3.6
K. Magnetic field was measured as in bath cryostat as in the design cryostat — the results were
according the design calculations. The cool down time of the solenoid is 13 days.

The quench protection was based on passive methods. The quench happened only two times at
5.8 T and 7.5 T of magnetic field.

THE ELECTRONIC STRUCTURE AND SEEBECK COEFFICIENT OF VANADIUM-
DOPED COPPER-CHROMIUM DISULFIDES #99
Submitted by Evgeniy Korotaev
For track: X-ray spectroscopy
Authors:
o Evgeniy Korotaev (Nikolaev Institute of Inorganic Chemistry of the Siberian Branch of the
Russian Academy of Sciences)
e Mikhail Syrokvashin (NIIC SB RAS)
 Irina Filatova (Nikolaev Institute of Inorganic Chemistry Siberian Branch of Russian
Academy of Sciences)

The solid solution based on the copper chromium disulfide CuCrS2 are promising functional
materials for modern electronics applications. These compounds exhibit the potential properties for
practical usage: the thermoelectric properties [1,2], the ionic conductivity [3], the helimagnetic
arrangement [4,5], the colossal magnetoresistance and the phase metal-insulator transition [4].

There are several approaches to control the electric and magnetic properties of CuCrS2-based
compounds: the cationic substitution of chromium atoms with transition metal atoms (CuCr1-xMxS2,
M =V, Fe, Mn), the co-intercalation of the Van der Waals gap with two atom types (Cul-xAgxCrS2)
and the chalcogen substitution (CuCrS2, X = S, Se, Te). It was shown that the low dopant solid
solutions CuCrl-xFexS2 exhibit promising thermoelectric properties. In the case of vanadium-doped
solid solutions CuCr1-xVxS2, the thermoelectric properties were not investigated yet.
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The key aspect to control the electrophysical properties of thermoelectric materials is the
understanding the electronic structure features. The corresponding data could be obtained from both
the quantum-chemical calculations and the experimental techniques sensitive to the electronic
structure. It should be noted that the electronic structure features of CuCrS2-based compounds mainly
presented in the published articles are investigated theoretically. That fact indicates the presented
study novelty.In this regard, the study of the X-ray absorption edges near edge structure (XANES)
features could provide useful information about the conduction band structure. From the other hand,
the valence band structure could be investigated using the X-ray emission spectra. Thus, this study
involves electronic band structure of the vanadium-doped solid solutions CuCr1-xVxS2 (x=0-0.40).
A comprehensive experimental and theoretical study of the X-ray absorption K-edges and valence
band X-ray emission lines (Cu(La), Cr(Kb2,5), V(La) and S(Kbl,3)) of the matrix elements and
doped-vanadium atoms in the cation-substituted disulfides CuCr1-xVxS2 was carried out. Based on
the obtained results, the cationic substitution with vanadium atoms affect to the conduction and
valence band structure was studied. The electronic features studied in present investigation were used
for the CuCrl1-xVxS2 Seebeck coefficient concentration dependence interpretation.

The study was carried out with a funding from the Ministry of Science and Higher Education of
the Russian Federation (projects No. 121031700313-8, 121031700315-2)

[1] Korotaev E.V, Syrokvashin M.M., L.Yu. Filatova et al. // Sci. Rep.-2021.- 11-p. 18934

[2] Korotaev E.V, Syrokvashin M.M., I.Yu. Filatova et al. // J. Electron. Mater. -2018.-47. —p.
3392-3397.

[3] Akmanova G.R., Davleshina A.D. // Lett.Mater.-2013.- 3. —p.76-78.

[4] Karmakar A., Dey K., Chatterjee S. et al. // Appl. Phys. Letters. — 2014. —-104, N. 5. — P.
052906.

[5] Abramova G.M., Petrakovskii G.A. // Low Temperature Physics. — 2006. — 32, N. 8/9. — p. 954-
967.

STATUS OF WORK ON CREATION SUPERCONDUCTING INSERTION DEVICES FOR
SYNCHROTRON RADIATION GENERATION ON SKIF SYNCHROTRON LIGHT
FACILITY #100
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The main devices for generating of synchrotron radiation at the SKIF synchrotron light facility
under construction are superconducting insertion devices - wigglers and undulators, created at the
BINP SB RAS. This report presents the rationale for the choice of operating parameters, the main
characteristics and design features of these devices, as well as the current status of work on their
creation.
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SUPERCONDUCTING UNDULATOR WITH A PERIOD OF 15.6 MM AND A MAGNETIC
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A superconducting undulator with a period of 15.6 mm and a mfgnetic field of 1.2 T created at
the BINP SB RAS was tested in own cryostat based on indirect cooling with zero helium
consumption. The report presents the main characteristics and design features of the magnetic and
cryogenic systems of this insertion device. The results of measurements of the magnetic field are
presented and the features of the cryogenic system operation in various modes is shown.

RESONANCE EFFECTS IN PHOTOEMISSION SPECTROSCOPY OF RARE-EARTHS IN
INTERMETALLIC COMPOUNDS LA1-XTBXMN2SI2 (X =0, 0.27) #102
Submitted Ekaterina Ponomareva
For track: X-ray spectroscopy
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Russia,Ural State University of Railway Transport, Ekaterinburg, Russia )
o Danil Radzivonchik (M. N. Miheev Institute of Metal Physics UB RAS, Ekaterinburg,
Russia)
e Yulia Korkh (M. N. Miheev Institute of Metal Physics UB RAS, Ekaterinburg, Russia)
e Yurii Yarmoshenko (M. N. Miheev Institute of Metal Physics UB RAS, Ekaterinburg,
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o Evgenii Gerasimov (M. N. Miheev Institute of Metal Physics UB RAS, Ekaterinburg,
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Russia, Ural Federal University, Ekaterinburg, Russia)

The rare-earth intermetallic compounds RMn2Si2 (R = rare-earth) with tetragonal ThCr2Si2-
type structure have unique magnetic properties, which makes it possible to use them as functional
materials. The variety of magnetic structures and magnetic phase transitions in such materials is due
to the exchange interaction between manganese and rare earth ions [1-3]. That is why the study of
RMn2Si2 electronic structure is closely related to the determination of the magnetic properties.
Electronic states in Lal-xTbxMn2Si2 (x =0, 0.27) intermetallic compounds were studied by resonant
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photoemission spectroscopy (RPES) using synchrotron radiation. This method makes it possible to
investigate the localization of 4f-electrons in the valence band (VB). The main regularities in the
formation of the electronic structure upon partial substitution of terbium for lanthanum atoms were
established. The dependence of the VB spectra shape on the change in the photon energy near the
absorption edges of the internal levels of La, Tb and Mn in the compounds has been studied. The
processes of direct and two-stage production of photoelectrons, elastic and inelastic decay channels
of these states with the emission of high-energy electrons due to intra-atomic Coulomb interaction
have been studied. Atomic-force and magnetic-force microscopy was used to study the features of
the surface of compounds at room temperature. The presence of a complex magnetic domain structure
in compounds with terbium being partially replaced by lanthanum in LaMn2Si2 is shown.

The research was supported by RFBR project Ne 20-02-00541.
[1]S. Pandey, V. Siruguri, R. Rawat. Effect of Tb substitution in naturally layered LaMn2Si2:
magnetic, magnetocaloric, magnetoresistance and neutron diffraction study // J. Phys. Condens.
Matter. 32, 035807 (2020).
[2] E. G. Gerasimov, M. I. Kurkin, A. V. Korolyov, V. S. Gaviko. Magnetic anisotropy and ferro-
antiferromagnetic phase transition in LaMn2Si2 // Physica B. 322, 297-305 (2002).
[3] N. V. Mushnikov, E. G. Gerasimov, P. B. Terentev, V. S. Gaviko. Magnetic structures and
magnetic phase transitions in RMn2Si2 // AIP Advances. 8, 101411 (2018).

TEPAT'EPIHHOBBIE TMPOTPOHBI C IPUOCEBBIMHU 3JIEKTPOHHBIMU ITYUYKAMU
HA BBICOKUX IIUKJIOTPOHHBIX TAPMOHHUKAX JIJISA ®PU3UNYECKHUX
MPUJTOXKEHUM #103
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HOpwuii Kanwinos, MBan Omapun, Andrei Savilov, Imutpuit lleronskos, Unbs banaypkuH,
EBrenunit CemeHOB

B UII® PAH B TeueHre MHOTHX JIET Pa3BUBAETCSl TEXHOJOTHS CO3/IaHUS CyOTEepareproBbIX U
TeparepioBbIX THPOTPOHOB C OOJBITMMH OpOUTAMH, MO3BOJISIOIIUX OCYIIECTBISTH CEICKTHBHYIO
reHepanuio Ha 6ojiee BHICOKUX LUKIOTPOHHBIX TAPMOHHMKAX, YEM 3TO BO3MOKHO B TPaIUIIHMOHHBIX
rUpOTpoHaxX. B Hacrosimiee BpeMsi SKCHNEPUMEHTAlIbHBIE HCCIEAOBAaHUS BEIyTCS Ha JIBYX
CHeIHaTM3UPOBAHHBIX YCTAHOBKAX.

Ha crenne, no3BossitomeM GopMUPOBATh JUIMHHOMMITYJIHCHBIE M HETIPEPBIBHBIC YJIEKTPOHHBIC
ny4ku ¢ sHeprueit yactuil 10 30 k3B, u3ydaercs MpOTOTUII YHHBEPCAIBHOTO CyOTEpareprioBoro
HMCTOYHMKA ISl MATHUTOPE30HAHCHOM CrieKTpocKonuu. B 3TOM reHeparope rnojgydeHa HerpepblBHAs
CEJIEKTUBHAS T€Hepalnsl Ha BTOPOM M TPETheW IUKIOTPOHHBIX rapMOHUKaxX ¢ yactotamu 0,267 u
0,394 TI'u npu moutHOocTH M3nydeHus 900 u 370 Bt coorBeTcTBeHHO. Jl11s MOIy4YeHMsI FEHEpALMU Ha
yeTBEpTOM TapMoHuke Ha dacrotax 0,52-0,65 TI'mm pa3paboTaHbl HOBBIE PE30HATOPHI C
nepuoaudeckuMu Ppa3zoBeIMU KOppekTopamu. Kpome Toro, n3ydaeTcsi BO3SMOKHOCTh peaih3aliy Ha
3TOM CTEHJI€ TUPOTPOHA C YHUKAJIBHO IIMPOKOM TMOJIOCOM IJIAaBHOM YaCTOTHOW MEpPECTPOMKH,
OCHOBAaHHOTO Ha KOHTPOJIE YAaCTOThl TE€HEpPAllMd BHEUIHUM MEXaHUYECKH MepecTpanBacMbIM
3epkajioM. Takoil UCTOYHHMK ObLT ObI BeChbMa BOCTPEOOBAH B CIIEKTPOCKONMYECKUX MPUIIOKEHUSX,
rae TpeOyrTCs HCTOYHUKH, OOECIEYHMBAIONINE COYETAHUE CTAOMIBHOCTH (y3KOMOJIOCHOCTH)
TEHEPUPYEMOI'0 CHUTHaja C BO3MOXXHOCTBIO €ro IIJIaBHOM MEPECTPOMKHM B YAaCTOTHOW TOJIOCE
IIUPUHON XOTSI OBl HECKOJIBKO MPOIICHTOB, YTO A0 OBl BO3MOXKHOCThH MOJTYyYEHUE CHEKTPATBLHOM
KapTUHBI B OTHOCUTENILHO IIUPOKOH MOJI0Ce.

Ha crenne ¢ sneprueit snextporoB 80-100 k3B wucciemyrorcsi BO3MOKHOCTH TOBBIIICHUS
MOIITHOCTH WUMITYJIbCHOW T€HEpallud Ha TPETheW rapMOHUKE Ha dactoTax, Omm3kux k 1 TI'm, mis
UCIIOJIb30BaHUS B OJKCIEPUMEHTaX IO TOJNYYEHHUIO Ta30BOTO paspsga B C(HOKYCHPOBAHHOM
TEepareplioBOM BOJHOBOM Iy4KE W T€HEPalMHd MOIIHOIO 3KCTPEMAIbHOIO YIbTPadUOIETOBOTO
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uznyuyenus. [Ipennoxena cxema peanuszaii UCIyJILCHOTO TEPATEPLIOBOTO THPOTPOHA C MOLTHOCTHIO
HU3JTy4YCHUSA Ha YPOBHC HCCKOJIBKHUX KWJIOBATT. OTI[CHLHBIM HaIlpaBJICHUCM B 3THUX pa60Tax cTajio
HCCIIEIOBaHNE BO3MOXKHOCTEH HCIIOJIb30BAHUS PE30HATOPOB C HECUMMETPUYHBIM IOMEPEUYHBIM
CEYCHHUEM, KOTOPBIE CYLIECTBEHHO YJIYYILIAIOT CEJICKTUBHBIE CBOMCTBA T€HEPATOPA.

HccnenoBanue BBITIOJMHEHO 3a cueT rpaHta Poccuiickoro Haydnoro ¢onma (mpoekt Ne 22-19-
00490).

ANALYSIS OF THE LOCAL ATOMIC STRUCTURE OF TIO2 BY SPECTROSCOPY OF
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The main method of study of the chemical compound and electron structure of surface is
spectroscopy based on excitation of inner level of the atom by x-ray or monoenergetic electron beam.
The extended fine structure of the electron energy loss spectra EXELFS (Extended Electron Energy
Loss Fine Structure) is analogous to the extended fine structure of the X-ray absorption spectra
EXAFS (Extended X-ray Absorption Fine Structure) in terms of the nature of formation and the
information it contains. Analysis of EXELFS spectra makes it possible to determine partial chemical
bond lengths, coordination numbers, and thermal dispersion parameters.

At present, both in EXELFS and EXAFS spectroscopy, there is a problem of analyzing spectra
containing superposition of the signal of different chemical elements. In this case, the experimental
data are the result of a superposition of the scattering of several wave vectors. For example, in the
energy loss spectrum of titanium oxide electrons, there is an L2,3 titanium excitation edge (Eloss=461
eV), behind which there are oscillations, the length of which, according to model calculations, can
reach 400-500 eV. Fourier analysis of this oscillating structure can provide information about the
parameters of the Ti-Ti and Ti-O bonds. However, in the same energy range, there is the K edge of
oxygen excitation (Eloss=532 eV), behind which there are also oscillations containing information
about the O-Ti and O-O bonds. As a result, the experimental spectrum is a superposition of excitations
of titanium and oxygen atoms. Currently existing software packages (Viper, IFeffit, etc.) for the
analysis of both EXAFS and EXELFS spectra are not intended for the analysis of such overlapping
structures.

In this work, we propose an algorithm for extracting normalized oscillating parts with a
significant area of superposition of experimental signals. Attestation of the proposed method was
carried out on titanium dioxide with the structure of rutile, anatase, brookite and X-ray amorphous
structure.

P®A CU B BOTAHUYECKUX UCCJEITOBAHUAX: DJIEMEHTHBIN COCTAB
PACTEHUM W3 TOPHOT' O AJITASI (CEM. FABACEAE) #105
Submitted by Elena Khramova
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Authors:
e Elena Khramova (CSBG SB RAS)
e Cepaduma CrieBa (DAHILL ArpoOroTexHOIOTHIA)
o lakov Rakshun (Budker Institute of Nuclear Physics)
o JImutpuii Copokoneros (Budker Institute of Nuclear Physics)
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BriepBbie n3ydeHbl 0COOEHHOCTH 3JIEMEHTHOTO COCTaBa PAacCTEHHM pa3HBIX KU3HEHHBIX (HOpM
(TpaBbl M KycTapHuUKH) U3 ceM. Fabaceae, oburarommx B Uyiickoit kotinoBune ['opHoro Anras,
METOJIOM PEHTI€HO(IYyOPECLIEHTHOTO aHallu3a C HCIOJIb30BAHUEM CHHXPOTPOHHOTO H3JIy4eHHUs
(P®A CH) na obopynoBanuu LIKIT "CILICTU" na 6aze BOIIII-3 Muacturyra siaepuoit pusuku CO
PAH. Ilenp pabGoThl 3akitoyanach B BBISIBICHHHM OCOOCHHOCTEH SJIEMEHTHOTO COCTaBa PACTCHHI
pa3HBIX TAKCOHOB M YCTAHOBJICHUH BUOB C BBICOKMM COJIEPKAHUEM MAKpO- U MHUKPOXJIEMEHTOB.

MarepuanoM ucciaenoBaHus CIyXKuwin oOpasubl TpaB — Oxytropis argentata (Pallas) Pers
(ocTponogouHuk cepeOpucThiit), Astragalus tibetanus Benth. Ex Bunge (actparan tuberckuit) u
kycrapaukoB — Caragana Bungei Ledeb. (kaparana bynre). Pactenus coopansl B Uyiickoii crenu B
Kom-Arauckom paiione PecriyOmuku Antaii B urosie 2020 1. B reHepaTuBHBIN niepuos. O. argentata
u A. tibetanus mpou3pacTaiy B 371aKOBO-OCTPOJIOJJOYHUKOBOM aCCOIMAIIUU B KOMITJIEKCHOW CTEIIH C
3aconenueM Ha Beicote 1804 M Hag yp.m. (N 49.92669 E 88.84287), C. Bungei — B OKpECTHOCTH C.
Kom-Araua na Beicote 1760 M Ham yp.m. (N 50.01888 E 88.64833). IIpoananu3upoBaHbl JHCTHS,
cTe0uIr, penpoayKTHBHBIE OpraHbl (000bI) ¥ OYBBI U3 TOYEK OTOOPa 00pa3LoB.

CpaBHHTENBHBIN aHATN3 TTOYB BBISIBUJI IIPEBBINICHHE 110 coaepxkanuto Ca (62284 ppm) u Br (18
ppm) B Touke oTOOpa TpaBAHUCTHIX pacteHuid U As (50 ppm) — B Touke ordopa C. Bungei,
COJIep>KaHUE OCTAIbHBIX 3JIEMEHTOB BapbUPOBAIO HE3HAYUTEIBHO.

[Toka3zaHo, yTo KOHIEHTpaus K y TpaBIHUCTBIX BO3pacTaiia B psAY JIMCTh — cTeOIu — 60061, a
Ca, HanpoTuB, CHWXajach. ¥ KYCTapHHMKOB HaOromanack oOpaTHas TeHACHIHMS: coaepkanue Ca
BBIIIE B CTEOJIAX, YEM B JIUCTHAX, cojepxanue K npu 3Tom ocraBasioch 6e3 u3MeHeHHu. B nemnom,
0oJiee BBICOKOE COACp)KaHME MAaKPOIJIEMEHTOB YCTaHOBIIEHO B JIMCThsX O. argentata (38769 ppm),
HU3KOE — B cTe0sX A. tibetanus (16478 ppm).

CymmapHOe cofep)aHHe MHKPOAJIEMEHTOB MakcuMalibHO B creOisix C. Bungei m 6o0ax A.
tibetanus (590-588 ppm), MunumanbHo — B JUCThsAX C. Bungei (376 ppm). Ilo noBsimeHHOMY
conepkanuto Mn (77 ppm) BeigensiroTcst mucThs, a Fe (371 ppm), Br u Cr (6.2 ppm) — cre6mu C.
Bungei. B muctesax O. argentata mpeumyIiecTBeHHO HakaruiuBaercs Sr (205 ppm), B crebmsax A.
tibetanus — Zn (46 ppm), Ni (11 ppm) u Cu (8 ppm). OTMeueHO HOBBIIIEHHOE cojep:kaHrne Mo B
HAJ3E€MHBIX OpraHax TPaBSHUCTBIX, YTO MOXET OBITh CBS3aHO C IIEJIOYHOM peakiueil Mo4YBbl U3-3a
BBICOKOT'O COJICPYKAHHS COJICH KabIIHsL.

OTMeueH CABUT B COOTHOIIICHUH HEKOTOPHIX 3JIeMeHTOB. 3HaueHne Fe/Mn u3zmensiercs ot 2.3 B
JUCTBAX KYCTapHUKOB 110 6-7 — B TpaBax. 3HadeHue Ca/Sr Bo Bcex oOpasuax Bwie 100, uro
cUYHMTaeTCsl HOpMOH, HO y KycTapHuka C. Bungei oHo MmakcumanibHO 1 focturaet 255. Bennunna K/Rb
BapbupyeT oT 340-660 B HaJ3eMHBIX OpraHax TPaBsIHUCTHIX 10 3344 y KyCTapHUKOB, UTO, BO3MOKHO,
CBSI3aHO C BHJIOBOM NMPUHAANIECKHOCTHIO U YCIOBUSIMH ITPOU3PACTAHUSI.

B pesynbrarte, BrepBble MONyYeHBI JOCTOBEPHBbIE NaHHbIE MO cojepxkaHuio 20 3JIeMEHTOB B
am3eMHbIX opranax O. argentata, A. tibetanus u C. Bungei 1 mouBax u3 Touek 0TOOpa pacTCHUI B
Uyiickoil koTiioBuHE. OTMeueHa CBS3b HAKOIUIEHUS JIEMEHTOB C BUAOBOM IPHUHAJJIEKHOCTBHIO
pacTeHul, )KU3HEHHOU (hOpMOH, YCIOBUAMU Npouspactanus. [loaydeHHbIe JaHHBIE TT0 DJIEMEHTHOMY
COCTaBY PAaCTUTEIbHBIX 00PA3IIOB U MOYB MOTYT OBITh BKJIIOUEHBI B 0a3bl JAHHBIX.

ABTOpPHBI BeIpakatoT OarogapHocts Onbre BacuinbeBHe YaHKHMHONM 3a BBITIOJIHEHHE aHAJIA30B.
PaboTa BbImoONHEHA NMpH yacTU4YHOM moxanepxke rpanta POOU u PecnyOnuku Anrail B pamkax
npoekta Ne 20-44-040002 p_a.
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o lakov Rakshun (Budker Institute of Nuclear Physics)
e Dmitrii Sorokoletov (Budker Institute of Nuclear Physics)

BriepBbie m3yueHbl OCOOCHHOCTH 3JEMEHTHOTO COCTaBa KYCTApPHHKOB B YpOOIKOCHCTEME T.
HoBocubupcka MeTooM peHTTeHO(IIyOPECIICHTHOTO aHAJIN3a C UCII0JIb30BAHUEM CUHXPOTPOHHOTO
m3nyuenus: (POA CU) na obopynoBanuu LIKIT "CLHCTU" na 6a3e BOIIII-3 UnHcTuTyTa siAepHOiA
¢uzuku CO PAH. Ilens paboThl 3akitoyanach B OMPENCICHUN U3MEHEHUN 3JIEMEHTHOT'O COCTaBa
CHOMPCKHUX BUIOB KYCTAaPHUKOB B YCIOBHSX AHTPOIIOT€HHOT'O BO3JCWCTBUS JJIS OLEHKH KauecTBa
OKpY>Karollel cpeibl U BBISBICHUS TOJIEPAHTHBIX K 3arPSA3HEHUIO BUJIOB.

MarepuanoM HccleI0BaHHus CIYKWIM 00pa3lbl IBYX BHIOB crupeu - Spiraca chamaedryfolia
(cimpest myopaskosrcTHas) U S. media (cimpes cpeansisi) u3 ceM. Rosaceae u Myricaria bracteata
(MMpHKapusi TPHULBETHUKOBas) M3 ceM. Tamaricaceae. V3ydaemble KyCTapHUKH IPHUBIEKAIOT
BHUMaHHE CBOEH JIEKOPaTHMBHOCTHIO, SKOJOTMYECKHU IUIACTHUYHBI, Ta30yCTOMUYMBBI, IIHPOKO
UCTIOJB3YIOTCS B 3€JI€HOM CTpOMTENbCTBE. PacTeHuss BBICa)KEHBI B OJHOM U3 Haumbosee
HEOIarompusATHBIX C JKOJOTMYECKOW TOUYKH 3peHusl panioHe - JleHmHckoMmM. B kadectBe ¢onHa
BbIOpaHbI pacTeHus, npouspacratomue Ha teppuropun LICBC CO PAH.

CpaBHUTENbHBIN aHadM3 TMOYBBI U3 TOYEK OTOOpa pacTUTENIBHBIX 00pa3loB IOKa3al
npeBblieHue no coaepxkanuto Ca, Co, Cu, Zn, As, Br, Sr, Zr u cHmkenrie Mn B TOpOJICKMX MOYBax
10 CPAaBHEHUIO C KOHTPOJIEM.

HccnenoBanue colep)kaHus Makpo- M MHUKpPO3JIEMEHTOB B HAA3EMHBIX OpraHax pacTeHMH
MOKa3ajo, 4YTo KOHIeHTpaius MakposnemMeHToB K u Ca BbIllle B JHCTBSIX, YeM B CTEONSIX BHE
3aBHUCHUMOCTH OT TaKCOHa M MeCTa MpoM3pacTaHus. B yCIOBHAX aHTPONOI€HHOIO BO3AEHCTBUS
cogepkanue K B pacTeHMsIX HMXKE, 4eM B (DOHOBBIX YCIOBHAX, a conepkaHue Ca B JIHUCTHSX,
HAmpoTUB, Bo3pacrtaeT. Hambonbliee copepxaHue MakKpo- U MHKPOARJIEMEHTOB OOHApYy»KEHO B
mucThaX M. bracteata m ctebnax Spiraeca. OOHapyXeHO, YTO B PACTEHHSX IOJ aHTPOINOTCHHBIM
BO3JICCTBUEM MOBBIIIANOCH conepxkanne Ca, Ti, V, Fe, Co, Br, Sr, Y, Zr, Nb, Pb u camxanocs K,
Zn u Mo mno cpaBHeHuio ¢ (poHoMm. Haumbosiee cuibHOE 3arps3HEHHE TSDKEIBIMH METaUIaMU B
TOPOJICKUX YCIIOBHUSX OTMEUEHO y pacTeHuit M. bracteata.

Paccuutan ko3¢ punment Onoreoxumuyeckoit Tpanchopmaruu (Zv), OTpakaromuii HapyleHue
HOPMaJbHBIX COOTHOILIEHUH JJIEMEHTOB B OpraHax pacTeHUl B pe3ylbTaTe YCHICHUS
aHTPOIIOTeHHOM Harpy3ku. Haunbomnee cymiecTBeHHbIE U3MEHEHUS 3JIEMEHTHOI'O COCTaBa PAacTCHUM
IOJ] AaHTPOTIOTEHHBIM BO3JICCTBHEM OTMEUEHBI Y pacTeHul Buaa M. bracteata, Zv JIMCThEB KOTOPOTO
paBHoO 63.7, uto B 1.7-4.8 pa3 Bblle, yeM y pacteHuit Spiraca. HanbGomnee ycTOMYUBEI K 3aTrpsI3HEHHIO
pactenus S. chamaedryfolia (Zv = 13.3).

B pesynbrare, BOepBble MOIY4YEHBI JOCTOBEPHBIE JaHHBIE MO coaepxkaHUio 20 3JE€MEHTOB B
oOpasmax cuOupckux KyctapHukoB - S. chamaedryfolia, S. media u M. bracteata B yp6oskocucteme
r. HoBocuOupcka. Beiaenensl Hanbosiee TolepanTHbIE K 3arpSA3HEHUIO B TOPOACKHUX YCIOBHSIX BUIIBL,
KOTOpbIE€ MOTYT OBITh PEKOMEHJOBaHbI JJI HIMPOKOTO MCIOJIb30BaHUSI B 3€JIEHOM CTPOUTEIbCTBE.
[Tonmy4yeHHbIE AaHHBIE MO AJIEMEHTHOMY COCTAaBY PACTUTENBHBIX 00pas3loB M TMOYB MOTYT OBITh
BKJIIOUEHBI B 0a3bl IaHHBIX.

ABTopsl 6maronapus! Onbsre BacunbeBHe YaHKMHOI 3a BBITIOJTHEHUE aHAIHU30B.

SPECTROSCOPIC (XAFS AND XPS) INVESTIGATIONS OF NANOCOATINGS
DEPOSITED ON THE SURFACE OF POROUS ALUMINA #107
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Novel materials science developing the methods of obtaining and studying of new materials for
different applications based on nanostructured coatings. For instance, controlled deposition onto the
surface of porous media can allow obtaining a new class of 2D materials possessing unique optical,
magnetic, catalytic, sensory, gas and liquids filtration properties. It should be noted that a large
contribution in these properties has a developed surface due to the formation of films with different
surface morphology. It is also strongly affected by the structural-phase state, local atomic and
electronic structure [1].

Synchrotron facilities give more precise and reliable information about structure and electronic
properties of materials. For instance X-Ray Absorption Fine Structure (XAFS) technique is a
powerful method of obtaining of structural information, X-Ray Absorption Near Edge Structure
(XANES) as well as X-Ray Photoelectron Spectroscopy (XPS) allows to investigate the charge states
of chemical elements and chemical composition. For the visualization of surface morphology the
methods of Scanning Electron Microscopy (SEM) and different methods of Atomic Force
Microscopy (AFM) are widely used.

In this work we propose templating approaches based on the formation of semiconductors (Ge,
ZnS, ZnSe, GaAs) and 3d metals (Fe, Co, Ni) nanocoatings on the surface the porous alumina films
with highly ordered and controlled diameter of holes. Porous alumina templates were obtained by
anodization process of aluminum foil. The aim was to identify the influence surface morphology on
chemical and local atomic structure of coatings by the methods of XAFS, XPS and SEM
investigations of semiconductors and 3d metals nanocoatings to form the basis of their functional
properties.

This work is supported by Russian Federation Assignment (project Ne 121030100002-0). XAFS
investigations were done at the shared research center SSTRC on the basis of the Novosibirsk
FEL/VEPP-4-VEPP-2000 complex at BINP SB RAS. XPS and SEM investigations were carried out
using facilities of shared research center “Surface and novel materials” UdmFRC UB RAS.

The study was also supported by the Ministry of Science and Higher Education of Russia under
Agreement Ne 075-15-2021-1351 in part of developing of XPS methodology.

1. R. Valeev, A. Beltiukov, et al. Mater. Res. Express 3, 015902 (2016). doi:10.1088/2053-
1591/3/1/015902.

SPECTROSCOPIC INVESTIGATIONS OF IRON OXIDE NANOCOATINGS ON THE
SURFACE OF POROUS ALUMINA OBTAINED BY THE AIR OXIDATION OF
MAGNETRON DEPOSITED IRON FILMS #108

Submitted by Rishat Valeev
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Author: Rishat Valeev (Udmurt Federal Research Center of UB RAS)

Co-author: Vladimir Kriventsov (Boreskov Institute of Catalysis of SB RAS, Budker Institute of
Nuclear Physics of SB RAS)

Due to different magnetic effects in Iron Oxide films such as spin-polarization of electrons in
magnetite (Fe304), magnetoelectric properties in hematite (Fe203) and antiferromanetic properties
of wustite (FeO) they have potential application in spintronics, magnetoelectricity and high density
memory devices [1,2]. Moreover, we suppose Iron Oxide coatings obtained on hexagonal oriented
porous media can show chirality of magnetic structure. It should be noted that the manifestation of
properties mentioned above strongly connected to the thickness of coatings, their electronic and local
atomic structure.

To establish the relationship between functional and structure properties synchrotron facilities
can be used. For example X-Ray Absorption Fine Structure (XAFS) technique is a powerful method
of obtaining of structural information, X-Ray Absorption Near Edge Structure (XANES) as well as
X-Ray Photoelectron Spectroscopy (XPS) allows to investigate the charge states of chemical
elements and chemical composition.
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In this work for obtaining of Iron Oxide coatings on the surface of porous alumina we propose
magnetron deposition technique of Fe followed by thermal annealing in oxygen atmosphere. Porous
alumina templates were obtained by anodization process of aluminum foil. The aim of this work was
to identify the influence of Iron Oxide films thickness and their surface morphology on chemical and
local atomic structure of coatings by the methods of XAFS, XPS and SEM investigations to form the
basis of their functional properties.

This work is supported by the Ministry of Science and Higher Education of Russia under
Agreement N 075-15-2021-1351.

XAFS investigations were done at the shared research center SSTRC on the basis of the
Novosibirsk FEL/VEPP-4-VEPP-2000 complex at BINP SB RAS.

XPS and SEM investigations were carried out using facilities of shared research center “Surface
and novel materials” UdmFRC UB RAS.

1. Spintronics for Next Generation Innovative Devices / Ed. by K. Sato, E. Saitoh. Chichester:
Wiley, 2015. 280 p.
2. Kang Y.S., Risbud S., Rabolt J.F., Stroeve P. // Chem. Mater. 1996. V. 8. P. 2209.

MOLECULAR STRUCTURAL DYNAMICS STUDY USING TIME-RESOLVED
DIFFRACTION #110
Submitted by Key Young Oang
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o Kitae Lee (KAERI)

During chemical, physical and biologically relevant reactions of various molecules in various
phases, several short-lived species so-called reaction intermediates exist and change their three-
dimensional molecular structures as time evolves. To assemble a puzzle of structure, dynamics and
function of molecule, determining molecular structures of reaction intermediates is crucial and thus
it is required to know in detail how a reaction proceeds. There are two major methodologies for
studying molecular structural dynamics. One is time-resolved optical spectroscopy and another is
time-resolved diffraction that replaces the optical probe pulse to structural probes, such as electrons
or X-rays. Here we briefly introduce time-resolved electron diffraction and time-resolved X-ray
diffraction and compare their application fields.

RESISTANCE TO HIGH-TEMPERATURE OXIDATION OF CRN/ALN COATINGS BY
X-RAY PHASE ANALYSIS USING SYNCHROTRON RADIATION #111
Submitted by Andrey Leonov
For track: SR technological application and X-ray apparatus
Authors:
e Andrey Leonov (Institute of High Current Electronics, Siberian Branch, Russian Academy
of Sciences)
e Yulia Denisova (Institute of High Current Electronics SB RAS)
e Vladimir Denisov (HCEI SB RAS)
o Mikhail Savchuk (Institute of High Current Electronics SB RAS)
e Vasiliy Tishchenko (Institute of High Current Electronics SB RAS)
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e Alexander Shmakov (Budker INP)

X-ray analysis using synchrotron radiation was used to study the resistance to high-temperature
oxidation and the stability of the structural-phase state of CrN/AIN coatings in the temperature range
of 301300 °C. The deposition of CrN/AIN coatings was carried out by the vacuum-arc plasma-
assisted method on an NNV 6.6-11 setup equipped with two electric arc evaporators with a cathode
diameter of 80 mm and an additional “PINK” gas plasma source. The source of synchrotron radiation
was the VEPP-3 electron storage ring. The study was carried out using a high-temperature X-ray
camera NTK-2000, a position-sensitive single-coordinate detector OD-3M-350, software - a program
for processing measurement results Fityk v.1.3.1. The studies were carried out for the following
experimental conditions: operating wavelength A=0.172 nm, range of diffraction angles 2®: 28-59
degrees, sample heating rate 10°C/min. Chromium and aluminum nitrides retain thermal stability up
to a temperature of ~1110-1115°C (~1075-1080°C - with layer-by-layer deposition, when using a
metal screen), after which oxidation of the coating begins, reflections of chromium and aluminum
nitrides disappear at a temperature of ~1235- 1240 °C (~1255-1260 °C with layer-by-layer spraying).

PRODUCTION OF HIGH-STRENGTH WEAKLY CONDUCTIVE CERAMICS BASED
ON BARIUM ALUMINATE FOR REMOVING STATIC CHARGE FROM THE INNER
SURFACES OF VACUUM CHAMBERS OF ACCELERATORS #112
Submitted by Alexandr Zhdanok
For track: SR and FEL sources and centers
Authors:
o Boris Tolochko (Institute of solid state chemistry and mechanochemistry)
o Alexandr Zhdanok (Institute of Solid State Chemistry and Mechanochemistry Siberian
Branch of the Russian Academy of Sciences)
e Zoya Korotaeva (Institute of Solid State Chemistry and Mechanochemistry, Siberian Branch
of the Russian Academy of Sciences, Novosibirsk)
o Liliya Berdnikova (Institute of Solid State Chemistry and Mechanochemistry, Siberian
Branch of the Russian Academy of Sciences, Novosibirsk)
e Joseph Samuel (Novosibirsk State Technical University, Novosibirsk)
e Victor Bulgakov (Institute of Solid State Chemistry and Mechanochemistry, Siberian
Branch of the Russian Academy of Sciences, Novosibirsk)

A method has been developed for producing structural samples of weakly conductive ceramics
for removing static charge from the inner surfaces of vacuum chambers of accelerators based on
barium aluminate of the composition BaO-Fe203-5A1203 with conductive additives: multi-walled
carbon nanotubes, silicon carbide, lithium hydroxide. The properties of such ceramics are largely
determined by the concentration of components, the temperature treatment regime. The production
of raw ceramic samples was carried out by semi-dry pressing of the molding mass from a powder
composition with a moisture content of 13%. The pressing pressure was 200 MPa. The samples were
dried in air for 24 hours and then in an oven at 200 °C. After drying, the samples were placed in a
corundum crucible and covered with a heat-resistant material (fused electrocorundum). Then firing
was carried out in an argon medium at a temperature of 1600 ° C.

Ceramic samples with a maximum compressive strength of 695.9 MPa, a density of 3.73 g/cm3,
and a maximum electrical conductivity (at 300 °C) of 10-4 Cm/cm was obtained.

The work was carried out with support within the Federal Targeted Programme according to
Agreement No. 075-15-2021-1359 of 13.10.2021 (internal No. 15. SIN.21.0015).
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SUPERCONDUCTING UNDULATOR CRYOGENIC SYSTEM BASED ON INDIRECT
COOLING #113
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The indirect cooling cryogenic system of the superconducting undulator with 15.6 mm period,
1.2 T magnetic field and 7 mm magnetic gap is described in this article. Nitrogen heat pipes are used
in this system as heat conductors from the first stage of cryocoolers to accelerate initial cooling down
process. The cooling down without liquid helium was tested (only helium gas was used). The
cryogenic system design is described and process of cooling down and operation on different modes
is presented.

HALL PROBE MAGNETIC MEASUREMENTS OF THE SUPERCONDUCTING
UNDULATOR #114

Submitted by Valeriy Tsukanov

For track: SR and FEL sources and centers

Authors:
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The superconducting undulator with 15.6 mm period and 1.2 T magnetic field described in this
article has 7 mm magnetic gap. The magnetic measurements system in such conditions required using
of special tube (ante-chamber) inside of undulator magnetic gap. The thermal insulation between cold
magnet and this measurement tube does not allow to have stable temperature along this tube length.
The temperature range into this tube is 70-300 K. Hall probe measurements in this case are a rather
complicated problem. The features of the method of measurement and processing of results are
described in this article.

NCIIOJIb30BAHUE NOJYYEHHOI'O B JINY KWJIOAMIIEPHOT'O POII J1JIsA
TEHEPALIMU TI'I U3JIYYEHMUS ITPU PA3BUTHUM IBYXIIOTOKOBOM
HEYCTOMYHUBOCTH B TYYKOBO-IIVIASMEHHOM CUCTEME #115
Submitted by Denis Samtsov
For track: SR and FEL sources and centers
Authors:

e Denis Samtsov (Budker Institute of Nuclear Physics of Siberian Branch Russian Academy

of Sciences (BINP SB RAS))
e Andrey Arzhannikov (Novosibirsk State University)
o Stanislav Sinitsky (Budker Institute of Nuclear Physics)
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o Sergey Popov (Institute of Nuclear Physics 11, akademika Lavrentieva prospect,
Novosibirsk, 630090 Russia)

e Danila Nikiforov (BINP)

e Magomedrizy Atlukhanov (Budker INP SB RAS)

e Dmitry Starostenko (BINP SB RAS)

 Vasilii Stepanov (BINP SB RAS)

e Semyon Vorobyov (FSUE «RFNC — VNIITF named after Academ. E. 1. Zababakhiny)

A. Grigoriev (FSUE «RFNC — VNIITF named after Academ. E. 1. Zababakhiny)

[IpoBenennsie Ha  yctanoBke ['OJI-IIDT wuccnegoBaHuss MEXaHU3MOB — TIeHEpaluu
cyommmumerpoBoro uznyderus (0.1 —0.5 TT'm) npu KoIIEKTUBHOM pellaKcallii PeIsITABUCTCKOTO
anekTponHoro myuyka (POI1 ¢ mapamerpamu 0,6 MaB/ 15 kA/ 5 Mkc) B m1a3me ¢ IWIOTHOCTHIO ~5 1014
CM-3 MPOJAEMOHCTPUPOBAIIA JOCTHKUMOCTh B OTOKE M3Jy4eHUs1 YPOBHs MolHOocTH ~10 MBT npu
MUKPOCEKYHIHON ATUTEIBHOCTH [1]. DKCepUMEHTHI MPOBOAATCS B MPOOOYHOM MAarHUTHOM I10JI€
4.5/3.2 Tn npu maoTHOCTH TOKa mydka (1-2) kA/cM2. [l mpoaBMKEHUST B TEHEpAIlUU U3TyYeHUS B
o6mactb gactoT ~1 TI'11 1 BhINIE ¢ HCTIOIB30BAHUEM MEXAHU3MOB T'€HEPAIINH B TyYKOBO-TUIa3MEHHOU
cUCTeME HEeoOXOIMM MOABEM IJIOTHOCTH TOKAa IMydYKa B HECKOJBKO pa3 MpU MOJACPKAHUH €ro
YIJI0BOW pacXxOJUMOCTH Ha HU3KOM ypoBHE. [Iy4ok ¢ TaKuMu mapameTpaMu MOXKET OBITh MOTYYCH
MyTEM MAarHUTHOTO CXKATHs CEUeHUs ITydka, reHepupyemoro B JINY [2]. Bo3aMoXHBIM 3aTpyTHEHUEM
K peali3allfy Mpoliecca TeHepauy TeparepioBoro N3IyYeHHsl B IIa3Me C UCTIOIB30BAHUEM TAKOTO
My4Ka MOXKET OKazaThCs ero HeOompimas (~ 100 HC) amuTenbHOCTh [2], KOTOpas MOKET IPUBECTH K
HEJOCTaTOYHOMY YpPOBHIO HAaKayMBaeMbIX IIyYKOM IUIA3MEHHBIX KojiebaHuil. Bo03MOXHOCTb
MPEOJONICHUSI ~ OTOr0  3aTPYAHCHHS  TOATBEPXKIACTCS ~ pe3yabTaTaMH  UCCIICIOBAHHIA
BBICOKOA()(DEKTUBHOTO KOJUIEKTUBHOTO TOPMOXKEHHUS B IJIa3Me MYYKOB C IUTEIbHOCThIO MaciuTaba
100 HC, KOTOpHBIE OBLTH MpOBeeHbI Ha ycTaHoBKe NHAP [3, 4].

B mpeacraBnsiemoM nokiane OyneT mpoaHalW3MpOBaHa MEPCHEKTHUBA MCIOJIb30BAHUS IMydKa
3JIEKTPOHOB, Moy4aeMoro Ha Beixoze u3 JIMY ¢ sueprueit 1 MaB, Tokom 2 KA ¢ ITUTENBHOCTBIO ~
100 HC, U1 TEHEpalUK TEPareplioBOTO M3JIYYCHHUS B 3aMarHUYEHHOM Mia3mMe. DTOT aHalu3 OyaeT
0a3upoBaThCs HA OTMEUEHHBIX BBIIIE pe3ylbTaTaX AKCIEPUMEHTAJIbHBIX HCCICNIOBAaHUN U
TEOPETUYECKUX MPEJCTABICHUIX O MeXaHHW3Max TpaHC(hOpMaluu IUIa3MEHHbIX KojieOaHui B
ANEKTPOMArHUTHBIC BOJTHEI.

Jluteparypa
[1]. Arzhannikov A.V., Ivanov LA., Kasatov A.A., et al. “Well-directed flux of megawatt sub-mm
radiation generated by a relativistic electron beam in a magnetized plasma with strong density
gradients.” Plasma Physics and Controlled Fusion 62.4 (2020): 045002.

[2]. D.A. Nikiforov, A.V. Petrenko, S.L. Sinitsky et al., “Investigation of high current electron
beam dynamics in linear induction accelerator for creation of a high-power THz radiation source”,
Journal of Instrumentation (JINST), vol.16, P11024, 2021, https://doi.org/10.1088/1748-
0221/16/11/P11024

[3]. ApxanaukoB A.B., bypnakoB A.B., Koitnan B.C. u ap. VYBenuuenue s¢ddexTuBHOCTH
B3auMoeicTBus ¢ mwia3moii//ITucema B JKOTD, 1978, T. 227, sem.3. C. 173 — 177.

[4]. Arzhannikov A.V., Burdakov A.V., Burmasov V.S. et al. Plasma heating in a solenoid by
relativistic electron beam. Proc. of the 3-rd Inter. Conf. on High Power Electron and lon Beam Res.
and Tech. Novosibirsk, 1979, P. 29 — 42,
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Cast samples (unmodified and modified with multi-walled carbon nanotubes (MWCNTs)) based
on M1 grade copper were obtained. For this, MWCNTs were treated with copper powder (PMS-1) in
a ratio of 5 : 95 in a centrifugal planetary shoal of AGO-3. Then a ligature was obtained: the powder
mixture was diluted 5 times with copper and fused to a homogeneous state. The concentration of
MWCNTs in the ligature (copper matrix) is 1 wt.%. Copper modification was carried out in a ladle
and furnace, for comparison, a control sample was cast without a modifier. The metal was poured
into a sand mold, which is a system of a riser in the middle and several cylinders with a length of 150
mm and a diameter of 30 mm. The metal is poured (1200 °C) into the central part (riser), from where
the metal is poured by siphon (bottom-up) into other cylindrical sections; the mass of the metal in the
form of 1500 g.

On the basis of electronic microphotographs, it was found that the MWCNTs are distributed
fairly evenly in the ligature and are located along the grain boundaries.

Brinell hardness studies of cast samples have shown that the hardness of all samples after heat
treatment decreases by 12.2-13.4%. The hardness of the modified samples (45.82-49.72 HBW) is less
than the hardness of the control sample (59.47 HBW), but the standard deviations of hardness from
the average values for the modified samples are 2.4-5 times less than that of the control sample, which
can serve as proof that nanotubes contribute to a more uniform crystallization of the melt.

The work was carried out with support within the Federal Targeted Programme according to
Agreement No. 075-15-2021-1359 of 13.10.2021 (internal No. 15. SIN.21.0015).

SOFT X-RAY SR STATION «kKOSMOS» AT THE VEPP-4 STORAGE RING: STATUS
AND XAFS APPLICATIONS. #117
Submitted by Anton Nikolenko
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Authors:
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e Anastasiya Fedorenko (NIIC SB RAS)

o Mikhail Syrokvashin (NIIC SB RAS)

o Pavel Zavertkin (Budker INP SB RAS)

e Vladimir Polkovnikov (IPM RAS)

The metrological station "Cosmos" receives radiation from the bending magnet of the storage
ring VEPP-4. The station was originally intended for to various kinds of metrological work in soft X-
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ray and VUV range (10-5000 eV): certification of spectrometers, optical elements, detectors, etc. At
present, the station equipped by the dubble-crystal Si(111) monochromator. This upgrade has made
it possible to perform spectroscopic measurements in the tendep X-ray range (2-10 keV). In the
interests of station users and for the development of procedures the number of measurements of
XANES spectra near the K-edges of S, P, Cl, Cu and L-edges of Nb, Mo, Zr were carried out. To
expand the spectral range of available energies, a hybrid scheme with long period organic KAP and
RDbAP crystals paired with a multilayer mirror was developed too. The multilayer mirror has a period
close to the lattice parameter of crystals (13.47 and 13 A, respectively) and servants to prevent their
radiation damage. It is expected that such an optical scheme will make it possible to expand the
spectral range in the soft energy region up to 500 eV, which corresponds to the K edge of oxygen.
Currently, the XAFS spectroscopy procedure implemented at the station is used by our users for the
development of new functional materials. However, the most important thing is the station is
considered as prototype for the soft X-ray XAFS station for the new synchrotron source SKIF.

CREATION OF THE SCIENTIFIC RESEARCH CENTER «TOMSK COMPETENCE
CENTER IN THE FIELD OF BEAM-PLASMA ENGINEERING AND SYNCHROTRON
RESEARCH» #118
Submitted by Anton Teresov
For track: SR technological application and X-ray apparatus
Author: Anton Teresov (Institute of high current electronics SB RAS)
Co-authors:
e Vladimir Denisov (HCEI SB RAS)
o Nikolay Ratakhin (HCEI SB RAS)
o Nikolay Koval (HCEI SB RAS)

As part of the implementation of Agreement No. 075-15-2021-1348 dated October 5, 2021,
concluded between the Institute of High Current Electronics SB RAS and the Ministry of Science and
Higher Education of the Russian Federation, the Scientific Research Center «Tomsk Center of
Competence in the Field of Beam-Plasma Engineering and Synchrotron Research» (SRC TCC) was
created as part of the network synchrotron and neutron research infrastructure in the Russian
Federation. SRC TCC was established as a structural subdivision of the HCEI SB RAS to carry out
scientific-methodological, scientific and educational activities in the field of synchrotron and neutron
research and to provide organizational and methodological support for work in the field of beam-
plasma surface engineering, carried out by research departments of the HCEI SB RAS and third-party
organizations. The main functions of the SRC TCC are:

- accumulation of data and knowledge in the field of synchrotron research, obtained by scientific
groups participating in the activities of the SRC TCC, and their distribution among the participants;

- implementation of own scientific research in the field of methods of using synchrotron radiation
for surface engineering;

- in the field of educational activities of the SRC TCC - assistance in the implementation of
educational programs for the training and retraining of personnel by higher professional education
organizations that have licenses to carry out educational activities, including programs for the training
of scientific personnel in graduate school;

- development of the procedure and conditions for the use of methods and equipment of SRC
TCC;

- repair and maintenance of high-tech equipment of SRC TCC;

- coordination of teams of scientific and educational institutions to carry out activities aimed at
the development and creation of the station «Surface» of the resource sharing center «SKIF»
(Koltsovo).

At the moment, a new unique vacuum electron-ion-plasma installation (VEIPS-1) is being
created for the SRC TCC, equipped with sources of gas and metal plasma, electron beams, which
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allows to carry out the processes of forming layers and coatings in a wide range of operating
parameters, to diagnose generated plasma, and, most importantly, to prepare specimens and test the
methodology for in situ studies of the processes of formation of layers on the surface of materials by
X-ray diffraction using synchrotron radiation before its implementation at the VEPP-3 station
(Siberian Center for Synchrotron and Terahertz Radiation, Novosibirsk).

DEVELOPMENT OF SPA (SINGLE PARTICLE ANALYSIS) TECHNIQUES USING
SCANNING pXRF-SR AND CONFOCAL X-RAY MICROSCOPY IN THE STUDY OF
NATURAL SAMPLES #119
Submitted by Andrey Darin
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e Dmitry Sorokoletov (Budker Institute of Nuclear Physics SB RAS)
o lakov Rakshun (Budker Institute of Nuclear Physics)
e Andrey Gogin (NRC «KI»)
e Roman Senin (NRC «KlI»)

Single particle analysis is the modern section of analytic studies using electron microscopy or
ICP-MS LA. This report presents the expirements results on the searh and study of single aerosol
microparticles in various depozit materials. The experiment was carrying out with scanning p-XRF
using confocal x-ray microscopy (CXM) module at beamline “RT-MT” on Kurchatov synchrotron
light source. The CXM and analysis techniques was developed in INP SB RAS. Experiments to study
the elemental composition of individual microparticles were carried out on aerosol filters (AFA-VP)
and snow cores of the Altai region. The possibility of searching and identifying natural and
technogenic microparticles by elemental composition was demonstrating

Several particles (20-50 mkm size) of a round shape and composition different from the main
matrix were found in the bottom sediments of Zapovednoye Lake (Tunguska Nature Reserve) in a
layer dated 1908-1910 yy (Date of Tunguska event). The morphology and composition of the found
particles testify to their cosmic origin.

The created equipment and methods allow searching and studying particles with micrometer
spatial resolution in matrices of various compositions based on data on the content of rock-forming
and trace elements.

This work was supported by RFBR grant No. 19-05-50046 (Micromir).

COMPLEX STUDY OF LOCAL ATOMIC STRUCTURE OF PROMISING TI-POWDERS
#120
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Authors:
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The synthesis of two-dimensional systems became especially actual with the appearance of the

first works about graphene and two-dimensional carbides and nitrides of transition metals MXenes
(Mn+1XnTx, where M is a transition metal, X is C and / or N, Tx are functional groups of the -O
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type, -OH, -F, etc.). For the first time, MXenes began to be discussed in 2011 [1], these materials
attracted attention due to their unique properties, namely, the combination of metallic conductivity of
transition metal carbides and nitrides and the possibility of attaching various functional groups to
their surface [2]. The unique properties of MXenes is possible due to the method of their synthesis,
namely the removal of the A element from the MAX phases (M is a transition metal, A is an element
of IITA and IVA groups, X is C and / or N). Thus, the method of synthesis of the MAX phase will
effect on the characteristics of two-dimensional carbides/nitrides.

One of the ways to obtain MAX-phases is the mechanical activation of powders. In article [3],
the synthesis of the Ti2AlIC compound was carried out by mechanical activation of titanium,
aluminum and carbon powders in petroleum ether, followed by annealing at a temperature of 1000
oC. Studies of the elemental composition, the type of chemical bond and the local atomic structure
made it possible to make an assumption about the presence of the Ti-H bond in the samples after
mechanical activation. Additional studies are needed to confirm this assumption. Thus, the aim of
this work is to study the local atomic environment of mechanically activated powders by X-rays and
electron beam. In order to determine the presence of the Ti-H bond in them, it is necessary to analyze
the local atomic structure of certified titanium hydride TiH2. It is known that EXAFS (Extended X-
ray absorption fine structure) and EXAFS-like methods are used to study the local atomic structure.
In the present work, the spectra of the Extended Electron Energy Loss Fine Structure (EXELFS) were
obtained in the mode of reflection from the surface at an excitation energy of the incident electron
beam of 900 eV (analysis depth less than 5 nm). Fine structure analysis of the M2,3 excitation edge
of titanium and the K excitation edge of carbon was carried out.

All EXAFS spectra of studied Ti-nanocomposites and reference samples (Ti foil and commercial
TiH2) were recorded at SSTRC, Novosibirsk.

The genesis of local structures of the prepared Ti-nanocomposites and reference samples were
studied by EXELFS and EXAFS. The interatomic distances and corresponded coordination numbers
were determined. All possible structural models were discussed in detail. The obtained EXELFS and
EXAFS results are in good agreement with XPS, XRD, SEM (EDX) data.

Acknowledgements. This work is supported by Russian Federation Assignment (project Ne
121030100002-0). EXELFS investigations were carried out using facilities of shared research center
“Surface and novel materials” UdmFRC UB RAS.

EXAFS investigations were done at the shared research center SSTRC on the basis of the
Novosibirsk VEPP-4-VEPP-2000 complex at BINP SB RAS.
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We developed the laboratory tabletop laser-driven plasma microfocus X-ray source for imaging
applications. The femtosecond laser-plasma X-ray source driven by low energy 0.1MHz rate
ytterbium fiber laser interacted with copper target in ambient atmosphere environment. The results
of the generation line X-ray with energy about 8 keV and a flux more than 10”7 photons/s in 2x for
X-ray imaging applications are discussed.

X-ray optical scheme include elliptical glass concentrator as condenser and Fresnel zone plate as
imaging optical element. The modeling with ray tracing technique shows that system should allow to
obtain spatial resolution up to 1 um.

The work was supported by the Federal Scientific and Technical Program for the Development
of Synchrotron and Neutron Research and Research Infrastructure dated September 29, 2021 No.
2021-951-FP5-3.
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The recent trend toward fourth-generation synchrotron radiation sources has led to dramatic
increases in the brightness and spatial coherence of the generated X-ray beams, compared with older
designs. This has triggered the development of X-ray optics capable of fully utilizing the laser-like
properties of novel sources; the most promising among these is refractive optics, the youngest of the
existing X-ray optics [1]. X-ray compound refractive lenses (CRLs) have become a major tool in
modern X-ray beamlines, owing to their low sensitivity to shape errors, overall ease of use, and high
versatility. By modifying the shape, composition, and number of individual lenses, CRLs can be
adapted to photon energies in the 2-200 keV range, enabling flexible adjustment of focal lengths for
a wide range of applications. CRLs can provide beam-conditioning functions such as condensers,
collimators, beam-shapers, or higher harmonics suppressors [2—5]. Moreover, CRLs are extensively
used in X-ray imaging and microscopy, interferometry, Fourier optics, and spectroscopy [6—11].

Intelligent preparation and special formation of X-ray beams in advance allows to fully realize
the capabilities of modern X-ray techniques, and even more, permits the creation of the necessary
conditions for their effective use. At the same time, ensuring the possibility of varying the beam’s
transverse size, as well as controlling the photon flux density, is a desirable challenge in beam shaping
and beam conditioning goals. It should be emphasized that there are well-developed and highly
demanded X-ray techniques that require a high degree of spatial coherence and a large illumination
area at the sample position. For example, phase-contrast imaging and spectroscopy methods require
the vertical scanning of samples for imaging their full extent. The ability to control the photon flux
density enables to study objects that are sensitive to radiation loads, for example, various polymers
or biological samples.

We propose a beam expander based on a multilens system representing a silicon structure of 100
parallel identical planar CRLs. Under coherent illumination, a multilens system generates many
diverging beams that interfere in the area where they overlap, with periodic patterns of interference
fringes formed at certain distances, called Talbot distances. The optical properties of such a 100-lens
interferometer, as well as the ability to control the angular size and photon flux density of the
expanding beam, were experimentally demonstrated at the European Synchrotron Radiation Facility
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(ESRF) in Grenoble. A theoretical analysis of the expanded beam propagation and formation of the
Talbot interference patterns and the corresponding computer simulation are presented. The
experimental results agree quite well with the calculated results.
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The spectral brightness of the radiation from the undulator is the main characteristic of the quality
of the magnetic field of the undulator. Errors in the magnetic field of the undulator can significantly
reduce the spectral brightness of the radiation, especially at high harmonics. Compensation for errors
in the magnetic field of the undulator is a priority task for obtaining a high spectral brightness of the
radiation. The article describes a method for correcting the magnetic field for a superconducting
undulator with neutral poles, manufactured at the INP, as well as a mathematical apparatus that
predicts the currents of the additional power supply for correcting the magnetic field. When correcting
the field and orbit inside the undulator, the main windings of the undulator are used, grouped into
separate groups and powered by additional currents. This correction scheme was tested, as well as a
comparison of theoretical and experimental data of the measured magnetic field and calculated phase
errors. In the SPECTRA program, the SR spectra were calculated before and after the correction.

ANALYTICAL CHARACTERISTICS OF PANORAMIC (SIMULTANEOUS)
DETERMINATION OF ESSENTIAL ELEMENTS IN BIOLOGICAL MATRICES BY
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Essential macronutrients include sodium, magnesium, phosphorus, sulfur, chlorine, potassium
and calcium, which are present as cations in the barrier, homeostatic system of the cell. It is customary
to refer to essential micronutrients those whose imbalance in the body reliably leads to any
pathological condition: chromium, manganese, iron, cobalt, copper, zinc, selenium, molybdenum,
iodine. Their biological significance in the organism of higher mammals, including humans, has now
been firmly established, and the main biochemical processes in which they participate have been
determined. Also, essential micronutrients should be added: vanadium, nickel, arsenic, bromine, the
biological activity of which has been proven in studies on experimental animals. When using pXRF-
SR in the study of biological samples, it is logical to choose the experimental conditions for the
simultaneous determination of the maximum number of elements with optimal detection limits. Ten
elements from vanadium (23) to bromine (35) have K-series excitation energies from 5.47 to 13.47
keV. The using excitation energies of 15-16 keV makes it possible to determine more than 10 micro
and 5 macro essential elements in one dimension.

Based on the study of standard samples of the composition of the graphite collector of
microimpurities (SOG-30 and SOG-37), the limits of detection of a number of essential elements in
the biological matrix were determined.

This work was supported by RFBR grant No. 19-05-50046 (Micromir).
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In the last couple of decades, research in the field of methods for the formation and study of
structures based on high-entropy alloys (HEA), both purely metallic and metal-ceramic, with
improved physical and mechanical properties, has become widespread. One of the approaches to the
formation of such structures is the use of plasma-assisted vacuum-arc deposition of thin films, which
combines the simplicity of the formation process and makes it possible to obtain multi-element
structures of equiatomic composition.

The aim of this work is to analyze the results obtained in the study of the elemental and phase
composition, defect substructure, multilayer multielement ceramic-metal HEA films of
AITiCrNbMoN composition by X-ray diffraction analysis, transmission diffraction electron
microscopy, and also by X-ray phase analysis using synchrotron radiation.

The studied HEAs were synthesized in the form of thin films formed as a result of the deposition
of a multi-element metal plasma created by electric arc plasma-assisted sputtering of several cathodes
of selected elements in a working nitrogen gas atmosphere on the KVINTA ion-plasma facility
developed at the Laboratory of Plasma Emission Electronics of the HCEI SB RAS and which is part
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of the UNU "UNIKUUM" complex, which is on the list of unique electrophysical installations in
Russia (https://ckp-rf.ru/usu/434216/). The elemental and phase composition, defective substructure
were studied using the following scientific diagnostic equipment: transmission diffractive electron
microscope (JEOL JEM-2100 F); scanning electron microscope (Philips SEM-515 with EDAX
ECON IV microanalyzer); X-ray diffractometer Shimadzu XRD 6000; synchrotron radiation source
- electron storage VEPP-3, BINP SB RAS, high-temperature X-ray camera Anton Paar HTK-2000,
position-sensitive single-coordinate detector OD-3M-350.

The possibility of controlling the elemental composition of the film by changing the discharge
currents of arc evaporators is demonstrated. A regime has been revealed that makes it possible to
deposit thin (several micrometers) metal-ceramic HEA films with an AITiCrNbMoN elemental
composition close to equiatomic. It is shown that the formed HEA films have a nanocrystalline
structure with a crystallite size of (12-20) nm.

As a result of studies of multilayer ceramic-metal HEA coatings for heat resistance and heat
resistance by X-ray phase analysis using synchrotron radiation, it was found that the coatings have a
structure close to that of molybdenum. When heated in air, the decomposition of the system begins
at a temperature of (630-640) °C. At temperatures (1070-1080) °C, new reflections appear,
presumably related to oxide compounds of the alloy components. HEA reflections completely
disappear at temperatures (1260-1270) °C.

The work was carried out with the financial support of the Russian Federation represented by the
Ministry of Science and Higher Education (project no. 075-15-2021-1348) within the framework of
activities no. 2.1.5,2.1.17 and 2.1.20.
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Obtaining high peak current short electron bunches is necessary for many technological and
research purposes. At the same time, normalized emittance must be small enough. Such bunches
can be obtained by the longitudinal compression of electron bunches of a less peak current. To
overcome the Coulomb repulsion, the bunching should be done at relativistic energies in a special
magnetic system with a strong dependence of the flight time on the energy of a particle, the so-
called magnetic buncher. A few years ago an original scheme of such a device was proposed at
BINP, but no further work has been done since then. The goal of the research is to develop and
create a magnetic buncher for obtaining short and large-charge electron bunches. Magnetic system
elements, two magnetic mirrors, have been designed and optimised during the work. The final
tuning of the magnetic mirrors parameters during its tests is planned.

PROPERTIES OF COATINGS OF THE TIB/TIBN SYSTEM DEPOSITED BY THE
VACUUM-ARC PLASMA-ASSISTED METHOD #127
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In this paper, the physicomechanical and tribotechnical properties of multicomponent TiB/TiBN
and TiCrB/TiCrBN coating systems are investigated to reduce the wear of the material surface. X-
ray patterns were also obtained using a synchrotron scanning source.

Coating deposition is carried out by combining of method of ion-plasma nitriding and vacuum-
arc plasma-assisted deposition of functional coatings. As a result of the experiments, the values of
microhardness and nanohardness of the deposited coatings were obtained. Tribotechnical tests were
also carried out.

ON THE FEATURES OF AN IMMISCIBLE AU-CO ALLOY OBTAINED BY
MECHANICAL ALLOYING UNDER VARIOUS CONDITIONS USING SYNCHROTRON
RADIATION #128
Submitted by Timofey Tolmachev
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Ultrafine grained Au-Co alloys immiscible at equilibrium were prepared by mechanical alloying
via high-pressure torsion technique. A consolidated alloy is formed from the initial powder mixture
of components of the system in an equiatom ratio after deformation at room and cryogenic
temperatures and at 8 and 11 GPa. After alloying procedure, the synchrotron radiation diffractometry
of the obtained samples was carried out. It was found that after deformation an fcc substitutional
supersaturated solid solution formed. Changing the deformation temperature to cryogenic results to
greater dissolution of Co. The pressure changing to more elevated value leads to more Co dissolution
content of supersaturated solid solution at the same temperature regime. This result corresponds to
the increased mechanical and physical properties of the Au-Co alloys after cryodeformation and
increased pressure than after room one.

Diffraction experiments were performed at the SR beamline Ne4 of the VEPP-3 storage ring. The
obtaining and processing of materials were carried out at the IMP UB RAS. The research was
supported by RFBR (project No. 19-32-60039) and carried out in part within the state assignment of
Ministry of Science and Higher Education of the Russian Federation (theme ‘“Pressure” No.
122021000032-5).
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The use of variable period undulators (VPU) makes it possible to significantly increase the FEL
tuning range. For example, the VPU recently installed on the second track of the NovoFEL facility
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increased the lasing wavelength range to 15-120 um. A new undulator with variable period for the
first FEL of our facility is currently being developed at BINP. One of the features of the new undulator
is a large aperture required to reduce radiation losses at long wavelengths. The permanent magnets
used in this undulator have a special C-shape and large dimensions. The shape was optimized to
obtain maximum magnetic field amplitude on the undulator axis. To carry out the magnetization
measurements and sorting of these magnets, a measuring stand was developed based on four series-
connected coaxial coils. In this article, we specify the tolerance requirements for sorting of the
magnets and present the first measurement results.

DESIGN AND SIMULATION RESULTS OF HELICAL UNDULATOR WITH VARIABLE
PERIOD #130
Submitted by Oleg Shevchenko
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A new planar undulator with variable period and large aperture is currently being developed for
the NovoFEL facility. A simple modification of its design makes it possible to obtain helical
undulator field. The new undulator design, like the original one, can be easily scaled to smaller
undulator periods, so it can be used in in X-ray undulators. In this article we present the results of
magnetic field simulations for a novel design helical undulator with variable period. These results
include the dependences of both the first and higher harmonics of the magnetic field on the undulator
period.

MEASUREMENTS AND ESTIMATES OF THE BREMSSTRAHLUNG DOSE RATE AT
CONTROL POINTS OF THE FEL ACCELERATOR HALL #131
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The bremsstrahlung power during FEL operation in the generation mode reaches several
kSv/h (kilosieverts per hour), which leads to the degradation of materials and the activation of a
number of installation details. The paper presents calculations of bremsstrahlung levels at control
points where beam losses are probable. These data are necessary to create protection for technological
units, and to install dosimetric detectors to control beam losses on the walls of the vacuum chamber
when correcting the trajectory of the electron beam orbit. At “accessible points” (if the accelerator
designs allow the installation of a detector), relative dose rates were measured. The distributions of
the bremsstrahlung dose rate were measured along the central axis of the accelerator hall in the
operating modes of the first stage of the FEL (electron energy is 12 MeV) and the third stage of the
FEL (E=40 MeV).

OBTAINING AND RESEARCHING MATERIALS FOR SUPPRESSING EXTERNAL
VIBRATIONS IN THE RESPONSIBLE NODES OF SYNCHROTRON RADIATION
ACCELERATORS #132
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In this study, a method for modifying polyurethane with additives during synthesis is proposed
and their structure, strength and elastic deformation are compared. Inorganic additives (modifiers)
were introduced into the prepolymer in the form of aluminum oxide and silicon powders of a certain
dispersion in an amount of up to 1 wt.%. The properties of the obtained composites (elongation,
density, tensile strength, hardness, etc.) were studied:

- the tensile strength of the unmodified polymer is — 17.6 MPa;

- tensile strength of composites - from 19.8 to 24.2 MPa;

- elongation — from 650 to 798%.

Microstructural studies have determined the sizes of polymer grains:

- unmodified — 15 microns;

- modified — 3-5 microns.

Cyclic tests of composites according to GOST P ISO 10328 with a loading force of 50-1600N at
a frequency of 2 Hz were carried out.

The work was carried out with the support of the Federal Target Program in accordance with
Agreement No. 075-15-2021-1359 dated 13.10.2021 (Internal number 15.SIN.21.0015).

OPERANDO XRD STUDY OF MNOX-CEO2 CATALYST OF CO OXIDATION #133
Submitted by Zakhar Vinokurov
For track: X-ray structural analysis
Author: Zakhar Vinokurov (BIC SB RAS)
Co-authors:
e Olga Bulavchenko (Boreskov institute of catalysis SB RAS)
e Denis Mishchenko (Boreskov Institute of Catalysis SB RAS)
o Tatyana Afonasenko (CNCT BIC SB RAS)

In this study, the catalyst reduction in CO and hydrogen were performed to improve MnOx-CeO2
catalyst activity in the CO oxidation reaction. Catalyst activation by reduction/oxidation with gas is
a widely used approach [1]. We used XRD and MS for the gas phase monitoring to get detailed
information about phase composition and structure of catalyst after different treatments and how it
affects catalytic activity in the reaction of CO oxidation.

Mn03Ce07 600 oxide catalyst (molar ratio Mn:Ce = 3:7) was synthesized by coprecipitation of
nitrates and further calcination at 600 °C for 4 h, similarly as described elsewhere [2]. Catalyst
treatment steps included sequentially: 1, 3, 5 - study of the sample during stepwise heating/cooling
in a mixture of 1%CO + 2%02 to 200 °C (temperatures 150-175-200-175-150 with exposure for 2
hours at each temperature ); 2 - reduction of the sample in a mixture of 10% CO at 400 °C for 2 hours;
4 - reduction of the sample in a mixture of 10% H2 at 400 °C for 2 hours.

According to X-ray diffraction, the initial Mn03Ce07 600 sample included only the
Ce0.7Mn0.301.73 fluorite phase (based on CeO2 lattice PDF #34-394, sp. gr. Fm(-)3m , a =
5.41134). The study of the sample without pretreatment in the CO oxidation reaction (step #1) showed
that the catalytic activity increases with time, and this increase accelerates with temperature. No
features were observed during stepwise cooling in, however, the CO conversion rates at each of the
temperatures exceeded the values obtained during initial heating. Phase separation of the solid
solution after the reaction was not observed, however, the simulation showed a slight decrease in the
lattice parameter and a change in the oxygen composition of fluorite, which may indicate a change in
the oxidation state of manganese. The reduction of the sample in a mixture of 10% CO (step #2)
resulted in the manganese segregation from the solid solution and the formation of the MnO phase
(PDF #65-638, sp. gr. Fm(-)3m, a = 4.538) . Simultaneously with the appearance of the manganese
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(IT) oxide phase, a jump in the lattice parameter of the fluorite phase by more than 0.2% and a decrease
in the value of microstrains by a factor of 1.5 were observed. Re-examination of the system during
CO oxidation (step #3) showed a gradual decrease of MnO reflections with temperature. The most
probable reason is the transition of MnO to other phases of manganese oxides in a more dispersed
state, for example, Mn203 or Mn304, since the parameters of the fluorite phase do not show the
reverse introduction of manganese into solid solution. The CO conversion values differ
insignificantly, the largest difference is observed for a temperature of 150°C, which is most likely
due to manganese in the composition of the MnO phase. Reduction in 10% H2 (step #4) showed
similar results, with slightly less catalytic activity in the CO oxidation reaction (step #5).
Summarizing the data obtained, it can be noted that the reduction treatment of the Mn03Ce07 600
catalyst leads to segregation of the solid solution with the fluorite structure and the appearance of
dispersed manganese oxides, which in turn slightly increases the catalytic activity.

[1] Craciun, R., et al., Structure and redox properties of MnOx/Y ttrium-stabilized zirconia (YSZ)
catalyst and its used in CO and CH4 oxidation. Applied Catalysis A: General, 2003. 243(1): p. 67-
79.

[2] Bulavchenko, O.A., et al., Reduction of mixed Mn-Zr oxides: In situ XPS and XRD studies.
Dalton Transactions, 2015. 44(35): p. 15499-15507.
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Topological insulators (TI) are of particular interest in recent solid state studies because of their
exotic properties due to conductive, topologically protected surface states. In this paper, we report on
the topological nature of the MnBi2-xSbxTe4 layered compound. The characterization of the samples
will be shown using scanning electron microscopy (SEM), energy dispersive X-ray analysis (EDX),
as well as Raman spectroscopy. The study of the electronic structure was carried out by angle-
resolved photoemission spectroscopy (ARPES). The ARPES experiments were performed at the
Bloch beamline at the MAX IV laboratory (Sweden). ARPES data shows the presence of a Dirac
cone. In this work we will show experimental studies of left and right circularly polarized light to
topological surface states. The presence of a magnetic impurity shifted the position of the Dirac point
relative to related compounds MB2T4: M = transition metal or rare earth element, B=Bi or Sb, T =
Te, Se, or S. It should be noted that manganese doping has changed the atomic structure, moving
from a five-layer system (quintuple layer) to a seven-layer one (septuple layer).
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e Dmitry Sorokoletov (Budker Institute of Nuclear Physics SB RAS)
o [lakov Rakshun (Budker Institute of Nuclear Physics)
e Denis Rogozin (FRC «KSC SB RA»)

On the border of China and North Korea is the only active stratovolcano in the eastern part of
Asia - Paektusan (other names - Baitoushan, Changbaishan). The volcano is widely known for one of
the largest eruptions in the historical era, which occurred in the 10th century AD. On the volcanic
activity scale (VEI), the event is rated at seven points - the largest eruption in the last millennium.
Modern research shows that the eruption of the Paektusan volcano occurred in the late autumn -
winter of 946 AD. This dating is supported by data obtained from the study of an ice core from North
Greenland, in which traces of volcanic ash were found dating back to 947 AD.

We have studied a core sample of varves (annual layering) bottom sediments of Lake Bele
(Khakassia). At a depth of 860 mm (the age according to the calculation of annual layers is 945 AD
+ 30 years), a layer 2-3 mm thick was found, which differs sharply in color and texture from the rest
of the core material. A thin section containing an anomalous layer was studied using a confocal X-
ray microscopy. 2D scanning with 20 um focused SR beam was carried out. A large amount of
microparticles with a high content of zirconium, yttrium, and niobium was found inside the layer.
The possibility of finding traces of the eruption of the Paektusan volcano is discussed.

This work was supported by RFBR grant No. 19-05-50046 (Micromir).

CURRENT STATUS OF EXAFS STATION OF SSTRC. USING XAFS SPECTROSCOPY
FOR THE STUDY OF NANOMATERIALS OF COMPLEX COMPOSITION #136
Submitted by Vladimir Kriventsov

For track: X-ray spectroscopy

Author: Vladimir Kriventsov (Boreskov Institute of Catalysis of SB RAS, Budker Institute of
Nuclear Physics of SB RAS)

In the presented report, using the example of the work performed at the EXAFS spectroscopy
station of the Siberian Synchrotron and Terahertz Radiation Center (Novosibirsk), the possibilities of
the XAFS method are shown, the hardware and methodological features, methods of processing
experimental data and analyzing the obtained structural information are considered. It is well known
that the development of synchrotron radiation sources in the last third of the 20th century led to
significant progress in the application of methods implemented in SR, such as XAFS
(XANES/EXAFS) spectroscopy for research in various fields of science: materials science, solid state
physics and chemistry, chemical technology, geochemistry, catalysis, inorganic and organoelement
chemistry. The XAFS (XANES/EXAFS) spectroscopy method is a powerful tool for studying the
state of elements and the local structure of various systems in any aggregate states: alloys, dispersed
systems, solutions, ultra-diluted systems, glasses, etc. Nowadays, various methodological variants of
the XAFS method have been implemented and are being successfully developed in Synchrotron
Radiation Centers both abroad and in Russia - KISI-Kurchatov (Moscow) and SSTRC (Novosibirsk).
It should be noted that the XAFS spectroscopy method is most effective in the study of nanoscale
systems of “complex” composition, with a characteristic size of less than 10 nm and a low content of
the element under study, when the use of other structural methods is not informative and obviously
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problematic. The report demonstrates the capabilities of XAFS spectroscopy for a wide range of
different types of nanoscale and nanostructured systems, both as an independent method and in
combination with other physical research methods — XRF SR, XRD, HRTEM, XPS, SEM, etc. The
prospects of the integrated approach used for the study of various functional nanomaterials of
complex composition are demonstrated: nanostructured systems for storing actinoids; nanoalloys
with improved characteristics, including modified with nanoscale oxide additives; model
encapsulated ordered/disordered nanostructures; biological nanomaterials; low-percentage
nanocomposite catalysts; test geological samples of complex composition; thin metal and
semiconductor films, etc. As a result of the performed studies, new reliable information was obtained
on the averaged atomic structure, elemental and phase compositions, charge states, and local structure
for the studied systems. The data obtained by various methods are in good agreement with each other.
This work was supported by the Ministry of Science and Higher Education of the Russian Federation
(Agreement No. 075-15-2022-263). The experiments were performed using large-scale research
facilities "EXAFS spectroscopy beamline". SR investigations were done at the shared research center
SSTRC on the basis of the Novosibirsk VEPP-4-VEPP-2000 complex at BINP SB RAS.

PROJECT OF DIFFRACTION-BASED METHODS FOR MEASURING MECHANICAL
STRAINS AND STRESSES IN POLYCRYSTALLINE TUNGSTEN AFFECTED BY
PULSED HEAT LOAD AT THE SCATTERING STATION “PLASMA?” #137
Submitted by Sergey Kazantsev
For track: X-ray structural analysis
Authors:

o Sergey Kazantsev (Budker Institute of Nuclear Physics)

o Konstantin Kuper (Budker INP SB RAS, SRF "SKIF")

o Aleksey Arakcheev (Budker INP)

The problem of mechanical destruction of tungsten divertor plates in tokamaks affected by
thermal and plasma flows is well known. One of the methods proposed for studying this problem is
the X-ray diffractometry method. The essence of the method is to measure the dynamics of the
diffraction pattern from a tungsten sample affected by thermal irradiation, and to restore the dynamics
of strains and stresses in the sample from the obtained data.

At the shared research center SSTRC on the basis of the VEPP-4 — VEPP-2000 complex at BINP
SB RAS, the SR scattering station "Plasma" is operated, This station was designed to study the
deformation of materials under the action of pulsed heat load. First results were obtained by
measuring the dynamics of diffraction from single-crystal samples. and deconvolution of the
distribution of stresses was done. The next stage of work is the observation and measurement of
diffraction from polycrystalline tungsten. The results of the first experiments on the measurement of
diffraction from polycrystalline samples showed that for these experiments it is necessary to use a
monochromator on the initial SR beam, which, coupled with a small number of crystallites that satisfy
the constructive interference condition (Bragg condition), resulted in a strong drop in the intensity of
the diffraction peak. A limitation on the variation of the experimental parameters which is in need to
increase the diffraction intensity is the dependence of the change in the scattering angle, due to the
presence of deformation due to thermal irradiation, on the same parameters. As part of solving this
problem, it was proposed to use W/Si multilayer X-ray mirrors as a source of monochromatization.

The proposed project of a new experiment allows to obtain a temporal resolution in measuring
the stress dynamics on a polycrystalline sample during pulsed heating and cooling better than 1 ms,
which is sufficient to study pulsed processes during heating with parameters expected in modern
fusion facilities.
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AN ATTEMPT OF DETERMINATION OF CYCLICAL CONSTITUENTS IN THE
SPATIAL DISTRIBUTIONS OF AU BY THE SCANNING MICRO-XRF TECHNIQUE
WITHIN THE SUB-SURFACE INNER LAYER OF THE PREPARED MOUSE MIND'S
SAMPLE #138
Submitted by Dmitry Sorokoletov
For tracks: SR for medicine and biology application, X-ray fluorescent analysis
Authors:

e [lakov Rakshun (Budker Institute of Nuclear Physics)
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e Fedor Darin (Budker Institute of Nuclear Physics SB RAS)

Many biochemical processes in organisms enact cyclically (daily, hourly, and by others periods).
In addition to different methods for tracking and exploring their footprints the Micro-XRF technique
is to be used in some cases. An effective approaches based on the Micro-XRF technique are still being
developed [1]. We have attempted to analyze the distribution of the local mass concentration of Au
along two neighboring scanning lines within the sub-surface inner layer of the prepared mouse mind's
sample. We used scanning micro-XRF technique [2] in two experimental schemes: with one and two
x-ray polycapillary lenses (in confocal combination) for comparison.Initially it was well known that
mass concentration of Au (from 0 to 2 ppm) is several times less than its limit of determination [2]
for each single spatial position along scanning lines. However by applying the DFT and EMT (HHT)
analysis [1] to the whole resulting one-dimensional signals of Au distribution a series of their cyclical
constituents (from 1 to 3) may be restored steady. The least square method and the two-sided
Kolmogorov-Smirnov statistical criteria were used in order to confirm this assumption and to
determinate the tolerance intervals of all parameters of the proposed model.

The work have been carried out in the framework of RFBR project no. 19-05-50046. The work
was done at the shared research center SSTRC (on the basis of the VEPP-3M/VEPP-4 complex at
BINP SB RAS, using equipment supported by project RFMEF162119X0022).

[1] D. Sorokoletov, M. Chernetskaja, Ia. Rakshun, and F. Darin. An Attempt of Quantitative Analysis
of Cyclical Constituents in Structure of Scanning Microfluorescence Signal from Human Hair. // AIP
Conference Proceedings. In issue "Synchrotron and Free Electron Laser Radiation: Generation and
Application, SFR-2020", 2020. P. 070008.

[2] A. V. Darin, Ya. V. Rakshun. A method of measurement during x-ray fluorescence analysis using
x-ray concentrating optics (polycapillary lenses) (in Russian). // Nauchnyj vestnik novosibirskogo
gosudarstvennogo tehnicheskogo universiteta. N2 (51) 2013. P.119-129.

UCCJEJOBAHHUE YCJOBUA ®OPMUPOBAHMUS A2-PA3HI B
MEXAHOKOMITIO3UTAX CUCTEMbI TI-AL METOJAMU CUHXPOTPOHHOTI'O
N3JIYYEHUA #139
Submitted by Alexey Sobachkin
For track: X-ray structural analysis
Authors:
o Anexceit Cobaukun (Antl'TY um. U. U. Ilonsynosa, bapuayin)
o Anekcannp CutankoB (Antl'TY um. U. U. TTonzynoa, bapHayi)
o Mapuna Jlornnosa (Antl ' TY um. 1. 1. Tlon3yHosa, bapnayn)
o Bnagumup Sxosnes (Antl' TY um. U. U. [Tonzynosa, bapHayi)
o Banepuit ®unumonos (Antl'TY nm. U. W. ITonzynosa, baprayin)
o Anekceit HerogsieB (AntI'TY um. U. U. Tlonzynosa, bapuayir)
o Anapeit MscaukoB (Antl'TY um. U. U. [lonsynosa, bapuayin; MHCTUTYT XMMHM TBEPAOTO
tena u mexanoxumuu CO PAH)
e Mapar Hlapadyraunos (MuactutyT xumun tBepaoro Tena u Mmexanoxumuu CO PAH; IIKII
«CKHD», Uactutyt karanuza uMm. [.K. bopeckoa CO PAH)
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B paborte mpoBeseHO in Situ CHHXPOTPOHHBIC WCCIICIOBAHUS JUHAMUKHA (Dazoo0pa3oBaHUs B
MEXaHHUYECKH AaKTHBMpPOBaHHOW mopomkoBoil cmecu Ti + Al (16 mac.%) mpu peanuzanuu
BBICOKOTEMIIEPATYPHOTO CHHTE32a B YCIOBHSIX 00bEMHOT0 BOCTIIAMEHEHUSI METOI0M UHAYKIIMOHHOTO
HarpeBa. IHIyKIIMOHHBIN HarpeB MNPOU3BOAMIICS C TIOMOILBIO AKCIIEpUMEHTaIbHOM ycTaHOBKHY (VUS
ver.1), pazpaboTaHHOM J71s1 paOOTHI O] TyYKOM CHHXPOTPOHHOTO M3mydeHus. Y cranoBka VUS ver. 1
UMeeT BO3MOKHOCTh HMPOHM3BOJIUTH WHAYKIIMOHHBIA HarpeB oOpasla Moja BaKyyMOM M IO3BOJISET
pasorpeBath oopazer; 10 1500 °C. Uccnenoanue npoBoamwiock B MUuctutyte sinepHoit ¢puszuku CO
PAH um. bBynkepa (Poccus, r. HoBocubupck) Ha cranimu Sb «/ludpakiunoHHoe KMHOY» HAKOMUTEIs
anexktponoB BOIIII-3.

OOBeKTOM HCCIeoBaHUsl OBLIM TPEIBApUTEIIFHO PACCESHHBIE MOPOIIKH amoMuHus [1A
pa3zmepom yactull 50+10 mxm u tTutana [ITM pazmepom 50+10 mrm.

DKCIEPUMEHTANFHO HCCIEIOBAHO BIUSHHE BPEMEHH MEXaHOAKTHBAIIMOHHON 00paboTKu
ucxomnou cmecu (1, 3, 7 MUH.) HA MAaKPOKUHETHYECKHE TTapaMeTphl cuHTe3a. [ Bcex pekuMoB
MEXaHOAKTHUBALIMU YCTAHOBIIEHO, YTO oOpa3zoBaHue Kak ycroituumBbix coenuHenuid (Ti3Al, TiAl3,
TiAl2, TiAl), Tak u meractabunbhbiX (a3 (Ti9A123, TiSAll1, Ti2AlS, Ti3AlS) npoucxoauT Ha 3Tarne
NEPBUYHOTO CTPYKTYpPOOOpa30BaHUs, 0 BBIXOAAa CHUCTEMbl Ha TEIUIOBOM B3pbIB. llpu cunTese
MMOPOITKOBOM CMECH, MEXaHOAKTHBHPOBAaHHOW B TedeHHe 7 MuH., yke npu 40 °C HaOmomaeTcs
dopmupoBanus coenunenuit (Ti2Al5 u TiSAll1). Taxxke nns BceX pPeKMMOB MEXaHOAKTHBAIIUU
BBICOKOTEMIIEPATYPHBII CHHTE3 CMECH UCCIIEyEMOT0 COCTaBa MPOXOAUT 0e3 00pa3oBaHuUs KUAKOM
¢a3ebl, B pexxuMe TBep10(pa3zHOro TOPEHHs, YTO CBUICTEIBCTBYET O HOBBIX MeXaHU3Max Aupy3uu u
MaccorepeHoca B TBEepAO(a3HOM TOPEHHMH MEXaHOAKTUBUPOBAHHBIX CTPYKTYp. YBeEJIUYECHHE
BpPEMEHH IPEIBAPUTEIHLHON MEXaHOAKTUBAIMOHHOM 00paboTku cMmecu coctaBa Ti+ Al (16 mac.%)
NPUBOANUT K M3MEHEHHIO TEPMUYECKUX IMAapaMETPOB TOPEHHUS: CHWKAIOTCS BpEMs M TemIleparypa
Hayajia pearupoBaHMsi KOMIIOHEHTOB, /17151 1 MMH. MEXaHOAKTUBAIIUH C SHEPrOHANPSKEHHOCTHIO 40 g
TeMIlepaTypa Hadajia Harpesa cmecH coctasisieT 603 °C, mig 3 MuH. MexaHoaktupauuu — 442 °C,
1u1st 7 MUH. MexaHoakTuBaiuu — 359 °C. MakcumanbsHas TemMnepaTypa ropeHust COCTaBisaeT: s |
MuH. MexaHoakTuBanuu — 1080 °C, ans 3 mmH. MexaHoaktuBamuu — 1003 °C, mmg 7 MmuH.
MmexaHoaktupamuu — 820 °C.

JUid pexXMMOB MEXaHOAKTHBALMK | M 3 MUHYTHI C SHEPrOHANPSHKEHHOCTHIO 40 g K MOMEHTY
OKOHYAHMS PEaKIUd CUHTE3UpYyeTcsi MHOTO(ha3HbIN poaykT, coctosmuid u3 TiAl3, Ti3Al u TiAl2.
OcnoBHoe coenunenne TiAl3. [y 1 MuH. MexaHOAKTUBAIMHU 110 JAHHBIM KOJTMYECTBEHHOTO pacyeTa
conepxxanue TiAl3 cocraBnser 50 %, mist 3 MuH. MexaHoakTuBanuu coaepxanue TiAl3 cocraBnser
60 %. IlpenBapurenbHasi MEXaHOAKTUBAIMS B TE€YEHHE 7 MHH. CHOCOOCTBYET (POPMHUPOBAHUIO
MPOAYKTa C JOMHUHUPYIOUIUM  COJEpKAaHHUEM  HHTEPMETALIUAHOTO coeauHeHus  Ti3Al,
coctapisitoutM 68 %. Takxe 3aduxcuposano npucyrcreue TiAl2 — 26 % u TiAI3 — 6 %.

PaboTa npoBoamiacek B pamkax rocymapcrseHHoro 3aganus Ne FZMM-2020-0002.

STRUCTURE STUDY OF IRON-SUBSTITUTED HYDROXYAPATITE BY
SPECTROSCOPIC METHODS #140
Submitted by Denis Isaev
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Authors:
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o V. Kiriventsov (Boreskov Institute of Catalysis of SB RAS, Budker Institute of Nuclear
Physics of SB RAS)
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Mathematical Problems of Biology - FRC Keldysh IAM RAS)
e V. Bystrov (Institute of Mathematical Problems of Biology - FRC Keldysh IAM RAS)
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Stoichiometric hydroxyapatite (HAp) is a calcium phosphate biomineral compound of the
Cal0(PO4)6(OH)2 composition. The chemical and structural similarity with the mineral composition
of bones and tooth enamel allows the use of powdered and sintered HAp-based ceramic materials for
medical applications. Biocompatibility and controlled bioresorption make HAp safe for the body.
And the modified stoichiometry, cationic and anionic substitutions give HAp materials useful
functional properties for dentistry and orthopaedics. HAp doped with iron ions (Fe-HAp) exhibits
magnetic properties used in biomedicine for heating mediators in hyperthermic cancer therapy, as an
MRI contrast agent. Also, HAP with iron ions demonstrates antibacterial properties, stimulates
metabolism, and shows adsorption properties [1].

In this study, HAp samples with calcium ion substitutions for iron ions were synthesised in the
planetary ball mill AGO-2. Iron (II) orthophosphate octahydrate and iron (III) orthophosphate
dihydrate were used as sources of iron ions. The mechanochemical treatment of the reaction mixtures
was carried out for 40 min at a drum speed of 1800 rpm. The obtained powder materials have been
attestation by powder X-ray diffractometry (PXRD), Fourier vibrational infrared spectroscopy
(FTIR), synchrotron thermal analysis (STA). The local structure of Fe-HAp has been studied by X-
ray Absorption Fine Structure spectroscopy (XAFS) on synchrotron radiation (Fe-K edge, 7112 eV)
and Mossbauer Spectroscopy (57Fe isotope).

The results of the attestation show that the synthesis reactions were successful and that the iron
ions were localised in the HAp structure. Partial substitutions of the phosphate tetrahedron by the
carbonate group are formed in the samples with superstoichiometric cation ratios. Results of XAFS-
spectroscopy and Mdssbauer spectroscopy presented data on the change in the charge state of iron
ions from 2+ to 3+ from precursor compounds during synthesis. From the data obtained, the structure
of the synthesised samples was clarified. Thus, iron ions in predominantly 3+ charge state occupy
calcium positions and do not intrude into the hydroxyl sites. The obtained samples are characterized
by the formation of non-stoichiometric defects localized as oxygen vacancies in the hydroxyl sites.
The formation of these defects has been discussed in calculations using density functional theory
methods [2]. The vacancy structure induces a lattice relaxation transition from hydroxyapatite to
oxyhydroxyapatite.

The authors special thanks to Dr. Igor Yu. Prosanov, Dr. Konstantin B. Gerasimov, Mrs. Olga
B. Vinokurova. The authors declare no competing interests.

The work was carried out with the financial support from the Russian Science Foundation
(Project No. 21-12-00251) and within the framework of the “2030 Priority” of the Ministry of Science
and Higher Education of the Russian Federation Program.

XAFS investigations were done at the shared research center SSTRC on the basis of the
Novosibirsk VEPP-4-VEPP-2000 complex at BINP SB RAS.

[1] Tite T. et al. Cationic substitutions in hydroxyapatite: Current status of the derived biofunctional
effects and their in vitro interrogation methods // Materials. —2018. — Vol. 11. —No. 11. — P. 2081.
[2] Avakyan L. et al. Iron in Hydroxyapatite: Interstitial or Substitution Sites? // Nanomaterials. —
2021.-Vol. 11. —No. 11. - P. 2978.

FEATURES OF XANES Cl K- AND X-RAY EMISSION C1 KB SPECTRA OF {OsC16}2-
COMPOUNDS WITH A STRONG SPIN-ORBIT INTERACTION DEPENDING ON THE
STRUCTURE OF CATIONS #141
Submitted by Anastasiya Fedorenko
For track: X-ray spectroscopy
Author: Anastasiya Fedorenko (NIIC SB RAS)
Co-authors:
o Igor Asanov (Nikolaev Institute of Inorganic Chemistry)
o Tatyana Asanova (Institute of Inorganic Chemistry)
o Anton Nikolenko (Budker INP SB RAS, SRF "SKIF")
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Complexes with a strong spin-orbit interaction have attracted much attention in recent years due
to their electrical and magnetic properties, such as superconductivity, magnetic ordering at high
temperatures, anomalous and spin Hall effects, and the Rashba effect. The complexes
(NH4)2[0OsCl6], [M(NH3)4][OsCl6] (M = Pd, Pt) and [ Co(NH3)5CI][OsCl6] were studied to
estimate the effect of spin-orbit interactions on the electronic structure and magnetic properties. The
octahedral anions {OsCl6}2- are isolated centers and therefore do not participate in the
superexchange interaction, which made it possible to study the correlations between the structure and
spin-orbit interaction. OsCI3 and OsCl4 compounds were also studied, in which Os-Cl-Os bridging
bonds are formed, which leads to the appearance of exchange interactions.

X-ray emission spectroscopy and X-ray absorption spectroscopy are sensitive methods to study
changes in the electronic structure. The XANES CI K- and X-ray emission CI K spectra of the
complexes (NH4)2[OsCl6], [M(NH3)4][OsCl6] (M = Pd, Pt) and [Co(NH3)5CI1][OsCl6] and chain
compounds OsCl13 and OsCl4 were obtained. Quantum-chemical calculations were carried out using
the multiconfigurational CASSCF method to interpret the obtained spectra. The combined use of
experimental X-ray and theoretical methods made it possible to determine the magnitude of the spin-
orbit interaction depending on the cation substitution and to estimate the influence of the parameters
of the electronic structure (crystal field and interelectron repulsion, spin-orbit interaction constants)
on the magnetic properties and the structure of X-ray spectra.

The work was supported by the Russian Science Foundation (project 22-22-00683).

SPECTROSCOPIC AND CORROSION STUDIES OF THE TITANIUM LAYERS
OBTAINED BY NON-VACUUM ELECTRON-BEAM ALLOYING FOR CHEMICAL
REACTOR MATERIALS APPLICATION #142
Submitted by Denis Isaev
For track: X-ray spectroscopy
Authors:
e Denis Isaev (Institute of Solid State Chemistry and Mechanochemistry SB RAS,
Novosibirsk State University)
e Vladimir Kriventsov (Boreskov Institute of Catalysis of SB RAS, Budker Institute of
Nuclear Physics of SB RAS)
e Dmitry Volkov (Novosibirsk State Technical University)
o Eugeny Domarov (Budker Institute of Nuclear Physics SB RAS)

Structural perfection and corrosion resistance are important parameters for structural alloys for
the nuclear and chemical industries. Steels such as corrosion-resistant alloys are in some cases inferior
to titanium-based alloys, e.g., under conditions of boiling oxidising acid solutions. These aggressive
conditions are necessary for the extraction processes in PUREX reprocessing of spent nuclear fuel
from nuclear power plants. Research on the structure of resistant alloys and corrosion processes will
make it possible to develop recommendations to produce special purpose alloys. This study is
investigating tantalum-, zirconium- and molybdenum- electron-beam alloying titanium layers with
treatment in a boiling solution of concentrated nitric acid.

Surface alloying of titanium (based on VT1-0 alloy) was carried out by electron-beam surfacing
technology in the air atmosphere, in one and two passes of the beam over the layers of powder
mounds. The focused electron beam was generated by an industrial electron accelerator ELV-6M
(Stand UNU ELV-6, Budker INP SB RAS). Powders of titanium (99.7 %), tantalum (99.9 %),
zirconium (99.8 %), molybdenum (99.9 %). Fluxes from a mixture of CaF2 and LiF were added to
the bulk compositions to reduce the influence of air oxygen in the surfacing process. The modes and
concentrations in the fluxes for alloying were based on the results of the Dr. Vitaly V. Samoilenko
PhD Thesis.

The resulting alloyed titanium layers were examined using a variety of methods. The samples
were cut and mechanically prepared for metallographic and corrosion testing. The samples were
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attestation by X-ray powder diffraction, optical microscopy, scanning electron microscopy and EDX
spectroscopy, durometric studies. The state and local structure of the alloys were investigated by X-
ray Absorption Fine Structure spectroscopy (XAFS) on EXAFS station (SSTRC, Novosibirsk) and
X-ray Photoelectron Spectroscopy (XPS) on SPECS (FRC BIC SB RAS). The obtained samples of
alloyed layers were subjected to aging by boiling concentrated nitric acid for 10 h and 48 h.

The attestation of the samples confirmed the fact of non-equilibrium processes in the conditions
of alloy formation under the action of the electron beam. Studies have provided data on chemical
composition, microstructure and morphology of the layers, microhardness, disordered local structure,
composition of passive films formed during corrosion tests, data on corrosion resistance. The
assumption of the influence of disorder and defectiveness of beta-stabilized structures on reduction
of corrosion resistance of the received materials is put forward.

The authors special thanks to Dr. Michael G. Golkovsky, Dr. Natalia V. Bulina, Dr. Igor P.
Prosvirin, Dr. Vitaly V. Samoilenko. The authors declare no competing interests.

This work was supported by the Ministry of Science and Higher Education of the Russian
Federation (Agreement No. 075-15-2022-263).

The experiments were performed using large-scale research facilities "EXAFS spectroscopy
beamline". SR investigations were done at the shared research center SSTRC on the basis of the
Novosibirsk VEPP-4-VEPP-2000 complex at BINP SB RAS.

25 YEARS OF X-RAY REFRACTIVE OPTICS DEVELOPMENT - NEW
OPPORTUNITIES FOR COHERENCE RELATED APPLICATIONS #143
Submitted by Anatolu Snigirev

For track: SR technological application and X-ray apparatus

Author: Anatoly Snigirev (Immanuel Kant Baltic Federal University)

The global trend towards the transition of modern accelerator X-ray sources to diffraction-
limited synchrotrons (MAX IV, ESRF-EBS, PETRA-IV) and extremely brilliant Free Electron
Lasers, provides great opportunities for coherent applications. It also poses significant challenges to
the development of optical elements adapted to these sources. Knowing that highly coherent X-ray
radiation easily interacts on its way with various imperfections of optical elements and spoils
transmitted wavefront with aberrations, X-ray optics have to preserve unique radiation properties and
also be capable of performing such functions as beam transport, nano-focusing, phase-contrast
imaging, and microscopy.

Compound refractive lenses (CRLs, [1]) have become one of the main tools at modern X-ray
beamlines because of their reduced sensitivity to shape errors, overall ease of use, and versatility.
Being in-line optics, in addition to traditional micro-focusing applications, the refractive optics can
provide the various beam conditioning functions in the energy range from 3 to 200 keV such as
condensers, micro-radian collimators, low-band pass filters [2], high harmonics rejecters [3], and
beam-shaping elements [4-5]. The implementation of CRL's for the beam transport concept will
significantly simplify the layout of most existing and newly constructed beamlines, easily expanding
their imaging and microscopy capabilities in different fields including biomedical science [6-7] and
material research under extreme conditions [8-10].

The unique properties of refractive optics for beam conditioning allow the development and
implementation of novel X-ray coherence-related techniques including Fourier optics [11-12] and
interferometry [13-18]. The development of X-ray bright [19-21] and darkfield microscopy [22] will
benefit by proposed polymer microlenses made by 3D printing, which can be used as light and
ultracompact objectives [23-24].

All mentioned achievements and applications based on refractive optics are becoming
especially relevant for so-called green-field synchrotrons, which are being built in Russia - SKIF in
Novosibirsk and ISSI-4 in Protvino (Moscow region). Taking advantage of reduced horizontal source
size, the refractive optics can be integrated into the front-end to transfer the photon beam without
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losses from the source directly to the end stations. In this regard, the development of diamond
refractive optics is crucial [25-30]. Recently it was demonstrated that ion-beam lithography can be
applied to the fabrication of refractive diamond X-ray micro-lenses that are of interest to the field of
high-resolution X-ray focusing and microscopy [31].
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COMPARISON OF DEEP UV AND X-RAY LITHOGRAPHY FOR X-RAY REFRACTIVE
LENS MANUFACTURING #144
Submitted by Elena Reznikova
For track: SR technological application and X-ray apparatus
Author: Elena Reznikova (Budker INP SB RAS)
Co-authors:
e Vladimir Nazmov (BUdker Institute of Nuclear Physics)
e N. Govorov (NSU)

X-ray refractive lenses were developed for a hard X ray transmission microscope and a confocal
X-ray microscopy module with a synchrotron beam use at photon energies 15-35 keV. The lenses are
rows with large number of separate bi-concave parabolic elements with periodic spaces in order to
cross perpendicularly 2 linear rows forming point focusing. The maximal raw length is 10 cm. The
dens polymer material of the X-ray refractive lenses is created during deep UV or X-ray lithography
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processes with SU-8 negative photoresist or its analogue mr-X. It is a multi-element composition
based on the monomer of diglycidyl ether of bisphenol-A novolack with small amounts of elements
of a photo-acid generator, for example: C: O:H:Sb:F:S=723:18.2:6.9:0.9:1.2:0.6. At25
keV photon energy, the real and imaginary parts of the refractive index decrement of the SU-8
polymer are equal to 4.32E-7 and 2.61E-10, respectively. We control the current element
compositions of the material by means of X-ray fluorescence analysis using INCA X-act system with
the HITACHI S 3400N tip II E-beam microscope.

It was found that threshold doses of UV and X-ray absorbed radiation, which were determined
from the measured characteristic curves of the photoresists with variation of the exposures, are
identical both deep UV and X-ray lithography when conditions of other lithographic processes (pre-
bake, post-exposure-bake) are reproduced exactly the same. To calculate the parameters of UV
exposures, the spectra of the hard photoresist layers with different thicknesses from 0.2 micrometers
to 2 mm were recorded by means of UV-VIS 180-3400 Shimadzu spectrometer, and the spectral
specific absorbance of the layers was determined. In this work, light-emitting diode (LED) irradiated
on 385 nm or 405 nm was used as a point light source for the deep UV lithography. The photoresist
layers are photoactive for the LED wavelengths showing the specific absorbance values in the range
of 1/mm — 1/cm. The material transparency is necessary to provide the ratio for doses of the absorbed
UV radiation at the top and at the bottom of the resist layers of 0.1 - I mm thicknesses closed to unity.
Such the UV lithographic dose ratios are comparable with X-ray lithography dose conditions and
result to small diffraction distortions with high aspect ratios in the resist layer depth.

In the paper, we describe the fabrication process and properties of the X-ray refractive linear
lenses with vertical sidewalls of their elements made by and the deep UV lithography and X-ray
lithography as well as the X-ray refractive lens microstructures, which satisfy the X-ray microscopy
applications.

DESIGN OF UNDULATOR-BASED BEAMLINE FOR APPLICATIONS IN MATERIALS
SCIENCE #145

Submitted by Ivan Bataev

For track: SR technological application and X-ray apparatus

Authors: Ivan Bataev (Novosibirsk State Technical University), M.V. Gorbachev, I.P. Dolbnya,
A.M. Korskunsky, [.V. Malyshev, N.A. Mezentsev, A.V. Murzina, V.S. Naumkin, [.V. Rakshun,
A.N. Skyarov, A. Trebushinin, Y.V. Khomyakov, V.A. Chernov, N.I. Chkhalo

In this study, we present a conceptual project of an undulator-based beamline designed for
material science research. The beamline allows one to quickly switch between imaging and
diffraction modes, as well as implement a number of additional techniques that are of interest to
materials scientists, such as USAXS, XAFS, XRF, etc. The beamline allows to hold the position of
the beam spot on the sample when switching between different methods, as well as in the process of
energy scanning. The size of the spot on the sample can change from about 1 mm to 100 nm. We also
present the positioning of the main optical elements of the beamline, the results of thermal
calculations, the ray traicing simulation, and potential applications of the beamline.

MOJIEJINPOBAHUE ITYYKOB KO'EPEHTHOI'O 1 YACTUYHO KOT'EPEHTHOI'O
CUHXPOTPOHHOI'O U3JTYUYEHMUS ITPU NPOXOKAEHUW YEPE3 OIITUYECKHUE
IJIEMEHTDBI #146

Submitted by Yuri Khomyakov

For track: SR technological application and X-ray apparatus

Author: FO.B. XomsikoB (HoBocubupckuit rocynapcTBeHHBIM YHUBEPCUTET, THCTUTYT smepHOM
¢uzuku um. I''1. byakepa CO PAH)

Co-authors:
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o T.II. JI3t06una (HoBOCMOMpPCKUI TOCYIapCTBEHHBINA TEXHOJIOTHUYECKUN YHUBEPCUTET),
o S1.B. Pakmryn (Cubupckuii rocy1apCTBEHHBIN YHUBEPCUTET TEICKOMMYHHUKAIMNA U
nndopmatuku, Uacturyt sineproi pusuku um. I'.1. bynkepa CO PAH)

Huzkuii SMUTTaHC HOBBIX HCTOYHUKOB CHHXPOTpOHHOTO M3nydeHus (CHU) cmocobCcTByeT pocTy
JI0JTM KOT€PEHTHBIX (POTOHOB B TEHEPUPYEMBIX ITyYKax. DTO MPUBOAMT K YKECTOUCHHUIO TPpeOOBaHUN
Ha ONTHUKY SKCIIEPUMEHTAJIbHBIX CTaHUUN. B 4acTHOCTH, CyHIECTBEHHBIMU CTAHOBATCS 3(PQEKTHI,
OGyCHOBHCHHBIC HCKaAXXCHHUSIMHU BOJIHOBOI'O (I)pOHTa IMYYKOB HU3JTY4YCHHA Ha ONTUYCCKUX IJICMCHTAX.
DTO0 eCTEeCTBEHHBIM 00pa30M MPUBOAUT K HEOOXOAUMOCTH UCIIOJIb30BAHUS BOJIHOBBIX MOXO0A0B MpU
MOJCIIMPOBAHUUA paciapoCTpaHCHUA KOTCPCHTHBIX n HJaCTU4YHO KOTCPCHTHBIX ITy4YKOB.
CoOTBETCTBEHHO, MOIXO/AbI, OCHOBaHHbIE Ha TPACCUPOBKE Jydell (reoMerpuueckas OITHKA)
NEpCCTArOT KOPPCKTHO ONMHUCHIBATL OTITUYCCKUC SIBJICHUA.

C menpro pa3BUTHs BOJIHOBBIX MOIX0M0B K pacuéram mydykoB CU wHamu Obul paspabotan
IIPOrPaMMHBIN KOJ, UCIIOJIb3YIOLIUN IPOEKIUOHHBIA METOX JUIsi MOJECIMPOBAHUS IPOXOXKIACHUS
MIy4YKOB Yepe3 COCTaBHbIEC MPETOMIISIIOIINE JIMH3bI, a Takke split-step MeToa i MOJEIUPOBAHUS
OTpa)X€HUsI NYYKOB OT PEHTTEHOBCKUX 3epkail. Kpome Toro, KoJa TMO3BOJISIET ONKUCHIBATH
¢dbopMupoBaHUEe MYyYKOB ()PEHENEBCKMMH 30HHBIMH IIaCTUHKaMH. OH y4YUTHIBAET MOTJIONICHHUE B
MaTepuaiax JHH3 U 3€pKajl, IEPOXOBATOCTH IMOBEPXHOCTEH W OIIMOKH IMO3UIIMOHUPOBAHHUSA U
HAKJIOHA, YTO JIeJIaeT €ro NePCIeKTUBHBIM HHCTPYMEHTOM KaK ISl MOJIETTUPOBAaHUS SKCIIEPUMEHTOB,
TaK ¥ s pa3pabOTKX HOBBIX CTaHIUH.

ACTIVITY IN XRD DIAGNOSTICS OF FUNCTIONAL MATERIALS AT SSTRC #147
Submitted by Alexander Shmakov

For track: X-ray structural analysis

Author: Alexander Shmakov (Boreskov Institute of Catalysis SD RAS)

The X-ray diffraction experiments on the studies of the structure, phase composition and phase
transformation of functional materials such as catalysts, sorbents, ion conductors, coatings, etc. are
performing at Beamlines No.2 and No.6 of VEPP-3 and No.8 of VEPP-4M electron storage rings at
Siberian Synchrotron and Terahertz Radiation Centre. The Beamline No.2 is dedicated to high
resolution X-ray powder diffraction and anomalous scattering experiments; the Beamline No.6
operates as X-ray diffractometer for In Situ and Operando studies, while the facility at Beamline No.8
provides high energy X-ray diffraction within the energy range 60-120 keV. The report comprises
description of the experiments on the phase transformation of mixed oxides under supercritical
reaction media, oxygen mobility in Ruddlesden-Popper phases, local structure of heterogeneous
catalysts by means of Total Scattering and Pair Distribution Functions technique, and so on. The
attention is paid to development of XRD infrastructure for SKIF synchrotron facility.

The work is supported by budget project of SRF “SKIF”.

SYNCHROTRON RADIATION STATION ON THE VEPP-4M FOR PRACTICAL
TRAINING #148
Submitted by Boris Goldenberg
For track: SR technological application and X-ray apparatus
Author: Boris Goldenberg (Budker INP SB RAS, SRF “SKIF”)
Co-authors:
e Ivan Gusev (BINP SB RAS)
e Yan Zubavichus (SRF «SKIF»)

The special synchrotron radiation technological station was built at the beamline #1 of VEPP-
4M storage ring. Its purpose is practical training university students in synchrotron research
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techniques and equipment testing. Novosibirsk universities students participate in the establishment
and development of this station and it’s methodic. The modular concept of the station allows its
gradual introduction and implementation of various methods. This article describes the design of
station, realized research methods and plan for upgrading of this facility.

The work was done at the shared research center SSTRC on the basis of the “VEPP-4 - VEPP-
2000”complex at BINP SB RAS, with financial support by the Ministry of Science and Higher
Education of the Russian Federation (Agreement No. 075-15-2022-263).

4TH GENERATION SYNCHROTRON RADIATION FACILITY SKIF: SCIENTIFIC
PROGRAM AND FUNCTIONALITY OF THE FIRST-PHASE BEAMLINES #149
Submitted by Yan Zubavichus
For track: SR and FEL sources and centers
Author: Yan Zubavichus (SRF «SKIF»)
Co-authors:

o Konstantin Zolotarev (Budker INP SB RAS, SRF "SKIF")

o Eugeny Levichev (Budker INP SB RAS, SRF "SKIF")

Synchrotron Radiation Facility SKIF is a new large-scale research infrastructure project currently
underway in Novosibirsk region in Russia. The 3 GeV electron storage ring designed by specialists
from the Budker Institute of Nuclear Physics SB RAS will provide the record low emittance of 75
pm-rad by the date of its scheduled commissioning in December, 2024. At the first phase of the
project implementation, the research infrastructure of the synchrotron radiation facility will include
six beamlines dedicated to diverse techniques and X-ray spectral ranges:

1-1 «Microfocusy» (5-47 keV);

1-2 «Structural diagnostics» (5-40 keV);

1-3 «Fast processes» (15-100 keV);

1-4 «XAFS spectroscopy and magnetic dichroism» (2.5-35 keV);

1-5 «Hard X-ray diagnostics» (25-200 keV);

1-6 «Electronic structure» (0.01-2 keV).

The storage ring will serve up to thirty beamlines in total, including 14 ID-based beamlines (3
wigglers and 11 undulators) and 16 beamlines utilizing light from bending magnets (both low-field
and high-field ones). Key directions of the scientific program to be deployed at the SRF «SKIF» will
encompass biomedicine, green technologies in chemistry and energetics, advanced engineering
materials and mechanical engineering technologies. The present contribution surveys essential details
of the SRF SKIF research program emphasizing functionality of the first-phase beamlines.
Preliminary plans for the second-phase beamlines will be also outlined, including research-ducational
beamlines of regional universities NSU and NSTU, structural virology beamline being developed by
SRC VB VECTOR, etc.

This work was partially supported by the Ministry of Science and Higher Education of the
Russian Federation within the budget project of SRF SKIF, Boreskov Institute of Catalysis, SB RAS.

KWJIOAMIEPHbBIA DJEKTPOHHBIN NYUYOK JIMHEMHOTO UHAYKIIMOHHOT'O
YCKOPUTEJA - KAK IPAVBEP JIJIS1 CYBMUJLIMMETPOBOI'O JICD #150
Submitted by Evgeny Sandalov
For track: THz radiation aplication
Authors:

o Evgeny Sandalov (Budker Institute of nuclear physics of SB RAS)

124



SFR-2022 Book of abstracts

o E.C. Canpanos, C.JI. Cununkuii, /I A. Hukudopos, A.B. Apxannukos, J[. 1. CkoBopoanH
(Mucturyt sinepHoit ¢pusuku um. bynkepa CO PAH, HoBocubupckuii rocyaapcTBeHHBIN
YHUBEPCUTET),

o B. A. [TaBmouenko (Uucturyt siaepHoit pusuku um. bynkepa CO PAH),

e H.C. T'unz0ypr, H.JO. I1eckoB, (MucTuTyT npuknaaaoi ¢pusuku PAH, Huxuuit Hosropon),

o P.B.Ilporac, /1. FO. Kapaces (Poccuiickuii henepanbHblii sAepHBIN LEHTP —
Bcepoccuiickuii HaydyHO-HCCIIEIOBATENbCKANA HHCTUTYT TEXHUYECKOU (PU3UKHU HM.
3ababaxuHa, CHEKHUHCK)

B 1® CO PAH coBmectho ¢ UT1® PAH Obu1 nipeiioxkeH NpoeKT CyOMUIIIMMETPOBOTO J1a3epa
Ha cBOOOIHBIX 2JiekTpoHax (JICD) Ha 6a3e pesITUBUCTCKOTO 3JIEKTPOHHOTO My4YKa, TeHEPUPYEMOTo
B JIMHEHTHOM MHAYKIMOHHOM yckopurene (JINY) [1]. CornacHo HalieMy TEOPETHUECKOMY aHAIHU3Y
[1], snexTpoHHBIH My4oK, co3maBaembliii B JINY [2-4] (oHeprus Ec= 5 MbB, tok Ih= 1-2 KA,
HOPMaJIU30BaHHBIN 3MHUTTaHC €&,~1100 m-MM'Mpaz), SBISETCS MNOAXOIALIUM JpaBEpoOM JUIst
reHepamnuu cyol BT ummnynscoB korepeHTHOr0 OM-m3nydeHus B cyomm auanaszone (0.3-1 TT'm). B
KauecTBE 3JEKTPOIUHAMUYECKON cuctembl Takoro JICD-reHepaTopa MOXET OBITh HCIIOJIB30BaH
JBYX3epKAJIbHBIM PE30HATOp Ha OCHOBE cBepxpasMepHbix (@ < 504) BBICOKOCEIECKTHBHBIX
otpaxareneii [5], mubo crpykryp Tanns6o [6]. [[pumeHeHHE TAKUX CTPYKTYP MO3BOJISET 00ECTIEUUTh
Y3KOMOJIOCHYIO TreHepamuio OM-usiydenus ¢ Aw/w ~ 10™* mpu BricokoM snexTpornom KITJI
(~5%). Hna mnpoBeaeHHs OHKCIEPUMEHTOB II0 TEHEpaluu CyOMM H3JIy4eHUS HEoOXOAMMO
OCYIIIECTBUTH MPEIBAPUTEILHOE CIKATHE MONEPEYHOT0 CEYCHHUSI ITydKa OT €ro HAa4albHOTO ThaMeTpa
4 cm no pasmepa menee 204 (20 mm s 0.3 TI'm u 6 mm g 1 TI'n) B ciydae nmpuMeHEHHS
OpATTOBCKUX OTpaxkareneil. [y pelneHus MOCTaBIEHHOW 3aJayl HaMU Obla CO37aHa MOJENb, C
MOMOIIBI0 KOTOPOM pacCUMTaHbl CKaTHE MyYKa U €ro pacnpocTpaHeHUue B MarHUTHOM mose JICD,
CO3/1aBaéMOM  OJHOPOJHBIM COJICHOMJIOM U BHHTOBBIM oOHAymsaTopoM. [lo pesynbratam
MOJIETTMPOBaHUSl pa3paboTaHa KOHCTPYKLHS MAarHUTHOMW CHCTEMbl C)KAaTHUA IydKa M pacKayku
MOTIEPEYHBIX KOJEOAHUN €ro AJIEKTPOHOB. YCIENIHbIE SKCIIEPUMEHTHI MO CHKATHUIO AIEKTPOHHOTO
nydka 5 MaB/1 KA B mpoTOTHIIE CHCTEMBI KOMITPECCUU TTydKa MpeICTaBIeHHI B [ 7-8].

PH® Ne 19-12-00212.
[1] A.V. Arzhannikov et al., “Powerful Long-Pulse THz-Band Bragg FEL Based On Linear
Induction Accelerator”, IRMMW-THz. DOI: 10.1109/IRMMW-THz.2019.8874573
[2] E. S. Sandalov et al., "Electrodynamic System of the Linear Induction Accelerator Module," in
IEEE TPS, vol. 49, no. 2, pp. 718-728, 2021, doi: 10.1109/TPS.2020.3045345.
[3] D. A. Nikiforov et al., “High-Current Electron-Beam Transport in the LIA-5 Linear Induction
Accelerator”, Phys. Part. Nuclei Lett., Vol.17, no.2, pp.197-203, 2020.
[4] E. S. Sandalov et al., "Emittance Variation of a High-Current Relativistic Electron Beam in a
Bend Magnet," in IEEE TPS, vol. 49, no. 9, pp. 2737-2749, 2021, doi: 10.1109/TPS.2021.3105661.
[5] N.S. Ginzburg et al., “Selective Strongly Oversized Resonators for Powerful Free-Electron
Lasers Operating from Sub-THz to THz Band”, IRMMW-THz-2021, doi: 10.1109/IRMMW-
THz50926.2021.9567057
[6] Y. Oparina et al., "Free-Electron Masers Based on Excitation of Talbot-Type Supermodes,"
IVEC, doi: 10.1109/IVEC51707.2021.9722561.
[7] D.A. Nikiforov et al., “Investigation of high current electron beam dynamics in linear induction
accelerator for creation of a high-power THz radiation source”, JINST, vol.16, P11024, 2021
[8] Cannanos E.C. u np., “HccrnenoBanne nonepeyHon HEYCTOMUNBOCTH CUIILHOTOYHOIO
PETATUBUCTCKOTO JIEKTPOHHOTO MyYKa B IMHEHHOM MHIYKIIMOHHOM yckoputene”, COX,
2022;17(1):5-22. https://doi.org/10.25205/2541-9447-2022-17-1-5-22
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X-RAY NATURAL CIRCULAR DICHROISM IMAGING OF MULTIFERROIC
CRYSTALS #151

Submitted by Mikhail Platunov

For track: SR technological application and X-ray apparatus

Author: M. S. Platunov, (Kirensky Institute of Physics, Federal Research Center KSC SB RAS,
Akademgorodok 50/38, Krasnoyarsk, 660036, Synchrotron radiation facility SKIF, Boreskov
Institute of Catalysis SB RAS, Nikol'skiy Prospekt 1, Kol'tsovo, 630559)

The REFe3(BO3)s compounds possess a huntite-type non-centrosymmetric trigonal structure that
consists of helical chains of edge-sharing FeOs octahedra running along the c-axis of the crystal,
interconnected by two kinds of BOs triangles and REOg distorted prisms. In the case of RE = Sm, the
structure is described by the space group R32. Since the space group R32 is not centrosymmetric,
there should exist two chiral atomic arrangements, left- and right-handed. In addition, the existence
of inversion twins in these crystals can strongly affect electric polarization, i.e. the electric
polarization can be suppressed by the existence of inversion twins possessing opposite orientation of
polarization for the same spin configuration. For the SmFe3(BOs)4 crystals, the magnetoelectric
measurements have already revealed that there is disagreement with each other in the maximum
magnetoelectric polarization values [1-3]. Sometimes repeated measurements of the same crystals
show different polarization temperature dependencies [1].

Here we have studied structural domain distribution in a multiferroic SmFe3(BOs)4 crystal using
x-ray natural circular dichroism (XNCD) effect. XNCD [4] is defined as a difference in absorption
cross sections for right 6+ and left o— circularly polarized X-rays beams. And it is a relatively novel
powerful method, which can provide a plain procedure for enantiomorphous identification using the
process of high-throughput mapping. Moreover, XNCD makes it possible to determine the absolute
configuration of chiral crystals similarly to natural circular dichroism or optical rotation in visible but
with an element selectivity that is inherent to X-ray spectroscopy. This experimental approach can
change and improve significantly our understanding of the crystallographic orientation of the racemic
single crystals [5].

This work was performed within the framework of budget project for Synchrotron radiation
facility SKIF, Boreskov Institute of Catalysis.

1. A. L. Freydman, D. A. Erofeev, V. L. Temerov, I. A. Gudim, Journal of Applied Physics 2018,
124(13), 134101.

2. A. A. Mukhin, G. P. Vorob’ev, V. Y. Ivanov, A. M. Kadomtseva, A. S. Narizhnaya, A. M.
Kuz’menko, I. A. Gudim, JETP Letters 2011, 93(5), 275-281.

3. A. L. Popov, D. L. Plokhov, A. K. Zvezdin, Phys. Rev. B 2013, 87, 024413.

4. A. Rogalev, J. Goulon, F. Wilhelm, A. Bosak, in Magnetism and Synchrotron Radiation: New
Trends, X-Ray Detected Optical Activity, Vol. 133 (Eds: E. Beaurepaire, H. Bulou, F. Scheurer, J.-
P. Kapler), Springer, Berlin, Heidelberg, Germany 2010, pp. 169-190.

5. Platunov, M.S., Gudim, [.A., Ovchinnikova, E.N., Kozlovskaya, K.A., Wilhelm, F., Rogalev, A.,
Hen, A., Ivanov, V.Y., Mukhin, A.A. and Dmitrienko, V.E., 2021. X-ray Natural Circular Dichroism
Imaging of Multiferroic Crystals. Crystals, 11(5), p.531.

DRIFTS AS QUANTITATIVE TOOL FOR STRUCTURAL CHARACTERIZATION OF
PD NANOPARTICLES #152

Submitted by Bogdan Protsenko

For track: X-ray structural analysis

Author: Bogdan Protsenko

Diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS) is widely known in

catalysis as a qualitative tool, mostly sensitive to light molecules, e.g. H2O, CO, hydrocarbons and
functional groups on the surface which can be used for estimation of catalytic properties of Pd
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nanoparticles [1]. On the other hand, quantitative structural characterization of these catalysts is
usually done with use of X-ray absorption and photoelectron spectroscopies, nuclear magnetic
resonance and other methods. Such techniques require more resources and more complicated to
implement than DRIFTS. Since that, utilization of DRIFTS as a tool for study both structural
parameters of catalysts and parameters of absorbed gases can drastically facilitate laboratory study of
palladium nanoparticles as catalysts and provide an operando approach for characterization of them
in industrial applications. Using machine learning algorithms, supported by DFT calculations and
experimental X-ray absorption spectroscopy data, we develop an in situ DRIFTS method for
quantitative characterization of Pd nanoparticles under exposure of H> and carbon monoxide.
Acknowledgement: The authors acknowledge the Ministry of Science and Higher Education of the
Russian Federation for financial support (Agreement Ne 075-15-2021-1363)

References:

[1]J. Ryczkowski, IR spectroscopy in catalysis, Catalysis Today 68 (2001) 263-381.

FINE STRUCTURE OF DIFFRACTION LOSSES IN THE SINGLE-CRYSTAL LENSES
#153

Submitted by Nataliya Klimova

For track: SR technological application and X-ray

Author: Nataliya Klimova (Immanuel Kant Baltic Federal University(IKBFU))

Co-authors: Klimova N.B., Barannikov A.A., Sorokovikov M.N., Zverev D.A., Snigirev A.A.
(Immanuel Kant Baltic Federal University, 236041 Kaliningrad, Russia), Yunkin V.A., (Institute of
Microelectronics Technology RAS, 142432 Chernogolovka, Russia), Prosekov P. A.,
(Crystallography Institute, Russian Academy of Sciences, 119333, Moscow, Russia), Seregin A.
Yu., Blagov A. E., (National Research Centre “Kurchatov Institute”, 123182, Moscow, Russia)

The best X-ray optics can be made of the single-crystal materials. Such optics are robust,
well reproducible, and, the most importantly, has very low parasitic background. Unfortunately,
it also has one drawback—at some conditions, undesired Bragg diffraction may occur. This leads
to the situation when some part of the incident at the optics radiation is diffracted in some
direction with respect to the incident and transmitted beams. And as a result, the transmitted
through the optics beam loses some part of its intensity—this effect is called diffraction losses or
“glitch effect”.

For studying micro- and nano-science, the x-ray beam should to match the size of the studied
object. In order to do so, different x-ray optical elements are used: mirrors, zone plates and
compound refractive lenses (CRLs). The CRLs have great potential due to the simple usage and
great tunability. And, as already mentioned, the CRLs made of the single-crystal materials, like
silicon, germanium or diamond, are one of the best options for focusing the beam of very high
quality generated by 3rd and 4th generation synchrotrons as well as Free Electron Lasers. That’s
why the detailed study of the glitches formation in the CRLs made of single-crystal materials is
so important.

In our previous works [1-5] we have investigated the total loss of x-ray beam intensity due
to the glitches in the CRLs made of single-crystal diamond. We have developed the theory
describing the appearance of glitches [2,3], proposed a way how to avoid glitches during the
measurements [4] and even found some constructive applications of glitches [4,5]. But the
detailed picture of the glitches formation in the lenses was still missing.

In order to investigate the glitches formation in the CRLs made of the single crystal material,
we have conducted an experiment at the experimental station RKFM of the Kurchatov Source
of Synchrotron Radiation in Moscow, Russia [6]. For measuring the influence of glitches at the
shape of the focused beam, we have used a high resolution camera with the pixel size of 0.55um
and the highest achievable resolution of 1.3um. During the experiment, the Planar Compaund
Refractive Lenses (PCRLs) made os single-crystal silicon [7] were used. Different number of
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the PCRLs were illuminated simultaneously to form the focus at the different distance from the
lenses. This allowed to measure the beam before the focus, in the focus and after the focus in
each recorded image.

During the measurements two strong glitches (at 19.8keV and 20keV) were observed and
recorded. The detailed analysis of the measured intensity distributions demonstrated that the
glitch is formed at the different parts of the PCRLs at different energies. This can be easily
explained by the refraction effect: the medium boundary changes the propagation direction of x-
rays. Therefore, the Bragg’s law for the refracted beam inside the medium is satisfied at different
energies for the different parts of the lens. As the result, the profile of the focused beam is
changing at the x-ray energies close to the energy of the glitch.

The changing shape of the focused by a PCRL beam at the energies of the glitches was
observed for the first time and it is very interesting from both a fundamental and an applied point
of view. This studies became possible due to the use of the high resolution x-ray camera and
very small step of the energy change (0.1eV). This effect can be used in practice for the fine
tuning of the focused beam shape. Such an improvement is relevant and important for the new
Megascience facilities that are being built in Russia according to the Federal Scientific and
Technical Program for the Development of Synchrotron and Neutron Research and Research
Infrastructure during 2019-2027.
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A separate direction in the use of hydrogen is the creation of energy supply systems based on
low-power hydrogen fuel cells for autonomous devices such as communication equipment, video
surveillance devices and remote facilities protection, etc. The use of cartridges as a source of
hydrogen, in which hydrogen is obtained in the reaction of metals with water in the required amount,
has a number of advantages compared to its balloon method of storage and transportation [1]. The
majority of researchers who use this reaction to produce hydrogen carry it out either in a strongly
alkaline medium or using specially prepared aluminum-based alloys. Often, an additional
mechanochemical action is also used [2].

The fundamental difference of this work is the choice of massive structural aluminum alloys as
a material for cartridges, subjected to special treatment with Ga-In eutectic. An important feature of
the work is also carrying out the reaction with water at the starting room temperature and neutral pH
[3]. The choice of structural aluminum alloys as starting materials for the subsequent activating
treatment is due to the fact that they have an exact chemical composition and a known grain structure.
The basis of the process of activating treatment by Ga-In eutectic is the Rebinder effect, which
determines the features of the interaction of liquid Ga-In eutectic with a massive sample.

Using X-ray diffraction (XRD), scanning electron microscopy with local analysis (EDX)
methods, grain-boundary diffusion processes were studied. The study of Al-based materials before
and after the activation with the Ga-In eutectics was performed by projective X-ray microscopy and
micro-tomography.

It is shown that it is the grain-boundary structure of the initial alloy that determines its efficiency
of interaction with Ga-In eutectics. In the activated product, which intensively interacts with water,
Ga-In eutectics is evenly distributed along the grain boundaries of the original aluminum alloy and is
in a liquid state.
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