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RADIOLUMINESCENCE AND OPTICAL PROPERTIES OF NON-RADIOACTIVE
SYNTHESIZED POLYMETHYLMETHACRYLATE #1

Submitted by Gleb Lyubas

For track: X-ray spectroscopy

Authors:

. 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)

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 Noe FWUS-
2021-0004).
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BXOJHOM KOHTPO.Ib BOJIbTAMIIEPHBIX XAPAKTEPUCTHK
KOMIIO3ULBIOHHBIX MTPOBOJAHUKOB HA OCHOBE Nb-Ti CIIJTABOB ITPU
TEMIIEPATYPE XKUJAKOI'O I'EJIUS #2

Submitted by Alexandr Brodnikov

For track: SR and FEL sources and centers

Author: Aleksandr Brodnikov

bponnukoB A.®. KonaparseB B.U. (Muctutyt saepuoit puszuku um. I'.1. Bynkepa CO PAH
(UAD), r. HoBocubupck, Poccus)

PaccMoTpensl MeTo1 M UI3MEpHUTENbHAS YCTAHOBKA JJIsL OTIPEACIICHUS JCMCTBUTEIBHBIX 3HAYCHUN
KPUTHYECKOTO TOKA B CBEPXIPOBOAHHUKAX, MPU TEIIMEBBIX TEMIIEpaTypax, MOCTYHAIONINX Ha PHIHOK
OT OTEUECTBEHHBIX U 3apyOEIKHBIX IPOU3BOJUTENCH KOMIIO3UIIMOHHOW MTPOBOJIOKH, KPYTJIOTO WIIH
MIPSIMOYTOJIBHOTO ceueHus, Ha ocHOBe crutaBa Nb-Ti. [IpuBeneHb pe3yabTaThl UCCIIEIOBAHNUS,
MOATBEPIKIAIOIIHE pa00OTOCTIOCOOHOCTh NU3MEPUTETTHLHOM YCTAHOBKH.
KiroueBbie coBa: u3MepuTenbHasi yCTaHOBKA; KOMIIO3UIIMOHHBIE MPOBOAHUKN Ha ocHOBE Nb-Ti
CIUIaBOB; TEMIIEPATYpa YKHUJIKOTO TN, KPUTHIECKHI TOK.

B Hacrosiee BpeMst KOMIO3UITMOHHBIE TPOBOTHUKHU Ha ocHOBE Nb-Ti crutaBoB nmpeoOinanaroT
HA MUPOBOM PBIHKE CBEPXIIPOBOSIIUX MAaTepPHaoB. BBUIY JOCTATOYHO BBICOKOW KPUTHIECKOU
IUIOTHOCTH TOKA, INTACTUYHOCTH, a TAK)KE€ OTHOCUTEJIFHO HU3KOH CTOMMOCTH, OHM SIBJISIIOTCS
PacXOAHBIM MaTEPUATIOM U IHUPOKO UCTIOIB3YIOTCS B KPUOTEHHOM TEXHUKE, B MIPOOJIKCHIE
MOCJICTHUX HECKOJBKHX JCCATUIICTHI. B qaHHBIN MOMEHT (enepanbHbie 3aKOHBI «O TEXHUIECKOM
perynupoBarun» U «O CTaHAAPTU3AIUN) UMEIOT CTaTyC «I0OPOBOIBHOTO IpUMEHEeHUsD [1],
MMO3TOMY OT€UECTBEHHBIC MPEANPHUATHS, BKIIIOUAsl 3apyOeKHBIE, TOCTABIISAIONINE Ha PHIHOK
pa3IMYHbIE MaTepPHAIIbI, HE UMEIOT 0053aTEIBCTB M BOSMOXXHOCTEH OCYIIIECTBISATH BBIXOTHOM
KOHTPOJIb 110 KOJIOCCATTLHOMY YHCITY CYIIECTBYIONIUX CBOMCTB, /1a €€ U B AUANa30HE KPUOTCHHBIX
TEeMIIEpaTyp.
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[ToaTOMy TIOJTY9asi OT MPOU3BOUTENICH KOMIIO3UIIMOHHYIO TIPOBOJIOKY Ha ocHOBe Nb-Ti
CIJIABOB BBITYCKAEMYIO CEPUHHBIMU MAPTHSAMHU WM SKCIIEPUMEHTAJIbHBIE 00pa3iibl KOTOPhIE
MIPEACTABISIET CO00M KOMIIO3UT, conepxkammii Nb-Ti BosiokHa, pacripeicIiEHHbIC B MaTPHUIIE U3
BBICOKOYMCTON MEN MM PE3UCTUBHOTO CIlIaBa Ha 0a3e MeaH, B COCTaB KOTOPOTO MOTYT BXOJUTh U
Ipyrue MaTepuabl, UCIIOJIb3yeMble B KauecTBe NU(PPY3MOHHBIX U PE3UCTUBHBIX OapbepOB TaKHE
kak Nb, Cu-Ni, Cu-Mn. MsbI ocymiecTBisieM BXOJHOW KOHTPOJIb KOMIIO3ULIMOHHOM MTPOBOJIOKH C
LeJIbI0 TIPEOTBPAIICHUS 3aIlyCKa B TPOU3BOJCTBO MPOIYKIIUHU, HE COOTBETCTBYIOIIEH
TpeOOBAHUAM KOHCTPYKTOPCKOW M HOPMATHBHO-TEXHHUUECKOW JOKYMEHTAIUH.

Onepanyy BXOJHOTO KOHTPOJISI CBEPXIIPOBOJHUKOB PA3IMUHON (OPMBI peamu3yeTcs
CIICAYIOIIMM 00pa30M, U3rOTABIMBAETCS ONPAaBKa B BUE IUIOCKOMAPAIUIETHLHOTO IIMIUHIIPA B
KOTOPOI1 CBEpIISITCSI OTBEPCTHS, B KOTOPBIX pacloiararoTcsi 00pasibl UCCIeAyeMbIX TPOBOAOB U3
pa3HBIX MapTU MPUOOPETEHHOTO CBEPXITPOBOISALIECTO IPOBOJIA, JJajiee MPOBOAHUKU 3aKPETUISIOTCS
B OTBEPCTUSX, IPOU3BOAUTCS IITU(GOBKA U BCIIE] 32 TEM ONPABKY pacrojaraeM B JJIEKTPOHHOM
mukpockornie HITACHI S-3400N. ITo nonyueHHoi nH(pOpMAIMK CKaHUPOBaHMs UK (A TPOBOIOB
MIPOBOAMM aHAJM3 U JIeJaeM 3aKII0UeHHUE O KaueCTBE UCCIIEyeMbIX 00paslioB, U UX JajbHeHIIero
NIPUMEHEHHS WIH 3a0paKOBBIBAEM.

Taxke pu NPOEKTUPOBAHUYU CBEPXIPOBOASIINX MATHUTOB U JPYTUX OOBEKTOB KPUOT€HHOMN
TEXHUKU 0COOYIO POJIb YAENSEM XapaKTePUCTHUKAM YKa3aHHBIMU MPOU3BOIUTEIISIMH
CBEPXMPOBOSIINX MPOBOIOB. B cBsi3u ¢ 3TuM B USAD Ob110 MPUHATO pEIICHUE O CO3aHUHN
W3MEPUTENIBHON YCTAHOBKH, MPEIHA3HAYEHHOM JJI ONPEIEICHUS AEHCTBUTENBHBIX 3HAYCHHUIN
KPUTHYECKOIO TOKAa B CBEPXIIPOBOJAHHMKAX, TOCTYMAIOIIUX Ha PHIHOK OT OTEUECTBEHHBIX U
3apyOeIKHBIX TIPOU3BOAUTEINICH KOMITO3UIITMOHHON MTPOBOJIOKH, HAa OCHOBE cruiaBa Nb-Ti.
W3mepurenbHas ycTaHOBKA M3roToBiieHa Ha 6asze kproctara KI'-60/300-1 Bo BHyTpeHHEH MoI0CTH
KOTOPOTO, B CPEJIe *KUIKOTO I'eIks, PACIoaraeTcsi COJICHOU, a B €r0 LIEHTPAJIIbHON 4acTu
pacrionaraercsi BCTaBKa-ziepkarenb ¢ oopasuom. Iluranue conenona u ucciaeryemMoro oopasia, mno
TOKOBBOJIaM PACIIONIOKEHHBIMU B BEPXHEH KPBILIKE KPHOCTATA, OCYLIECTBIISIETCS HCTOUHUKAMHU
nutanus pupmel Danfysik — system 8800 nmpu momorum [1K u ynpasmsttomeid mporpaMMsl,
paspabotanHoii B USD.

Jlnist oripoOOBaHMs YCTaHOBKH 10 ONPEEIICHUIO BOJIbTaMIEPHBIX Xapakrepuctuk (BAX) B
CBEPXITPOBOJHHUKAX MPH FeIUEBBIX TEMIIEpaTypax, ObUIN MPOBEIEHBI UCIIBITATEIbHBIEC U3MEPEHUS
no metoanke MBUc 400-423/8-2018 pazpaborannoit AO «BHUMHM» [2]. U3mepenus
MIPOBOIUIIM HA 00pa3iax KOMITIO3UIIMOHHOW MTPOBOJIOKH, HAa OCHOBE cruiaBa Nb-Ti, niuHON paBHOM
0,08 M u nuamerpamu 0,5 u 0,85 MM, OTpe3aHHBIMU OT IPOBOAOB IITATHBIX MAPTU, Ipu 3ToM BAX
ObUTH yKa3aHbI POU3BOAUTEINSIMU JAHHBIX CBEPXITPOBOAHUKOB. Kaxk1plil oOpazen mpumanbaics K
OIIpaBKE U3 MEJIU CEUEHUEM 4X2 MM HHINUN-0JIOBIHHBIM HU3KOTEMIIEPATYPHBIM NpunoeMm. Onpaska
¢ 00pa31ioM MOHTHpYETCA K TOKOBBOJAM KpUocTara. B 1ieHTpe n3MepsieMoro rmpoBojia npunauBaiu
MOTEHIMAJIbHBIC MPOBOA HA PACCTOSIHUU | ¢M MeXAy co00ii, KOTOpBIE MOAKIIOYAIOTCS K
YHUBEPCATBHOMY MPEU3NOHHOMY U3MepuTento B7-99. Beck nporiecc usMepeHuil perucTpupyercst
IIPY TIOMOILM MPOTPAMMHOT0 00€CTIeYEHU s, IIOCTABISIEMOT0 C U3MEPHUTEIIEM.

[Tocrne naiiku Bce TEXHOJIOTUYECKUE KaHABKH 00€3)KUPUBAIOTCS U 3aJIMBAIOTCS
BBICOKOTEMIIEPATYPHBIM CUIIMKOHOBBIM T€pMETHK-TIPOKIaaKoil. [locie okoHvyarenbHO# cOOpKU
BCTaBKH-JIEPKaTEIs B €0 LEHTPAIbHOM YaCTH YCTaHABIUBAETCS AATYUK XO0JUIa, ISl U3MEPEHUs
MarHUTHOTO OIS, mpou3BocTBa komnanuu «Lake Shore Cryotronics Inc.» (Sensor Model:
HGCT-3020, Mean Loaded Sensitivity: 0,773mV/kG) HenocpencTBEHHO BOJIU3H ¢ U3MEPSEMBIM
CBEPXIIPOBOAHUKOM. [lepen mpoBeaeHrEM UCTIBITAHUIM BCE CPEACTBA U3MEPEHUN TaHHOU
YCTaHOBKH, ObUTH OTKAJTMOPOBAHBI B METPOJIOTHUECKOM ciry:x0e NAD.

Bcnen 3a npoBeieHnEM BceX OpraHM3alMOHHBIX ONEPALU IPU 3aJIMBKE B KPHOCTAT KUAKOTO
TeJIHsl, OCYIIECTBIISISI KOHTPOJIb YPOBHS Ta3a B KprocTare u ero temmeparypsl 4,2+1K (matunkamu
temnepatypsl DT-670 Silicon Diodes, komnanuu Lake Shore Cryotronics Inc.), a Takxke
TeMmepaTypbl TOKOBBOJIOB. Jlasiee mogHUMMaeM MarHUTHOE TOJI€ B COJICHOUE 10 YpoBHs 7 Tn
COTJIACHO MOKa3aHusAM natdrka Xosia (54,11+£0,01 mV), B kauecTBe OMOPHOI TOUKU YKa3aHHOU
MIPOU3BOJIUTENIEM CBEPXIIPOBOJHHKA.
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3anuce BAX B oOpasiax mpoBOJUTCS MPH YBEIMYECHUH CHJIBI TOKA CO CKOpocThio 710 0,1 A/c
BIIJIOTH JI0 MOSIBJIEHUSI BEJIMYMHBI HANPSYKEHHOCTH 3JieKTpuueckoro nosd E pasroit 0,8 — 1,0
MkB/cMm [3]. 3a kputndeckuii Tok (Ic) mpuHUMaeTcst 3HaYEHUST TOKA, COOTBETCTBYIOIIEE
aJIeKTpruYecKoMy motto B oopasue 0,8 — 1,0 mxB/cwM, kak HakioH rpaguka log E - log I B
YKa3aHHOM JIMara3oHe 3JIEKTPUUECKHX MoJiell. Pe3ynpTaT u3mMepeHns KpUuTHIECKOro ToKa B
MIPOBOJIHUKE B 3aBUCUMOCTH OT MHJIYKIIMM MarHUTHOTO TOJISI TpeACTaBeH Ha rpaduke BAX
obpasma nuamerpom 0,5 mm nipu 7 T,

PacueTHoe 3HaUE€HUE KPUTHUECKOTO TOKA, YKA3aHHOTO M3TOTOBUTENIEM U3MEPSIEMbIX
CBEpXIPOBOIAIINX MTPoBoAOB Ipu 7 Ti momkHo coctaBisaTe 200 A u 372 A. [lonydeHHOE HAMH
3HaueHue coctaBmiio 212 A u 382 A, uro coctasisieT MeHee 10% [4] 1 3T0 COOTBETCTBYET IpeAETy
JOTTyCKaeMOM OCHOBHOM aOCOJIOTHOM MTOTpentHOCTH u3mepuTens B7-99 koTopast coctaBisieT +
(1,5-10-3 + 4,5-10-5-|U|) MB (U - u3mepennoe Hamnpspkenue, MB). Kak BugHO paboTocmocoOHOCTD
MU3MEpUTENbHON YCTAaHOBKY JJIsl ONIPEACTICHUS IeUCTBUTENbHBIX 3HAUEHU N KPUTHUECKOTO TOKa
MOJTBEPXK/ICHA, a ajbHENIIIee OBBIIIEHHE TOYHOCTH pe3ybTaTa H3MEPEHUI MOXKET ObITh
JOCTUTHYTO IMTyTEM COBEPIICHCTBOBAHUS COBPEMEHHOMN MPEIM3NOHHON IM(PPOBON U3MEPHUTEITBHON
anmaparypsl, ¢ He MeHee JOIMyCcKaeMol OCHOBHOM a0comoTHOH norpemHocThio +0,0025%+0,02
HB.
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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:

. Danil Eselevich (Institute of Solid State Chemistry UB RAS)

. Maksim Baklanov (Institute of Solid State Chemistry UB RAS)

. 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 VnAI-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
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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
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%
Fe4Al13, 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 No 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:
. Danil Eselevich (Institute of Solid State Chemistry UB RAS)
. Zakhar Vinokurov (Boreskov Institute of Catalysis SB RAN)

. 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 o-
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 Ti102 phases retained the nanostate of their initial components, while a- and -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
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Author: Gleb Alexandrovich Lubas (Institute of Solid State Chemistry and Mechanochemistry SB
RAS, 630128 Novosibirsk, Russia)

Co-authors:

. Alexey Pavlovich Zavjalov (Institute of Solid State Chemistry and Mechanochemistry SB
RAS, 630128 Novosibirsk, Russia)

. Oleg Olegovich Shichalin (Far Eastern Federal University, 10 Ajax Bay, Russky Island,
Vladivostok 690922, Russia)
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. Anastasia Andreevna Vornovskikh (Far Eastern Federal University, 10 Ajax Bay, Russky
Island, Vladivostok 690922, Russia)
. 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 ALO3—Ce:(Y,Gd)AG
composite ceramics were fabricated by reactive spark plasma sintering (SPS) using high-purity
commercial oxides. In brief, 0-203 (99.99%, Fenghe Ceramic Co., Ltd, China; d~0.2—0.4
<tex>u</tex>m), Y203 (99.999%, Fujian Changting Golden Dragon Co., Ltd, China; d~5
<tex>u</tex>m), Gd203 (99.999%, Jining Zhongkai New Materials Co., Ltd, China; d~3—5
<tex>u</tex>m), CeO7 (99.99%, Alfa Aesar Chemical Co., Ltd, China; d~2—3 <tex>u</tex>m)
were used as raw materials. For the ceramics, the molar ratio of garnet/A1203 was controlled to be
~1.3 (AL,Os 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-5158 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 0.75A1,03—Y2.997Ce0.003A15012 lies
at =533 nm, the maximum 0.75A1203—Y2247Gdo.75Ce0.003Al5012 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 Al,O3—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
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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 pum 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
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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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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 Ge2Sb2Te5 (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
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. 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 SOI-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 .3/ 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.
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1. Asanova T.I., Asanov I.P., Yusenko K.V. et al. /Mater.Res.Bull.2021.V.144 P.111511.
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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
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stoichiometry in a wide P-T range. New interesting features of the structure compression
mechanisms were revealed. 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).

[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
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Metonom LIGA-TeXHOMOTHI ¢ UCTIOIB30BAHUEM CUHXPOTPOHHOTO U3nydeHus yckopurens BOIIII-
3 co3/1aHbI HKCIIEPUMEHTAIBbHBIE K3EMILISPhI IECTUTPAHHBIX MUKPOCTPYKTYP HUKEJIEBBIX PACTPOB
tonuHon 1200 MKM U TMaMeTpoM KaHasioB 80 MKM.

[Tonmy4yeHHbIH pacTp ObLIT UCIOIB30BAH B HKCIIEPUMEHTAX 110 YIYUYIICHUIO KauecTBa M300paKeHnH,
MOJTy4aeMbIX Ha CTaHIAPTHOM 3yOoBpaueOHOM Bu3uorpaduueckom komruiekce SIRONA —
pEHTTeH-anmapaT ¢ HalpsHKCHHEeM Ha PeHTTeHOBCKOU TpyOke 60 KB 1 MakCHMyMOM B CIIEKTpE
m3nydenus 40 k3B ¢ marpuunbim [13C-netexkTopom.

buonoruueckue TkaHu, OKpyKaroIue 3y0 U CTOAIIME Ha IMYyTH IMy4YKa (JeCHa, eKa) COCTOAT U3
AJIEMEHTOB C HU3KUM HOMepoM siapa. [Ipu mpoxoskaeHnn ckBo3b HUX (POTOHOB ¢ sHepruit 30-50
k3B 3HaunTEeNbHBIN BKIIA] NPUXOAUTCS HA KOMOTOHOBCKOE pPACCESHUE, YTO MPUBOJIUT K
YXYALIEHUIO KauecTBa peHTreHorpaMM. PaccessHHOe TKaHSIMU 00BEKTa CbeMKH BTOPHUYHOE
u3nydeHue nomnanaet Ha Bee nukcenu [13C-aerekropa, CHUXKAsI KOHTPACT n300pakeHus . J{ist

CHIDKEHHUS JaHHOTO 3¢ (deKTa MPOU3BOIUTENN BUZHOTPaUIECKUX KOMIUIEKCOB UCTIOIb3YIOT
MPOrPaMMHYIO QUIIBTPAITUIO U300pAXKESHHH ¢ TTOTYEPKUBAHIEM KOHTYPOB M YaCTOTHOM
bunbTpanuen, YTo CHUXKAET MPOCTPAHCTBEHHOE Pa3pelIeHNne U MOXKET MPUBOAUTH K MOSBICHUIO
apTedaKToB.

Pa3zmemienue pactpa HenocpeactseHHo nepes [13C-nerekTopom no3BoJISIET 0OTCEUb PACCESIHHOE
U3ITy4EHUE U YBEIMYUTH COOTHOIIIEHUE CUTHA/IITYM MPAKTUYECKH 0€3 yXYAIIECHUS IPKOCTU
cHUMKa. [IpsMoil My4oK OT peHTI€HOBCKOI0 UCTOYHHUKA IMPOXOIUT Yepe3 pacTp MPAKTHUECKU He
3aJlepKUBasIch. PaccessHHOE M3NTydeHue, Monaaaroliee Ha pacTp Mo OOJBIINMHE yTiaMHu, HA000POT,
MaKCHMaJIbHO IMOTJIOIIAETCs] CTEHKAMHU pacTpa. B oTinune oT cylecTByOMMX O0IbIINX

OJIHOMEPHBIX PaCTPOB, IPUMEHSIEMBIX, HATIPUMED, IPU PEHTIEHOBCKON ChEMKE JIETKUX, TaHHbBIN
pacTp — IBYMEPHBIii, YTO MO3BOJIAET JIy4llle GUIbTPOBATH BTOPUUHOE U3ITyUYEHHUE.

CpaBHEHHE TPACCHPOBOK ITU(PPOBBIX CHUMKOB MTOKA3bIBACT JTYUIIUNA KOHTPACT MYJbIIBI U MIETU
MEXIy IIIOMOO 1 3y0OOM B CiTydae IpUMEHEHUs pacTpa. Takoi xe 3G HeKT mojydeH npu
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TpacCUpPOBKE TOMEPEK 3yOHOTO KaHajia ¢ pacTpoM. Takum oOpa3om, oKa3aHa BO3MOKHOCTb
ucnoib3oBanus LIGA-pactpa 1 yny4iieHus: KOHTpacTa ¥ COOTHOIICHUS! CUTHAJI/IITYM IS
JICHTAIBHOM CheMKH. JIJIs1 NambHEHIIero pa3BUTHSI METOIMKH KeTaTeIbHO CO3/]aTh HOBBIE 00pa3IIbl
pacTpoB ¢ 0oJiee BHICOKMM HOMEPOM aTOMHOTO sJIpa U KaHaJlaMH, OpUEHTUPOBAHHBIMU Ha (DOKYC
PEHTICHOBCKON TPYOKH.

THE LUMPED UHV PUMPS ON BASED NON-EVAPORABLE GETTERS #12
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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.

Keywords: Ultra High Vacuum, pump, non-evaporable getter.
References:

[1] A. Krasnov, Conception of vacuum system for SRS «SKIF», Synchrotron and Free electron
laser Radiation: generation and application, 13 July - 17 July 2020, Novosibirsk, Russia.

[2] Patent US8287247B2: Combined pumping system comprising a getter pump and an ion pump.
[3] SAES Getters
https://www.saesgetters.com/sites/default/files/CapaciTorr%20UHV%20general%20%2B%20D %2
0%20pumps.pdf
[4] Saksaganskii G.L., Sverhvisokii vacuum v radiatcionnofizicheskom apparatostroenii,
Atomizdat, M., 1976
[5] G.L. Saksaganskii, Getter and Getter-lon Vacuum Pumps (Harwood Academic Publishers,
Chur, 1994), p. 258.
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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 Ti02. 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.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.

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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KOMIIJVIEKCHOE CTPYKTYPHOE IN SITU UCCJIEJOBAHUE ND1.6CA0.4NI1-yCUyQ4+a
(Y =0.0-0.4) C TIPUMEHEHUWEM IOPOIIKOBOM PEHTTEHOBCKOM N
HEWTPOHHOM JJU®PAKIIMHA B CPEJIAX C PA3JIMYHBIM ITAPIITUAJIBHBIM
JABJIEHUEM KHUCJIOPOJA. #14

Submitted by Denis Mishchenko

For track: X-ray structural analysis

Authors:

. Denis Mishchenko (SRF «SKIF» BIC SB RAS)

. Alexander Shmakov (SRF «SKIF» BIC SB RAS)

Kpucrannuueckas crpykrypa 06pasuoB coctaBa Ndi.6Cao.aNiiyCuyOs+5 (y = 0.0-0.4, Ay=0.1) u
ee MoBeJICHHUE MPH BBICOKUX TEMIIEpaTypax B ra3oBhIX CPeJax C pa3IMyHBIM MapIHaIbHBIM
JaBJICHUEM KHCJIOPO/ia ObljIa M3y4eHa METOJIaMH in Situ MOPOITKOBON PEHTTEHOBCKOM MU (paKITUu C
UCTIOJIb30BAHUEM CHHXPOTPOHHOI'O M3IydeHHs Ha cTaHiuu «lIperu3nonnas nudpakroMeTpus - 2»
BOIIII-3, CLICTU, USAD CO PAH [1], nabopaTopHoro audpakromerpa Bruker D8 Advance
(Karlsruhe, Germany) u BpeMsnpoJeTHON MOPOIIKOBOM HEHTPOHHON AU(PPaAKIIK BEICOKOTO
paspenieHus Ha HeUTPOHHOM JudpakToMerpe Bbicokoro paspemenus (OJIBP), JlabopaTopus
HerTpoHHOU pu3uku um 1. M. @panka (O0beAMHEHHBIM HHCTUTYT SACPHBIX UCCIICIOBAHUM, T.
JlyGua) [2].

N3yvaemble B 1aHHOI paboTe 00pasIibl SABISIOTCA NEPCIIEKTUBHBIMU JJI TPUMEHEHHUS B KAUECTBE
MaTepHaJioB KaTOJIOB CPEeIHETEMIIEPATYPHBIX TBEPIOOKCHUIHBIX TOIUIMBHBIX JIEMEHTOB (B TOM
YHUCJIe ¢ MPOTOH-TIPOBOIAIIMMH dJIEKTPOIUTaMH) [3].

In situ peHTTeHOBCKOM nudpakumei ObUTH OMpeesieHbl TeMITepaTyphl Ga3oBOro nepexona Bmab —
14/mmm nns Bcex 00pasioB MpH MOCJIeI0OBATEILHOM HarpeBe U OXJIAKIACHUN CHavasia B atMocdepe
cuaTeTrnueckoro Bo3ayxa (80 % He+ 20 % O2), 3atem B atmocdepe renusi. TemnepaTypsl

(ha30BOro Mepexo/1a OKa3aIKCh BhIIIE B aTMOC(hepe renusi, 4To ObLIO CBSI3aHO C YMEHBIICHHEM
KOJINYECTBA BBICOKOITOIBHKHOTO MEXKA0Y3€IIbHOTO KUCIOPOAa B CTPYKTYpE IpU HarpeBe B
aTMocdepe ¢ MOHMKEHHBIM MMapIUalIbHBIM JIaBIEHUEM KUCI0poaa. by n3mepeHnsl 00beMHbIe
KO3 PHUIHUEHTHI TETJIOBOTO paclIMpeHust, 00HapykeHo yMeHblieHne oobeMubix KTP mpu
JOTIMPOBAHUU MEIBIO.

Vcnonb30BaHne HEUTPOHHOH UG PAKINN TTO3BOIMUIO YCTAHOBUTH KOOPMHATHI M 3aCEIEHHOCTD
KHCIIOPOJIHBIX MO3UINI B CTPYKTYpPE 10 U MOCIIE BEICOKOTEMIIEpAaTypHOI 00pabOTKH Ha BO3YyXE U
B BakyyMe (10 6ap). BbLio 06Hapy)eHo HepepacipeieieHie KUCI0POa MeK/Iy aluKaIbHOM
MO3UIMEN B KUCIOPOJHOM OKTa3/Ipe BOKPYT MEPEXOAHOTO METaJlIa U MO3UIHEH KUCIOPOAHOTO
Mex0y3mus B cTpykrype Thma K>NiF4 mocie BbicokoTeMiepaTypHoOil 00paboTKH Ha BO3yXe.
JIoTOJTHUTENBHO OBLIO ONPEAENIEHO, YTO KUCIOPOJHbIE BAKAHCUHU JUIS JAHHBIX 00pa3lioB
00pa3yloTCsi B OCHOBHOM B allMKaJIbHON MO3ULUHU KHCIOPOJHBIX OKTAa3POB.

JlanHast paboTa BBIIIOJIHEHA B paMKaX (DMHAHCUPOBAHUS IPOEKTa TOCYIaPCTBEHHOTO 3aJaHUs
MunucTepcTBa HayKH U Bbiciiero oopasosanus Poccuiickoit @eneparu s LIKIT «CKUD» UK
CO PAH.

1. Piminov P.A., Baranov G.N., Bogomyagkov A.V., Berkaev D.E., Borin V.M., Dorokhov
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
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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.

25



SFR-2022 Book of abstracts

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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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 V. 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.
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KaranuzaTopsl, kak MpaBuiio, UMEIOT BHICOKYIO TOPUCTOCTh, PA3BUTYIO IOBEPXHOCTH U
ornpeAenEéHHbI XUMHUUECKU cocTaB. JlaHHbIE XapaKTEPUCTUKU, KaK U3BECTHO, CHIXKAIOT SHEPTHUIO
AKTUBALMU XUMHUYECKUX peakiuii. MUKpOMOpP(HOIOTHS U CTPYKTYpa ONpeAeisieT CKOPOCTh
peaKkuurii, a XUMUYECKHI COCTaB HAIpaBJICHUE MPOTEKaHUs peakiuidi. OTHUM U3 METOJI0B
UCCIIeI0BAaHHUSI MUKPOMOP(HOJIOTUH, HATATOMHOM CTPYKTYpPBI, BHYTPEHHHX HEOJAHOPOIHOCTEH
BEILIECTB SBJBICTCS METOJI MaJIOYTJIOBOTO PEHTTIeHOBCKOTO paccessuus (MYPP), Ha uto Obu1 ciemnan
aKIIEHT B IaHHOM paboTe.

Ha nopoikoBom nudpakromerpe ObUIH MOJTyYEHbI KPUBBIE MAJIOYTIIOBOTO
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PEHTTEHOBCKOTO paccesiHus, ONpeiesieHbl KOpPeIsIIMOHHbIE (PYHKIMU, GYHKIIMH pacipeeeHus
10 PACCTOSHUAM. BBIssICHIIIH, 3TO0 00pa3ibl HIMEIOT OPHUCTYIO CTPYKTYpY. IlocunTansl pagnycs
MHEPLHUH, MAaKCUMaJIbHBIA pa3Mep 4acTULl U 00BEM YACTHII.

Y cTaHOBIIEHBI B3aMMOCBSI3U YIIPYIOr'0 PaCCESIHUSI PEHTT€HOBCKOT'0 U3JIyYEHMsI C KPUCTAININYECKON
CTPYKTYpOM U yJIeTbHOM MOBEPXHOCTHIO METHOIIMHKOBBIX KaTallu3aTOPOB.
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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) SICODSA 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:0s—CE:(Y,GD)AG COMPOSITE CERAMICS: APPROACH
OPTIMIZATION BY SR XRD INVESTIGATIONS #20
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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 Al2O3—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
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RE3+:YAG ceramics via reactive SPS of nanopowders in the Y>,03—RE203-Al>03 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 Al203—Ce:(Y,Gd)AG composite ceramics were prepared by reactive SPS using high
purity commercial oxides: <tex>%\mu%</tex>a-Al>03 (99.99%, Fenghe Ceramic Co., Ltd, China;
d~0.2-0.4 pm), 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 pum), CeO2 (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 ALLOs (~11.5 wt%) to 1 mol (Y0.749Gdo.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 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-5158 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 Y AG-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-
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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
IM 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,
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.
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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 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

31



SFR-2022 Book of abstracts

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.
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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
IIT) 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.

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
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In recent decades, metallic-intermetallic laminate (MIL) composites based on Al-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, Al-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
um2. 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.
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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 Ti8 A124 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 Ni2Al3 layer. Further annealing causes an active growth of the Ni2AlI3 intermetallic
layer and a decrease in the NiAl3 thickness. Such redistribution of phases in the intermetallic layer
is due to the lack of nickel atoms diffusing to the NiAl3 layer through the Ni2AlI3 layer, which leads
to gradual depletion of the NiAl3 layer.

After annealing of the Al - stainless steel sample, the intermetallic layer consists of Fe4Al13
(C2/m), Fe2AlS5 (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
Co2Al19 (P21/c), Co4Al13 (Pmn21) and Co2Al5 (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
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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 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.
1. G.P. Evans, D.J. Buckley, N.T. Skipper, I.P. Parkin, Single-walled carbonnanotube composite
inks for printed gas sensors: enhanced detection of NO2,NH3, EtOH and acetone, RSC Adv. 4
(2014) 51395-51403.

2. F. Rigoni, S. Tognolini, P. Borghetti, G. Drera, S. Pagliara, A. Goldoni, L.Sangaletti, Enhancing
the sensitivity of chemiresistor gas sensors based onpristine carbon nanotubes to detect low-ppb
ammonia concentrations in theenvironment, Analyst 138 (2013) 7392-7399.

3.J. Chaste, A. Eichler, J. Moser, G. Ceballos, R. Rurali, A. Bachtold, Ananomechanical mass
sensor with yoctogram resolution, Nat. Nanotechnol. 7(2012) 301-304.

4. P. Vichchulada, Q. Zhang, M.D. Lay, Recent progress in chemical detectionwith single-walled
carbon nanotube networks, Analyst 132 (2007) 719-723.

5. Ellis, J. E.; Star, A. Carbon Nanotube Based Gas Sensors toward Breath Analysis.
ChemPlusChem 2016, 81 (12), 1248—1265.

6. Dai, M. J.; Zhao, L. P.; Gao, H. Y.; Sun, P.; Liu, F. M.; Zhang, S.; Shimanoe, K.; Yamazoe, N.;
Lu, G. Hierarchical Assembly of a-Fe203 Nanorods on Multiwall Carbon Nanotubes as a High-
Performance Sensing Material for Gas Sensors. ACS Appl. Mater. Interfaces 2017, 9 (10),
8919-8928.

7. Seekaew, Y.; Wisitsoraat, A.; Phokharatkul, D.; Wongchoosuk, C. Room Temperature Toluene
Gas Sensor Based on TiO2 Nanoparticles Decorated 3D Graphene-Carbon Nanotube
Nanostructures. Sens. Actuators, B 2019, 279, 69—78.

8. Liu, S. F.; Moh, L. C. H.; Swager, T. M. Single-Walled Carbon Nanotube-Metalloporphyrin
Chemiresistive Gas Sensor Arrays for Volatile Organic Compounds. Chem. Mater. 2015, 27 (10),
3560—-3563.

9. Gutsche, C.D.: Calixarenes, Monographs in Supramolecular Chemistry, vol. 1. Royal Society of
Chemistry, Cambridge (1989)

10. Gutsche, C.D.: Calixarenes Revisited. Royal Society of Chemistry, Cambridge (1998)

11. Chawla, H.M., Pant, N., Kumar, S., Kumar, N., Black, D.S.C.: In Chemical Sensors:
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Fundamentals of Sensing Material. In: Korotcenkov, G. (ed.) Polymers and Other Materials, vol. 3.
Momentum Press, New York (2010)
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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 (uint16, 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
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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 in a 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.

[2] DOL: 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] DOI: 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.
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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.

[1] Bulatov, K., et al. "Monitored reconstruction: Computed tomography as an anytime algorithm."
IEEE Access 8 (2020): 110759-110774.

[2] Dolmatova, A., Chukalina, M., Nikolaev, D.: Accelerated fbp for computed tomography image
reconstruction. In: 2020 IEEE International Conference on Image Processing (ICIP). pp.
3030{3034. IEEE (2020)

[3] Prun, V.E., Buzmakov, A.V., Nikolaev, D.P., Chukalina, M.V ., Asadchikov, V.E.: A
computationally efficient version of the algebraic method for computer tomography. Automation
and remote control 74(10), 1670{1678 (2013)
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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 um)/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

39



SFR-2022 Book of abstracts

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 um) compared to single-layer Cr-coated sample (~3.5 pm). 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 pum 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 noxnane Oyzaer mpencraBieH 0030p MOCIEAHUX IKCIIEPUMEHTOB, 110 UCCIICOBAHUIO
TeparepuoBbIX MOBEPXHOCTHBIX I1azMoH-nosspuToHOB (III1IT), pacpocTpanstomumxcs no
IJIOCKUM, M30THYTHIM U HUIMHAPUYECKUM MPOBOISAIIMM OBEPXHOCTAM, a TAKXKE JTOKAITM30BAHHBIM
COCTOSIHHSIM, KOTOPBIE BBIMOIHSINCE Ha HoBOCHOMpPCKOM Nlazepe Ha CBOOOHBIX dJIEKTPOHAX
(HJICD) B mocneaHme rofpl.

bruto nokazano, 9to 3¢ heKTUBHOCTH 3axBaTa TI 11 MOBEPXHOCTHBIX ANMEKTPOMATHUTHBIX BOJH
MEeTOA0M TU(PaKIIMK Ha KParO COCTABIISIET NECSATKU MPOIICHTOB, a JunHbBI ipodera [1I1I1 na
TUIOCKOW METaIII-TUAIEKTPUIECKON MTOBEPXHOCTH JOCTATOYHO OOMbIIHe (IOPSAKA AeCATKA
CaAaHTUMETPOB), 10 cpaBHeHUIO ¢ BuAUMBbIM U UK nuanazonamu. [IpogemoncTpupoBano, uro Tl
MOBEPXHOCTHBIMH BOJTHAMH MOKHO 3((EKTUBHO YIPABIATH C UCTIOIb30BAHUEM TNIOCKUX 3epKall U
JTURJIEKTPUYECKUX IEITUTENEH, a TAK)KE HAIIPABIATh 10 U30THYTHIM OBEPXHOCTAM. Bee 31o
MO3BOJISIET PEATM30BATh PA3IMYHBIC ONTUYECKUE CXEMbI MAKPOCKOTTMYECKHX MAaCIITa0O0B C
ucnosb3zoBanreM TI'1 IIITI. Hanpumep, BiepBbie NpoIeMOHCTPHUPOBaHA BO3MOKHOCTh JIOKAIIMHU
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00BEKTOB, CKPBITHIX 32 JINHUEH TOPU30HTA HA MPOBOSIICH UCKPUBICHHOU MOBepXHOCTH. C
ucnois3oBanueM HJICD peannszoBana pedpakToMeTpHst IPOBOASIICH MOBEPXHOCTH C
MCIOJIb30BaHNEM IUIa3MOHHOTO HHTepdepoMeTpa MaiikenbcoHa, MO3BOJISAIONIAS U3MEPSTh
JTURJIEKTPUUECKUE KOHCTAHThI METAIUTMYECKUX MOBEPXHOCTEN U TUIEHOK TOMIIHMHON 10 100 HM,
HAaHECEHHBIX HA 3TH ITOBEPXHOCTH.

Jlnst pepakTOMETPUH TUDIICKTPUIECKUX TICHOK, KUAKOCTEH U ra30BbIX cpea coznad HIIBO
cnektpomeTp (B kKoHpuryparuu OTTO), T/1€ 3a IPU3MOI TTOMEIIAETCS CYOBOJTHOBASI METAILTUYECKAS
oJHOMepHas perieTka. Ha pemieTke B yriaioBoM CIEKTpE IPHU ONPEIEICHHOM yIiie BO30yKaaeTcs
MJIa3MOHHBIN pe3oHaHc. Ha Tol e ycTaHOBKE MPOJEMOHCTPUPOBAHO BO30YKIEHNE MTUPOKUX
TUTA3MOHHBIX PE30HAHCOB HA OECIIPUMECHOM aHTHMOHUIE HH/IUS, KOTOPBIN TUIAHUPYETCS
MCIOJIb30BAaTh JJIs TUIa3MOHHON MUKPOCKOIIUU OOBEKTOB.

BriepBbie poieMOHCTPUPOBAHO BO3OYKIEHUE TNIA3MOHOB C OPOUTATBHBIM YTTIOBBIM MOMEHTOM Ha
0CECUMMETPHUYHBIX OJIHOCBSI3HBIX MEPENAIOINX JUHUAX MU TudpaKui Ha BXOJIHOM TOPIIE
BHUXPEBBIX paualbHO MOJISIPU30BAHHBIX MYYKOB. [Toka3aHo, YTO 3TH MIa3MOHBI PACIIPOCTPAHSIOTCS
Ha paccTostHre 10 150 MM 110 BUHTOBBIM TPAEKTOPUSIM, TUGPArupyIOT HA KOHIIE TUHUH U
peoOpas3yroTcs B 00bEMHBIE BOHBI C OPOUTATBHBIM YIIIOBEIM MOMEHTOM, UMEIOIINE TOT JKe
TOMOJIOTHYECKUH 3apsiJl, KOTOPBIN UMeEN BO30YXIaBIITUH TIa3MOHBI y40K. MBI IToj1araeM, 4rto,
UCIIOJIb3Ysl KOMOMHAIINY BUXPEBBIX ITYYKOB HA BXO/JIE, MOXKHO CO3/1aTh MJIa3MOHHBIE
MYJIbTUIUIEKCHBIE KOMMYHUKALIMOHHBIE JIMHUM.

HCCJEIOBAHUE CIIEKTPOB U3JIYUEHUS IIJIA3BMBI, CO3JIABAEMOM
MOIHBIMHU ITUKOCEKYH/IHbBIMHU JIASEPHBIMU UMITYJIbCAMMU, B
JIMAITA3OHE JIJIVH BOJIH 6-14 A #33

Submitted by Dmitry Nosulenko
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B HacTosiee BpeMst OIHUM U3 HANPaBJICHU UCCIeI0BaHU B 001acTH GU3UKH BBICOKUX
TUIOTHOCTEH YHEPTHUH SIBIISIETCS U3YYCHHUE CIIEKTPAIBHBIX MTPOOETOB PEHTIEHOBCKOTO U3ITYUEHUS B
BEIIECTBE, HArPETOM JI0 TEMIIEPATypP B HECKOJIBKO ECATKOB WM coTeH 3B. [y nomyueHus
AKCIIEPUMEHTAIBHBIX JAHHBIX IO MIPOOEraM 4acTo MPUMEHSETCS METO]] 30HIUPOBAHHMSI, KOT/1a
pErucTpUpyeTcs U3MEHEHHE CIIEKTPa HCTOYHHUKA PEHTTE€HOBCKOTO M3TYYESHHUSI TOCIIE TPOXOKACHUS
CKBO3b CJIOM BEILIECTBA, PA30rPETOro J0 BHICOKON TeMiiepaTyphl. /{1 npoBeneHus Takux
HKCIIEPUMEHTOB XOPOUIO MOIXO/SAT MOIIHBIE JIa3€pHbIE YCTAHOBKH C YJIBTPAKOPOTKOI
JUTUTEIIbHOCTBIO UMITYJIbCA, KOTOPBIE TTO3BOJISIOT CO3/1aBATh KAK BEIIECTBO B HYKHOM COCTOSTHUU,
TaK U UCTOYHUK 30HAMPYIOIIETO PEHTTEHOBCKOT0 U31ydeHuss. OCHOBHBIMU TPEOOBaHUIMH K
HMCTOYHHKY MOJICBETKH SIBJISIIOTCS BHICOKAs IPKOCTh U OTCYTCTBUE BBIPAKEHHBIX JTUHUIN U CKaYKOB B
MHTEPECYIOIIEM Juana3oHe sHepruil. B skcnepuMeHTax KpoMe CIeKTpa MOTJIOMICHUS TOJIKHBI
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OBITh U3MEPEHBI IFIOTHOCTh U TEMIIEpaTypa IJI1a3Mbl B MOMEHT 30HAMPOBAHUS. DTH apaMeTphbl
MOTYT OBbITh OTPEEIICHBI 10 PEHTTEHOBCKUM CIIEKTpaM U3ITyYeHHUS TUIa3Mbl U3 COOTHOLICHHUS
MHTEHCUBHOCTEH U (hOPMBI JINHUI MHOT03apsIHBIX HOHOB.

B paGore npuBeneHa KOHCTpYKIUs criekTporpada MoranHa Ha ocHOBe KpucTasuia Oudranara
KaJIMsl, a TaK)Ke pe3yJIbTaThl, NOJYYEHHBIE C €r0 MMOMOIIBIO B SKCIIEPUMEHTAX 110 00JyYEHUIO
Pa3UYHBIX MUIIEHEH JTa3epHBIMU UMITYJIbCaMH ¢ HHTeHCUBHOCTHIO 1017-1019B1/cM2. B
JMaTa3oHe JTHH BONH 7-14 A u3MepeHs! cieKTpbI H3TydeHNs MUIIEHEH, CofepKaluX Lepuii,
camapHii u raJ0IMHUN, KOTOPBIE MOTYT OBITh MCIIOJIb30BaHbl B KAUECTBE HCTOYHHUKA
PEHTIE€HOBCKOM MOJICBETKH B SKCIIEPUMEHTAX 110 UCCIIEJOBAHUIO CIIEKTPAJIbHBIX MPOOETroB
U3JIy4EHUs B IUIa3ME MEIU U aJIFOMUHUSA. 3aperuCcTpUpOBaHO JMHeuaToe n3nyuenus H- n He-
MOA0OHBIX HOHOB ATFOMUHUS MPU 00JydeHUH MUIICHEH ToamuHoN oT 1 10 400 Mxwm. J{st
MHUILIEHEH TOMMHON 1 MKM, 00JTydaeMbIX UMITyJIbCaMU ¢ MHTEHCHUBHOCTHIO 1017BT1/cM2,
MPOBEJCHBI TA30JUHAMAYECKHUE PACUETHI U PACUETHI EPEHOCA U3ITYUYEHHS C YIETOM
HEPAaBHOBECHOCTH HOHHOTO cOCTaBa Ij1a3Mbl. [1oydeHO y0BIE€TBOPUTEIBHOE COTIIACHE
PacUETHBIX U SKCIIEPUMEHTAJIBHBIX CIIEKTPOB.

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
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. Julia Sholokhova (IGC SB RAS)

. 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 CuKd-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
CaS04-2H20, 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
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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(S04)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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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.
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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
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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
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
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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:

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

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
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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 um, 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.

SYNCHROTRON BASED X-RAY FLUORESCENCE MICROSCOPY FOR STUDYING
SODIUM DEPOSITS IN CARDIAC AND STRIATED MUSCLES #41
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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.
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NEURAL NETWORK RECONSTRUCTION ALGORITHM FOR WIDE RANGE OF
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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
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
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—T.59.—Ne. 3. - C. R1209.

ANALYSIS OF THE EVOLUTION OF DISLOCATION STRUCTURE OF
POLYCRYSTALLINE MATERIALS BY USING SYNCHROTRON X-RAY
DIFFRACTION #43

Submitted by Ivan Ivanov
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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 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.

ATOMAPHAS CTPYKTYPA AKTUBHBIX HEHTPOB CU/ZSM-5 KATAJIN3ATOPOB
CEJIEKTUBHOI'O OKUCJIEHUSI METAHA: EXAFS HCCJIEJOBAHUE #44
Submitted by Egor Aydakov

For tracks: X-ray spectroscopy, X-ray structural analysis

Author: Egor Aydakov (NSU)
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. Alexander Trigub (NRC "Kurchatov Institute")
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HCOJII/ITI:I C HAHCCCHHBIMU NICPCXOJHBIMU MCTAJJIAMU ABJIAKOTCA OAHUMH U3 MCPCICKTUBHBIX
KaTaJau3aTOPOB CEJIEKTUBHOTO OKHCIIeHU MeTaHa. Hanmpumep, ZSM-5 nmo3BOJIAIOTCS MPOBOIUTH
PEaKIHIO CEJIEKTUBHOTO OKHCIICHHSI METaHa 10 METaHOJIa, OJIHAKO CEJIEKTUBHOCTh IO METAHOTY
MaJa, 4YTO CHIKAaeT KOMMEPUYECKYIO PUBIIEKaTeIbHOCTh Iporecca. Monudukamus Mepio
IIO3BOJISICT ITOAABUTH HOGO‘IHBIG PCaKku U YBCINYUTDH CCIICKTUBHOCTDH 11O METAHOJY 10 97%.
Oco0eHHOCTBIO TOAOOHBIX CUCTEM SIBISIETCS TO, YTO MapIIPYT MPOTEKAHUS PEAKI[UH OIpeIesieTCs
KaK CBOMCTBaMH HOCUTENS (II€0JIUTA), TAK U B BUJIE KAKUX IIEHTPOB MPUCYTCTBYIOT KATUOHBI ME/IH.
JleficTBUTENbHO, KATHOHBI MEAU MOTYT CYIIECTBOBAThH B BUE OTACIbHBIX METAIUTMUECKUX WIIN
OKHCJICHHBIX aTOMOB, B BUJIC JIBYXaTOMHBIX LICHTPOB, KJIIACTCPOB, HAHOYACTHUIL] UJIU KPUCTAJIJIUTOB.
Hecmotps Ha 3HaUUTEIBHBINA IPOTPECC B TOHMMAHUU CBOMCTB LIEOJIUTOB, MOAU(DHUIIMPOBAHHBIX
MCbIO, BOIIPOC O CTPYKTYPC AKTUBHBIX HCHTPOB OO0 CUX ITOP OCTACTCSA OTKPLITHIM.
CrieKTpoCKOMHs pEHTTEHOBCKOTO MOTJIOIIEHUS — OJMH U3 HanboJiee BOCTpeOOBaHHBIX METOJIOB
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HCCIIEIOBaHMSI KaTalu3aToOpOB, MO3BOJISAIONINNA YCTAHOBUTH CTPYKTYPY aKTUBHBIX LIEHTPOB. BaskHO
OTMETHTh, YTO B OTJIMYUH OT PEHTICHOBCKOM JU(PPAKIIUU TO3BOJIET UCCIIEI0BAThH
PEHTreHOaMOP(HBIE CTPYKTYPHI (KJIACTEPHI, OTAEIbHBIE ATOMbI, HAHOYACTUI[BI PA3MEPOM MEHbLIE 2
HM).

B xadecTBe 00BEKTOB HCCIIeIOBAaHUS OBLIIA BRIOPAHBI KaTaln3aTOPhl HA OCHOBE ZSM-5 ¢
conepxanuem meau 1%. [Ipennonaraercs, 4To B 3aBUCUMOCTH OT CIIOCOOA CHHTE3a KaTaln3aToOPhl
coxepkaT Melb B pa3IMaHOM cocTostHUU: (1) n3onupoBanHbie KaTroHbI Cu2+, (2) miocko-
KBaJIpaTHbIE ABYSJIEPHBIE OKCO- U TMIPOKCO-KOMIIEKCHI B KaHajIaX Le0JnTa, (3) HaHouacTuisl CuO
Ha MOBEPXHOCTH LEOIUTa. J[1s1 yTOUHEHUs CTPYKTYphl KaTaJIn3aTOPbl UCCIIEI0BAHbI C IOMOILBIO
EXAFS-cnekTpockonuu. DKCIEpUMEHTHI IPOBEAECHBI B Kyp4aTOBCKOM LIEHTPE CUHXPOTPOHHOTO
m3nyuenus: (KUCH, r. Mocksa) Ha ctaniiun «CTpyKTypHOE MaTepHaioBeieHre». MoienupoBaHue
EXAFS noxka3zano Haquuue HaHOYaCcTUL MenH, a pe3ynbraT PODC nokazan ctabuibHOCTD
KaTaJn3aropa J10 U MOcCie Peakluu.

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

Submitted by Yuriy Volkov
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Author: Yuriy Volkov (FSRC "Crystallography and Photonics" RAS)

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

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 7c 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
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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).

STRUCTURAL-PHASE TRANSFORMATIONS AT THE INTERFACE OF METALS
UPON FRICTIONAL LOADING: OBSERVATIONS USING SYNCHROTRON X-RAY
DIFFRACTION #47

Submitted by Kemal Emurlaev
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Author: Kemal Emurlaev (Novosibirsk State Technical University)

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, [.A. Bataev, D. V. Lazurenko, A.L. 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 1.A. Bataev, D.V. Lazurenko, A.A. Bataev, V.G. Burov, 1.V. Ivanov, K.I. Emurlaev, A.I.
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. Ungar, 1. 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.

X-RAY TRANSFOCATORS: TUNABLE X-RAY FOCUSING DEVICES BASED ON
COMPOUND REFRACTIVE LENSES #48
Submitted by Anton Narikovich
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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].

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
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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 1V 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.

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
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European XFEL // X-Ray Lasers and Coherent X-Ray Sources: Development and Applications
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the PETRA I1I storage ring: The microfocus endstation // J. Synchrotron Radiat. 2012. Vol. 19, Ne
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12. Bowler M.W. et al. MASSIF-1: A beamline dedicated to the fully automatic characterization
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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
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
MozenmupoBanue 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
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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 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 RFMEFI62119X0022). 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 REMEFI61914X0002).

[1] Majumdara S., Peralta-Videa J. R., Castillo-Michel H., et al., Anal. Chim. Acta. 755 (2012) 1-
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[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 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 RFMEFI62119X0022).

[1] J. B. Sibarita. Deconvolution Microscopy. / Adv Biochem Engin/Biotechnol. 2005. 95. P. 201—
243

[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 1 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.
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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.

APPLICATION OF HIGH-ENERGY X-RAYS AND ATOMIC PAIR DISTRIBUTION
FUNCTION ANALYSIS TO STRUCTURAL DIAGNOSTICS OF CATALYSTS #55
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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
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Colloidal solutions of SiO2 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, ESRF, Grenoble [2]
with peak intensity I = 1019 s—1 at photon energy E = 71 keV (wavelength A = 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).
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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
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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. Boreunkun 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. ['panynomerpuyeckuii 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
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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 um 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
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
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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
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.
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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

61



SFR-2022 Book of abstracts

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
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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
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.
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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.

A MULTISCALE STUDY OF THE STRUCTURE OF POLYLACTIDES USING
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#64
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RAS, 119333, Russia, Moscow)
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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-CO?2). 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 pm 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
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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 I.G., Krotova
L.I, 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 CF0.1-0.5, which are layered carbon materials with high chemical, mechanical
and thermal stability. Due to their layered structure and unique amphoteric redox 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
CFO0.4 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.
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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
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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 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 pum.
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
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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
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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.

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.
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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 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.
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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 A=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" Ni2Si04 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 on
the chemical nature of the modifier, both acceleration and deceleration of the reduction from the
oxide state to the metallic state occur.

STRUCTURAL ANALYSIS OF THROMBIN-BINDING G-QUADRUPLEX APTAMERS
BY SAXS METHOD #70

Submitted by Polina Nikolaeva

For track: X-ray structural analysis

Author: Polina Nikolaeva (Lomonosov MSU)

Co-authors:

. Vasilisa Raldugina
. Iulia Naumova

. Tatyana Novikova
. Vera Spiridonova

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.
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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/THODJIEMEHTHBIN IIUPOKOIIOJIOCHBIIA MOHOXPOMATOP HA OCHOBE
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IIpennoxeHa KOHLENIKA HOBOTO MOHOXPOMAaTopa Ha OCHOBE IIockoit VLS-pemerku ¢
SKCIMOHEHIIMAIBHON 3aBUCUMOCTBIO YAaCTOTHI IITPUXOB OT KOOPAMHATHI, B KOTOPOM yTOJI
OTKJIOHEHHSI IOCTOSIHEH, a 111€JIM, UCTOUYHUK U JIETEKTOP M3JIy4eHUs] HEMOABMXHBI. CKaHUPOBaHUE
JUIMHBI BOJIHBI OCYILIECTBIIAETCS PU MOMOILM JIMHEHHON TPAHCIIALIMYA PELIETKU BJIOJIb €€
MOBEPXHOCTH, TIPU ITOM AUPPAarupOBaHHOE U3ITydEHUE OCTACTCS CPOKYCHPOBAHHBIM HA BEIXOAHYIO
iesnb, 1 abeppaiuu He HapacTaloT. Paccuntana cxema rnpudopa st IpUMEHEeHHs Ha
CHHXPOTPOHHOM MCTOUYHHKE B CIIEKTPAIbHOM AuanaszoHe 125 — 4200 A. PaccrostHue OT HCTOYHMKA
JIO PELIETKU COCTaBIISAET 28.55 M, pacCTOSIHUE OT PELIETKU JO BBIXOIHOU mEeau — 650 MM,
IIOCTOSIHHBIM CKOJIB3SLIUI YTro nageHus Ha pemeTky — 7.0°, IOCTOSTHHBINA yroJl OTKIIOHEHUS —
19.5°. Pa3pematromasi crocooHocTh coctasisieT 6000 mpu muprHe BEIXOAHOU SN 8 MKM.
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Yactora mtpuxoB Bapbupyercs ot ~ 1300 1o ~ 35 1/mm. JIi1s MOKPHITHS TOTHON MIMPUHBI
JMana3oHa MPeAIoaracTcsl UCIOJIb30BaHUE HECKOIBKUX CMEHHBIX PEIIETOK.

AHaJOTMYHBIN MOJAX0/ 0Ka3aJCs MPUMEHUM TaKkKe K CO3JJaHUI0 KOMIIAKTHOTO (B YACTHOCTH, MEHEE
1 M) MOHOXpOMAaTOpa BEICOKOTO pa3peIlieHUs C pABHBIMU PAaCCTOSHUSIMM BXOJAHas mienb — VLS-
pemetka u VLS-penieTka — BbIXoaHas 1Ieib. Takoi MOHOXPOMATOP MOKET UCITOIb30BaThCS,
HarnpuMmep, B KOMOMHALMH ¢ UMITYJIbCHO-TIEPUOINYECKUM JIa3epHO-TNIa3MEHHBIM HCTOUHUKOM
U3ITy4eHUs B BAKYyMHOM 00JIacTH CHEKTpa.

ESTIMATION OF THE SPATIAL RESOLUTION VALUE FOR CONTACT
PHOTOLITHOGRAPHY AND X-RAY LITHOGRAPHY #74
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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 (L = 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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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.
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PLASMA DISCHARGE IN A NON-UNIFORM GAS FLOW, SUSTAINED BY THE
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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 um) 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 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 - 10°17 cm”-3. Thus, the
plasma parameters provided by powerful THz radiation turn out to be optimal for the generation of
EUYV 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 I JOCTHXKEHHUS HEOOXOAUMOM CTETIEHN KPaTHOCTH MOHM3AINH (C
Touku 3penus u3nydeHus B VUV u EUV nuama3zoHax) MHOTO3apsITHBIX HOHOB TSDKEJIBIX HHEPTHBIX
ra3oB HE00X0AUMO JJOCTHYB TeMIiepatyp 31ekTpoHoB B 10-30 3B. [TosTomy ocHOBHOI 3a1aueii Ha
JTaHHBI MOMEHT SIBJIICTCSI TOCTH)KEHUE TakuxX Temnepatyp B TI 11 pa3psine B HEOAHOPOIHOM
MOTOKE ra3sa, nojajaepxuBaeMomM nznydenneM HoBocubupckoro 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.
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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].

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
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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
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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 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.
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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
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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
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 um.

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:

Fa o ik[x—ssin 8] +(y—yp")?
o k g o Jd , J- y e 2 z+scosd d
u(x,y,z) = zm(xc-:!s zsin §) y i uy(y'ss) (7 + s cos 0)2 .

Trosd

where u(x,y,z) - field, k-wave number, 0 — angle, u0(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, 8' 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.
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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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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”.

76



SFR-2022 Book of abstracts

1. A.N. Agafonov, B.A. Knyazev, V.S. Pavelyev, E.I. Akhmetova, V.I. Platonov, “Elements of
the Terahertz Power Reflective Optics with Free-Form Surfaces”, Optoelectronics, Instrumentation
and Data Processing, vol. 55(2), pp. 148-153, 2019.

2. T.V. Kononenko, B.A. Knyazev, D.N. Sovyk, V.S. Pavelyev, M.S. Komlenok, G.A.
Komandin, V.I. Konov, “Silicon kinoform cylindrical lens with low surface roughness for high-
power terahertz radiation”, Optics and Laser Technology, vol. 123, 105953, 2020.

3. M.S. Komlenok, T.V. Kononenko, D.N. Sovyk, V.S. Pavelyev, B.A. Knyazev, Evgeny
Ashkinazi, A.S. Reshetnikov, G.A. Komandin, V.P. Pashinin, V.G. Ralchenko, V.I. Konov,
"Diamond diffractive lens with a continuous profile for powerful terahertz radiation," Opt. Lett. 46,
340-343 (2021)

ABOUT THE RESULTS OF THE FIRST STAGE OF THE PROJECT «IN SITU
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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
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.
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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 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:

. Aleksey Arakcheev (Budker INP)

. Alexander Shmakov (Boreskov Institute of Catalysis SB RAS)

. Alexander Vasilyev (Budker Institute of Nuclear Physics, Novosibirsk State University)

78



SFR-2022 Book of abstracts

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.
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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
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 (uXRF-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
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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).
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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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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-
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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).
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Pacrymiee snepromnorpediieHre COBPEMEHHOTO 00IIeCTBA MPUBOIUT K YBEITUICHHIO BHIOPOCOB
MAPHUKOBBIX Ta30B U MOXET MPUBECTH K TTI00ATHHBIM KIMMATHUYECKUM U3MEHEHUSIM, UTO JIeJacT
KpailHe aKTyaJIbHOM 3a/1auy MO MOMCKY TEXHOJIOTUM YTUJIM3alMi TapHUKOBBIX ra3oB. Kak
M3BECTHO, OJJTHUM U3 OCHOBHBIX KOMIIOHEHTOB ITaPHUKOBBIX Ta30B SIBJISETCS TUOKCHU] YTIIepoJia —
CO2. IlepcnekTUBHBIM MOX010M K yrrnmn3anuu CO2 sBisieTcsi ero KOHBEpCHs B Oosiee
peakimoHHOCIIOcoOHbIe BemecTBa, Takue kak CO u CH4. Dta TeXHOIOTHS TO3BOJISIET CHU3UTH
koudectBo CO2 B aTMocdepe U OJHOBPEMEHHO IMOJIy4aTh [IEHHbIE OPraHUYECKUEe COeTUHEHUS,
TaKhe KaK METaH, METaHOJ, STAaHOI ¥ (OPMaNbIET U/, KOTOPhIE 3aTEM MOTYT OBITh UCIIOIH30BAHBI B
XUMHUYECKON MPOMBIIUIEHHOCTH UM B KA4€CTBE TOIUIMBA. Ba)XKHBIM MPEUMYIIIECTBOM JaHHOMN
TEXHOJIOTUH SIBJIETCS TOCTYIMHOCTh Kak peareHToB (CO2 u Bona, noyrydyaemsle U3 atMmochepsl), Tak
Y UCTOYHHKA YHEPTHU — COJIHEYHOTO0 cBeTa. Takum o6pa3oM, mporecc (poToKaTAIUTHYECKOTO
BoccraHoBieHus CO2 sBisieTcst OIHOM 13 HanboJiee MepCIeKTUBHBIX TEXHOIOTUN YTHIIN3aluu
CO2, onHako MacmTabHOE BHEPEHHUE ITOTO MPOIIecca 3aTPYIHEHO BCICACTBUE OTCYTCTBUS

s dexTuBHBIX (hoTOKaTanu3zaropoB. Kak u3BecTHO, U1t MOBBIIIEHUS 3(QPEKTUBHOCTH Ipoliecca
(dboToKaTanM3aTop NOABEPraloT Pa3IMUYHbBIMU MOAU(PUKAIIUSAM — JONUPOBAHUE HEMETAIJIaMH,
TepMudeckas 00paboTka, HaHeCEeHHEe cokaTaan3aTopoB. [locneanuii cnocod yBennueHus

s dexTuBHOCTH (POTOKATATUZATOPOB ABJSETCS HanOosee A3 (PEeKTUBHBIM, TaK KaK HAHECCHUE
METAJUIOB MMPUBOIUT K 0OPA30BAHUIO T€TEPONEPEX0I0B U YBEIUUCHUIO BPEMEHH JKU3HU
(hoToreHepupPOBaHHBIX 3aPSAIOB (IIEKTPOH-ABIPOUHBIX MMap). Kpome Toro, B peakuuu
¢dorokaTamuTryeckoro BocctanoBiaeHuss CO2 cokaTtaan3aTop MO3BOJSET YBEIUUUTh CEICKTHBHOCTD
10 OTHOILIEHUIO K ONpeeNIEHHBIM MTPOIYKTaM peakluu. B ciydae ucnoib30BaHus COKATAIN3aTOPOB
Ha OCHOBE MEPEXOIHBIX METAJIJIOB MOCIEIHIUE MOTYT 00pa30BbIBaTh Pa3InYHbIE KOMIUIEKCHI C
a71copOMPOBAHHBIMU UHTEPMEIMATaMHU PEAKIIUHU U MEHSTH CBOIO CTENIEHb OKHCIIEHUS, UTO
MO3BOJISIET MTOBBIIIATH CEIEKTUBHOCTH 110 TEM WUJIM UHBIM MPOAyKTaM. Panee HaMu ObLIO TTOKa3aHO,
4YTO MOIU(ULIMPOBAHNE JUOKCH 1A TATAHA ME/IbIO TIO3BOJIIET PACUIMPUTH Pa0OUnil AUAna3oH
¢doTokaTanu3aTOpa U YBEIMYUTH CEIEKTUBHOCTD 10 MeTany [1]. MccnenoBanue
(hoTOKaTaIM3aTOPOB /10 U MOCJIE PEAKIINH C TOMOIIbI0 METOJa PEHTI€HOBCKOM (DOTOAIEKTPOHHON

81



SFR-2022 Book of abstracts

cnekrpockonuu (PO®OC) mokazano, 4To KATHOHHOE pacHpeiesieHne MEIM U3MEHSIETCS B MPOIIECCe
¢dorokaTamuTuyeckoro BocctanoBiaeHuss CO2. [l Toro yToOb! ONPEaeIUTh KIIFOUEBbIS
WHTEPMEIUATHI PEaKIIMK HEOOX0IMMO TIPOBEICHUE In Situ uccaeaoBanuii, ogqHako Mmetoa POOIC e
MO3BOJISIET TPOBOANTH UCCIIEIOBAHUS B YCIOBHSIX MPOTEKaHUs (POTOKATATUTHUECKOTO Tiporiecca. B
KauecTBE aJIbTEPHATUBHOIO METO/Ia, TO3BOJISIONINM ONPEIEIUTh KATHOHHOE paclipeieieHue MU
B (hoTOKATANIM3aTOPE, MOKET OBITH CIIEKTPOCKOMHS PEHTTEHOBCKOTO MOTJIONIeHUs. J[aHHbII MeTox
MOXET OBITh aAanTUPOBAH JIJIsl TPOBEACHHUS in Situ uccneaoBaHuii. B qanHO# paboTe Mbl
MPEJICTABIISEM MMPOTOTUN (POTOKATATUTUYECKON STUEHKHU IS peaTu3alii METO/1a CIIEKTPOCKOTHHI
PEHTI€HOBCKOTO TOTJIOMICHHS B PEXKUME 1n Situ.

B kagyecTBe 00BEKTOB HcceI0BaHUs ObUIH BBIOpaHbI KaTanu3aTopsl Ha ocHoBe TiO2 ¢
coaepxxanueM 1 Bec.% nnatunbl U S5 Bec.% Menu u Ha ocHoBe g-C3N4 ¢ coaepxkanueM 1 Bec.%
riatunbl. [Tokasano, 4ro mox neicTBueM ooimydeHust YD v BUIUMBIM CBETOM MPOUCXOIUT
M3MEHEHHE KaTHOHHOTO paclipe/ie]IeHUs] MeIi B PeaKIIMOHHBIN ycnoBusax. MccnenoBanus
nposeneHsl B KypuatoBckom neHTpe cuxpoTpoHHoro nsnydenus (KMCH, r. MockBa) Ha cTaHIIUU
«CTpyKTypHOE MaTepHUaIOBEICHUEY.

Pabota BeinonHeHa npu GpuHancoBoit noanepxkke PH®, mpoekt 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/nan012091584
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B nacrosmee Bpems B UacTutyTe npukinagHoit ¢usznku PAH (UT1® PAH) paspabaTteiBaeTcst
(OTOMHKEKTOPHBIA YCKOPUTEIBHBIN KOMILIEKC, PACCYMTAHHBIN HA MOJYYCHHUE HIEKTPOHHBIX
CTyCTKOB ¢ 3Heprueit 10 20 MaB, 3apsigom ~ 100 nKn u gyiurensHOCTHIO ~ 10 11C TpH
HOPMHPOBAHHOM IONEPEYHOM SIMMHUTAHCE Ha ypoBHE 1 MMeMpaz. [lepBbiii Kacka yCKOpUTEs
MIPEACTABIISET COOOM KIACCUYECKUU BapuaHT (DOTOMHIKEKTOPA C MOITYTOPAsTIeCUHON YCKOPSIOIIEeH
CTPYKTYpOii, KoTopas 3anutbiBaetcst S MBT / 2.45 I'T'1 kiuctpoHoM, U obecrieunBaeT
(hopMHUpOBaHKE IEKTPOHHOTO Ty4YKa ¢ dHepruen 10 3.5 MaB. ®oTosMUCCHIO JIEKTPOHHOTO
CTYCTKa TUIAHUPYETCSl 00ECTIEYUTh UMITYTECOM MOIIIHOTO YIBTPAQHOIETOBOTO Jia3epa C IITHHON
BOJIHBI 0KOJI0 260 HM, UCCIIeTYeTCs BO3MOYKHOCTh CO37aHusl (DOTOKATOAa Ha OCHOBE aJIMa3HBIX
TUICHOK JUIs1 (POTOMHXKEKTOpA.

OCHOBY 3JIEKTPOHHOM ONTUKU (DOTOUHKEKTOPA COCTABIISIET CUCTEMA U3 OCHOBHOTO COJICHOUA C
nosieM 10 0.25 Ti 1 JOMOHUTENBHON 3aKaTOAHOMN KaTYyIIKU, 00ECIICUNBAIOIICH HYIEBOE
MarHMTHOE MOJie Ha MOBEPXHOCTU (OTOKATOAA. JTa CCTEMa IPU3BaHa O0ECIEUUTh PEKUM
KOMITEHCAITMHM SMUTTAHCA, CBSI3aHHOTO C TIPOCTPAHCTBEHHBIM 3apsAI0M, U (POKYCUPOBKY
3JIEKTPOHHOIO Iy4Ka Ha JuInHe ~ 1 M. B HacTosniee Bpems Bce KOMIIOHEHTHI YCKOPUTEIbHON
CUCTEMbI U MAaTHUTHOM CUCTEMBI MIEPBOr0 KACKaJla U3TOTOBJIECHBI U UCIILITAHBI HA MAJIOM (B
«XOJIOJTHBIX)» T€CTaX) U BHICOKOM (TIpH 3aMUTKE U3TyYEHHUEM KIHCTPOHA) YPOBHE MOIIHOCTH.
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Hauata c6opka CBUY - 6;10ka yCKOPUTENS M COBMEIICHHUE €T0 C JIA3ePHOW CUCTEMOU IS TOTyYeHUs
AJIEKTPOHHOIO ITyYKa.

[IepBbIil Kackaa yCKOPUTENS IUIAHUPYETCS UCIOJIB30BATh ISl SKCIIEPUMEHTAIIBHOTO MCCIIEOBAHUS
MEPCIIEKTUBHBIX PEXUMOB TEPArePLIOBOTO U3Iy4EHHUS] HHTEHCUBHBIX JJIEKTPOHHBIX CTYCTKOB,
BKJIIOUasl OHJIYJIATOPHBIN U LHUKJIOTPOHHBINH MeXaHu3MbI. /{111 aToro paspaboTaHa TOMOIHUTENbHAS
MarHUTHasi CUCTEMa, 00eCIIeUNBAIONIAst HKEKIIHIO 3JIEKTPOHHBIX CTYCTKOB B 00J1aCTh
B3aUMOJICVCTBUS C BEYIIUM MAarHUTHBIM TojieM A0 8 T, ¢ UICIIOJIb30BAaHUEM MarHUTHOM JIMH3BI ~
0.4 Tn, pacnon0XeHHOH B 00;1acTH (POKATBHOM MEPETHKKU SIEKTPOHHOTO IMydKa. B wacTHOCTH, 17151
peanzaiuu pekuMa Tak Ha3bIBaeMOW OTPUIIATEIbHON Macchl B KOMOWHUPOBAHHOM -
OHJIyJISITOPHOM U OKOJIOPE30HAHCHOM BEYILEM - MATHUTHOM I10JI€ JJAHHAsl CUCTEMA I103BOJISIET
MTOMECTHUTD AJIEKTPOHBI Ha CTAllMOHAPHBIE BUHTOBBIE OayHC-TPAEKTOPUU MTPAKTHUECKH 03 MpUMecH
“mapasuTHHIX” IUKJIOTPOHHBIX KOJICOAHHHA.

Jns yBenuuenust s3Heprun yactui 10 20 MaB cipoekTrupoBaH BTOPOM Kackajl yCKOPUTETS,
COCTOSIIIMN U3 3 OTIOTHUTEIBHBIX CEKIMA U POKYCHPYIOIUX CoIeHOUA0B. Kaxkaas yckopsromas
CEeKIUs MPEeJICTaBIsIeT cOO0M MOCe10BaTEIbHOCT U3 6 CBA3aHHBIX PE30HATOPOB, 3alIUTHIBAEMbIX
ot onHoro CBY - uctounuka u paccuuTaHa Ha NpUpalleHue 3Hepruu nyuka ~ 6 MaB. Ilocne
JOTIOJIHUTEIBHOTO YCKOPEHHUS BO BTOPOM KacCKaJle CryCTKU C MaJIBIMU ITONIEPEYHBIM YMUTTAHCOM U
CKOPOCTHBIM pa30pOCOM IUIAHUPYETCS HCII0JIb30BaTh JIIsi KOMITOHOBCKOT'O PACCESIHUS JIa3epHBIX
HMITYJIBCOB, a TAKKe JUJIs JaIbHENIIEH NMHKEKIIMU B CUCTEMY JIA3€PHO-IIJIA3MEHOI0 YCKOPHUTES,
paspabarsiBaemoro B UT1® PAH, ¢ nepcnexktuBoii co3nanust komnakTHOro JICD peHTreHOBCKOTO
JMaIa3oHa.

Pabota nonnepxkana Poccuiickum HaydHbIM hoHI0M (TpoekT Ne 20-12-00378 B yacTu pa3paboTku
MIEPBOTO KacKasia M UCCIIeA0BAaHUI HOBBIX (poTOKaTo 0B 1 MpoekT Ne 21-72-30027 B yactu
pa3pabOTKH BTOPOTO KacKaa).

QJIEKTPOIUHAMUNYECKAA CUCTEMA MOIIIHOI'O TI'1l JIC3 HA OCHOBE
JJMHEMHOI'O UHIYKIIMOHHOI'O YCKOPUTEJIS «JINY»: MOJAEJIUPOBAHUE U
«XOJIOIHBIE» TECTBI #90
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Coznganue morrHoro umHHONMITY IbcHOTO JICD cy0-TT 1/ Tl 1 uana3ona BeeTcsl B HACTOSIIIEe
Bpems B cotpyaunuectse UAD CO PAH (Hoocubupck) u UTI® PAH (Hmwxuuit HoBropon).
DKCIepUMEHTAIBHON OCHOBOM MPOEKTa CITY)KUT HOBOE MOKOJICHNE JIMHEWHBIX WHAYKIIMOHHBIX
yckoputeneit «JIMY» 5 - 20 MaB /2 kA / 200 Hc, peanu3oBaHHBIX B HacTosiee Bpems B USAD CO
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PAH. Ilenpro nmpoekTa sIBIsSETCS JOCTHKEHNE B YKa3aHHOM JHana3oHe PEKOPIHONH MOIITHOCTH (OT
cyo-I'BT o I'Bt ypoBHsI) u 3HEproconepxanust B umnyibcax uainydenus 10 10 - 100 k. OxHoi
13 KJIFOYEBBIX MPoOIIeM IpH peanuzaruu ganHoro JICH sBnsercs papadoTka
ANEKTPOAMHAMUYECKON CUCTEMBI, CHOCOOHOHN 00eCTIeUnTh CTAOUIBHYIO Y3KOIMOJIOCHYIO TeHEPAIIHIO
B YCIIOBUSIX CYILIECTBEHHOU CBEpXpa3MEpPHOCTH.

JU1st IPOBOJIKM MHTEHCUBHOTO PENIATUBUCTCKOTO 3JIEKTPOHHOTO ITy4dKa, popmMupyeMoro «JINYy,
4yepe3 MpoCcTpaHCTBO B3aumorercTBus JICD muaMeTp CUCTEMBI TOJDKEH ObITh @ > 20 MM, 4TO Ha
MOPSAKY MPEBBIIIACT JUIMHY BOJIHBI U3ITy4eHHS B 00CYX/1aeMbIX nuana3oHax. Takum oOpas3om,
OJTHOM M3 KJIFOUEBBIX MPOOJIEM MPH peanu3aliiy 3TOro reHeparopa ABisieTcs pa3padboTka
AJIEKTPOJMHAMUYECKOM CHCTEMBI, CIOCOOHOM 00eCIeYnTh CTaOUIBHBIN PEKUM Y3KOMOJIOCHBIX
KoJieOaHUH B YCIIOBUAX CYIIECTBEHHOW CBEPXPa3MEPHOCTH ITPOCTPAHCTBA B3auMOACHCTBUsA. J1Jis
pereHust MpoOIeMbl CENIEKIIUU MO B TOJOOHBIX YCIOBHUAX B paMKaX pa3BHBaeMOTr0 IMPOEKTa
UCCJIETyIOTCS 1B OCHOBHBIX TUIIA 3JIEKTpOAMHaAMUUecKkux cuctem: (1) MonudunrpoBaHHbIe
OpArTOBCKHE PE30HATOPHI U (2) KBa3HONTHYECKUE PE30HATOPHI, OCHOBaHHBIE HA A dekTe Tanpbora.
OTnuyuTeNnbHON 0COOEHHOCTHIO MOAU(PHUIIMIPOBAHHBIX OPATTOBCKUX PE30HATOPOB SBIISETCS
BKJIIOYCHHUE B LI€TIh OOPAaTHON CBSI3M KBAa3UKPUTHUYECKHUX BOJIH, YTO MO3BOJIET CYIIECTBEHHO
YIIY4IIUTh UX CEJIEKTUBHBIE CBOMCTBA [0 CPABHEHUIO C «TPaJAULIMOHHBIMUY aHajoramu. s
pabotsl B quanaszone 0.7 TT'1 bt pazpaboTaHbl CTPYKTYpBI JAHHOTO TUMIA C YKa3aHHBIM
JTUAMETPOM, TIPH ITOM IMapaMeTp CBEPXpa3sMepHOCTH cocTaBui D/A ~ 45. TpexmepHoe
MoJIeTTMpoBaHue ¢ ucrosb3oBanueM koga CST Microwave Studio moka3bIBaeT, 4To Aaxe mpu
TaKUX OOJBIINX MOMEPEYHBIX pa3Mepax MOAUPHUIIMPOBAHHBIE OPITTOBCKUE CTPYKTYPHI MMO3BOJISIOT
OCYILIECTBUTH CEIEKTUBHOE OTpaxkeHHe padboueil BOiHbI ¢ 3ppexTuBHOCTHIO ~ 80 - 90% 10
MoutHocTH. [IpoBeieHHbIE «X0I0AHbIE» EKTPOAMHAMUYECKUE TECTHI OATBEPKIAIOT PE3yIbTaThl
MOJIETTUPOBAHUS U IEMOHCTPUPYIOT HAIUYUE 3(PPEKTUBHOTO Y3KOMOIOCHOTO OTPAXKEHUS B
pacyeTHO 00JacTH YacToT.

JI71g «XOJIOAHBIX» TECTOB MakeT pe3oHaTopa Tanb00-Tuna ObUT H3rOTOBJIEH B [UANa30He YacTOT
okono 0.3 TI't co cBepxpazmepHOCcThio D/A ~ 40. Bo30ykaeHne pe30HaTOpa OCYIIECTBIISIIOCH C
BXOJIHOM CTOPOHBI PE30HATOPA, AETEKTUPOBAHKUE CUTHAJIA IPOBOAUIIOCH YEPE3 OTBEPCTHE CBA3H,
BBITTOJIHEHHOE Ha BBIXOJIHOM 3€pKajie. B cooTBeTCTBUU C pe3yabTaTaMi MOACITHUPOBAHUS B
MIPOBEJICHHBIX «XOJOIHBIX» TECTaX HAOJI01aJICs XOPOILO Pa3TUYUMbIN MUK AETEKTUPYEMOI
BBIXOJTHOW MOIITHOCTH HA YaCTOTE, COOTBETCTBYIOIIEH BO30YKACHUIO paboueii MOIbI (CYTIEpMO/IbI)
pe30oHaTopa, 4To, TAKUM 00pa3oM, OATBEPIKIAIO €ro paboTOCIIOCOOHOCTb.

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

TEPATEPIIOBBIN JIABEP HA CBOBOJIHBIX DJEKTPOHAX C
3JIEKTPOIUHAMUYECKON CUCTEMOM, OCHOBAHHOM HA BO3BYKJIEHUA
CYIHEPMO/I TAJIBBOT-THUIIA #91
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B Hacrosiee BpeMs pacTeT HHTEPEC K CO3AaHUIO0 HCTOYHUKOB, PaOOTAIOIINX B TEPArepIieBOM
JIMAMa30He YaCTOT C BBICOKOW MOIIHOCTBIO U31y4eHUs. ECTECTBEHHBIN MTyTh pealnu3aluid TaKOro
HWCTOYHHUKA - UCTIOJIB30BAHUE U3TYUYCHUS! CUIIBHOTOYHOTO PEISATUBUCTCKOTO 3JIEKTPOHHOTO MyUKa.
OpHako cymecTByeT psij mpobiaeM, CBSI3aHHBIX C reHepaliuei MoiHoro korepeHtHoro T -
M3IIYYCHHS B Ma3epax Ha CBOOOIHBIX JIEKTPOHAX HA OCHOBE PEISITUBUCTCKUX JICKTPOHHBIX
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nyudkoB. [Ipexzae Bcero, mpumMeHeHHe TPaAULIMOHHOTO MoAX0/1a (T.€. paboTa Ha OAHOMN 3apaHee
BbIOpaHHOM MoJIe pabodero pe3oHaTopa) K [uana3ony 9actot TI'I[ cTalkuBaeTcsi C eCTeCTBEHHBIMU
TpyaHocTaMU. O4eBHUIHO, YTO paboUMii PE30HATOP B ITOM CiIydae OJIKEH ObITh CBEpXpa3MEPHBIM;
3TO HEOOXOIUMO TIO PSTy IPUYHH, @ UMEHHO - TPAHCIIOPTUPOBKA PENSTUBUCTCKOTO CUIBHOTOYHOTO
my4ka, mpodyieMa npoOos MoJisk MOIIIHOTO U3Iy4YeHHs] BHYTPH pe30HATOpa, OMUUECKH HarpeB
CTEHOK pe30HaTOpa MOIIHBIM U3NydeHue u T.4. OHAKO B 3TOW CUTYallUU CIIEKTP MONEPEUYHBIX MO
MHUKpPOBOJHOBOW CUCTEMbI CTAHOBUTCSI OYEHb IJIOTHBIM, UTO 3aTPYyIHSET oOecredyeHre
CEJIEKTUBHOTO BO30YKICHHS O/IHOM paboueil momepeuHoit Mobl. Bropas nmpobiema 3akiodyaercs B
TPYIHOCTH 00€CTIeUeHHUS CEIEKTUBHOM OJTHOMOIOBOM 00paTHOH CBSI3HM B CBEPXPa3MEPHO CHCTEME.
MBI OnuChIBaEM aIbTEPHATUBHYIO KOHLEIIHIO CEIEKTUBHOTO BO30YX/IEHU pabodero Koiebanus B
3JIEKTPOHHOM Ma3epe CO CBEPXpPa3sMEPHOM ANEKTPOJUHAMUYECKON CUCTEMOM, 3alTUTHIBAEMOM
CHJIbHOTOYHBIM PEJISITUBUCTCKUM 3JIEKTPOHHBIM ITydkoM. OCHOBHAsI U7esl COCTOUT B TOM, UTOOBI
OTKa3aThCsl OT BO3OYXKACHUS (PUKCUPOBAHHOM MOJIBI PE30HATOPA B MOJIB3Y BO30YKICHUS
BBICOKOI00POTHOM CynepMoibl, opMHpPYEeMOii (PUKCUPOBaHHBIM HAOOPOM TOMIEPEYHBIX MO
CBEpXpa3MepHOro BojiHOBoa. Takas cynepmojia MOXeT ObITh chopMHUpOBaHA BHYTPU
OTHOCHUTEIIBHO MTPOCTOTr0 PE30HATOPA, MPEJICTABIISAIONIETO0 COOOW OTPE30K BOJIHOBO/IA,
3aKaHYMBAIOIIMICS ABYMsI 3epKajiaMu, B pe3ynbrate 3 dekra Tandbora, a *UMEHHO TIEPHOTAYECKOTO
BOCIIPOU3BEICHHS MTOTIEPEYHON CTPYKTYpPbl MHOTOMOIOBOTO BOJIHOBOT'O TIOJISI B CBEPXPa3MEPHOM
BOJIHOBO/JIE.

HecMoTps Ha C10KHOCTh MHOTOMEPHBIX IPOCTPAHCTBEHHBIX CTPYKTYP CYIEPMO]] pE30HATOPOB
tuna Tanbora, K HUIM B HEKOTOPOH CTETIEHN MOKET ObITh IPUMEHEHA UJIC0NIOTHsI, KOTOpast
MCIOJIb3YEeTCs MPU ONMHUCAHUU MOJT OOBIYHBIX BOJIHOBOJIOB M PE30HATOPOB, @ UMEHHO Pa3iokKeHHE
1o Habopy OPTOTOHAIBHBIX MOJI. XOTs (hOPMUPOBAHHE CYNIEPMO/I BKIIOYAET OOJIBIIIOE KOJIUIECTBO
MaplUHaIbHBIX OMEPEUYHBIX MOJI, KOJIMYECTBO CYNEPMO/I C BBICOKOM TOOPOTHOCTHIO OTPAaHUYEHO
TeM (pakToM, 4TO AUPpaKIMOHHAS JOOPOTHOCTH CYIIEPMO/IbI PE3KO CNATAET C YBEINUCHUEM
MHJEKca cynepMoabl. biaroaaps aTomy faxe B BECbMa CBEPXpa3MEpPHBIX CHCTEMaX MOXKHO
TOOHUTHCS TOTO, YTOOBI B CUCTEME OCTABAJICS TOJIBKO OJIHA HIDKIIAs cynepmona. [lo-Buagumomy, 3To
JlaeT HaM MOBOJ] TOBOPUTH 00 YHUKAJIbHBIX CEIEKTUBHBIX CBOWCTBAX pe3oHaTopoB Tuma Tanbora.

B kagecTBe mpuMepa MPUMEHEHHUS ATOTO MOIX0/Ia MBI IIPECTABIIEM PacUeThl Jiazepa Ha CBOOOIHBIX
AJIEKTPOHAX, 3aIMUTHIBAEMOT0 JIEKTPOHHBIM ImydkoM 10 MaB/2 kA /200 HC 1 OCHOBaHHOTO Ha
BO30YKIeHUH cynepMobl Thma TanboTa Ha gactoTe, Onm3koit k 2 TI'i. Jlannas padora
HaIpaBlieHa Ha SKCIIEPUMEHTANIbHYIO pean3alyio TaKoTo Jia3epa Ha YHUKaJIbHOM CUIBHOTOYHOM
yckopurene, pazpadborannoMm B MHcTuTyTe sinepHoil pusuku uMm. byakepa (HoBocubupcek, Poccus).
B noxnane npeacTaBiieHbl pe3ysbTaThl HAIEr0 MHOMOBOJIHOBOI'O MOJIETHPOBAHUS 3JIEKTPOHHO-
BOJIHOBOT'O B3aUMOJICHCTBHUS B POCTPAHCTBEHHO-BPEMEHHOM Ipoliecce (HOpMUPOBAHUS U
YCUJICHHS CYIIEPMO/IbI B CBEPXPa3MEPHON MUKPOBOJIHOBOU cucTeME. PacueTHBIN 31€KTPOHHBIN
KIIJI aToro nasepa Ha ypoBHE 5% COOTBETCTBYET TMTaBaTTHOMY YPOBHIO BBIXOJIHOM MOIIIHOCTH.
[IporoTun pezoHaTopa Takoro Tuma pa3paboTaH U MPOTECTUPOBAH B XOJIOJAHBIX SKCIIEPUMEHTAX.
Pabota BeInonHeHa npu puHAHCOBOH noanepxke Poccuiickoro Hayunoro ¢onna, npoekt Ne 19-12-
00212.

CONDUCTION BAND ELECTRONIC STRUCTURE FEATURES OF MANGANESE
SULFIDE SOLID SOLUTIONS DOPED WITH LANTHANIDES #92
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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:

5= . K ((mHTE-'-z}”R“_(m%-'-z)'pﬂn)
, (1)

e My TP Hp

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 uV/K for Gd0.01Mn0.05S at 900K
/1/"). This fact allows one to consider the lanthanide-dopes solid solutions as promising functional
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 LnxMn1-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
LnxMnl-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., Balaev 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 TIOJIYUEHUSA BOJOPOJA: POIC U XANES
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Pacrymiee snepronorpediieHre COBPEMEHHOTO 0011IecTBa TPEOyeT pa3BUTHS ATbTEPHATHBHBIX
9KOJIOTMYECKU TPUEMIIEMBIX UICTOYHUKOB 3HEPTUH, OJJTHUM U3 KOTOPBIX MOXET CTaTh BOAOPOJ,
CUHTE3UPOBAHHBIN C UCIIOJIb30BaHUEM (DOTOKATATU3aTOPOB. [[eCTBUTEIBHO, BOJIOPO MOKHO
MOJTy4aTh MO ICHCTBHEM CBETa MPAKTUYECKU U3 JTIOOBIX OpraHNuecKuX coequHeHuil. bonee Toro,
(bOoTOKAaTaTUTUUECKUI CHHTE3 BOJOPOa PEIIUTh BayKHbIE HKOJIOTMYECKUE IPOOJIEMBbI, B YACTHOCTH,
OUYHMCTKA BOJIbI OT OPIraHUYECKUX 3arpsI3HUTENIECH. CBA3AHHBIE C 3arPsI3HEHUEM BOJIbl. TakuM
o0pa3oM, UCIoJib3ysl (OTOKATATUTHUECKHUE MTPOLECCHI, MOYKHO 00€CTIEUYUTh U OUUCTKY BOJIbI, U
nojry4eHue Bojopoa. OCHOBHBIMU POOJIeMaMy Ha JaHHBIH MOMEHT SIBJISIOTCS: JOPOTOBU3HA
BOJIOPO/JIa, MOJIYYEHHOTO ()OTO- U INEKTPOXUMUUYECKUMU METOJJaMH, U HEBbICOKast 3(h(PEeKTUBHOCTD
noJrydeHus: Bojopoa. B kauectBe (hoTokaTann3zaTopoB 0OBIYHO UCTIONB3YIOTCS
MOJIYTIPOBOTHUKOBBIE MaTepHAaJIbl, B JaHHOW padoTe M3ydyalld AUOKCH]I TUTaHA C HAHECEHHOM Ha ero
MOBEPXHOCTh Meblo. Llenb nanHoi paboTh! 3aKiIo4aeTcs B pa3paboTKe HOBBIX MOAXO0I0B K
OXapaKTepU30BaHUIO (POTOKATAIN3ATOPOB C HAHECEHHBIMH HAHOYACTUIIAMU MIEPEXOJHBIX METAJLIOB.
TpaguioHHO 1715 MOTYYEHHs] KATUOHHOTO paclpeeIeHe aTOMOB aKTUBHOT'O KOMIIOHEHTA
HCIIOIB3YIOT METO PEHTI€HOBCKON (DOTORIEKTPOHHOH CIIEKTPOCKONHUH. bbl1o 00HApYKEHO, 4TO B
npouecce 3anucu POIC cnekTpos npoucxoaut BocctaHoBienue Cu2+ no cocrosnus Cul+ u Cu0.
JlaHHbIH (akT HE MO3BOJSAET OAHO3HAYHO OTBETUTH Ha BOIPOC 00 UCXOIHOM COCTOSIHUU MEJH B
uccieayeMbix (hoTokaTaninzaTropax, 0ojee TOro He yAaeTcsi ONpeaesuTh OO MEeIU B COCTOSTHUH
Cul+ u Cu0, BcencTBre 0UHAKOBOW dHEPTUH CBsI3u Nuka Cu2p3/2 1 HEBO3MOXKHOCTH U3MEPECHHS
Osxe-mapametpa. bonee Toro, 66110 0OHAPYXKEHO, YTO HAHOYACTHIIBI MEJH JI0 U TIOCJIE PEaKLUU
HMMEIOT Pa3IMYHOE KaTUOHHOE pacnpeneneHue. C 3TON TOUKY 3peHUsI KpailHE BaKHO OINPEETUTh
KaTHOHHOE paclpeiefieHe MeIU, TaK Kak 3TO HAIpsSMYIO BIUSET Ha (DOTOKATaTUTHUYECKHE
cBoiicTBa. 151 perieHns JaHHOM 3a7jauu ObljIa UCIIOB30BaHa CIIEKTPOCKOIUS PEHTTE€HOBCKOTO
MOTJIONIEHMs], u3MepeHHas Ha K-kpae nornomenus Meau. beijio ycTaHOBIEHO, UTO MCTIONb30BaHHE
(OTOHOB BBICOKOW PHEPTUU HE MPUBOAUT K BOCCTAHOBJICHUIO ME/IU U MO3BOJISIET MOJIy4aTh BAKHYIO
nH(pOpPMALIKIO HE TOJBKO O KATHOHHOM pacIpesiefieHue aTOMOB Me/TH, HO U O (ha30BOM COCTaBe
MeabcoiepKaIuX (POTOKaTaIn3aTopoB. DKCIIepUMEHTHI OblTH npoBeaeHb! Ha YHY Cranims
EXAFS cnekrpockonuu. Pabota BeinoHeHa py PUHAHCOBOM Mo Aepkke MUHUCTEPCTBA HAYKH U
BhIcero obpasosanus Poccuiickoit @eneparu (Cornamenne Ne 075-15-2022-263).

JTAD®PAKIIMOHHBIA AHAJIN3 MHOT'OCJIOMHBIX MHOI'OQJEMEHTHBIX
HAHOCTPYKTYPUPOBAHHBIX META/VIMMECKUX IIJIEHOK #94
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MHOTr0371eMEHTHBIE CIIaBbl SKBUATOMHOTO (OJIM3KOT0 K SKBUATOMHOMY) COCTaBa (Tak Ha3bIBaeMbIE
BBICOKOAHTponuitHbIe cruiaBbl (BOC)) SBISIFOTCS, KaK MPABUIIO, OAHO(MA3HBIMU TEPMOIUHAMUYECKU
CTaOWJIBHBIMH TBEPJIBIMU PaCTBOPAMU 3aMEICHHs, peuMyIecTBeHHO, Ha ocHoBe OIIK mmm 'IK
KpHUCTaNIN4ecKoil pemeTku. B GonpmmHcTBe cityyaeB BOC 061a1ai0T yHUKAIBHBIM COUETAHUEM
MEXaHUYECKUX, TPUOOTOrHUECKUX, PU3NUECKHUX U T.JI. CBOWCTB, UTO MO3BOJISIET PEKOMEHI0BATh UX
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HCIIOJIb30BaHUE B AKCTPEMAJIbHBIX YCIOBUAX B PA3IMYHBIX OTPACISAX MPOMBIIIICHHOCTH.
Lenbio HacTosIIEH pabOTHI ABJISAETCS aHAIMU3 PE3YJIBTATOB, MOJIYUYECHHBIX [IPU UCCIIETOBAaHUN
AJIEMEHTHOTO U (pa30BOro cocraBa, 1e(PeKTHONU CyOCTPYKTYpPbl, MHOTOCIOWHBIX MHOT03JIEMEHTHBIX
HaHOCTPYKTYPHPOBAHHBIX METAITMUYECKUX TUICHOK (T.H. BHICOKO3HTPOIHMIMHBIE CIUIABBI
HECTEXUOMETPUUYECKOTO COCTaBa) METO/IaMU PEHTTEHOCTPYKTYPHOIO aHAJIM3a U MTPOCBEYUBAIOLIEH
TP PaKIUOHHON MEKTPOHHONH MUKPOCKOITUHU (MUKPOAH(PPAKITMOHHBIA M MUKPO-
MUKpoudpaknronnbiii ananu3). Mccnenyembie BOC cuHTE3MpOBaHbl B BUJIE TOHKUX TUICHOK,
c(OPMHPOBAHHBIX B PE3yJIbTaTE OCAXKICHHUSI MHOTO3JIEMEHTHON METANTNUYECKOM I1a3MBbl,
CO3/IaHHOM 3JIEKTPOYTOBBIM IUIa3MEHHO aCCHCTUPOBAHHBIM OJTHOBPEMEHHBIM HE3aBUCHUMbBIM
pacrblIeHHEeM KaTOI0B BEIOPaHHBIX 3JIEMEHTOB. B kauecTBe aneMeHToB, popmupyromux BOC,
ucnons3zoBanbl Nb, Mo, Cr, Ti, Al (manee BOC 1) u Ti, Al, Cu, Zr u Nb (nanee BOC 2). B xauectse
IIOJIJIOKKH HCII0JIb30BaHbI cTajib aycTeHUTHOro kiacca 12X18H10T, cras turana BT1-0 u
TBepAbIi cruiaB BK8. DkcrnepruMeHThI 0 HAHECEHUI0 MHOTORJIEMEHTHBIX IIEHOK METaJIJIOB
MPOBOJIMIIMCH HA HOHHO-TUTa3MeHHOM yctaHoBKe «KBUHTAY, pazpaboranHoii B 1abopaTopuu
1a3MeHHOM 3MuccuoHHOM AnekTporrku MCO CO PAH u Bxozsuiel B cOCTaBe KOMILIEKCA
«YHUKYYM» B niepeyeHb YHUKAIbHBIX 31eKTpoduznyecknx yctaHoBok Poccun (https://ckp-
rf.ru/usu/434216/). DnemenTHBIN U (a30BbIN COCTaB, NePEKTHYIO CYOCTPYKTYPY U3YUaIIH,
UCTIOJB3Ys CIEAYIONIee HayYHO-THarHOCTHYECKOE 000PyA0BaHHE: TPOCBEUNBAIOIINIA
nudpakroHHbBIN AeKTpoHHbINH Mukpockon (JEOL JEM-2100 F); pacTpoBbIii 371€KTpOHHBIHA
mukpockon (Philips SEM-515 ¢ mukpoananuzaropom EDAX ECON IV); peHTreHOBCKHA
muppakromerp Shimadzu XRD 6000; nCTOYHHK CHHXPOTPOHHOTO M3TYUCHUS — HAKOITUTEh
anexktponoB BOIIII-3, USA® CO PAH, BeicokoTeMniepaTypHasi peHTI€HOBCKas kamepa Anton Paar
HTK-2000, no3unoHHO-4yBCTBUTENBHBIN OJHOKOOpANHATHBIN AeTekTop O/-3M-350.
VYceranosneno, uro cmiassl BOC 1 u BOC 2 gBasitoTCS MHOTOCTOMHBIM HAHOKPUCTATUTMYECKUM
MarepuaioM. TolluHa cioeB u3MensieTcs B npeaenax (12-23) um. Pazmep kpucramimros,
dbopmupyromux ciou, (2-5) uM. [lokazano (MeTogamMu peHTTeHO(})A30BOTO aHAIKM3a), YTO TUICHKA
BOC 1 saBnsercs ogHopa3HBIM MaTepHaIoM Ha OCHOBE TBepaoro pactsopa coctaBa MoNbCrTiAl ¢
00BEMHOIIEHTPUPOBaHHOU KpucTamnieckoit pemetkoi (OLIK) ¢ mapamerpom 0,3166 M. [Tnenka
BOC 2 saBnsercs peHTTeHOaMOPHBIM MaTepuaioM. MeTogaMu MUKPOAU(PPAKIIMOHHOTO aHAIN3a
(TpocBeunBaroIias JIEKTPOHHASI MEKPOCKOTIHS) YCTaHOBJIEHO, uTo ieHka BOC 1 conepxur (B
MaJIOM KOJIMYECTBE) NOMONHUTENbHYIO (hasy y-AlTi. [Inenka BOC 2 copmupoBana
YepeayIOIUMUCS CIOSIMHU, HAXOAAIIMMUCS B KPUCTAJUIMYECKOM U aMOP(PHOM COCTOSIHUSIX.
AmMopHbIe crion o0oramieHbl aToMaMHi MEJIH.

UccnenoBanus o6pasnoB BOC 1 Ha TepMOCTOWKOCTh H )KapOCTOMKOCTh METOJIOM
peHTreHo(a30BOro aHaJIN3a C UCTI0IB30BAHUEM CUHXPOTPOHHOTO HU3ITYUYEHUS MTOKA3aJIH, YTO MPH
HarpeBaHUHW Ha BO3JIyX€ pacmaj CUCTeMbI HaunHaeTcs npu temmeparype (630-640) °C. ITpu
temnepatypax (1070-1080) °C nosBnsitoTcss HOBbIE peIeKChl, MPEANOI0KHUTEIBHO, OTHOCSIINECS
K OKCHIHBIM COCIMHEHUSM KOMITOHEHTOB ciiiaBa. Pediekcst BOC momHOCTBIO HCUe3aroT npu
temneparypax (1260-1270) °C. [lanee, HOKpbITHE HAUMHAET pa3pyLIaThCsl, IO3TOMY ONPEIEINUTD
KOHEYHOE COCTOSIHHE CIIIaBa HE MPEICTaBISETCS] BO3MOMKHBIM.

Pab6ota BeImonHeHa npu GpuHaHCcOBOM noanepxke Poccuiickoit deneparmu B nuie MuHUCTEpCTBA
HayKu U Bbiciiero oopazoanus (mpoekt Ne 075-15-2021-1348) B pamkax mepornpusituit Ne 2.1.5,
2.1.17 n 2.1.20 (uccnenoanus crasa BOC 1) u 3a cuer rpanrta Poccuiickoro Hayunoro ¢onma Ne
19-19-00183, https://rscf.ru/project/19-19-00183/ (uccnenoBanus craa BOC 2).

SELF-SUPPORTING X-RAY MASKS FOR THE MANUFACTURE OF PLANAR
ELEMENTS OF TERAHERTZ OPTICS BY DEEP X-RAY LITHOGRAPHY #95
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The design and methods of manufacturing self-supporting perforated (with through holes) metal
high-contrast in the X-ray spectral wavelength range L =~ 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.

PULSED WIRE FIELD MEASUREMENTS OF 128-PERIOD SUPERCONDUCTING
UNDULATOR #96
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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
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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 about 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.

THE PERFORMANCE OF THE CONDUCTION COOLED SUPERCONDUCTING
SOLENOID FOR THZ SPECTROSCOPY #98
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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.
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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
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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 CuCr1-xFexS2 exhibit promising thermoelectric properties. In the case of
vanadium-doped solid solutions CuCr1-xVxS2, the thermoelectric properties were not investigated
yet.

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 CuCrl1-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(Kb1,3)) 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 CuCr1-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
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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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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
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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
RMn28Si2 electronic structure is closely related to the determination of the magnetic properties.
Electronic states in Lal-xTbxMn28Si2 (x = 0, 0.27) intermetallic compounds were studied by
resonant 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. L. 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).
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B UII® PAH B TeyeHrne MHOTHX JIET pa3BUBACTCSA TEXHOJIOTHS CO3aHUs CyOTeparepLoBbIX U
TeparepuoBbIX TUPOTPOHOB € OOJIBIIUMU OPOUTAMHU, TO3BOJISIIOIINUX OCYIECTBISATH CEIEKTUBHYIO
TeHepaIuio Ha 60Jiee BEICOKHMX ITUKIOTPOHHBIX TAPMOHHUKAX, YEM 3TO BO3MOXKHO B TPATUIIUOHHBIX
rUpOTpoHax. B Hacrosmiee Bpems SKCIIepUMEHTAIIbHBIE UCCIIEI0BAHNS BEAYTCSA HA JBYX
CHEIUATU3UPOBAHHBIX YCTAHOBKAX.

Ha crenne, no3podsioiiemM GopMUpOBaThH JJIMHHOUMITYJIBCHBIE M HETIPEPHIBHBIE AIEKTPOHHBIE
My4KH ¢ dHeprueit yactui 10 30 k3B, u3yyaeTcst mpoTOTUI YHUBEPCATBLHOTO CyOTeparepIioBoro
HCTOYHMKA JUIsl MATHUTOPE30HAHCHOM CIIEKTPOCKONMH. B 3TOM renepartope nosryueHa
HETpepbIBHAS CEJIEKTUBHASI T€HEpalusi Ha BTOPOU U TPETheH IIUKIOTPOHHBIX TAPMOHUKAX C
yactotamu 0,267 u 0,394 TT'u npu momHoctr uznydenus 900 u 370 Bt cooTBercTBeHHO. s
MOJTydeHUS TEHEPAIMK Ha 4eTBEPTOM rapmMoHuKke Ha yacTorax 0,52-0,65 TI'1 paspaboTanbl HOBbIE
PE30HATOPHI C MEPUOINISCKUMU (Pa30BBIMH KOppekTopamu. Kpome Toro, u3ydaercs BO3MOKHOCTh
peanu3alyy Ha 3TOM CTEHJE TUPOTPOHA ¢ YHUKAIBHO MIMPOKOH MOJOCOM MJIABHON YaCTOTHOM
MEePECTPONKHU, OCHOBAHHOT'O Ha KOHTPOJIE YACTOThI T€HEPALIMH BHEIITHUM MEXaHUYECKU
TepecTpanBaeMbIM 3epKajioM. Takoil HICTOYHUK ObLT ObI BEChbMa BOCTPEOOBAH B
CHEKTPOCKOMUYECKUX MPHUIIOKEHUSX, e TPEOYIOTCS HICTOYHHUKH, 00SCIIEUNBAIOIINE COYCTAHNE
CTaOMIBHOCTHU (Y3KOIIOJIOCHOCTH ) TEHEPUPYEMOT'0 CUTHAJIa C BO3MOYKHOCTBIO €T0 TUTaBHOM
NEPECTPONKH B YACTOTHOM IMOJIOCE IUPHUHOMN XOTS ObI HECKOJIBKO MPOLEHTOB, YTO AaJI0 ObI
BO3MOKHOCTB ITOJIy4EHHE CIEKTPATbHON KAPTUHBI B OTHOCUTEIBHO IIUPOKOU MOJI0CE.

Ha crenne c aneprueit anektponoB 80-100 k3B uccnenyorcss BO3MOXHOCTH MOBBIIICHUS
MOIITHOCTH UMITYJILCHOM T€HEpaIliy Ha TPEThel TapMOHUKE Ha yacToTax, omm3kux k 1 TI'm, as
WCIOJIb30BAaHUS B HKCIIEPUMEHTAX 110 TOMyYEHHUIO Ta30BOT0 pa3psiia B CHOKYyCHPOBAaHHOM
TeparepioBOM BOJHOBOM ITyYKe U T€HEpAlTH MOLIHOTO SKCTPEMAJIbHOTO YIbTPadroIeTOBOTO
m3nyueHus. [lpennoxxena cxema peajin3anuu UCIYJIbCHOTO TEPATEPLIOBOTO THPOTPOHA C
MOIIHOCTBIO U3JTyYE€HHsI HA YPOBHE HECKOJIBKUX KHJIOBAaTT. OTAEIbHBIM HAIIPaBICHUEM B 3TUX
paboTax cTano ucclieOBaHHe BOZMOXHOCTEH HCIIOIH30BAHMS PE30HATOPOB C HECUMMETPUIHBIM
MIONIEPEYHBIM CEYEHUEM, KOTOPBIE CYHIECTBEHHO YJIYUILIAIOT CEJIEKTUBHBIE CBOMCTBA T€HEPATOPA.

ANALYSIS OF THE LOCAL ATOMIC STRUCTURE OF TIO2 BY SPECTROSCOPY OF
EXTENDED ELECTRON ENERGY LOSS FINE STRUCTURE #104
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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
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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 L.2,3 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 BOTAHUYECKHNX UCCJIEJOBAHUSX: DJIEMEHTHBIN COCTAB
PACTEHHMM M3 TOPHOT'O AJITASI (CEM. FABACEAE) #105
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BriepBbie n3y4ueHbl 0COOEHHOCTH 3JIEMEHTHOT'O COCTaBa PaCTEHUH pa3HbIX KU3HEHHBIX (hOpM
(TpaBsbl M KycTapHHKH) U3 ceM. Fabaceae, oOuTaromux B Uyiickoit kotiaoBuHe ['opHoro Anras,
METOJIOM PEHTT€HO(IYOPECIEHTHOTO aHAIN3a C UCIIOJIb30BAHUEM CUHXPOTPOHHOTO U3TyYeHHUS
(P®A CH) na o6opynoBanuu LIKIT "CLICTU" na 6aze BOIIII-3 Uucturyra snepuoit ¢puzuku CO
PAH. Ilenb paGoThl 3aKiIF049aIach B BBISIBJICHUH OCOOCHHOCTEH 3JIEMEHTHOT'O COCTaBa PacTCHUM
pa3HBIX TAKCOHOB M YCTAHOBJICHHH BUOB C BBICOKMM COJIEPKAHUEM MAKpPO- U MUKPOAJIEMEHTOB.
Marepuanom uccieoBaHus CIyKuiau oOpasibl TpaB — Oxytropis argentata (Pallas) Pers
(ocTponogounuk cepeOpucThIii), Astragalus tibetanus Benth. Ex Bunge (acTparan Tuberckuii) u
kycrapHukoB — Caragana Bungei Ledeb. (kaparana bynre). Pactenus coopansl B Uylickoii cTenu B
Kom-Arauckom paiione PecryOnuku Antaii B utone 2020 r. B reHepatuBHbIii nepuoa. O. argentata
1 A. tibetanus mpouspacrtaiau B 371aKOBO-OCTPOJIOIOYHUKOBOM acCCOIMAIMK B KOMITJIEKCHON CTEIH C
3aconienreM Ha BeicoTe 1804 m Hag yp.M. (N 49.92669 E 88.84287), C. Bungei — B OKpECTHOCTH C.
Kom-Arad na Beicote 1760 M Hag yp.m. (N 50.01888 E 88.64833). [Ipoanann3upoBaHbl JIUCTHS,
cTeOur, penpoayKTHBHBIE OpraHbl (000bI) ¥ OYBBI U3 TOYEK OTOOPa 00pa3LoB.

CpaBHHTENBHBIN aHATN3 TTOYB BBISIBUII MPEBBIIEHUE TT0 coaepkanuio Ca (62284 ppm) u Br (18
ppm) B TOUYKE 0TOOpa TPaBAHUCTHIX pacTeHuid U As (50 ppm) — B Touke or6opa C. Bungei,
COJIep>KaHUE OCTAbHBIX AJIEMEHTOB BapbUPOBAIO HE3HAYUTEIBHO.

[Toka3zaHo, yTo KOHIEHTpaus K y TpaBsiHUCTBIX BO3pacTaia B paay JUCThs — cTeOnu — 60051, a Ca,
HANpOTHUB, CHIKaJach. Y KyCTapHUKOB Haboqanack oOpaTHasi TeHAeHIMS: cofepxanue Ca Bbliie
B CTEOJISAX, YEM B JIUCThSAX, coaepxanue K mpu 3Tom octaBanoch 6e3 u3menenuil. B nienom, 6omee

BBICOKOE COJIepKaHNEe MAaKpPOAJIEMEHTOB YCTaHOBJIEHO B UCThax O. argentata (38769 ppm), HU3KOE
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— B cTeOisax A. tibetanus (16478 ppm).

CymmapHoe cofiepaHle MHUKPORJIEMEHTOB MakcuMalibHO B cteOisix C. Bungei u 606ax A.
tibetanus (590-588 ppm), muanmMansHO — B ucThax C. Bungei (376 ppm). 1o moBeimieHHOMY
conepkanuto Mn (77 ppm) Beaensitorces mucthbs, a Fe (371 ppm), Br u Cr (6.2 ppm) — ctebnu C.
Bungei. B muctesax O. argentata mpeumyIiiecTBeHHO HakarumBaetcs St (205 ppm), B cTebmsax A.
tibetanus — Zn (46 ppm), Ni (11 ppm) u Cu (8 ppm). OTMeuYeHO NOBBIIIEHHOE cofiepkanne Mo B
HAJ3E€MHBIX OpraHax TPaBSIHUCTHIX, YTO MOXKET OBITh CBA3AHO C IIEJIOYHON peakIueil MoYBbl U3-3a
BBICOKOI'O COJIEP’KAHUS COJIEH KaJIbLUsl.

OTMeueH CABUT B COOTHOIICHHH HEKOTOPBIX AieMeHTOB. 3HaueHue Fe/Mn usmensiercs ot 2.3 B
JHUCTBAX KYCTapHUKOB 110 6-7 — B TpaBax. 3HaueHue Ca/Sr Bo Bcex oOpasmax Beiie 100, uro
cUYHMTaeTCsl HOpMOH, HO y KycTapHuka C. Bungei oHO MakcuMaibHO  ocTuraet 255. Benmnunna
K/Rb Bapsupyer ot 340-660 B Ha/l3eMHBIX OpraHax TpaBSHUCTHIX 10 3344 y KyCTapHHKOB, 4TO,
BO3MO’KHO, CBSI3aHO C BUJIOBOM MPUHATIC)KHOCTBIO U YCIOBUSMHU MTPOU3PACTAHUS.

B pesynbrate, BriepBbI€ OIYYEHBI JOCTOBEPHBIE JaHHBIE IO cOoiepKaHUIO 20 3JIEMEHTOB B
Haa3eMHBIX opraHax O. argentata, A. tibetanus u C. Bungei u mouBax u3 Touek oT00pa pacTeHUH B
Uyiickol koTinoBuHE. OTMEUYEHA CBS3b HAKOIUIEHUS 3JIEMEHTOB C BUJJOBOW ITPUHAIIEKHOCTHIO
pacTeHul, KU3HEHHON (HOPMOM, yCIOBUSIMH TIpor3pactanus. [lomydeHHbIe JaHHBIE 110
3JIEMEHTHOMY COCTaBY PAaCTHTEIbHBIX 00PA3II0B U ITOYB MOTYT ObITh BKIIIOYECHBI B 0a3bl JAHHBIX.
ABTOpBI BeIpakatoT OsiarogapHocts Omnbre BacunbeBHe YaHKHMHOI 32 BBHITIOJIHCHUE aHAJIA30B.
PaboTa BbINOIHEHA TPU YaCTUYHOM nozaepkke rpanta POOU u Pecniybnuku Anrail B paMkax
npoekta Ne 20-44-040002 p_a.
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BriepBbie n3yueHbl 0COOEHHOCTH 3JIEMEHTHOTO COCTaBa KYCTAPHUKOB B YPOOIKOCHCTEME T.
HoBocubupcka MeTo1oM peHTTreHO(IyOpEeCIEHTHOTO aHallu3a ¢ UCTI0JIb30BaHUEM CUHXPOTPOHHOTO
uznyuenus: (POA CU) na o6opynoBanuu LIKIT "CLICTU" na 6a3ze BOIIII-3 UHcTHTYTA simepHON
¢uzuku CO PAH.

[enp paboTHI 3aKTIOYANIACh B OMPECICHIA U3MEHEHUN DIIEMEHTHOTO COCTaBa CUOMPCKUX BUIOB
KYCTapHHUKOB B YCJIOBUSIX aHTPOIIOI'€HHOTO BO3/ICHCTBUSA [l OLIEHKM KayecTBa OKpY Karouei
Cpe/Ibl U BBISIBIICHUS TOJIEPAHTHBIX K 3aTrPS3HEHUIO BHUJIOB.

Marepuanom uccieaoBaHus CIYKUIU 00pasibl ABYX BUJIOB criipen - Spiraea chamaedryfolia
(crupest myopaBkonucTHasi) U S. media (criupest cpennsisi) u3 ceM. Rosaceae u Myricaria bracteata
(MupHKapust IpUIIBETHUKOBAs ) U3 ceM. Tamaricaceae. M3ydyaeMble KyCTapHUKH MTPUBIIECKAIOT
BHUMaHHUE CBOCH JEKOPATUBHOCTHIO, SKOJIOTUIECKH IIACTHYHBI, TA30YCTOWYUBEI, ITUPOKO
UCIIOJIb3YIOTCS B 3€JIEHOM CTPOUTENbCTBE. PacTeHNs BhICaKE€HBI B OJIHOM M3 Haubouee
HEOJIaronpHUsATHBIX C 3KOJIOTHYECKOI TOUKH 3peHHs paiioHe - Jlennnckom. B kauectBe ¢ona
BBIOpaHbI pacTeHwus, mpouspacrarime Ha Tepputopuu [[CBC CO PAH.

CpaBHUTENBHBIN aHATTN3 TTOYBHI U3 TOYEK OTOOpA PACTUTEIBHBIX 00Pa3I[0B MOKA3aJl IPEBBIIICHHIE
no coaepxkanuto Ca, Co, Cu, Zn, As, Br, Sr, Zr u cHuxkeHue Mn B ropoJICKUX O4Bax 1o
CPaBHEHHUIO C KOHTPOJIEM.

HccnenoBanue copepxaHusi MaKpo- U MUKPO3JIEMEHTOB B HaJ[36MHBIX OpraHax pacTeHUI
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MO0Ka3aJio, 4YTO KOHIeHTpalus MakpoaieMeHToB K u Ca Bblllle B TUCTBSIX, YEM B CTEOJISAX BHE
3aBUCUMOCTH OT TAKCOHA U MECTa MPOU3pacTaHus. B yClIoBHsIX aHTPONOT€HHOTO BO3IEUCTBUS
conepkanue K B pacTeHHsIX HUXKeE, YeM B (POHOBBIX YCIOBHSIX, a cofepxanue Ca B IUCThSX,
HAIpOTHUB, Bo3pacTaeT. Haubombliee copepkanne Makpo- 1 MUKPOIJIEMEHTOB 0OHAPYKEHO B
nucThax M. bracteata u cre6msax Spiraea. OOHAPYKEHO, UTO B PACTCHHSX 110]] aHTPOIIOTCHHBIM
BO3JIeHiCTBUEM MOBHITIanock conepxkanue Ca, Ti, V, Fe, Co, Br, Sr, Y, Zr, Nb, Pb u canxanocs K,
Zn u Mo o cpaBHeHMIO ¢ (hoHOM. Hambomee cuiibHOE 3arps3HEHUE TSKEITBIMA METaUIaMH B
TOPOJICKHX YCJIOBHUSX OTMEUEHO Yy pacTeHuil M. bracteata.

Paccunrtan koadurment 6moreoxumudeckoit Tpanchopmaiuu (Zv), oTpaxaronii HapymeHue
HOPMAaJIbHBIX COOTHOIICHHUH 3JIEMEHTOB B OpraHax pacTeHUM B pe3yJbTaTe yCUICHUS
aHTpornoreHHo! Harpy3ku. Hanbounee cyiecTBeHHbIE U3BMEHEHHUS AJIEMEHTHOTO COCTaBa pacTeHHM
0] aHTPOIIOTEHHBIM BO3/ICHCTBHEM OTMEUEHBI Y pacTeHuid Buaa M. bracteata, Zv nuctbeB
KOTOpOro paBHO 63.7, uto B 1.7-4.8 pa3 BhIlIe, 4eM y pacteHuit Spiraca. Hanbomnee ycTonduBbI K
3arpsi3sHeHuIo pactenus S. chamaedryfolia (Zv = 13.3).

B pesynbrate, BriepBble MOTYYeHbI JOCTOBEPHBIEC JaHHBIE IO cojepkaHuio 20 371eMEHTOB B
oOpa3iax cuOMpCcKUX KycTapHUKOB - S. chamaedryfolia, S. media u M. bracteata B ypbosakocucreme
r. HoBocuOupcka. Brigenens! Hanbosee ToJEpaHTHBIE K 3aTPSA3HEHUIO B TOPOJICKUX YCIOBHSIX
BU/JIbI, KOTOPBIE MOTYT OBITh PEKOMEHIOBAHBI JUISI ITUPOKOTO UCTIOIH30BAHUS B 3€JICHOM
cTpoutenbeTBe. [loayyeHHbIe JaHHbBIE TI0 AIIEMEHTHOMY COCTaBY PaCTUTENbHBIX 00pa31oB U M0YB
MOTYT OBITh BKJIFOUEHBI B 0a3bl TaHHBIX.

ABtopsl 01arogapasl Onbere BacunbeBHe YaHKWHOMN 32 BBIMTOJTHEHUE aHATH30B.

SPECTROSCOPIC (XAFS AND XPS) INVESTIGATIONS OF NANOCOATINGS
DEPOSITED ON THE SURFACE OF POROUS ALUMINA #107
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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)

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.

97



SFR-2022 Book of abstracts

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
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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.

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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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
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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
20: 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
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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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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
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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.

NCIHHOJBb30BAHUE NOJYYEHHOI'O B JINY KNJIOAMITIEPHOI'O POIT JIJISA
TEHEPALIMH TI'Ll U3JIYYEHUS ITPU PA3BBUTHH JIBYXIIOTOKOBOM
HEYCTOMYUBOCTHU B MIYUYKOBO-IIJIABMEHHOUW CUCTEME #115
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[IpoBenennsie Ha yctaHoBke ['OJI-IIOT uccnenoBanust MexaHU3MOB FeHEPALIUU
cyommmumerpoBoro u3naydenus (0.1 —0.5 TT') npu KOJIIEKTUBHOM peraKkcaluy peasiTHBUCTCKOTO
anekTpoHHoro nmydka (POI1 ¢ mapamerpamu 0,6 MaB/ 15 KA/ 5 MKc) B m1a3me ¢ INIOTHOCTBIO ~5
1014 cM-3 mpoIeMOHCTPUPOBATU JOCTUAKUMOCTh B TOTOKE U3Ty4YECHHS YPOBHS MOITHOCTH ~10
MBT npu MUKpOCEKYHIHOM JUIUTENBHOCTH [1]. DKCIIEpUMEHTHI IPOBOJATCS B IPOOOYHOM
MarHuTHOM noJie 4.5/3.2 Tn npu moTHOCTH TOKA my4ka (1-2) kA/cM2. [l mpoaBMKeHHS B
reHepanuy u3nydeHus B 061acts yactoT ~1 TI'1 1 BbIlIe ¢ UCTIONB30BaHUEM MEXaHU3MOB
reHepanuy B MyYKOBO-IUIa3MEHHOM cucTeMe HEOOXO0AUM MOABEM IUIOTHOCTH TOKA IydYKa B
HECKOJIBKO pa3 IpH NOAJEPKAHUU €0 YIIIOBOH PacXOAMMOCTH Ha HU3KOM ypoBHe. [1ydok ¢
TaKMMH [apaMeTpaMu MOXKET OBbITh MOIY4YEH MyTEM MarHUTHOTO CKAaTHs CEYCHUS My4Ka,
reHepupyemoro B JINY [2]. Bo3MOXHBIM 3aTpyJHEHUEM K pealn3aliy Npoliecca reHepauun
TepareploBOro U3JIy4YeHHs B IJIa3Me C UCTIOIb30BAaHUEM TAKOTO MyYyKa MOXKET 0Ka3aTbCs €ro
HeOombas (~ 100 HC) IIUTENBEHOCTD [2], KOTOpast MOXKET MPUBECTH K HEIOCTATOYHOMY YPOBHIO
HAaKaYyMBaEMbIX MyYKOM IJIa3MEHHBIX KoJeOaHnil. Bo3MOXXHOCTh MPEOI0JIEHUSs ATOTO 3aTPYAHEHHS

101



SFR-2022 Book of abstracts

MOJTBEPIKIAETCS pe3yIbTaTaMU UCCIEOBaHUM BBICOKO3(DPEKTUBHOTO KOJIIIEKTUBHOTO
TOPMOKEHHS B IJIa3Me MyYKOB C ITUTENbHOCTHIO MacimTada 100 He, KOTOpbIe OBLIN MPOBEICHBI HA
yctanoBke MHAP [3, 4].

B npencraBnsiemom qokane OyaeT mpoaHaan3upoBaHa MEPCIeKTHBA UCIIOIb30BAHUS ITyYKa
3JIEKTPOHOB, MoJiydaeMoro Ha Beixojie u3 JINY ¢ sueprueii 1 MaB, Tokom 2 KA U ITUTETBHOCTHIO
~ 100 HC, A7 TeHepaly TEPareproBOro U3JIyYeHHs B 3aMarHHYeHHOM 1u1a3Me. DTOT aHaiuu3 OyneT
0a3upoBaTHCS HA OTMEUYEHHBIX BBIIIE Pe3yJbTaTaX dKCIEPUMEHTAIBHBIX UCCIIEOBAHUN U
TEOPETUUYECKHUX MPEICTABICHHUIX O MEXaHM3MaX TpaHCOpMAIINH IIA3MEHHBIX KoeOaHuil B
AJIEKTPOMAarHUTHHIE BOJIHBI.

Jlutreparypa

[1]. Arzhannikov A.V., Ivanov [.A., 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]. ApxannukoB A.B., Bypnakos A.B., Koiinaun B.C. u np. YBenuuenue 3¢pdexruBaocTn
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[4]. Arzhannikov A.V., Burdakov A.V., Burmasov V.S. et al. Plasma heating in a solenoid by
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and Tech. Novosibirsk, 1979, P. 29 — 42,

DISPERSION STRENGTHENING OF COPPER USED FOR THE MANU-FACTURE OF
LINERS FOR SUPERCONDUCTING INSERTION DEVICES FOR GENERATING
SYNCHROTRON RADIATION #116

Submitted by Alexandr Zhdanok

For track: SR and FEL sources and centers

Authors:

. Boris Tolochko (Institute of solid state chemistry and mechanochemistry)

. Alexandr Zhdanok (Institute of Solid State Chemistry and Mechanochemistry Siberian
Branch of the Russian Academy of Sciences)

. Victor Kuznetsov (Institute of Solid State Chemistry and Mechanochemistry of the Siberian
Branch of the Russian Academy of Sciences, Novosibirsk)

. Zoya Korotaeva (Institute of Solid State Chemistry and Mechanochemistry, Siberian Branch
of the Russian Academy of Sciences, Novosibirsk)

. Liliya Berdnikova (Institute of Solid State Chemistry and Mechanochemistry, Siberian

Branch of the Russian Academy of Sciences, Novosibirsk)
. Mikhail Mikhailenko (Institute of Solid State Chemistry and Mechanochemistry SB RAS)
. Natalia Stepanova (Novosibirsk State Technical University, Novosibirsk)

Cast samples (unmodified and modified with multi-walled carbon nanotubes (MWCNTs)) based on
M1 grade copper were obtained. For this, MWCNTSs 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.
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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).
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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-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
RbAP 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
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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 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
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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
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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).
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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
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 IIIA 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 Ti2AlC 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
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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 27 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
(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.
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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
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 aresult 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
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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
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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
increased the lasing wavelength range to 15-120 pm. 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
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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
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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).
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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).
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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 (II) 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).

POTENTIAL TRACE OF THE PAEKTUSAN VOLCANO ERUPTION IN THE DATED
LAYER OF THE BOTTOM SEDIMENTS OF LAKE BELE ACCORDING TO THE
SCANNING pXRF-SR DATA #135

Submitted by Andrey Darin
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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
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of the core material. A thin section containing an anomalous layer was studied using a confocal X-
ray microscopy. 2D scanning with 20 pm 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 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
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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.

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
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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
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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 RFMEFI162119X0022).

[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.

HCCJIEJJOBAHME YCJIOBU1 ®OPMHUPOBAHMS A2-DA3HI B
MEXAHOKOMITIO3UTAX CUCTEMBbI TI-AL METOJAMU CUHXPOTPOHHOTI' O
N3JTYYEHUA #139

Submitted by Alexey Sobachkin

For track: X-ray structural analysis

Authors:

. Anekceit CobaukuH (ANTalCKUi TOCYIapCTBEHHBIA TEXHUYECKUN yHUBEpCUTET M. U. 1.
ITon3yHoBa)

. Anekcannp CUTHUKOB (ANTaliCKUi TOCYIapCTBEHHBIM TEXHUYECKUN YHUBEpcUTeT uM. M. 1.
ITon3yHoBa)

. Mapuna JlorunoBa (AnTaiicKuii TOCY1apCTBEHHBIM TEXHUYECKUN YHUBepcuTeT um. 1. U.
ITon3yHoBa)

. Brnagumup SIkoBneB (AnTailcKkuii TOCy1apCTBEHHBIM TEXHUYECKUA YHUBEepcuTeT uMm. 1. U.
ITon3yHoBa)

. Banepuit ®unumonoB (AnTaliCKui TOCY1IapCTBEHHBIN TEXHUUECKUH yHUBEpCcUTET uM. M. 1.
ITon3yHoBa)

. Anekceit HeroasieB (Anraiickuii rocy1apcTBEHHBIN TeXHUUECKH yHUBepcutet um. U. U.
ITon3yHoBa)

. AHnpeit MsicHuKOB (ANTalCKH TOCYIapCTBEHHBI TEXHUYECKUN YHUBEpCUTET M. WM. 1.
ITonsynoBa; MuctuTyT Xumuu tBepaoro tena u Mexanoxumuu CO PAH)

. Mapat lapadyranaos (MacTuTyT XMiMuu TBepaoro tena u mexanoxumun CO PAH; IIKII

«CKN®», Unctutyt katanusza um. I'.K. bopeckosa CO PAH)

B paGore nmpoBeieHO in situ CHHXpOTPOHHBIE UCCIIEIOBaHUS JUHAMUKHU (ha3000pa30BaHUs B
MEXaHMYEeCKU aKTHBHPOBaHHOMU mopoikoBoii cmecu Ti+ Al (16 mac.%) npu peanuzauuu
BBICOKOTEMIIEPATYPHOT'O CUHTE3a B YCJIOBHIX 00BEMHOTO BOCINIAMEHEHHUSI METOJIOM
MHAYKIIMOHHOTO Harpesa. HAYyKIIMOHHBIN HarpeB NPOU3BOAMIICS C IIOMOLIbIO SKCIIEPUMEHTAIbHON
ycranoBkH (VUS ver.1), paspaboTaHHO# 1y pabOThI MO ITYYKOM CHHXPOTPOHHOTO U3ITyYCHUSI.
VYcranoska VUS ver.]l umeeT BO3MOXHOCTh MPOU3BOIUTh MHIYKIIMOHHBIN HarpeB oOpasiia moja
BaKyyMOM U TO3BOJISIET pazorpeBars oOpaser 10 1500 °C. MccnenoBanue npoBOAUIOCH B
WNucturyre saepuoit pusuku CO PAH um. bynkepa (Poccus, . HoBocubupck) Ha craniuu Sb
«ludpakimoHHOe KUHO» HaKomuTens snekTpoHos BOIIII-3.

OOBeKTOM UCCeI0BaHUs ObUIM IPEJBAPUTENILHO PACCEsTHHbIE MOPOIIKH antoMuHus [1A pasmepom
gactul 50+10 Mxm u tutana [ITM pasmepom 50+10 mMxm.

DKCIEepUMEHTAIIBHO MCCIIEI0BAHO BIMSHUE BPEMEHN MEXaHOAKTUBALMOHHONW 00pabOTKH UCXOIHON
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cmecH (1, 3, 7 MUH.) Ha MAaKPOKWHETUYECKUE ITapaMeTphl CUHTE3a. J[J1s1 Bcex peknuMOoB
MEXaHOAKTHUBALMHN YCTaHOBIIEHO, 4TO 00pa3oBaHue Kak ycToiunBbix coeaunenuit (Ti3Al, TiAl3,
TiAl2, TiAl), Tak u metactabunbnbIX a3 (Ti9A123, Ti5All1, Ti2AlS, Ti3AlS) npoucxoaut Ha
JTare MepBUYHOTO CTPYKTYPOOOpa30BaHHUs, O BEIXOAAa CUCTEMBI Ha TEIUIOBOW B3phIB. [Ipu cuHTE3e
MOPOIITKOBOM CMECH, MEXaHOAKTUBHUPOBAHHOM B T€UeHHE 7 MUH., yke Tipu 40 °C HabmrogaeTcs
dopmupoBanus coenunenuit (Ti2AlS5 u TiSAI11). Taxxke 11t BCeX peKUMOB MEXaHOAKTHUBAITUI
BBICOKOTEMIIEPATYPHBII CHHTE3 CMECH UCCIIEyEMOT0 COCTaBa MPOXOIUT 6e3 00pa3oBaHUs KUIKOM
(a3, B pexrmMe TBepA0(}Ha3HOTO TOPEHHUS, YTO CBUACTEIHCTBYET O HOBBIX MEXaHU3MaxX U y3un
Y MaccolepeHoca B TBepA0(pa3HOM rOpEeHUN MEXaHOAKTUBUPOBAHHBIX CTPYKTYp. Y BeJIMUEHHE
BpPEMEHHU NPEIBAPUTEIHHON MEXaHOAKTHBAIIMOHHOM 00paboTku cMmecu coctaBa Ti+ Al (16 mac.%)
MPUBOJUT K U3MEHEHUIO TEPMUYECKUX ITapaMEeTPOB FOPEHUsI: CHUKAIOTCS BpeMs U TeMIepaTypa
HayaJia pearupoBaHUs KOMIIOHEHTOB, /TSl | MUH. MEXaHOAKTHUBAIIUU C YHEPTOHANIPSHKEHHOCTHIO 40
g TeMIieparypa Havyana HarpeBa cMecu coctapiigeT 603 °C, mist 3 MmuH. MexaHoakTuBauu — 442 °C,
Juist 7 MuH. MexaHoakTuBauu — 359 °C. MakcuMalbHas TeMreparypa ropeHHs COCTaBIseT: s |
MuH. MexaHoakTuBanun — 1080 °C, mis 3 muH. MmexanoaktuBanuu — 1003 °C, nug 7 MuH.
Mexanoaktupamu — 820 °C.

Jnst pexKMMOB MEXaHOAKTUBAUK | U 3 MUHYTBI C SHEPrOHANPSKEHHOCTHIO 40 g K MOMEHTY
OKOHYAHUS pEeaKLUN CUHTE3UPYETCss MHOTO(a3HbIN NpoaykKT, coctoaumii u3 TiAl3, Ti3Al u TiAl2.
OcnoBHoe coequaeHne TiAl3. Jlis 1 MuH. MeXaHOAKTHUBAIMH 10 JaHHBIM KOJMYECTBEHHOTO
pacuera conepxkanue TiAl3 cocraBnsieT 50 %, st 3 MUH. MexaHOaKTUBaIMU coaepkanue TiAl3
cocraBisieT 60 %. [IpenBapuTenbHast MEXaHOAKTUBALIMS B T€YEHHE 7 MHUH. CIOCOOCTBYET
(hOpMHPOBAHUIO MPOJIYKTA C JOMUHUPYIOIIUM COJIEP)KaHUEM HHTEPMETATUAHOTO COeTMHEHUS
Ti3Al, cocraBmusromum 68 %. Taxke 3adukcupoBano npucyrcteue TiAl2 — 26 % u TiAl3 — 6 %.
PaboTa npoBoamnacek B pamkax rocymapcrseHHoro 3aganus Ne FZMM-2020-0002.
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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
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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 Mdssbauer 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 Mossbauer 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.
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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)5CI1][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. OsCl3 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 Cl K- and X-ray emission Cl K3 spectra of the
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complexes (NH4)2[OsCl6], [M(NH3)4][OsCl6] (M = Pd, Pt) and [Co(NH3)5Cl1][OsCl16] and chain
compounds OsCI3 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).
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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
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.
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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.
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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 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:

. Vladimir Nazmov (BUdker Institute of Nuclear Physics)

. 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
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=723:182:69:09:1.2:0.6. At
25 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 IT 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
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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
I/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 - 1 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

Author: Ivan Bataev (Novosibirsk State Technical University)

LA. Bataev, M.V. Gorbachev, I.P. Dolbnya, A.M. Korskunsky, 1.V. Malyshev, N.A. Mezentsev, A.V.
Murzina, V.S. Naumkin, 1.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 MPOXOKAEHUW YEPE3 OIITUYECKHUE
IJIEMEHTDBI #146

Submitted by Yuri Khomyakov

For track: SR technological application and X-ray apparatus

Author: FO.B. XomsikoB (HoBocubupckuit rocynapCcTBeHHBIN YHUBEPCUTET, THCTUTYT sepHOM
¢uzuku um. I''1. bByakepa CO PAH)

Co-authors:
. T.I1. JI3t06una (HoBocuOMpCkHii rocy1apCTBEHHBIM TEXHOIOTHYECKUH YHUBEPCHUTET),
. A.B. Pakmryn (CuOupckuii rocy1TapCTBEHHBIN YHUBEPCHUTET TEIEKOMMYHUKAITUN 1

uHpopmaruku, UactutyT sinepuoit pusuku um. I'.11. bynkepa CO PAH)

Huzkuii SMUTTaHC HOBBIX HCTOYHUKOB CUHXPOTpPOHHOTO M3nydeHus (CH1) cnocobcTByeT pocty
J0JTH KOT€PEHTHBIX (POTOHOB B TCHEPHPYEMBIX IMTyYKaX. ITO MPUBOJIUT K Y)KECTOUCHHUIO
Tp660BaHHI>'I Ha ONTUKY SKCIICPUMCHTAJIbHBIX CTaHHHﬁ. B YaCTHOCTH, CYIIICCTBCHHBIMU CTAHOBATCH
3¢ dexThI, 00yCIOBICHHBIC HCKAXEHUSIMH BOJTHOBOTO ()POHTA IMYYKOB U3ITYUYCHHS HA ONITHYECKHUX
3JIEMEHTAX. DTO €CTECTBEHHLIM 06pa30M IMPUBOJUT K HCOGXO,Z[I/IMOCTI/I HUCITIOJIB30BaHUA BOJTHOBBIX
MOJTXO/IOB TIPY MOJCITUPOBAHUN PACTIPOCTPAHECHHUSI KOTEPEHTHBIX U YaCTHYHO KOTEPEHTHBIX ITyYKOB.
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Co0TBETCTBEHHO, MTOAX0/Ibl, OCHOBAHHBIE HAa TPACCUPOBKE JIydeil (reoMeTpruyecKas OlnTrKa)
NEpCCTArOT KOPPCKTHO ONMHUCHIBATL OTITUYCCKUC SIBJICHUA.

C nenpro pa3BUTHS BOJHOBBIX MOAX00B K pacuéram myukoB CU Hamu ObLT pazpaboTan
IIPOrPaMMHBIN KO/, UCIIOJIb3YIOIIUN IPOCKIUOHHBIN METOJ ISl MOJAEIUPOBAHMS IIPOXOKIACHUS
MYYKOB Yepe3 COCTaBHbIE MPETOMIISIONINE JIMH3bI, a TakxkKe split-step MeTo1 4711 MOIETTUPOBaHUS
OTpa)KE€HUs MyYKOB OT PEHTI€HOBCKUX 3epKasl. Kpome Toro, KoJ1 mo3BOJIsSET ONMKUCHIBATH
¢dbopMupoBaHUE MTyYKOB (PpEHEIEBCKUMH 30HHBIMU IIaCTUHKaMU. OH yUYHTBHIBAET MOTJIONIEHUE B
MaTepHaax JMH3 U 3epKajl, HIepOXOBATOCTU OBEPXHOCTEH U OIIMOKH MO3UIIMOHUPOBAHUS U
HAKJIOHA, YTO JIEJIAeT €ro MePCIeKTUBHBIM HHCTPYMEHTOM KakK ISl MOAEINPOBAHUS
HKCHEPUMEHTOB, TaK U IS pa3pabOTKN 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:

. Ivan Gusev (BINP SB RAS)

. 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 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).
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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:

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

. 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-
educational 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.

KWJIOAMITIEPHBIN SJJEKTPOHHBIN ITYYOK JUHEMHOT'O NHAYKIIMOHHOI' O
YCKOPHUTEJISI —- KAK IPAUBEP JJIS1 CYBMUJIJIMMETPOBOT O JICD #150
Submitted by Evgeny Sandalov

For track: THz radiation aplication

Author: Evgeny Sandalov (Budker Institute of nuclear physics of SB RAS)

E.C. Canoanos, C.JI. Cunuyxuii, /] A. Hukugopos, A.B. Aposcannuxos, /. U. Ckosopooun
(Mncmumym soepnoti pusuxu um. byoxepa CO PAH, Hosocubupckuti cocyoapcmeeH bl
yrusepcumem), B. A. Ilagniouenxo (Mncmumym soeproti ¢puzuxu um. byokepa CO PAH), H.C.
Tunzoype, H.IO. Ileckos, (Mncmumym npuxaaouou ¢puzuku PAH, Husxcnuti Hoeeopoo), P. B.
Ilpomac, /]. 1O. Kapaces (Poccutickuii ghedepanvhwiii si0epHulil yeHmp — Bcepoccutickuii Hay4Ho-
uccnedosamenbCKull UHCmumym mexuuieckou gusuxu um. 3ababaxuna, CHeMHCUHCK)

B US® CO PAH coBmectro ¢ UTID PAH 6511 ipenioskeH MpoeKT CyOMHWIMMETPOBOTO Jla3epa Ha
cB0OOIHBIX AtekTpoHax (JICD) Ha Ga3e peNATUBUCTCKOTO 3JIEKTPOHHOTO My4yKa, TEHEPUPYEMOTro B
TuHeWHOM HHAYKInoHHOM yckoputene (JINY) [1]. CornacHo Hamemy TeopeTndeckomMy aHanu3y [1],
AJEKTPOHHBIA MYYOK, co3gaBaeMbiii B JINY [2-4] (sHeprus E.= 5 M»3B, Tox b= 1-2 KA,
HOPMaJIM30BaHHBIN SMHUTTaHC &,~1100 7-MM-Mpaz), SBISETCS MOIXOIALNIUM IPAUBEPOM JISI
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reHepanuu cyol BT ummnynscoB korepeHTHOr0 OM-m3nydeHus B cyomm auanaszone (0.3-1 TT'm). B
KauecTBE 3JEKTPOIUHAMUYECKON cuctembl Takoro JICD-reHepaTopa MOXKET OBITh HCIIOJIB30BaH
JIBYX3epKAJIbHBIM PE30HATOp Ha OCHOBE cBepxpasMepHbix (@ < 504) BBICOKOCEIECKTHBHBIX
otpaxareneii [5], mubo crpykryp Tans6o [6]. [[pumeHeHrE TaKUX CTPYKTYP MO3BOJISET 00SCIEUUTh
Y3KOIOIOCHYIO reHepanuio DM-usinydenus ¢ Aw/w ~ 10™* npu BricokoM smexTpornoM KITJI
(~5%). Hna mnpoBeaeHHs OHKCIEPUMEHTOB II0 TEHEpaluu CyOMM H3JIy4eHUS HEoO0XOAMMO
OCYIIIECTBUTH MIPEIBAPUTEILHOE CIKATHE MONEPEYHOT0 CEYCHHUSI ITydKa OT €ro HAa4albHOTO ThaMeTpa
4 cm no pasmepa menee 204 (20 mm g 0.3 TI'm u 6 mm g 1 TI'n) B ciydae nmpuMeHEHHS
OpATTOBCKUX OTpaxkareneil. [y pelneHus MOCTaBIEHHOW 3aJayr HaMU Obla CO3JaHa MOJENb, C
MOMOIIBI0 KOTOPOM pacCUMTaHbl CKaTHE MyYKa U €r0 pacnpoCTpaHeHUuEe B MarHUTHOM mose JICD,
CO3/1aBa€MOM  OJHOPOJTHBIM COJICHOMJIOM U BHHTOBBIM oOHAynsaTopoM. [lo pesynbraram
MOJIETTMPOBaHUSl pa3paboTaHa KOHCTPYKLHS MAarHUTHOMW CHCTEMbl C)KAaTHUA IydKa M pacKayku
MOTIEPEYHBIX KOJEOAHUN ero 3JIEKTPOHOB. YCIENIHbIE SKCIIEPUMEHTHI MO CHKATHUIO AIEKTPOHHOTO
nydka 5 MaB/1 KA B mpoTOTHIIE CHCTEMBI KOMITPECCUU TTydKa MpeICTaBIeHHI B [ 7-8].

PH® Ne 19-12-00212.
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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(BOs3)4 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
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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(BO3)s4 crystal using x-
ray natural circular dichroism (XNCD) effect. XNCD [4] is defined as a difference in absorption cross
sections for right o+ 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. 1. Popov, D. 1. 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. H>O, CO, hydrocarbons and functional
groups on the surface which can be used for estimation of catalytic properties of Pd 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 Hz 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.

127



SFR-2022 Book of abstracts

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
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
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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.

Acknowledgment.

This study was supported by the Ministry of Science and Higher Education of the Russian Federation
within a State assignment for the Federal Scientific Research Centre ‘“‘Crystallography and
Photonics” of the Russian Academy of Sciences (project no. 075-15-2021-1362) and by the Russian
Foundation for Basic Research (project No. 19-29-12043mk). The work of N.B. Klimova was
supported by the Russian Federal Academic Leadership Program Priority 2030 at the Immanuel Kant
Baltic Federal University. The work of V.A. Yunkin was partially supported by State assignment No.
075-00706-22-00. The work of P.A. Prosekov was partially supported as part of the work under the
Ministry of Science and Higher Education within the State assignment FSRC "Crystallography and
Photonics" of the Russian Academy of Sciences. The author acknowledges great support from
Oleksandr Yefanov (CFEL@DESY, Hamburg, Germany).

References:

[1] M. Polikarpov, H. Emerich, N. Klimova. I. Snigireva and A. Snigirev Diffraction losses in
monocrystalline X-ray refractive lenses // Proceedings of SPIE — 2017. — Vol.10235, — P. 102350H-
2.

[2] N. Klimova, O. Yefanov, A. Snigirev, Predicting glitches of Intensity in single-crystal diamond
CRLs // AIP Conference Proceedings — 2020. — Vol. 2299(060016).

[3] N. Klimova, O. Yefanov, I. Snigireva, A. Snigirev, Determination of the exact orientation of
single-crystal X-ray optics from its glitch spectrum and modeling of glitches for an arbitrary
configuration // Crystals. —2021. - Vol. 11(5):504.

[4] N. Klimova, I. Snigireva, A. Snigirev, O. Yefanov, Suppressing diffraction-related intensity losses
in transmissive single-crystal X-ray optics // Crystals. —2021; - Vol. 11(12), 1561.

[5] N. Klimova, I. Snigireva, A. Snigirev, O. Yefanov, Using diffraction losses in the single-crystal
X-ray optics for precise determination of its cell parameters and tuning the monochromator // Journal
of Synchrotron Radiation. — 2022. — Vol. 29. — P. 369-376.

[6] V. G. Kohn, A. G. Kulikov, P. A. Prosekov, A. Y. Seregin, A. V. Targonsky, Y. A. Eliovich, Y.
V. Pisarevsky, A. E. Blagov and M. V. Kovalchuk, Synchrotron radiation diffraction in a single
crystal of paratellurite investigated with a new experimental scheme// Journal of Synchrotron
Radiation. — 2020. — Vol. 27. — P. 378-385.

[7] A. Snigirev, L.Snigireva, M. Grigoriev, V. Yunkin, M. Di Michiel, S. Kuznetsov, G. Vaughan
Silicon Planar Lenses for High Energy X-ray Nanofocusing // Proc. SPIE. — 2007. — P. 670506 .

INVESTIGATION OF THE FACTORS DETERMINING THE EFFICIENCY OF THE
INTERACTION OF ALUMINUM ALLOYS ACTIVATED BY GA-IN-EUTECTIC WITH
WATER IN HYDROGEN CARTRIDGES #154

Submitted by Alexander Nizovskii

For track: X-ray structural analysis

Author: Alexandr Nizovskii (Boreskov Institute of Catalysis SB RAS)

A.L Nizovskii, A.N. Shmakov, A.V. Kulikov, E.A. Suprun, V.1. Bukhtiyarov, (Boreskov Institute of
Catalysis Siberian Division of RAS, Novosibirsk)

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
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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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