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OcHogHble HaripasesieHUA pa60m:

1. Coz0anue HOBBIX UHCMPYMEHMOE U MEMOO08 UCCTe008AHUA CRUH-3ABUCUMDBIX AGICHUIL,
YCMPOUCme u npudopoe 6aKyyMHoOU CRUHMPOHUKU.
BaKyyMHbIli CMUH-AMO04, CUH-TPUOA,;

HoBbIM MCTOYHWUK CMUH-MONSAPU3OBAHHbBIX 31EKTPOHOB;

CnuH-geTekTopbl CBOOOAHbIX 3/IEKTPOHOB C MPOCTPAHCTBEHHbIM Pa3peLleHUEM;
Spin-ARPES: HOBbI 3BO/IIOLUMOHHbIN BUTOK;

2. Du3uKka CNUH-3A6UCUMBIX ACJICHUIL.
IMUCCUA N NHIKEKLMA CNUH MNONAPU3OBAHHbIX 3/1EKTPOHOB;

NccnepoBaHMe CNMHOBOM TEKCTYPbI U 3/IEKTPOHHbIX CBOMCTB MOMYNPOBOAHUKOBbLIX MaTepManos
N CTPYKTYP: TONO/IOTMYECKME U30NATOPbI, HU3KOPa3MepHble CUCTEMBI.

[naHbI: n3yyvyeHue yriosoro Op6MTal'IbHOI'O MOMEHTA 3/IEKTPOHA N IKCNEPUMMEHT NO CNUH-

3aBUCMMOMY pPaCCeAHMIO € Ha XMUpPaibHbIX MoaeKkynax. CnuH-3aBUCUMbIM macc-
CNEKTPOMETPUUYECKUIA aHaNN3 XUPabHbIX MONIEKYA.
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An analog of the optical polarizer/analyzer for electrons, a spin filter based on freestanding
ferromagnetic (FM) nanomembrane covering the entrance of the microchannel plate (MCP) was
applied for efficient spin filtering and electron amplification in the 2D field of view. To study the
spin dependent transmission, we constructed a spin-triode device (spintron), which consists of a
compact proximity focused vacuum tube with the Nay;KSb spin-polarized electron source, the FM-
MCP and phosphor screen placed to run parallel to each other. Here, we demonstrate the fabrication
of FM nanomembranes consisting of a [Co/Pt] superlattice deposited on a freestanding 3nm SiO2
layer with a total thickness of 10nm. The FM-MCP has ~10° channels with a single-channel
Sherman function S =0.6 and a transmission of ~ 1.5 x 1072 in the low electron energy range. The
FM-MCP-based device provides a compact optical method for measuring the spin polarization of
free electron beams in the imaging mode and is well suited for photoemission spectroscopy and
microscopy methods.

Phys. Rev. Lett. (2024)
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Thermionkc  Kstrons —12 Total number of accelerating structures: 104
Gun s S Klystron number: 52
Total length of the linacs: ~440 m

CompyOoHu4yecmso Hayku (U®I1 CO PAH), obpaszosaHus (HI'Y, HI'TY) u npouzeodcmea (“IkpaH ®3[1”)
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Perucrtpauua cnuHa aneKTpoHa B pu3nKe BbICOKMX U HU3KUX SHEPTUMA
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CnnHOBbIN BaKyyMHbIU dooTOAMOA C MOSTynpOBOAHNKOBbLIMA
anekTpogamMmu ¢ 3P eKTUBHbIM OTpULATENBHBLIM 3NEKTPOHHbIM

cpoacTBOM CBouncTBa U NPUMEHEHMUS:

CnuHOBbIN BakyyMHbI ooTOoaMOA
N3yyeHune potoammnccmm

3MEeKTPOHOB OYEHb HU3KOW
aHeprum

N3yyeHune nHxekumnm
3N1IEKTPOHOB B
NnosynpoBOSHMKOBbIE
reTepoCTpPyKTYpbl

CnuH-geTekTop
CBOOOOHbIX
9NEKTPOHOB

M CTOYHUK CNUH-
NOSIAPU3OBAHHbIX
3S1IEKTPOHOB

POTOSIMUCCUOHHbIN
CONMHEYHbIN 3N1IeMeHT

Phys. Rev. Appl. (2024)
Nanomaterials (2023) 13, 422
Phys. Rev. Lett. (2022) 129

J. Synchrotron Rad. (2021) 28

Ultramicroscopy 218 (2020) 113076
Phys. Rev. Appl. 8, (2017) 034026
Scientific Reports 7, 16154, (2017) 6




INEeKTPOHHO-ONTUYECKUe npeobpasosatenn oT X-gnanasoHa go Ty, 8
pexkume cyeTta PoOTOHOB: HE3MYNbTUNNEKCOPHAA ONTO3/IEKTPOHMKA
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Transformation of the monolithic spin-LED into
vacuum spin-LED
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Vacuum nanoelectronics: Back to the future?—Gate insulated nanoscale
vacuum channel transistor

v The operating frequency is up to 1012 Hz ;
low noise level;

high radiation resistance;

immediately ready for operation;

wide operating temperature range;
exponentially high steepness of the volt-
ampere characteristics.

ANANENENRN

Nano Lett. 2017, 17, 4, 21462151
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Spintron

as an analog of triode = CnuHoBbIV TpNoOA (CIMHTPOH)
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Direct spin imaging detector based on freestanding magnetic nanomembranes with
electron optical amplification
(arXiv:2409.13543)

M3rotoBneHne MarHUTHbIX HaHO-membpaH:  3-5 Hm Co/Pt / SiO, (3 Hm)
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https://arxiv.org/abs/2409.13543

Spin Filtering of Free Electrons by Magnetic Layers

Idea of the spin-filter similar to
an optical linear polarizer
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Direct spin imaging detector based on freestanding magnetic nanomembranes with
electron optical amplification
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Direct spin imaging detector based on freestanding magnetic nanomembranes with
electron optical amplification
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MpocTpaHCcTBEHHOE pa3pelueHne CNMHOBOW NONAPU3aLUMN:
BTOPOI 3BO/TIIOLUOHHbIN BUTOK B pa3sutum ARPES
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C KV' (D Cranuua 1-6: (DASKTPOHHAA CTPYKTYpPA» Spin-ARPES

M1 Parameters:

7

M2/G * Energyrange 10 —2000 eV

* Insertion device — Undulator
e Monochromator - PGM

30m

Plane gratings

600 I/mm; 1200 I/mm
3aaauu:

1. P93C B (ome. byxmuspos A.B. — UK CO

PAH)

* In situ u operando uccnedosaHusa

Kamaaumu4yeckux cucmem

* Exsitu uin situ usyyeHue WupoKoz20

Knacca UHHOBAYUOHHbIX PYHKYUOHAMbHbIX

mamepuasnos

2. ®3C YP (ome. TepeweHKo O.E.,

lonawoe B.A. — UPI1 CO PAH)

* WccnepoBaHMA  30HHOTO CMEKTpa M
CMUHOBOM CTPYKTYpbl TBepAbIX Ten AnA
NPUNOXKEHUN HaHO3/1IEKTPOHUKMU 7
CMUHTPOHUKU

ping stages from:
104t0 107 p,




JKkcnepumeHTanbHaa ctaHuma ARPES (PI3CYP)
cekummn 1-6: «ONeKTpoHHaA CTPYKTypa»

MccnenoBaHWe 30HHOTO CMeKTpa W CMVHOBOM CTPYKTYPbI

TBEpObIX Ten AnA MPUNOXKEHUA HAHOSNEKTPOHUKA U

CMUHTPOHMKM = “All in one”
doToaNEeKTPOHHAs AndpakLms

1. Spot beam size should be in sub micrometer size
range, i.e. we plan to build Nano-ARPES. Probably the
simplest way is to use capillary mirror optic. Ref. points. +
SEM

2. Sample temperature should be 4 K and below. This is a
guestion of manipulators and cooling systems and
probably cooling of the entrance lenses of analyzer .
Manipulator stabilization.

3. Total resolution should be 1 meV , and better less.

4. Spin polarization detection. This is a complex task that
we will discuss in the near future. At present, we would
like to buy the detector flange with a single channel for the
Mott detector and ARPES window as now.

5. Photoelectron diffraction. As we already discussed, it
could be useful to have ARXPS based on Astraios with a

wider acceptance total angle (for high kin. energy).
http://catalysis.ru
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MAaaHbI: CHI/IH-HOJ'Iﬂpl/I3OBaHHI>I€ HCTOYHUKHU U NJCTECKTOPLI 3JICKTPOHOB B
NCCIICI0OBAHUAX PE3OHAHCHOI'O PACCEAHUSA IJICKTPOHOB

Mpoekt PH®:  [Ipupooda xupanvnoii acummempuu Ha MOAEKYAAPHOM YPOBGHE 8 UCC1E008AHUAX
PE30HAHCHO20 PACCEeAHUS CRUH-NOIAPUIOBAHHBIX IT1EKMPOHOB
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3aKkawyeHue

» Pazsumue HAy4YHO20 HarnpdaesneHuA npoucxodum Haubosnee UHMEeHCUBHO, eCs1u 3HaHus
pomdafom mexHos102uuU, Komopsoie 3aKkaH4Yyuearomcs npu60p0M, noseonAamwyum

usy4yameo hu3suKy.

» Pa3BuUTME BaKyYMHOM CMUHTPOHUKKN B 06/1aCTU CO34aHUA HOBbIX CMTNH-AETEKTUPYEMbIX
YCTPOMCTB cNocobCTBYET Pa3BUTUIO TBEPAOTE/IbHON CMMHTPOHUKN. NHTEepecHOM naen,
KaXKeTcs, peannsauma T.T. CMUH-3aBUCUMbIX YCTPOMUCTB C BAKYYMHbIM 3330POM.

Spin-VLED free
electrons Crystal Electrocoupler

Ec e— = € Ec (T+ = (7+
o+ = Eyac c* VA» o> /W
- o

9 vacuum \4 E,

gap

Photocathode to spin-LED
Photocathode to spin-LED

v' CKU®: 3apaya nOCTPpOUTb COBPEMEHHYIO GOTOIMUCCUOHHYIO CTAaHLMIO C YI/IOBbIM U
CNMHOBbLIM pa3pelieHnem (SR ARPES) ¢ npeaenbHbiMu napameTpamu (paspewenme (1 maB),
nonapusaums, Temnepatypa (< 4 K), pasmep nydka < 1 mkm).

> B mwianax:
- JKCIIEPUMEHT 110 CIIMH-3aBHCHMOMY PACCESIHUIO - HAa XHPAJIbHBIX MOJIEKYJIaX;

- I3Yy4YCHHEC YIVIOBOI'O OpﬁI/ITaJIbHOFO MOMECHTA 3JICKTPOHOB;

- KBAHTOBasl 3aIyTAHHOCTH HA MOJISIPU30BAHHBIX YIEKTPOHaX (HepaBeHcTBa beJia )
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POTOOIMUCCNOHHBIE N3MEPEHUS

TpaHCnopTHLIE U3MEPEHNS
CnunHoBas cTpykTtypa PbSnTe

CnunHoBasa akKkymynsuus
Spin-ARPES
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?%%5 e fLu UHCTUTYT PU3NKM NONYNPOBOAHMKOB M. A.B. PxxaHosa CO PAH

CoBmecTtHO ¢ UTTM um. B.C. Cob6oneBa CO PAH , Philipps-University of Marburg (Germany)
ANpaKkoBCKMe TOKU, MHAYLUPOBAHHbDbIE 3/IEKTPOMArHUTHOU BOJIHOM, B
TONOJIOFMYECKO NOBEPXHOCTHOMN 30He € cybnepmnoaHbim paspeLueHnem

LETTER

e = Ndture (2021). DOI: 10.1038/541586-021-03466-7

Subcycle .observatloq of lightwave-driven Dirac Nature 562, 396 (2018), IF= 45.819
currents in a topological surface band
} Eﬁoﬁiﬁ“ﬁ ?—l OStce};]liugflEreél ];Ze.rl;‘.*Schmidz, F. Langer?, S. Baierl’, K. A. Kokh?*#, O. E. Tereshchenko®®, A. Kimura®, C. Lange’, B ne p Bble n p ose A eHo ucchae A OoBaHue

npouecca $GoTOIMUCCUN C YINOBbIM M
t=0ps t=0.1ps t=0.6 ps cybnepuogHbim BpemMeHHbiM paspe-

weHnem. 3TO NO3BOAMNAO Habnwaatb
-0.1 —o.osky((§_1) 005 01 -0 4.05kY(é_‘) 005 0.1 npouecc YCKOpeHua ¢ePM”0HOB
OupaKka, BbI3BaHHbIX Teparepuosom
(TNy) asneKTpomarHUTHOW BONHOW, B
KBa3npenaTUBUCTCKON AUCNEPCUOHHOM
30HEe TOMONIOrMYECKOro mnOBEpPXHOCT-
HOro cocroaHusa Bi,Te;.

¢ BnepBble NOKa3aHo, UTo 6narogapa BbiCOKOU Pepmu CKOPOCTU, MaZIOMy PacCesHUIO U IMHEUHOMY
3aKOHY AMUCNEepPCUM, YCKOPEHHble 3/1eKTPOMArHUTHOU BOMHOW d¢epmuoHbl [Oupaka moryr
6annucTUUEcKn pacnpocTpaHATCA B 6e34MCnepCcUOoHHbIX BOJIHOBbIX MaKeTax Ha PacCToAHMA A0
HecKonbKuXx 100 HM. dTa peKopaHas AUCTAHUUA 3HAUUTE/NIbHO MpeBbillaeT LMPUHY 3aTBopa
COBpPEeMEHHbIX TPaH3UCTOPOB.
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Anoxic almasphere: N, CO,, H,O

Solar UV irradiation
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Enantinselective reduction
with helical electrons
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Enantiomeric excess
is induced
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Fig. 1. An evapocative Lake with magnetite depodits containg the feedutock molstules for prebiotic chermistry Irradiation of the wiilormly rmagnetized
magnetite (Fey0,) deposits with solar UV (200- 1o 300-nm) light generates helical photoelecnons. The helicty of the electrons (D-&- in the figure a5 the spin
and marmentum are parallel to each other] B determined by the magnetization direction (section 3 discusses what B rmeant by the electron helicity]. Helical
electrons induce CORC near the magnetite surface due to a seledtivity in the reaction rates, k, and kp, for different isomers L and D, respactively. This selectivity
i the reaction rabes can induce an imbalande betwesn two isomerd. In the figure, ee in the L isomer is induced.

20f7 https:idoi.org/10.1073/pnas. 2204765119
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MHCTUTYT hM3MKn nonynposogHuKos M. A. B. Pxxanosa CO PAH coemecTHo ¢ 3A0
«3KpaH ®3MM» co3ganu HOBbIW TN BakyyMHoro ¢oToguMoaa, KoTopbivi No3BonAeT
3thdexTMBHO Npeobpa3oBbiBaTh CBET B 3MEKTPUHECTEO U NePCNeKTHBEH ANA
WCMONb30BaHNUA B COMHEYHON 3HepreTHKe, NpM | MM YCTPOWCTE B
KocMmoce. Pesynkratel 3Toii paGoTkl onyGnukoBaHel B xypHane Scientific Reports.

Mpu npeobpa3scBaHu CBETA B SNEKTPUYECTBO ECTh [BE
npoBnemsl: kak BbIGUTL MHOTO 3MEKTPOHOB W kak cobpaTh 1
3acTaBUTh UX [BUraTLCA B ONPEAENEHHOM HanpaeneHun (B
NPOTUBHOM Crly4ae, eIk ANeKTPOHLI MEYyTCs No
nonynpoBoaHnKy GecliensHo, oH NpocTo HarpepaeTcs). B
HacToAllee BpeMA Haubonee atheKTMBHEI MHOTOKacKaaHkIe
NonynpoBOHNKOBLIE NpeobpasoBareny. Cuoupckue yyeHsle
NPeanoXuUNK1 UCMoNL30BaTE BakyyMHeIH doToamon. Ero
OTNHYKE B TOM, UTO NOMYNPOBOJHUKOBLIE SMEKTPOALI HE

COMPUKACAKTCA, @ HAXOAATCA Ha ONPEAENEHHOM PACCTOAHUN
[pyr OT ipyra B BaKkyyMe, 5T0 NO3BONAET B3ATL aHO/
HE3ABWCMMO OT KATOAA, TO ECTb CAENATL UX CTPYKTYDY M
COCTaB, He OPHEHTUPYACH Ha TO, KaK OHU BYAYT COYETaTHCA




NMpnmeHeHne NUCTOYHUKOB CMUH-NONAPU3OBaHHbIX
3NIeKTPOHOB B HAaYy4YHO-NPUOOPHOM XO3AAUCTBE

CI'IMH-I'IOI'IﬂpVBOBaHHaFl CNeKTpocKkonua
XapPaKTepuctuy4eCKnx notepb sHepruun
S/IEKTPOHOB BbICOKOro pa3peweHuna
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CnunH-nonsipusoBaHHasA Audpakunsa MearieHHbIX 3NeKTPOHOB
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