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CoaepKaHue

* BBeaeHue
* Peanunsaumna yeTbipexny4ykoBoro NpoToTmna CUCTeMbIl cBeAeHUA
o Cxema npotoTtuna
o W3mepeHune nHtepPpepeHUMOHHbIX CTPYKTYP Nonda B GOKyce Nnpu NnomoLm
cybBO/IHOBOIrO ONTUYECKOIo 30H4a
=" OnucaHue cybBOSHOBOrO 30HAa
" OnucaHue meToaa CKaHUPOBAHUA
o OnucaHme ncnonblyembix CUCTeM cTabuamsaymm
" Cucrtema ctabmamsaymm nyyka Ha BXxoae B CUCTEMY CBEAEHUS
= Cucrtema ctabuamsaymm oTHOCUTENbHOW Pa3bl JIa3€PHbIX MYYKOB
e ObcyaeHne pes3ynbTaToB
* 3aK/a4vYeHune
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XCELS: MpoTtoTtun:
12 ny4ykos, 600 mm x 600 mm, 4 nyyka, D 50 mm,
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Hay4yHo-TexHuueckune npobnemoi:

* ®doOKycMpoBKa, cBeaeHUE U
CUHXPOHM3ALMNA KaHANOB

e Crabunmsayma HanpaBAEHUA U
OTHOCUTE/IbHOW ¢a3bl

* KoppeKuna $pa3oBbiX NCKAXKEHNN

B Hawemn paboTe aKUEeHT caenaH Ha
MHOTIOMYYKOBYHO anNPOKCUMALIUIO ANMONbHOWN
BOJIHbI M MPUHLMNNANIbHYIO C/IOXKHOCTb
<@==  opraHu3aumu curHana obpaTHol cBA3M ANA
OTHOCUTE/IbHOM CTabunmnsaumm KaHanos
CTaHAAPTHbIMU MeToaaMn. MI3mepeHuns
NHTEpPEpPEHLMOHHOrO Nona B pokyce
OCYLLECTBASNOCHL CYOBONHOBbLIM 30HA0OM

cobcTBEHHOM pa3paboTKu.



Peannsauma yetblpexny4ykoBoro NnpoToTuna CUCTEMbI CBEAEHUA
o Cxema npotoTuna
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IBSM — moaynb cTabunmsaumnm nyyka Ha BXoge B CUCTEMY CBeAEHUA
LBMM — mogynb MOHUTOPUHIA N3/1y4eHuUA 3
i CBCM

CBCM — mogynb cBefeHUA N KOFepeHTHOrO C/I0XKEeHMA YeTbipex MNy4ykos




Peannsaumna 4eTbipexnyykoBOro NpoToTMMNa CUCTEMbI CBEAEHMUA
o W3mepeHue pacnpeaeneHuna nons B poKyce npm NnomMoLLn 3oH4a
" OnucaHue cybBONIHOBOIO 30HAa 3010
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sin(6y)

N306parkeHne ocTpua cybBoHOBOIO
30HA4a, NO/Iy4EHHOE C MOMOLLbIO
3NEeKTPOHHOIo MUKPOCKONA
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sin(By) sin(By)

[Mpn 3annTKe 3oHOa NAockou Geryen NMHeNHO NoNAPU30BaHHOM BOJTHOW, NOMAPU3ALUOHHBLIN COCTaB U3y4YeHnA Ha Bbixoae
3aBUCUT OT Harnpas/ieHMA BOJIHOBOrO BEKTOPA U NosnApm3aumMm 3TOMN BOSIHbI.



Peannsaunsa 4eTbipexnyykoBoOro NpoToTMna CUCTEMbI CBEAEHUS
o W3mepeHue pacnpegenenma nons B GoKyce Npm NOMOLLM 30HAA
* OnucaHue meToAa CKaHUPOBaAHMUA
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NnntocTpaums npuHLUKMNG CKAHMPOBaAHUA pacnpeaeneHus
ONTUYECKOrO MoJIA B OKPEeCTHOCTAX PpoKyca



Peanusauua YeTbIPEXNYYKOBOIO NpPoToTUNAa CUCTEMbI CBEAEHWA
o OnucaHue NUCnoJibayembiX CUCTEM CTa6I/U'IM3aLI,MI/I
= (Cucrema CTa6l/U'II/13aLI,l/1I/I Nny4yKa Ha BXo4e B CUCTeEMY CBEeAEHUA
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2nd chain

Dps1/Dps2 from Ti:Sa MO

D, — quadratic diode

Q g PM/PBS — mirror mount with piezoceramic actuator
CB — control box (PID-controller)




Peanunsauma 4eTbipexny4ykoBOro NnpoToTUNa CUCTEMbI CBEAEHMUS
o OnucaHMe Ucnosb3yembix cMCTEM CTabunmnsaumm
=  Cucrema ctabuamnsaumm nyyka Ha BXoae B CUCTEMY CBeAlEHUA
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Cam npoekT XCELS npegnonaraet oCHaweHne aHan0rM4YHOM CUCTEMOM
cTabnansaumm Kaxaoro U3 CBOAMMbIX ONTUYECKUX KaHANOB.



Peannsauma 4eTbipexny4ykoBOro NpoToTUna CUCTEMbI CBEAEHUSA
o OnucaHme Ucnonb3yembix CMCTEM CTabunmnsaumm
= Cuctema ctabunmsaumm oTHOCUTENbHOM $a3bl Na3epPHbIX MYYKOB
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—— no stab: STD = 0.487
—— with stab: STD = 0.011
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HeBO3MOKHO YCTPAHUTb BapuaumMm OTHOCUTE/IbHOM $a3bl B IN1E€MEHTAX CXEMbI, PACNOJIOXKEHHbIX MOC/e OTWEN/IEHNA
curHana obpatHoi cBa3n. B cxeme XCELS 3TK anemeHTbl npeanonaraeTcs He3aBMCMMO MeXaHUYeCcKn ctabnnmsmpoBarb.



ObcyXaeHue pesynbTaTos =

V4

Y, um

CxemaTnyHoe nsobpaxeHue GpoKycupyroLLLeroca NHTepdepeHUMOHHbIE CTPYKTYPbI ANS ABYX BCTPEYHbIX Ny4koB N 1 S
My4YKa U NPOEKL MU COOTBETCTBYIOLMUX CEYEHUM 6e3 ctabunmsaumnm ¢asbl (a) u co ctabunmsaumein dpassbl (b)
YwunpeHme nyvyka OoTHOCUTENbHO ANPPAKLMOHHOIO ApPeKT cTabunmsaymm gasbl NPoABASETCA B yNOPALOYMBAHUN
pa3mepa obycnoBneHo Haanuynem abeppauum dbopmbl MHTEPPEPEHLMOHHbBIX MONOC.

BO/IHOBOTO GPOHTA U3/TyYEHUS.



ObcyXaeHue pesynbTaTos

NHTepdepeHUMOHHbIE CTPYKTYPbI A1A YeTbipex BCTpeuHbIiX Ny4koB N, S, E 1 W B nnockoctu XY: sSKCNEePMMEHTA/IbHO M3MEPEHHbIE
C NomoLLbto cybBosHOBOro 30HAa 6e3 ctabunmsaymmn ¢asbl (a) u co ctabmnunsaument pasbl (b), pesynbtaT YMCNAEHHOIO pacyeTa
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ANA TOPU30HTANIbHO NOASPMU30BAHHOTO N31ydeHusa (c).




ObcyXaeHue pesynbTaTos
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3aknyeHune

* Pa3paboTaH YeTbipexny4ykoBbIM NPOTOTUN CUCTEMbI AUNONbHOM GPOKYCUPOBKN MMMNYNbCHOTO peMETCEKYHAHOIO
n3nydeHmnA B MHTepecax npoekta XCELS.

e [lpoTOTUN COAEPHKUT: CUCTEMY YI/IOBOM U NPOCTPAHCTBEHHOW CTabuUAn3aumm BXoAALWErO U3YYEHUS; CUCTEMY
pa3bmneHnAa nanyvyeHms Ha YeTblpe HeE3aBUCUMbIX KaHana, 06opya0BaHHbIX NoACUCTEMAMM CTabuansaumnm
OTHOCUTENbHOM Pa3bl U GPOKYCUPYHOLLEN CUCTEMOMN, CBOAALLEN U31YyY4EeHUA B 0OLLYIO TOUKY POKYCa C YeTbipex
Pa3/IMYHbIX HanpaB/iEHUN.

* Kaxapblit U3 KaHaNoB POKycMpoBaCca C YMcaoBoM aneptypon F/2, uTo B cymme obecneumBaeT KBagpaT aMnanTyabl
3NEeKTPUYECKoro nons, coctasnarowmn & = 0.077.

* WHTepdepeHUMOHHaA CTPYKTypa nons B o6nactn poKyca nusmepeHa npu NOMOLLN OPUTMHANbHOM METOAMKM Ha
OCHOBAHMW CKaHMPOBaHUA CYOBO/THOBOBbLIM BOJIOKOHHbIM 30HAO0M.

° I'Ipe,u,nomeHHaﬂ METOANKa AEMOHCTPUPYET CV6BOJ’IHOBYI-O pa3pelalowyro CMNOCOBHOCTb M YETKO BU3Ya/IN3NPYET
ctoAayune KOHd)VII'ypaLI,I/IVI onTn4YeCKOoro nosA.

* [loKa3aHo, YTO OTK/IIOYEHMNE CUCTEM CTabUan3aunm NPUBOANT K UCKPUBIEHUIO NUSMEPEHHOM NHTEPPEPEHLMOHHOM
KapTWHbI, @ B OTAE/bHbIX CY4aAX K CHUXKEHUIO ee KOHTpacTa. Takmm obpasom noarBeprKaaetca spPeKTUBHOCTb
paboTbl cuctem ctabmnmsaumm.
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Sub-wavelength scanning of the main focus -

2D scanning example vs calculation /\(
b=
Z

Four beam coherent combining in the main focus

Stabilization OFF Stabilization ON

XY-plane scanning



Sub-wavelength scanning of the main focus
3D scanning examples
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Introduction: XCELS project (eXawatt Center for Extreme Light Studies)

Sub-EW projects worldwide:
e XCELS (Russia) — 12 beams x 50 PW
 SEL-100PW (China) — 1 beam x 100 PW
e EP-OPAL (USA) — 2 beams x 20 PW
* Gekko-EXA (Japan)— 1 beam x 100 PW

XCELS:
e 1beam—4.4e24 W/cm?2
* 12 beams-3.2e26 W/cm2
* Dipole focusing
* Sub-wavelength phase-matching

Experimental tasks:
QED processes in a strong laser field
Particle generation and acceleration
Generation of electromagnetic radiation
Laboratory astrophysics

XCELS building schematic view



Introduction: XCELS project (eXawatt Center for Extreme Light Studies)

Schematic diagram of radiation focusing into the target chamber of the XCELS laser facility
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Active systems Passive systems
* work continuously * only to check

e shutters can be used  have to be removed before shot



Beam control: pointing stabilization set-up
Centroid displacement b

far field

near field
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* Single chain — stable beam pointing on the diode surface
* Two chains — angular and spatial stabilization of the beam at the CBCM input



Beam control: pointing stabilization set-up
Centroid displacement frequency spectra
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