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EXPERIMENTAL LASER FACILITY

NasepHbii koMnneke - «3J1b®» HUAY MUDK

BEJIAA KHUTA

Hayka v TexHonoruum byayuwero Ha
JTazepHoM komnnekce «3J1b®»

ELF — Experimental Laser Facility of NRNU MEPhI
Science and technology with Ultra-intense Lasers
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[Mporpamma Hay4HbIX UCCneaoBaHUM

fnasa l. UccnepoBaHus, cBA3aHHbIe ¢ 3apavamu JITC

§ |. feHepauunm cBEPXMOLLHBIX YAAPHBIX BOJH MPUMEHUTENbHO K UCCNEA0BaHNAM ypaBHEHWUA COCTOAHNA BELLECTBA U TMAPOAMHAMMUYECKUX
HeyCcTon4ymBocTe

§ 2. Naszep-nna3meHHOE B3aMMOAENCTBUE NPUMEHUTENbHO K 334a4am 1a3epHOro TEPMOAAEPHOrO CUHTE3a

Masa 2. UccnepoBaHNA CBOMCTB BELLECTBA NPU BbICOKUX AaBAEHUAX U NAOTHOCTAX

§ |. UccnepgoBaHmsa CBOMCTB BELLLECTBA MPM BbICOKMX AaBNEHUAX U MJIOTHOCTAX

§ 2. NazepHoe yaapHoe ynpoYyHeHNe MaTepmnanos

Mhasa 3. 3agaun nabopaTopHO acTPOPUIUKU U MEXKAUCLMNANHAPHDIE 3a83a4U

§ |. MogenvpoBaHue acTpOGU3NHECKUX AXKETOB

§ 2. UccnepoBaHme 6eCCTONKHOBUTENbHbIX YAaPHbIX BOH

§ 3. MogennposaHue reHepaLmm KOCMUYECKUX Nydeit

§ 4 dopmumpoBaHMe Hanpas/IeHHbIX N1a3MEHHbIX MOTOKOB B CU/IbHbIX MarHUTHbIX MOAX

Mhasa 4. 3agaum ycKopeHuMa yacTuy, M reHepauum UsnyueHms

§l. 3amaun no reHepaLMM CUNBHOTOUYHBIX MYYKOB Cynep-NoHAEPOMOTOPHbIX 3/IEKTPOHOB B PEXKMME NMPAMOTO 1a3ePHOr0 YCKOPEHUA - OCHOBA
CO34aHUA NA3ePHbIX UCTOYHNUKOB U3NYYEHUA N YaCTUL,

§2.3a4a4m NO CTOXaCTUYECKOMY HarpeBy U YCKOPEHMIO 3/1IEKTPOHOB/ MOHOB NPK 1a3ePHOM 06/1y4eHMM NNOTHBIX Fa30BbIX CTPYMA, MULLEHEN C
NpPeniasaMon 1 CTPYKTYPUPOBAHHbIX MULLEHEN

§3. MHOrodyHKLMOHaNbHbIN 1a3€PHbIN UCTOYHUK HEMTPOHOB A1 GU3MKM IKCTPEMA/IbHbIX COCTOAHMI BellecTsa U MaTepuanoseaeHuns
Masa 3. ®usnueckoe 060CHOBaHME IHEPreTUHECKUX TEXHONOIUI Ha OCHOBe 6e3HeTPOHHOM aaepHo peakuun p-'B

§l 0630p 3KCNepMMeHTaNbHbIX UCCAef0BaHMIA AAepHOI peakumn p+'B B nasepHbIx skcnepumenTax

§7 AnepHble peakumm p-'B kak sHepreTnyeckas 0cHOBa KOCMUYECKMX TEXHONOTU
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NIF _ Nﬂtiﬂnﬂl |gl'|i’[iI]I'I FEE|||ty OCHOBHbIE MapameTPbl YCTaHOBKM:

yncno kaHanos - 192;

OnTtunyeckunx anemenTos (~l m) - Tall
OnTtunyeckux anemenTos - 26000
KoHTponbHbix Touek - 000

dHepruA Ha OCHOBHOI YacToTe - 4.6 Mx;
JHeprua Ha TpeTbeii rapmoHuKe - 1.8 Mk

B 2009 roay 8 CLLA 6bina BBeAeHa B
3KCMAyaTaumio camas MoLyHas
NasepHas yCTaHOBKa B MUpe

Mapt 2012 r.- 1.3 MO
Wionb 2018 r. - 2,15 MOk
2080 r.- 3.0 MAx

NIF's slogan is

Bringing Star Power to Earth

«Heca sHepruio 38e34 3emne»
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PHYSICAL REVIEW LETTERS 132, 065102 (2024)

Editors* Suggesticn Featured In Physics

Achievement of Target Gain Larger than Unity in an Inertial Fusion Experiment

H. Abu-Shawareb ef al.”
{The Indirect Drive ICF Collaboration)

‘O‘ (Received 27 October 2023; accepted 3 January 2024; published 5 February 2024}
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ypaBHeHMﬂ COCTOAHUNA MaTeEPUNANOB
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MMAapoanHaMUYeCcKmne HeyCTOMUYMBOCTU N TYPOYIeHTHOe

nepemewnBaHme

23 despansa 1987 ropa

BcnbiwkKa ceepxHosoii 38e3ab1 SN 1987A
(tymaHHoCTb TapaHTyn B Gonbwom MarennaHosom
Ob6nake

(168 Tbicay cBeTOBbBIX NET)

Mapametp Actpodusnueckuii 06beKT Na6opatopHas (nazepHas) nnasma
V. km/c ~100 - 1000 ~ 1000

r, mm |8 8

t.c [0 ~[08

|, =vt/r=3S

t Yucno Crpyxana — 6e3pazmepHan BeIMYMHA, OAMH U3 KpUTepues nofobusa
HEeCTaLMOHAPHbIX TEYEHUI KULKOCTEN U ra30B

Ocratok sN [387A

Ha/I0’KEeHME CHMUMKOB B Pa3HbIX AManasoHax CnekTpa
- PagmoananasoH - KpacHbll LBET;
- Buanmblii ananasoH - 3eN1EHbIN LUBET;
- PEeHTreHOBCKMIA AnanasoH - CUHUIA uBeT



[Mporpamma coBmecTHbIX PAH-PocaTtom nccneposannm B o6nactm mnsankm BbICOKUX
NIOTHOCTEN 3HEPInUM NasepHbIMU U ANEKTPOPU3NYECKMMN METOLAMMU

PelwweHue coBelanusa «ccnegoBaHms B 0651acty (omsnKn BbICOKUX MAIOTHOCTEN SHEPTUn NasepHbIMN U
anekTpodusnyecknmn metogamm» (2-3 anpensa 2018 r. UM PAH r. HwkHun Hosropon)

YIBEPXJIAIO

Hupexrop HIOH POSL-BHUUDD
akajemuk PAH
C_.E. I‘ap/a:mri

-

COTJIACOBAHO

PEIIEHHME

YTBEPKIAIO

Bpwo aupexropa MO PAH
yn.-kopp. PAH
I'.I". lenucos

«__» 20__r.
COI'TACOBAHO

Tpesunent PAH Axanemuk-cexkperaps OOMMITY PAH
akazemux PAH
B.E.®opros

cosemanus "MccrieioBanus B 001acTH (H3HKH BHICOKHX IUIOTHOCTEH
9HEPrHH Ja3ePHBIMHA M DJIEKTPODH3HIECKHMH MeToiaMu"

[pejutaraeTcs  NOAEPKATh  CO3AAHHC MHOTO(GYHKIUMOHATLHOTO  Ja3epHOTO
kommaekca «ELF» s HAAY MU®U ang otpaboTkH, TeCTHPOBAHWS M BEpHOUKauMM
IKCIIEPUMEHTATBHEIX METOJMK MPOTPAMMBL HOCIC/OBAHMIT Ha METaUKOY/ILHOM YCTaHOBKC.
Hanuume TAKOro KOMITEKCA NO3BOIHT HHTCHCHQHUMPOBATE KOMILTEKCHBIC HCC/ICA0BAHHA
8 061aCTH (PMIMKH BBICOKHX ILIOTHOCTEH IHEPTHH, B YACTHOCTH, YAAPHBIX BOMH PEKOP/HLIX
NapaMeTpoB, CBOHCTB YPABHEHHS COCTOAHMA BCIICCTBA, HeycToiuMBoCTeH 00pasyloweiica
ropayei MAa3sMel, TPAHCIOPTHEIX M PAIMAUHOHHBIX ~XaPAKTEPHCTHK  BElIECTBA OT
NapaMeTpoB  BO3ACHCTBYIOWIETO MOIIHOTO Ia3ePHOTO  HMIYAbCd, C  NPHBJICHCHHEM
LWHPOKOTO KPyra HaYYHEIX OpraHH3aluii, COCPEIOTOYCHHBIX B MOCKOBCKOM PETHOHE.

Coseanne obpamaercst k 'K «Pocatom» ¢ npocs6oil 0 NOAAEPKKE HACTORUICTO
Pewerns. Ty

&

Jlupexrop OUBT PAH
akanemuk PAH

BPHO aupekropa MO® PAH
un.-kopp. PAH

Jupexrop DHA
ui.-kopp. PAH

Jlnpexrop MHACAH
wi.-kopp. PAH




LULI2000 (France) _:i:—‘
| -

_—

Pvtleﬁ’x (Gelrmény)




nNyy (P<DFIL[ BHI/IVISCD)

YcunutenbHbI MOAaYnMb



[MpoekT MoLHoM nasepHon yctaHoskn «MUAPU» (2015 1))
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MpoekT «3Nb®-MNDU» (2016 1)
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NccnepoBaTenbckan NOBECTKA A5 1a3€POB KUNOAKOY/IbHOTO YPOBHS SHEPTUM
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Inertial confinement fusion
I : : : EXPERIMENTAL LASER FACILITY
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YaensHas MOUHOCTL (Br/cmz)
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OnTu4yeckmne cxembl yCUNeHn4a na3epHoro n3ryyeHuns
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NIF — National Ignition Facility

CLIA

LMJ — Laser Mega Joule
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YeunuTternb nasepHoro komnnekca «3J1bd»

MpeumyuiectBa cuctemsbl ycunenmsa MIK «3J1b®x»:

Mosblwerune KM reHepaumm n3nyv4eHns 13 3aanaceHHom aHepruu;
YBenuueHvne BbIXOAHOW SHEPruun ¢ KaHana,

CHWXeHne pacxoanMocTu;

YMeHbLUEHE aMNnnTyabl MOAYNAUMW pacnpeaeneHns MHTEHCUBHOCTMY;
MoBbIWeHre dYHKLMOHAMNBHBIX BO3MOXHOCTEN YCTaHOBKY;
YBenuueHne 4yacToTbl MPOBEAEHUS SKCMEPUMEHTOB;

Yny4lueHne aproHoOMUKN pasmeLLeHus:;

CHWXeHne CTOMMOCTU KaHana;

o O O O O O O o O

YMeHbLUeHne JKCnnyaTauMOHHbIX pacxoos.

3aBUCMMOCTb BbIXOAHOM 3HEprnn OT BXOAHOM 3HEPrun 1 koadduLmeHTa ycuneHua

B-int ELF

output
EEI:IX, J

20

19

17

Eguy, J/CM?

16

15




Ob6wasa ctpyktypHasa cxema MJIK «3JTbd»

Kanan 1

Kanan 2

MJIK «3J1b®P»

(e )

BonokoHHbIN
3ajaroLnii reHepaTop
dc

CooUn
0,5-4,0 HC
npounmp. UMMNynLC

e

Coon

1
Cuctema
o6CnyxuBaHus

EmkocTHOM

) (MI/ILLIeHHaH KaMepa) (HaKOI'II/ITeJ'Ib aHeprvwl) (

TexHonornyeckune
CUCTEMBbI

)(

1
WHopmaLmoHHo
ynpasnsoLias

cucrema
1

Jlasepa
1

[unarHocTtumka n

1,0 nc

Cucrema EmkocTtHOM o
aBTOMaTUYECKON MwuileHHas kamepa HaKOMMUTEMb SHEPTK Pabpuka MULLEHEN n3MepeHue
HOCTVMPOBKM napamMeTpoB
T 1 11 | | 1
Cucrema AnarHoCTUKn Cuctema hoKyCMpPOBKY CvicTeMa KOMMYTaLMN oGecﬁSI%LeBhgi st YrpasneHue
rla3epHoro nany4yeHus n3ny4eHnsa Ha MuLleHb v
p Y 3Heprum KOHAWLL. BO3AYXa yCTaHOBKOM
| 1 1 1
YCTpOVCTBO YCTaHOBKM Cuctema ynpasrieHns Cuctembl Cuctema cbopa
1 IOCTUPOBKN MULLEHEW 1 AMarHoCTUKM BaKyyMUpPOBaHUsI nHopmauum
1
Cucrembl
OMarHoCTUKK
Cooun
4-10 He
npounup. MMNynsC
Kackagpl Kackagpl Mpeo6pasosaHue Cvctema
npeaBapuUTernbHOro f— npeaBapuUTenbHOro | ={ wu3ny4eHus Bo 2 (3)-10 |- TPaHCMOPTUPOBKU
ycuneHus yCUneHusi CucTema youneHms: rapMOHMKY N3nyyYeHus
NnasepHoro
U3nyvyeHus
Kackagbl y Cucrema
CTpeTuep —{ npeaBapuUTENLHOMO = Komnpeccop = TPaHCNOPTUPOBKU
yCUNEeHUs! n3nyyeHus

YyacTtue opraHusauuii — NnapTHEPOB B NPOEKTE

|:| - POSAL BHAMA®, HUSTY MUK

|:| - HASEY MUK

|:|- OMBT PAH, UO® PAH, TPUHUTU, ®UAH, HASY MUOU

EXPERIMENTAL LASER FACILITY
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Obwunn Bua nomeLLeHun

EXPERIMENTAL LASER FACILITY

O6was nnowaab: 800 m?2
YucTble nomeleHns: 300 m?2



TpaHcdopMauns akcnepuMmeHTanbHoro 3ana




EXPERIMENTAL LASER FACILITY

EXPERIMENTAL LASER FACILITY

ELF's slogan is

|gniting our stars

«3aXKuraem csou 38e3gbl»



EXPERIMENTAL LASER FACILITY

MOHTaXHbIX 3an
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Cuctema npeaBapuUTEeNbHOTO YCUEHUS




J1a3epHbIi 3an

16.03.2025




Pesepcop [NunadparMeHHbIN y3en




KoHueBble oTcekun

28



[lynbTOBaA nasepa

EXPERIMENTAL LASER FACILITY




CUCTEMA HAKOIMMEHWA U
KOMMYTALNN
ANEKTPUYECKOW SHEPI UM
NA3EPHOW HEOOMMOBOW
YCTAHOBKU «3J1b®»

Ocrosmme XapaKTePHOTHYH HMITYABCHBIX JaMm Haxasxs tana JTHIT-24/590

BEYTpeHREE THAMETD KEAPIEE0H EOMGEL TAMITEL CM 14
Amuma pasy P VTKA JaMIIBL, CM 59
Jaenenne xcenona B nasme, Topp 150
PaGouan smepraa npe £=0.2-0,23, £llx 6,883
KoTiuecTs0 TaMm B Kaccete, mT. g
OSmee KOMHIECTED TaMI B YCTAHOBKE 168

CHEK3

Nel

Na2

Ne3

Jlammnosan KacceTa

48 namn
Veamerens (7 Mogyaes)

CHE3 48 namn 48 namn 48 namn

Mel (o) o | Botanont) sasomon| | Commtons) e | fooosoms)| 8 namn
N2 (oo ool | Sonam) | eommaa| oo e _ZZZZZZ:] 8 namn
Ned e oo et | ooaoooaall| Eneta ) [oabooucO ||ESEonstal | 8 namn

Jlammosaa KacceTa



Phelix
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ENEN

Italian National Agency for New Technologies,
Energy and Sustainable Economic Development

Laser scheme

-— Available per

i i

tics, routinely used —

Visible interferometry

2 channels * Nomarski interferometer

Shadowgraphy

2 channels

Measurement of reflected and
transmitted light

By fast calibrated photodiodes

Visible streak cameras

2, high sensitivity, 1.5 ps time resolution

Optical spectrometers

2 =1 at very high resolution and 1 at large spectral window. The
first is also equipped with an optical streak camera, for fast time-
resolved high resolution spectrometry

X-ray streak cameras

1 with 100 ps time resolution

l: .
/ ] | ‘ ' r x\/
P - P75mm . )
A=1054nm g Dl-ll!J]lL'ElZIIEIne
E=100] I . d'armonica
#—BE— +
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spaziale elettroottico spaziale
PISs o = BT A=YV RN
Oscillatore
& Q-Switch
#=1054nm ]' Formatore Y
E=100] ) d'impulsu J.H [aR ai= i j +
3 S ] " - .'\\
s | S ——eessee & N
Y dns 50ns
% . b
\\ ' ] | ( j i .//;J
\ -

X-ray diode detectors

8, each with different filter

Time-Gated strip MCP

2, with 100 ps time resolution. One with 3 strips, one with 4

MCP for X-ray diagnostic imaging

1, with four pinholes with different filters

X-ray transmission grating

3 =1 at 5000 lines per millimeter and 2 at 2000 lines per mm

Time-of-Flight Faraday cups

8, at different angles from target normal

Time-of Flight Diamond detectors

5 =4 with high energy resolution (up to 6 MeV protons), 1 for
high energy particles (up to 20 MeV protons)

Diamond Detector of large area

Polycrystalline Diamond detector with 15mmx 15 mm detection
area, equipped for EMP-polluted environments

Multilayer diamond structure

Multilayer structure of active fast diamond sensors equipped
with different filters

Time-of-Flight Scintillator

1, BC408 fast plastic scintillator, large area (25 cm?), equipped
with fast photomultiplier

Thomson spectrometers

2 =1 for low energy particles (5 keV-2 MeV protons); 1 for high
energy ones (100 keV — 15 MeV protons). Optimized for EMP-
polluted environments

Probes for EMP measurements

2 DDOT near field probes + 2 Dipolar antennas +

1 Super-wideband antenna + 3 Electro-Optical probes (high
sensitivity (with LNAs) and low sensitivity for fields > MV/m: 1
resistive current probe setup.

Multi-channel electro-optical
SENsors

A two channels electro-optical sensing structure for the electric
fields up to 1 GHz (with amplifier: high sensitivity) and up to a
few GHz without (low sensitivity, for high fields). Calibrated
EO probes with transversal or longitudinal sensing direction

CR39 detectors

Detectors of different sizes, equipment for developing and
accurate readout

ing plate diagnostics

TR, MS, SR, ND types, with scanner and eraser

Confocal microscope for
measurement of craters left on
targets

1, with high optical resolution, reconstruction of 3D crater
profile

-— Di

tics in devel
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Visar Two high-dynamic range streak cameras are on site and fully
operating. A CW large coherence length ruby laser is on site, on
repair. VISAR setup to be built

With large area and fast response. Improved sensitivity
Magnetostatic spectrometer for electrons in the 1-200 keV

An array of several optical fibers to be equipped with lenses pointing
toward several directions to the target normal

Time-of Flight Scintillator
Electron Spectrometers
Scattered light
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