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Ultra-high intensity lasers

Ultra Relativistic Optics
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Ultra-high intensity lasers

> 101 W/ cm?

GIST (2010)

Ast'{a -Gemini (2009}33"", 4
v 15],30fs ¥ mpa',

;'.\. TN .
b | vean ) PHEu%\
7 ' >500] 255 oo 40014 ( ( / /-~ x7 11T (2005).,,. “‘mes
o Orion (2013)..: 5.} ~ 32],28fs ./
= - e 3« SILEXA(2005)% L
SR NCH QU \ LFEX

: aRseoXIl (2004)
.'_‘320] 470fs

SIOM (2013)
52],26fs

ARC ,
NOVA (199% k.
@me_ga _EP (2006)“’“ 3

6607,440(5 “wen” /S YLL i
300],<1000fs UTex ; T i oo T . SG -1I- U(2008)
TPL (2010) o W & bR ) e %
[P w’' /) /| ‘ p S W (2015)
186],167fs N ware/ / [PSAER S 150],30fs
: ‘ ‘ : ‘," :' LI ‘ 4 ! .‘.f."'{ : : . (201 7)
' . 300],30fs

ELI(2018) 1 =
’ 220,206 E o )\,
ICUIL World Map of Ultrahigh Intensity Laser Capabilities

Ierry Kessler, ICUIL Secretary ICUIL News — June 2016 - 3



Ultra-high intensity lasers

ICUIL World Map 2020

2020 ULTRAHIGH INTENSITY LASER FACILITIES
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>Long:1ns,300] |
% >Short: 50 fs, 30 ] i
p >Probe: 50 fs, 10 m]

PEARL team at IAP (Nizhny Novgorod)
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JlazepHO-IJIa3MEeHHOE B3aUMOJIEHCTBHE: HC U (PC

In short, two types of lasers correspond (in
general) to two types of plasmas

1. Maximum energy lasers < long pulses (~ns)

- “thermal” plasma,
~at equilibrium,
dense (compressed/solid/expanding)

& hot (eV-keV) 0
high-velocity

2. Highest power lasers < short pulses (~ps-fs) <> maximum
intensity << maximum E-field

- “kinetic plasma”
strong out-of-equilibrium
very high energy electrons




JlabopaTopHasi acTpopHu3uKa
C ICII0JIb30BaHUEM JIa3€POB
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MonenunpoBanue M1/l ipoiieccos:
0COOEHHOCTH IIOCTAHOBKH 3KCIIEPUMEHTOB C CUJIBHBIM Bo

Lk "Rg = (3 MV2/4 B2)1/3] .
B = ( hoMV/dm 5) Solid target
L\ '1OOJ | . ety
1OT _ CO RN ....... .. _ - _— S B'f|e|d
: ' 110" cm=x100 eV :

e PN\
| I . NT
e N\ S
By - | B, - {10 "cm™x1 eV
100 G, ]
; OIITUYCCKAA  ~m3«1 eV
| AMaTHOCTUKA
10 G| CTPYKTYP

110" cm3x1 eV

1G|- - i} ...... .....

; MO>KHO' CO34aTh

i H_H/IpOKI/H/I IIOTOK I11a3MBbI

1 mm 1 cm 10 cm Tm 10m 100 m
Rb

?101ocm'3x1 eV

Ao



Monenuposanue M1/l mporieccos:
II0OCTAaHOBKA 3KCIIEpUMEHTA

Luchinin A.G., Malyshev V.A., Kopelovich E.A. et al. Review of Scientific Instruments. 2021. T. 92. N2 12. C. 123506.

probe
horizontal

Laser driver :

- 1ns,15]J,1054/527 nm, 10"-10* W/cm?
MuweHHaAa kamepa cteHaa PEARL - 50 fs, 15 J, 910 nm, 10"7-10** W/cm?
C ycTaHoBJfIeHHOW 15 Tn MarHMTHOU CUCTEMON
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https://www.elibrary.ru/contents.asp?id=47540694
https://www.elibrary.ru/contents.asp?id=47540694&selid=47542335

Monenuposanue M1/l nporieccos:

Pasner BbICOKOCKOPOCTHOrIoO nOToKa na3epHof/'| naa3mbl BO BHeWWHee MarHMTHoe noJie

nasep 20 [k, 1 HC, 527 Hm

NOTOK N/21a3Mbl

Bo=13,5Th
MarHuTHoe none

Soloviev A.A., Burdonov K.F., Kotov A.V. et al. Radiophysics and Quantum Electronics. 2021. T. 63. N2 11. C. 876-886. B. Khiar et al. PRL 123, 205001 (2019)


https://www.elibrary.ru/contents.asp?id=47509505
https://www.elibrary.ru/contents.asp?id=47509505&selid=47509507

MopaenupoBanue M1/l mporeccos:

Pa3neTt BbICOKOCKOPOCTHOIO NOTOKA na3epHof/'| naa3mbl BO BHeWWHee MarHMTHoe noJie

nasep 20 [k, 1 HC, 527 Hm

Bo=13,5Th
MarHuTHoe none

B. Khiar et al. PRL 123, 205001 (2019)



https://www.elibrary.ru/contents.asp?id=47509505
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PasJjieT m1a3mMbl BO BHEIIITHEE MAarHUTHOE I10JI€.
XoJsutoBckada MI'/l + AHOMaIbHOE COIIPOTHUBJIEHUE.
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MonenunpoBanue M1/l ipoiieccos:
0COOEHHOCTH IIOCTAHOBKH 3KCIIEPUMEHTOB C CUJIBHBIM Bo
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Actpodusunueckue M1/l mima3MeHHBIE ITPOIIECCHL

Moaeanposanne MI'/ maasMeHHBIX IIPOLIECCOB: AMTHAMIKA BHYTPEHHE
004acTy aKKpPEeIVIOHHOIO AVICKa
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Jets from Young Stars HST - WFPC2 :
PRCY5-24a - ST Scl OPO - June 6, 1995 Adapted from Camenzind, (1990).

C. Burrows (ST Sci), J. Hester (AZ State U), J. Morse (ST Scl), NASA
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MoaennpoBaHue akKPEIIMOHHBIX ITPOIECCOB
C IIOMOIIIBIO JIA3€POB: IIPUMEP

JlabopaTopHOE MoAennpoBaHNE SKBAaTOPMANbHbIX aKKPELIMOHHbIX
«S13bIKOBY», BbI3BaHHbIX HEYCTOMYMBOCTbIO Panea — Tennopa

2



MopaemupoBaHue aKKPEIUOHHBIX
IIPOIIECCOB C IIOMOIIBIO JIa3€POB

-

JlabopaTopHOE MoAeNMPOBaHME SKBATOPUAIbHbIX
aKKPEeLUWOHHbIX «A3bIKOBY», BbI3BAHHbIX
HeyCcToM4YmnBoCTbto Panea — Temnnopa

Burdonov K. et al. Astronomy and Astrophysics. 2022. T. 657. C. A112
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https://www.elibrary.ru/contents.asp?id=47551769

MopaenrnpoBaHue aKKPEIUOHHBIX
IIPOIIECCOB C IIOMOIIIBIO JIa3€POB

JlabopaTopHOe MoAeNnpoBaHUE SKBAaTOPUAbHbIX
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MopaenmupoBanue MI1'/1 ripoiieccos:
0COOEHHOCTH MOCTaHOBKM 3KCIIEPHUMEHTOB C CUJIBHBIM Bo
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MoaenrnpoBaHue yaapHbIX BOJIH
C IIOMOIIIBIO JIa3€POB: IIPUMEPDI

dN/(dE x dQ) (particles per keV per steradian)
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YcKopeHune yacTUIl U HepaBHOBECHBIE IIJIAa3MEHHEIE
IIPOIECCHI C UCIIOJIb30BAHUEM JIA3E€POB

In short, two types of lasers correspond (in
general) to two types of plasmas

1. Maximum energy lasers < long pulses (~ns)

- “thermal” plasma,
~at equilibrium,
dense (compressed/solid/expanding)

& hot (eV-keV) 0
high-velocity

. 2. Highest power lasers <> short pulses (~ps-fs) < maximum
intensity << maximum E-field

- “kinetic plasma”

strong out-of-equilibrium
very high energy electrons



YckopeHue 3JIeKTPOHOB
C UCIIOJIb30BAHUEM JIa3€POB
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Soloviev A.A., Burdonov K.F %nSzburg V.N. et al. Nuclear Instruments and Methods in Physics Research. A 2011. T. 653. N2 1. C. 35-41


https://www.elibrary.ru/contents.asp?id=33694896
https://www.elibrary.ru/contents.asp?id=33694896&selid=16989204
https://www.elibrary.ru/contents.asp?id=33754278&selid=18058123

YckopeHue 3JIeKTPOHOB
C UCIIOJIb30BAHUEM JIa3€POB
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https://www.elibrary.ru/contents.asp?id=45174949&selid=45355485

YckopeHue 3JIeKTPOHOB

C UCIIOJIb3OBAHHUEM JIA3€EPOB
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YckopeHue 3JIeKTPOHOB
C UCIIOJIb30BAHUEM JIa3€POB
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Propagation over ~ 10 Rayleigh lengths




YckopeHue 3JIeKTPOHOB
C UCII0JIb30BAHUEM JIa3€POB

3HaveHuUe AJis1 HAYKH, 1JIs pa3BUTUSI CHHXPOTPOHHBIX (HEMTPOHHBIX) MCCIIeI0OBAHUM

Pa3BuTue nazepoB peasiTUBUCTCKON UHTEHCUBHOCTHU

1
] |

PaszBurtue JIA3€PHBIX METOJJOB YCKOPEHUS 3aPAKEHHBIX YaCTHUILL

~—— —~—=

OTKpbITHE CTAOUIIBHBIX JIa3€PHBIX JIazepHble HENTPOHHBIE UICTOYHUKU
CH BbICOKOI MMKOBOI SIPKOCTH: BbICOKOV MUKOBOM SIPKOCTH:

Wenz et al. Nature

OCHOBOIIOJIAraroLMi BKJ1aJ] YYaCTHUKOB; ®  OCHOBOIOJIATAOLLINI BKJIAJ] YYaCTHUKOB,;

OyM na3epHbix uctounnko CH B mupe; ®  [OTEHLMAN IS 3a/ja4 HEUTPOHHOM
paguorpacuu ¢ BLICOKUM BPEMEHHBIM
pa3pelleHueM, siiepHON (PI0OpeCLCHIINH,
71a00paTOPHOrO MOJICTTMPOBAHUSI CUHTE3a
BocTpeboBaHHOCTL (MCT, ha3okoHTp. TSIXKEIIbIX 9JIEMEHTOB.

n3mepeHus, cyb-nc BpeMeHHoe pasp.).

MMKOBAsl IPKOCTb U XKECTKOCTh - KaK
Yy CHHXPOTPOHOB 3-T0 MOKOJICHUSI;

B pamkax npoekra:

B pamkax npoexra: .
® HAUJI€EHbBI OITTUMAJIBHBIC CXEMBbI J1J141

®  JOCTUKEHHE PeKOP/HBIX (MynbTH-HK ) MaKCUMM3AlMU TOTOKA HETPOHOB.
3apsi/I0B ¥ MMKOBOW SIPKOCTU M3ITYYCHUSI;

CHuiKeHuMe 3aTpaT U
INOBBIIICHHE JOCTYIIHOCTH M3JTyUeHNs M paCIIMpeHNe CIIeKTpa
BH3YaIH3ALUH 00LEeKTOB npuioxeHun nazepHoix CU

JOCTHN2KECHHUEC peKoanOﬁ KECTKOCTH

OCHOBHOM NPOPBLIBHOM Pe3yJIbTAT NMPOEKTA: co31aHue nepporo B P@ j1azepHoro CHHXpOTPOHHOI0 UCTOYHHUKA




YckopeHue 3JIeKTPOHOB

C UCIIOJIb3OBAHHUEM JIA3E€EPOB
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YckopeHue 3JIeKTPOHOB

C UCIIOJIb3OBAHHUEM JIA3E€EPOB
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lon/proton acceleration at target/vacuum interface

YCKOpeHHe HOHOB e T e o T
C KCII0JIb30BAaHUEM JIa3€POB

Laser: ‘
fewJ /~1ps (>10 TW) \
122 >10 W em? pum? i- ; E-field =kT/ek, ~TV/m

\2 R
ho = 910 nm, 2290 \
T~ 60 fs, D j ]
E =10 J, I]I Virtual cathode ‘/o Craew
P=160 TW - “~--acceleration_-
MCP f,‘r’l;fi;‘l’l::‘;’;; A, R. Snavely et al., Phys. Rev. Lett. 85,
D= 100 mm, Electrode 267(1986) 2945 (2000).
(20kV) J. Fuchs et al., Phys. Rev. Lett. 94, 18
Ma g net 045004 (2005).
(0.47) T — ———
RCF stack
Sub-Rayleight
positioning
Al 1,475mm Al 218uym
Shot 60
o0 15 5 1
Energy (MeV)
C c— ——

Soloviev A., Burdonov K., Chen S.N. et al. Scientific Reports. 2017. T. 7. N2 1. C. 12144.
Muky3 C.A., Ckobenes W.10., Anxumosa M.A. u ap. MNucema B X3T®. 2017. T. 105. N2 1-2. C. 15-20
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JIabopaTopHOe nccaegoBaHye Ben0eaeBCKOM
HEYCTOMYMBOCTH C IIOMOIIBIO JIa3€POB

— — — > Probing protons

Great tool also for investigating —» Typical electron trajecory

e~ anisotropy "
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e.g. Weibel instability

fundamental processes,
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Proton-

— 3-um Al target or recording
10-um PET target films

pum spatial resolution
ps temporal resolution

Proton
radiography

Al foil
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Ruyer et al., Nat Phys (2020)

45




JIlabopaTopHOe HccaeoBaHle BerndeleBCKOU
HEYCTOMYUBOCTH C IIOMOIIIBIO JIa3epOB

pum spatial resolution
ps temporal resolution

Time
— — — > Probing protons
————> Typical electron trajectory b t=13.5ps c t=20 ps
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e anisotropy "
[ mm}—s
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Proton
acceleration
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F

> Proton- V4
3-um Al target or recording
10-um PET target films

uration: 700 fs FWHM
Ruyer et al., Nat Phys (2020)




BMecTO 3aKk/jII0UeHUd:;
IIOCTKOMIIPECCHSA JIa3€PHOT'0 UMIIYJIbCA

PEARL

50...70fs
17 )

- OJIUTENBHOCTb Jla3epHOro nmnyJsibca cokpauieHa ¢ 60 oo 10 dc

- MMKOBaA MOLLHOCTb Jla3epHoro nany4vyeHuna npesbicuna 1,5 MNBT

- MMKOBaA MHTEHCUBHOCTb npeBbiwaeT 0,5 OT TeopeTndyeckn OOCTMXXMMOro npegena
Y10 nonyunTcAa B aKcnepmmMmeHTax?
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