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PeXXum nasepHou nynum v pexum
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PeXXum penaTMBUCTCKOro camo3axBarTa
rlazepHoOro umnynbca

Ycnosue cornacoBaHunsa pagnyca nasepHoro nydka, 6espasmepHon amninTyabl U
nnoTHocTn muienn [B.1HO. beiveHkos, B.®. KoBanes, Camo3axsaT nasepHoro cBeta
015 yNbTpapenaTMBUCTCKUX MHTEHCUBHOCTEN, NMncbma B KO TP 120, 346-353 (2024)]:
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AHanornyHoe ycrnosue ObIno UcnonbL3oBaHO B paboTax:
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« S. Gordienko and A. Pukhov, Scalings for ultrarelativistic laser plasmas and
guasimonoenergetic electrons, Phys. Plasmas 12, 043109 (2005).

 W. Lu, M. Tzoufras, C. Joshi, F. S. Tsung, W. B. Mori, J. Vieira, R. A. Fonseca, and
L. O. Silva, Generating multi-GeV electron bunches using single stage laser
wakefield acceleration in a 3D nonlinear regime, Phys. Rev. ST Accel. Beams 10,
061301 (2007).

« K. Poder, J.C. Wood, N.C. Lopes, J.M. Cole, S. Alatabi et al., Multi-GeV Electron
Acceleration in Wakefields Strongly Driven by Oversized Laser Spots, Phys. Rev.
Lett. 132, 195001 (2024).



[TocTKOMNpeccusa nasepHoOro uMmnyriLca

YyCUMEHUE YNPMMPOBAHHOTO fa3epHOro UMnynbLca

CafCA (“Compression after Compression Approach”): ylumpeHue cnektpa B Kpucranse ¢
KyOMYeCKon HENMNMHENHOCTLIO (N = Ny + N,l) — YMPNUPOBaAHHLIN NTa3epPHbIN NMMNYITLC C
YLWMPEHHBIM CNEKTPOM — CXXaTue YMpnMpoBaHHbIMU 3epKaniamm — CcrnekTpanbHo
OrpaHUYeHHbIN KOPOTKNMIN UMMNYbC

[E A Khazanov et al 2019 Phys.-Usp. 62 1096]



PacnpocTtpaHeHue B pexnme nasepHou nynum
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Pexxum camomoaynaumm nasepHoro nmnyrbca

INasepHbit mnynbe: 4, = 1 Mkm, W = 2.2 [1x.
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OCcob6eHHOCTH pa3BUTUA peXUMa

camomMoaynsuum fiasepHoro MMnynbea

Stimulated processes and self-modulation of a short intense laser pulse

in the laser wake-field accelerator™
N. E. Andreevt and V. 1. Kirsanov

High Energy Density Research Center, Institute for High Temperatures of Russian Academy of Sciences,

Izhorskaya 13/19, Moscow 127412, Russia
L. M. Gorbunov

P. N. Lebedev Physics Insmute of Russian Academy of Sciences, Leninskii prospect 53, Moscow 117924,

Russia
[Phys. Plasmas 2, 2573 (1995)]

IEEE TRANSACTIONS ON PLASMA SCIENCE. VOL. 24, NO. 2, APRIL 1996

Linear Theory of Resonance Self-Modulation
of an Intense Laser Pulse in Homogeneous
Plasma and Plasma Channels

N. E. Andreev, V. L. Kirsanov, L. M. Gorbunov, and A. S. Sakharov
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[V Yu Bychenkov et al 2019 Plasma Phys. Control. Fusion 61 124004]
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CpaBHeHUe XxapaKTepuCTUK Ny4KkoB

YCKOPEHHbIX 3JIEKTPOHOB

CMEeKTPbl 311EKTPOHOB
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TeopeTnyecKkne OLEHKU ANA pexnma rasepHou
nyJin

NasepHas nyns: 7 &~ [)
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(2005)]



[lpoBepKa CKeUriMHros
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JlazepHble UMNYNbCbI C 3HEpPrueun nopsapka u

MeHbLe 1 [1x

JlazepHbI MnynbC: 4, =

0.8 mkm, W = 0.41 [Ix.
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CpaBHeHMe pe3ynLTaToOB AN fla3epHbIX
MMNYNbCOB Pa3fINMHON ANUTENbHOCTHU
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CamouHxeKuus AINNeKTPOHOB

electron charge [pC mrad=2]
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Hwuxe IHEPIrma na3epHoro nMmnyrnbCa — Bblle NOPOr rnNJIOTHOCTHU

[S.P.D. Mangles et al., Phys. Rev. ST Accel. Beams 15,

011302 (2012)]
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[lpoBepKa CKeUriMHros
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3aKknroueHue

PesynbraThl 661111 NpeacTaBneHsl B paboTtax:

Compression of high-power laser pulse leads to increase of electron acceleration
efficiency

0. E. Vais,»2 M. G. Lobok,»? and V. Yu. Bychenkov! ?

'P. N. Lebedev Physics Institute, Russian Academy of Science,
Leninskii Prospect 53, Moscow 119991, Russia
2Center for Fundamental and Applied Research,
Dukhov Research Institute of Automatics (VNIIA), Moscow 127055, Russia

Propagation of ultrarelativistically intense laser pulse in a self-trapping mode in a near critical
density plasma makes it possible to produce electron bunches of extreme parameters appropriate for
different state of art applications. Based on the 3D PIC simulations, it has been demonstrated how
the best efficiency of electron acceleration in terms of the total charge of high-energy electrons and
laser-to-electrons conversion rate can be achieved. For given laser pulse energy the universal way
is a proper matching of laser hot spot size and electron plasma density to the laser pulse duration.
The recommendation to achieve the highest vield of high-energy electrons is to compress laser pulse
as much as possible. As example, compression of the few tens fs pulse to the ~ 10 fs pulse leads
to generation of the high-energy electron bunch with the highest total charge to exhibit conversion
efficiency exceeding 50% for the Joule-level laser pulse energies.

arxiv:2409.02671

« 0. E. Vais, M. G. Lobok, A.A. Soloviev, S.Yu. Mironov, E. A. Khazanov, V. Yu.
Bychenkov, Jetp. Lett. 118, 875-880 (2023).
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