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Laser-plasma physics: popular since view
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Big laser requires big problem

Breakdown of
erturbative QED

General theory

Quantum radiation
reaction is observed with lasers

Radiation reaction
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[leTeKkTMpoBaHMe OTKNOHEHMN OT KBAHTOBOM MOAeNn PaanaLMOHHOTO TOPMOMKEHNS

laser pulse NMpo6bnema nssneueHnsa MHGopmaumu:

source *  npouecc NPUHLUUNMANBHO

BEPOATHOCTHbIM

*  CTPYKTYpa 3N1eKTPOMarHUTHOro no.ns

| Na3epHOro MMMybCa He M3BECTHa C

lanex - i [0CTaTOYHOW TOUHOCTbIO

screen ——==alf, * 3Ta CTPYKTYpPaA MOXKET MeHATbCA OT
magnet ‘

pa3a K pasy

slit _ laser pulse
focusing

mirror particle beam source

Ucnonb3oBaHue ML:
TpyaHOCTU:

* MapameTpu30BaTb OTKAOHEHMA OT mogenn: p € R .
* KaK [06MTbCA BbICOKOM AOCTOBEPHOCTU U TOYHOCTMU?

®*  MNapamMeTpm3oBaTb aKCNepumeHTasibHble

* YTO AenaTtb C POCTOM Pa3MEPHOCTM NPOCTPAHCTBA NAapamMeTpoB?
HeonpeaeneHHocTn: a,d,, ... € R A P P P PocTp Y P

* KOraa v B Kakon 06/1acTv napameTpoB 3a/ia4a CTaHOBUTbLCA

*  MPOM3BECTM MHOXECTBO YMUCNEHHbIX MOAENNPOBAHNM N
HeobpaTMmon?

ANA PasHbIX 3HAYEHUI P, A4, Ay, ... U NONYYUTb SAHHDIE,
3KBUBAJIEHTHbIE U3MEPAEMbIM *  KaK M3MEHWUTb 3KCMNEPMMEHT, 4TobbI Npoueaypa bbina

yCTOVIHMBa K BEPOATHOCTHbIM OTK/IOHEHUAM U JIOKaNbHOMN

e 06yunTb anropmutmbl ML pewatb 06paTHytO 3aga4y
HeobpaTMmocTun 3a4aun’?

* 13 3KCNEePUMEHTA/IbHbIX SAHHbIX MONYYUTb P U
onpeaenvTb AOBEPUTENbHbBIN MHTEPBAN



Heobxo4MMOCTb PEKOHCTPYKLMW Na3ePHOro NOAS B SKCNEPUMEHTAX

High-intensity lasers

Applications
The idea is to trigger fortunate
processes to convert the compressed
energy into other forms in demand:
new sources of particles and
radiation.

Fundamental science
The idea is to learn from the
uncommon behavior of basic
systems placed in extreme
conditions.

High energy/density
Sources with capabilities beyond
that of all current means in
laboratory

Cheap/compact sources
Laser-based sources can be by far
smaller and cheaper than the once
based on conventional accelerators.

* medical diagnostics

* cancer treatment

* inspection in industry

e utilization of nuclear waste




Example from the theory of laser-matter

Interaction

Relativistic Oscillating Mirror (ROM)
Gordienko et al. PRL93, 115002 (2004)

= Leontovich boundary conditions:

FROM (xarp +1) = — fin(xarp —1)

= relativistic motion of x4pp

Relativistic Electronic Spring (RES):
Gonoskov et al. PRE 84, 046403 (2011)

S
fin (s 1) = 2cos3 6 (sin@ B l—ﬁ—yﬁ)) ’

B+ By =1,
dx,
dt =B
\) B
RES N 0 Y
out (xs+1) = o0 0 (sm@ l—l-ﬁx)'




Comparison of the ROM® and the RES models

We consider the incident pulse in the form:
fin (M =x—1) =sin’ (n/4) x

(COS (77/4) sin (77 + d)) + sin (77/4) CO8 (77 + ¢)) Normalized number of counts RES-ROM unification parameter, p
. — ]
with ¢ = 75/2_ 0 05 1 0 05 1
S RSl pe— -37/8
We train a 4-layer NN to reconstruct E S
= the incidence angle 8 € [0,3m/8], e Ko
= the density-amplitude ratio S € [1,10] and é 0.51 3
» the unification parameter p € [0, 1] E /8 §
from the spectra of up to harmonic order 12.8.5 B
ﬁ ROM<=0-, : : EEE——— . - —— =0
1 P 3 45 10 1 2 3 45 10
We mimic the real experiment with ab-initi Density-amplitude ratio, S = n/a

PIC simulations with the amplitude a = 200.

for more details see Gonoskov et al. SciRep 9, 7043 (2019)



Reconstructing experimental conditions

ARTICLE
Article OPEN Published: 26 November 2018

Spectral interferometry with waveform-dependent
relativistic high-order harmonics from plasma
surfaces

Dmitrii Kormin'2, Antonin Borot/, Guangjin Ma 34 William Dallari', Boris Berguesm, Mark Aladi®,

Istvan B. Foldes® & Laszlo Veisz® "©

[Fa’s s N “ L | ‘ BE

1)
=
c
>
o
2
&
o)
o]
3
=
=3
E
@
'—
1.

—"‘A“"fi' Time (f
i 0 100 200 300 N/ne

Depth (nm) C[):-ZO




Reconstructing experimental conditions with ML

Spectra obtained with ab-initio simulations (—) and with RES theory (-)
Suppose we perform an experiment about high- §=2.2 S=4.6 $=10
harmonic generation through the interaction of a
high-intensity laser pulse with a solid target. M““
N '", P ’“
We know: Q7 MH‘MAMM _

=0

S-
= the incidence angle 6 (and can vary it) A mm"_ j:
= the laser pulse duration and amplitude ) @@%%Hh B
ke i . ;
But we do not know: ~~M.L. .
= the carrier envelope phase (CEP) ¢ o M- m_
4 X/
= the density profile (result of plasma spreading). mm"‘ lA 2V A &
S-
We use ab-initio simulations to mimic the experiments __---_._ 2
I — | -

10 O 10 O 10 O )

Harmonic order (frequency), k



Reconstructing experimental conditions with ML

Reconstructed phase, ¢,
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for more details see Gonoskov et al. SciRep 9, 7043 (2019)



TeKkywmne nccnenoBaHMA

* MccnenoBaHWe BO3MOXKHOCTEN AETEKTUPOBAHMUA OTKJIOHEHUN OT
MOAEeNnN paamaLlMOHHOIo TOPMOXKEHMA Ha OCHOBE CTO/IKHOBEHMUSA
Na3epHbIX MMMYNbCOB C MYYKOM YCKOPEHHbIX 91EKTPOHOB.

* BbiABnEeHUE TPYAHOU3IMEPAEMbIX MCXOAHbIX MAPaMeTPOB JIa3epPHOro
MMMYAbCa NO ANATHOCTUPYEMbIM AAaHHbIM €ro B3auMoaencTBmA C
BELLECTBOM MULLEHEN.



TpyaAHOCTW M BOMPOCHI

lNMpaKTuyeckue BONpoOCHI:

Kak nobmBaTbCs BbICOKOM AOCTOBEPHOCTU U
TOYHOCTU peLlleHnsa obpaTHOM 3a4aum
HEWPOHHOM CeTblo?

Y10 AenaTb, ecnn 3aga4va CTaHOBUTLCA
NNOKaNbHO nnn rnobansHo HeobpaTumon? Kak
3TO MOXXHO AMArHOCTUPOBATbL?

Kak 6opoTbca ¢ npobnemon pocta
PAa3MEepPHOCTN NPOCTPAHCTBA NAapaMeTpoB?

Mo6ouHble BONpPOCHI:

MOXHO /1M CHUXKATb CNIOKHOCTb 334a4M C
60/1bLNM YNC/TOM NMAPaAMETPOB C MOMOLLLbIO
pa3bueHunna Ha cTagmun?

Kak n3Bneyb Nosnb3y U3 TEOPETUYECKUX 3HAHU
(cummeTpun, camonogobuma, npeaenbHble
cny4yau, NPUBANKEHUA, HEMOJIHbIE U
dbeHoMeHOoNoTnYecKne moaenm)?

MO*KHO 1M NCNoNb30BaTb HEOOPATMMOCTb KakK
NHAWUKATOP CUMMETPUIN, camonoaobumn u np.?

Gonoskov et al. SciRep 9, 7043 (2019)



