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Outline

Pre-plasma impact onto fast electron
generation at high intensities — solid targets

Pre-plasma impact onto fast electron
generation at high intensities — liquid metal
targets

Pre-pulse effect onto heavy ion acceleration
Proton acceleration at ultrahigh intensities



Contrast charactoerization
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Experimental scheme

1=35 --350fs; A=800 nm; v =10 Hz; E = 10 -20 mJ;
l . = 107-2x10'8 W/cm?

targets:
Fe, Pb, quartz glass

Poster paper by Konstantin lvanov



Hard X-ray data: Fe target
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Hard X-ray data: Fe target

Casel Case 3
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Hard X-ray data: long pulse (350 fs), Fe target
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Hard X-ray data: case 3, Fe & Pb target

dN/dE, Quartz glass target
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2D PIC modeling with Mandor code

Laser pulse

- Pulse duration 50 and 300 fs
- Plasma focal spot—4 mcm

- Intensity | = 1018 W/cm?
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2D PIC modeling with Mandor code

Laser pulse

- Pulse duration 50

- Plasma focal spot—4 mcm
- Intensity | = 1018 W/cm?
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2D PIC modeling with Mandor code

Laser pulse

- Pulse duration 50 and 300 fs
- Plasma focal spot—4 mcm

- Intensity | = 1018 W/cm?

——50fs, E_=1.3 MeV
—— 50 fs, E,_=0.48 MeV
—— 50 fs, E,_=1.25 MeV
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Stochastic heating in underdense plasma

Plasma waves excitation by Stimulated Raman Scattering
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Outline

Pre-plasma impact onto fast electron
generation at high intensities — solid targets

Pre-plasma impact onto fast electron
generation at high intensities — liquid metal
targets

Pre-pulse effect onto heavy ion acceleration
Proton acceleration at ultrahigh intensities



Hard X-ray yield prepulse delay dependencéS
(“low” intensity, CELIA)

1017 W/cm?

~ £ L e e e e e I
i threshold 50 keV
2
<
8 -~ n
o 2107 |
) = 2 1
" z z T~180 ke
£ B _
0 g g
& ? Z T~40 keV
; 1x107° - I;" . _
£ g || E E
= -|§|| % _

I'ulll

0 I L | ! I | L | I | ) |

0 2 4 6 8
Prepulse - main pulse delay (ns)



X-ray yield nanosecond contrast dependence

Photodiode response, V
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Plasma shadowgraphy
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Liquid metal jet formation

5x101> W/cm?
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Liquid metal jet formation
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2D CHIC hydrodynamic simulation
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Electron acceleration along jets

3D3V Mandor PIC code http://mandor.ilc.edu.ru/mandor3

301x304x204

Laser pulse

- Duration 50 fs

- Focal spot 3 um
- intensity 5x1016-1018 W/cm?2

20

Target:

-Proton + electrons
-Density 1022 cm -3
-thickness 1 um

Jet: \\

-Protons + electrons Preplasma:
- Density 1022 cm -3 -Proton+electrons
- Jet length 5 um -Density changes

from 0to 1.2x1021 cm-3
-Thickness 4 um

- Jet diameter 0.5 um
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Electron spectra from 3D3P modeling
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Electron acceleration with jets
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Hard X-ray yield at 2x10'8 W/cm? intensity

Experiment
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Outline

Pre-plasma impact onto fast electron
generation at high intensities — solid targets

Pre-plasma impact onto fast electron
generation at high intensities — liquid metal
targets

Pre-pulse effect onto heavy ion acceleration
Proton acceleration at ultrahigh intensities
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Experimental set up
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1D Boltzmann-Vlasov-Poisson model

Fe

(a)

T.=200eV,  T,=10keV
N.=3x10%* cm3, N,= 10%° cm*3

900 K due to pre-pulse heating



Surface heating and water layer explosive
evaporation
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J Phys Chem. A 2001, 105, 2748—2755 MNuclear Instruments and Methods in Physics Research B 130 (20010 145-111



lon spectra of different species
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Outline

Pre-plasma impact onto fast electron
generation at high intensities — solid targets

Pre-plasma impact onto fast electron
generation at high intensities — liguid metal
targets

Pre-pulse effect onto heavy ion acceleration

Proton acceleration at ultrahigh intensities:
thin foil thickness optimization &
microstructuring impact



3D PIC code for simulation of laser-plasma =

Interaction
Laser pulse
/]
2p target z
F I e o N RUNSII \
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Target electrons Xxyxz2=20Ax20A x20A
CH, foil heavy ions AXx Ay x Az=x\100 x A/20 x A/20

(n,=200n,) light ions (protons)

- different target forms (folil, disk, spherical clusters )
- pre-plasma modeling with linear or exponential density profiles



Proton acceleration from mass-limited target
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Proton acceleration from ultra-thin foils

e, MeV
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Proton acceleration from structured target at 3
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The structured surface results in increase of proton €, MeV
energy for relatively weak laser pulses! q0 15 20




Proton acceleration at 5x10%° W/cm?
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Micro-structured target at 2x10%° W/cm?

10 e, MeV

30 —A

20}

There is no proton energy increase from

the micro-structured target in lo/A
comparison with the plain foil of .
optimal thickness for an UHI laser ) 08 010
pulse!

el




38

MSU-LPI Relativistic laser plasma laboratory

K.lvanov, S.Shulyapov, A.Lar’kin, I.Tsymbalov, D.Uruypina, R.Volkov, A.Savel’ev

Faculty of Physics and International Laser Center of Lomonosov Moscow State University, Moscow, Russia

A.Brantov, S.Bochkarev, V.Bychenkov

P.N.Lebedev Physical Institute of Russian Academy of Sciences, Moscow, Russia

Collaboration

T.Bonnet, F.Gobet, F.Hannachi, M.Tarisien, M .Versteegen,
Centred’Etudes Nucle’aires de Bordeaux Gradignan, University of Bordeaux 1 — CNRS — IN2P3, Gradignan, France

C.Fourment, P.-M. Leguay, F.Dorchies, B.Chimier, J.Breil, V.Tikhonchuk %“‘I’;‘;‘;

Centre Lasers Intenses et Applications, University of Bordeaux 1 — CNRS - CEA, Talence, France

EUHIVERSITE
WUNIVERS ITE

&

A.Lapik, A.Rusanov, R.Djilkibaev, A.Turinge, V.Nedorezov

Institute of Nuclear Research of Russian Academy of Sciences, Moscow, Ru,‘lzsfa--h, h

m
5P




Thank you
for your attention:!

This work was partially supported by Russian Fund for Basic Research and by Ministry of
education and science of the Russian Federation (Minobrnauka).



