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el] Ll Outline

beamlines

1. Characterize the laser absorption process at high
intensities when the state of material changes during
the irradiation (ablation-expansion);

2. Characterization of the ablation and expansion
competition: homogenization time;

3. Characterization of ablated plasma: average
energies of electrons and ions, polarization
dependence;

more about experiments with porous targets: J. Limpouch (04 S2)
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) Theoretical model: solid cylinder in

el

peamlines an empty pore
We consider two different cases: E, E
5 By
1 ° J&
homogeneous cylinder inhomogeneous cylinder
@, \2 1 @, \ 2 N
e=1—<”) , e =1-(—) )
o/ 1+iv,/w o/ 1+iNmv,/w
= const N(r) = exp[ — (r/a)’In 2] _T — .
e X
. E E Ep: p-polarisation
We compare const density profile with the Gaussian
profile on a cylinder of radius k- a S- S-poiarisation

significant difference: resonance absorption
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cross-section of the process:
6 = Qabs " Ogeom

Theoretical model: main equations

We build the absorption model based on the Mie theory of scattering on small
objects. The difference from standard Mie model is in radial dependence of epsilon.

v(p) =\eb,J,(\/ep)

2

in@ i L n
u,(p) u, +—u, + (6——2>un=0
- p p
in6 . 1 / ) 2
" v(p) v, + (——i>vn+ (e—n—>vn=0
n p € p?
=k-r € =¢e(r)
u,(p) =vea,l,(\/ep) for laser wave incident normally
Where:

on homogeneous cylinder these

are just Bessel functions of first
kind

We calculate scattering & absorption efficiency factors

QSCCl
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) Theoretical results: absorption rate

beamlines

el

A

absorption rate for homogeneous cylinder W,, = Ime|E|*

collisions

Ey ky
laser

p ~ const

for both S- and P-pol cross section of absorption depends weakly on the laser polarization

absorption in this case is proportional to the electron-ion collision frequency
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ai Theoretical results: absorption rate

beamlines

absorption rate for inhomogeneous cylinder W_,. = Ime|E 2

collisions Res. abs

=2
laser 3
0.5 —
: o Veil g =1
<0k 0.3
] 0.2
Bl 0.1
0.0E Y ) . . 3 ) A - - J
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3 —
kx kx n,/n.=10

S
p ~ exp[ — (r/a)*In 2] .

Res. absorption works at

any angle of incidence for
S-pol in S-pol case: Collisional absorption + resonance absorption

does not depend on the imaginary part of dielectric permittivity i.e. collisional frequency

: . N Institute of Physics The Czech Academy
Date: 19.09.2022 | Page: 6 I: 7 FZU oo QofSciences



U]

beamlines

el

homogeneous

a_

p ~ const

Qabs,P =0.3
Qabs,S =04

inhomogeneous
p ~expl — (r/a)’In 2]

Qupsp = 0.3
Qabs S — = 1.5

Efficiency factors: dependence on the

cylinder radius

o = Qabs " Ogeom
Qsca. Qabs
20F p 050}
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radial inhomogeneity of the cylinder changes the absorption
rate even in the case of large collision frequency
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)] Simulation model

el

beamlines
periodic BC
) M
Laser e L) E, E
14 2 K= e Z A ’
IO = 10" W/cm ‘/E_)/ n, 4.87 n, 5 'y
Ao =0.35um m 0 k
g a's0lum |2 e
e Z=454T, =1eV |L
O ’ o
2 2
‘/(U < L=272 um > @® ’.’;
periodic BC \___/
We used collisional PIC 2D simulations (SMILEI) s >

Initial density profile in our simulation is const. Smﬂe; ) Ep: p-polarisation

extend theory to arbitrary radial density profile —
profile on a cylinder of radius k - a p ~ expl = (r/a)’In2] Es: s-polarisation

1. check the theoretical model of absorption
2. understand the variation of the cylinder density and temperature with time
3. characterize the ablated plasma and homogenization time

: . N Institute o f Physics The Czech Academy
Date:19.09.2022 | Page: 8 {: 7 FZU oo QofSciences



adi Density profiles

beamlines
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U

dashed line is
the position of
the cylinder

D =

i — 1,

1. faster expansion for S and slower for P
<« @ """"" 2. bell-shgped profile: gxponential pargmetrization applies
3. approximately quasi-neutral expansion

p(r) = p.expl — (r/a)’In 2]
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el. m Parametrization of the density profile
1 e in the cylinder

rarefaction wave
ablation dominates for S-pol

Pm/ Ps

1.0f

0.8}

0.6}
0.4:- =
02} 30 S m
NS ; density fit
2 4 6 8 10 12 14 2 4 6 8 10 12 14 7320
t,ps =
p LPS  m/m ’ ©
P /Mo <
: 1.0 — 10 /\
12F i
[ 0.8}
g i -1.0 0.5 0.0 05 1.0
8 S C) 08 Xc [um]
6f i
[ 0.4:
af m =2 d model:
' P 02f M = 2T rp(r)r :
2..
: - 0
— . . . . . . . r)=p.exp|l — (r/a)PIn2
2 4 6 8 10 12 14 2 4 6 8 10 12 14 p( ) Pe p[ (r/a) ]
t, ps t, ps

a =a(t), p =p@), p. = p0)

dominance ablation for S-pol all the time, dominance of expansion for P-pol
two expansion phases: rarefaction wave for rho = constant and expansion after 8ps
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Ll Ablation/expansion velocity

beamlines

eli
m, B .
Vabl =~ 5 ~d Vexp = Vabl T d almost zero
ablation thermal ablation, Phys. Fluids 25, 1644 (1982). ablation for P-pol

dominates for 15.0 |
=210 12.5 /\S'pO\' e
' / 1. dominance ablation for
10.0 , 7 Y S and expansion for P
. | R / Jdll 2. two expansion phases:
é ' / - rarefaction and expansion
£ 50 4 /M 3. characteristic time of
-‘§ . //ij / rarefaction is ~8ps
expansion oo ;}‘\ S
competes K / /
ablation at 25 N\ //
later stage / —— Ppol, v,
-5.0 7 |

0 2 4 6 8 10 12
t [ps]

expansion without laser coincides with P-pol case » poor absorption, cold core
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el] L Electron and ion energy partition

beamlines

P b) — t=1.0ps
i i t =:= 4.¢ ps
L - t = 10.0 ps cold center
I : %
= hot ablated
10 plasma
O 1 1
. . . . 0.0 0.5 1.0 1.5 2.0 2.5
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d) — t al 1.(:') ps .
0.3 i
0.02 t=4.0ps ablation
t =,: 10i.0 ps process
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= s o
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much less energy is absorbed in P-pol case
electrons have smaller average energy than ions | ions are accelerated via electrostatic ablation process
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el] b”m” Electron and ion energy evolution

a) —— cor b) —— core
el R cold core
0.6 |
- L T N N e A A hot ablated
>
Loa4 (] plasma
/
0.0 0 —
0.0 2.5 5.0 7.5 10.0 12,5 15.0 0.0 2.5 5.0 7.5 10.0 12.5 15.0
t [ps] t [ps] ablation
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c) — core 0.8: d) —— core d . t
0.06 — blatdd — blatdd ominates
0.6
>0.04 S
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E wo , 6 heating: surface
: 0.2 energy absorption,
. / . suppressed heat
0.00f — . : :
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t [ps]
much less energy is absorbed in P-pol case

t [ps]

cylinder

electrons have smaller average energy than ions | ions are accelerated via electrostatic ablation process
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Particle energy distribution

el

core electrons — ions
10— 101
a§ — t=1.0ps, e =0.3keV,nhot=11.7% b) —— t=1.0ps, € = 5.3 keV, nhot = 7.6 %
: —— t=4.0ps, € =0.3 keV, nhot = 30.3 % : —— t=4.0ps, € =5.1keV, nhot =33.6%
—— t=10.0 ps, € = 0.7 keV, nhot = 73.4 % : —— t=10.0 ps, € = 4.9 keV, nhot = 75.0 %
100' 100
w1071 w107
g // B \\\\
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[} N
H I" - \\\
— g -3 i SSs. . ~>.
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Ju(e) =

ablated plasma, ~0.7 keV

ki hrexp [ ——
Tk + 1) T,
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ablated plasma,
~4.9 keV

ions are not yet thermalized on such a
short time scale: large amount of energy

is still in the ion radial flow
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) energy balance in the pore:
pearlines reflected+transmitted+absorbed=1

el

R =fl;acstca2a /L T = 1 - (Qabs +f£)acstca)2a /L

Polarization|Reflection | Transmission | Absorption| Qabs | fback@sca from simulation:
S 6% 82% 12% 1.32 0.66
% % % o = 127
P 10% 88% 2% 0.22 1.1
Qabs,S =13

TABLE II. Energy balance in the simulation averaged over a time interval 7 — 15 ps.

from theory:

Qabs

250 Qabs,S = 15
: 2a
. fpo = 2205 1009, ~ 139
1.5¢
1.0
05 \_//,\__\
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e The laser absorption efficiency in foams strongly depends on the shape of the
structure and it’s orientation with respect to the laser polarization

D)l Summary

beamlines

e In S-pol case there are two mechanisms of absorption: collisional absorption and

resonance absorption, if there is a density gradient (no res absorption if there is no
density gradient)

e Only collisional absorption in P-pol case at normal incidence
e Ablation process dominates in the S-pol case, slow expansion in the P-pol case

e Laser energy is transferred mainly to the ions via electrostatic ablation process:
energy partition electrons/ions = 2/3

cross-section of process

Qups,p = 0.4 6 = Qabs " Ogeom

Qups.s = 1.5 hybrid micro-macro model

& ~ SkeV

absorption-expansion
parameters are used in the

: : (L. Hudec, O8 S2)
iInhomogeneous cylinder
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Thank you
for your attention!
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