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Motivation: Inverse bremsstrahlung in WDM

> Inverse Bremsstrahlung — Main laser absorption mechanism
> |CF target design — Symmetry conditions
> Fl — Dense plasma created by the nanosecond pre-pulse

> Warm dense matter experiments and laser-cluster interactions
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Collisional Absorption Calculation Approaches

> The high-frequency limit: driver >> scattering frequency
o Silin ansatz! : Electrons freely oscillating in the external field
o Mean field interactions — Vlasov-Poisson equations
¢ Dynamic screening — Lindhard dielectric function
o Dawson&Oberman? /Decker® absorption rate
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Collisional Absorption Calculation Approaches

> The high-frequency limit: driver >> scattering frequency
o Silin ansatz! : Electrons freely oscillating in the external field
o Mean field interactions — Vlasov-Poisson equations
¢ Dynamic screening — Lindhard dielectric function
o Dawson&Oberman? /Decker® absorption rate

> The low-frequency limit: driver < scattering frequency
¢ Electons bound to ions — their rest frames coincide
¢ Binary scattering — Linearized Boltzmann approach
o Static screening - Debye screening length

o Generalized Drude conductivity formula
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Collisional Absorption Calculation Approaches

> The high-frequency limit: driver >> scattering frequency
o Silin ansatz! : Electrons freely oscillating in the external field
o Mean field interactions — Vlasov-Poisson equations
¢ Dynamic screening — Lindhard dielectric function
o Dawson&Oberman? /Decker® absorption rate

> The low-frequency limit: driver < scattering frequency
¢ Electons bound to ions — their rest frames coincide
¢ Binary scattering — Linearized Boltzmann approach
o Static screening - Debye screening length

o Generalized Drude conductivity formula

> driver ~ scattering frequency: none of these applies
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Equation of Motion of e- Fluid in an External Field

> Motivation: determine a frame in which e- distribution is ~ equilibrium
> Kramers-Hennenberger frame — rest frame of e- fluid

> Equation of motion of the centre of mass of e- fluid in an external field

mV = —e[Eex + (E(t))] — R(V)V
o (E(t)) — the induced polarization field

o R(V) — the e-i friction coefficient

> V — the center of mass velocity of the e- fluid in the ion’s rest frame

V(t) = /vF(r,v7 t)drdv
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The Current Balance Equation

> Uniform, oscillating external field Eq sin(wot)

> The current balance equation

CL2
% = ﬁ [Egssin (wot) + (E(t))] — vsc(t)i

o wp = €2ne/m — the plasma frequency
¢ j = —enV — the current
o Vse = R(V(t))/m — scattering frequency

> Low-frequency (E(t)) = 0, linear vsc = const limit = Drude
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Solution of the Current Balance Equation

> In linear regime vsc = const, the general solution is

Free Current .

i(t) = [%e{U}Eo sin(wot) — jm{a}Eo cos(wot)] + %’; /<E(T)>el/sc(7t)d7_

—00
N 4

vV
Polarization Current

> Equivalent electric circuit:

o Capacitor filled with dielectric material ¢, > 1

o In parallel to non-zero resistivity

Alon Grinenko (University of Warwick) Inverse Bremsstrahlung in WDM PNP: September 13-18



Stopping Power & The Friction Coefficient

Stopping Power - the energy loss of beam per unit length
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Range of the Laser Field Amplitudes

> R(V) = const can be assumed if: Vipax < Vin

> Using the equation of motion

1+ (Vsc/wo)

— 5 X
1+ (Vsc/WO)2 Yo < Vih

where vy, = \/ kT /me, and vo = eEy/muwy

High frequency v /wo < 1 Low frequency v /wo > 1
>> Free oscillating electrons > Electrons are bound to the ions
> Max. velocity Vimax = v > Max. velocity Vinax=vo/(Vsc/wo)
>> Field amplitudes limited by wp > Larger laser field amplitudes
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Absorption Rate

> Using the Poynting theorem, the absorption rate is (Silin)

41w (j-E)

w2 (E-E)

4

Vei(wo) =

Drude: Free Current Contribution

@)= T+ (Esin(eon) [ (€4
Vei\Wo ) = 1+(VSC/CU0)2 1/2Eg 0 SIn (Wo . T)) € T

DO/Decker et al.: Polarization Current Contribution
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Calculation of the Polarization Field

> Polarization field is found from the solution of Vlasov—Poisson equations

> The electron distribution function F is determined by:

OF , OF 0U OF
ot o Or Ov

> The force is given by

ou

€ .
= m (Eosin (wot) — V&) — 15V

> The potential is determined by

V20 = 41 <noe/ Fdv — Ze» " o(r - r,-)>
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Kramers-Hennenberger Frame: the Rest Frame of e- Fluid

> Vlasov-Poisson equations can be linearized in a rest frame of the e- fluid
> Transformation to the e- fluid rest frame is

€ - Vsc
=r+ — = |[sin (wgt) + — cos (wot
P =t T eyt [ 6t) + 25 cos (o)

u i thd 5 [cos (wot) — < in (wot)]
wo

=V + _—
1+ (Vsc/wo)

> €= —eEp/mw?

> In this frame F ~ fy 4+ f and ® = ¢¢ + ¢
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Vlasov-Poisson Equations in the e- Fluid Rest Frame

>> Linearized VP equations for e- including the effect of friction with ions

of of  ed¢p Ofy

ot Y ap Tmop ou

Effect of the e-i friction

t) +  (vsc/wo) cos (wot) |
i tre{n 0= 2500 - onlsts Lefulonla ] )
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Solution of Vlasov-Poisson Equations

> Solution is: ¢(k,w) = S(k,w)/D(k,w)
> lon source term S(k,w) is (D&O)

feo) —Ze(—=1)" (=)™ ke
S(k,w) = e(zﬁz)kz( ) Jn<1+(vsc/wo)2>

n,m

y k - €(vsc/wo) ot () R
o (g ) Bl 0 m )2

v

> D(k,w) is the Lindhard dielectric function (RPA in QM treatment)

w3 k - (8fy/Ou)
_ P 3 0
D(k,w)—l-l-—k2 6||_r2)/d P e
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The Total Absorption Rate

> Substituting the polarization field yields the absorption rate

Vei VsV 3 i Jn (ﬂyk ) (PYVSCk )
a Z /d K2 D(k, (n 4+ m)wp)

n,m=—oo

X Z S(n = 8)Imys (VPsck - €) Jn_s (7k - €) Sii(k)

§=—00

a = (2m*) Hwo/wp)(Ze*/mvg)
ov=1/(1+7%)
O Dse = Vsc/wo

> Similar to Decker et al., but including the e-i friction vsc = R/m
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Results: [ Dependence

o Pfalzner& Gibbon: MD ?
100 L O Hilse, Schlanges: MD
# Cauble& Rozmus: HNC*

3 )
< 10tk -
N
—— Thiswork Eq. (14)
3 - - Polarization (14)
102 b ---- Hard collisions (14) 4
' - - Bornathet al. [11] 5
i =, Deckeretal.[9] 6
102 10" 10f

Collision frequency vs. I': n. = 102 em=3, Z=1, vop = 0.2wh, wo = 3wp

> At ' < 1 D&O/Decker limit recovered
> Using an exact form of the RPA dielectric function removes the artificial cutoff

> Good agreement with MD simulations at high I
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Frequency Dependence
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Conductivity vs. wo: ne = 102 ecm=3, T =0.15, vo = 0.2vip, wo = Swp

> At wg < 1 Drude limit recovered
> At wg > 1 Drude contribution vanishes slower than the Decker term !!!

> Binary collisions contribute a constant vs to the absorption rate at wg > 1
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Conclusions

> The absorption of laser energy by inverse bremsstrahlung in dense
plasmas is calculated

> Effect of binary scattering is introduced using the friction force

> Mean field & binary scattering contributions treated simultaneously
> Drude & Decker results recovered in low & high frequency limits
>

Results in good agreement with MD simulations obtained
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