
Relaxation of a temperature perturbation in collisional plasmas

A. V. Brantov1,2, V. Yu. Bychenkov2, W. Rozmus1

1 Department of Physics,  University of Alberta, Edmonton, Canada
2 P.N. Lebedev Physics Institute, Moscow, Russia

Characterization of a heat transport is an important issue for inertial confinement

fusion experiments. A nonlocal character of the electron heat transport in laser-

produced plasmas is well established both experimentally [1-3] and theoretically [4].  It

is well known that the classical local model for the electron heat flux is not applicable if

the inhomogeneity scale length, L, is shorter than hundred electron-ion (e-i) mean free

paths, λei. The nonlocal transport theory has been derived from first principles in the

limit of small amplitude perturbations [5]. The nonlocal nonlinear generalization of this

theory was tested in comparisons with Fokker-Plank simulations [6] and experimental

temperature profile measurements [3].  A good agreement has been found between

kinetic simulations and the analytical model of a quasistationary nonlocal transport [5]

for the relaxation of localized temperature perturbation with the initial spatial scale, L,

longer or on the order of λei.. For the shorter scale lengths, L, nonstationary effects

should be taken into account. This is equivalent to time nonlocality of an electron heat

conductivity [7].

Here we describe nonstationary effects in the electron heat transport by solving

linearized electron kinetic equation with exact collision operators in the Landau form

for the relaxation of the initial temperature perturbations. Our results define limits of the

validity of a quasistationary approach which is widely used in nonlocal heat flux

models. We have also examined the effect of an external magnetic field on the thermal

transport [8]. We have solved the hot spot relaxation problem by describing the heat

wave propagation along and across the external magnetic field.

Following Ref. [7] we have found solution to the electron kinetic equation for

the initial thermal perturbation given by δTk(0) in k-space,
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AΨ  are solutions to the equation: 
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with sources

1NS =  and 2 21 v 3vT TeS = −  (vTe  is the electron thermal velocity), the effective collision

frequency 1ν  is defined in terms of the continuous fraction:
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, 0F  is the Maxwellian distribution, and

4 2 34 vei e eZn e mν π= Λ is the e-i collision frequency. The solution to Eq. (1) for the

periodic initial temperature perturbation, [ ]0 0( 0) cosT x T k xδ δ, = , is shown in Fig.1 and is

characterized by two different regimes of temperature relaxation – collisionless kinetic

and collisional hydrodynamic.

Fig.1 Temperature evolution for the periodic perturbation for different k0 (big dots) in
comparison with fitting (solid lines), quasistationary theory [5] (dashed lines), SH theory
(dotted lines), and collisionless theory (dot-dashed lines).

We proposed the following fit for the temperature evolution with an inhibited transport

( )( ) [ ]0( ) ( ) 1 ( ) coshydro kinT x t A T t A T t k xδ δ δ, = + − , where ( )0( ) exphydroT t T tδ δ τ= −
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( ) ( )( )2 2 2 2 2 2
0 0 0( ) 2exp v 2 exp 3 v 2 3kin Te TeT t T k t k tδ δ≈ − + − . This can be applied to an

arbitrary initial temperature profile, including the localized one, by using inverse
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Fourier transform over k0 and treating 0Tδ  as initial temperature profile in the Fourier

space. Our study shows that relaxation of the localized temperature perturbation can be

correctly described by nonlocal quasistationary theory for hot spot sizes L>λei..
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Fig.2 Temperature relaxation in the centre of hot spot (points) in comparison with classical
strongly collisional transport theory (dotted lines), nonlocal theory (solid lines) and simplified

nonlocal theory (dashed lines) with κ ⊥  given by the classical local approach ( 3 eiL λ= ).

         Another important mechanism of electron transport inhibition is due to magnetic field.

Here we illustrate its role by considering cylindrical hot spot relaxation in the transversal plane

(x,y). The magnetic field is directed along x-axis. Based on the linear theory of an electron

transport in a magnetized plasma [8], we describe evolution of the temperature perturbation

with the initial Gaussian form, ( ){ }2 2 2
0( ,0) expT x y T x y L, = − + , as follows
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Fig.3 Spatial temperature profile for 10eitν =  (right panel) in comparison with classical theory

(left panel) for 3 eiL λ= , 0.5eiνΩ =
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Here κ P  and κ ⊥  are heat conductivities in a Fourier-space, along and across magnetic

filed, correspondingly (cf.  Ref. [8]). Figure 2 shows the hot spot temperature evolution

in comparison with classical and simplified models, which ignore nonlocal modification

of the thermal conductivity across the magnetic field [2]. Interplay between two effects:

nonlocal heat flux inhibition along the magnetic field and the reduction of the

magnetization parameter makes the spatial temperature asymmetry considerably less

pronounced that in the classical case (cf. Fig. 3).
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