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Abstract
Inverse bremsstrahlung absorption (IBA) is the most efficient absorption mechanism in laser-fusion plasma. IBA is the 
process in which an electron absorbs a photon while colliding with an ion or with another electron. IBA of laser energy 
in homogeneous and unmagnetized plasma has been studied using the Fokker–Planck equation. The isotropic function is 
considered as a q-nonextensive electrons distribution function. By considering a circular-polarized laser, kinetic theory and 
spherical coordinates, the first anisotropic function is calculated. A pulsed laser is considered, and the effect of the physi-
cal parameters such as temperature and q (q is a parameter quantifying the degree of nonextensivity) has been studied on 
the absorption value. Later, the results of continuous laser and pulsed laser have been compared. The calculations of IBA 
performed for a variety of q. According to our calculations, the IBA value in neighboring of the critical density layer for 
continuous laser is higher than pulsed laser. The final results show the IBA value increases with increase in q parameter and 
oppositely it decreases with temperature increasing.
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Introduction

Inertial confinement fusion and magnetic confinement fusion 
are two approaches of controlled fusion, and the IBA is an 
essential mechanism for coupling laser energy to the plasma 
in fusion [1]. After the hitting of laser light to the target, 
plasma layer will create immediately. In the corona of cre-
ated plasma, the laser-plasma interaction is the dominant 
interaction. As the interaction of the laser with the target 
continues, distinct regions develop an absorption domain, a 
transport domain and a compression domain. These domains 
differ significantly in temperature and density [2]. Near of 
critical layer, the laser light is absorbed using IBA mecha-
nism. The laser electric field causes the electron oscillation 
in plasma. So the energy of this oscillation via electron–ion 
collisions converts to the thermal energy that is called IBA. 
The other ways for the laser absorption into plasma are reso-
nance absorption and parametric instabilities. Absorption 
using kinetic theory, in many reports, is taken into account 
[3–6]. IBA is calculated by Fokker–Planck simulations, too 

[7]. In few papers, the IBA is investigated in the hot, weakly 
coupled and overdense plasma [8, 9]. Here, one can use the 
Fokker–Planck equation which is a part of kinetic theory 
equations to calculate the IBA value. Fokker–Planck equa-
tion will be simplified by ignoring the electron–electron col-
lisions Cee ≪ Cei and considering of the Laurentz approxima-
tion 

(
𝜈ei ≪ 𝜔L

)
 . Also, in this work we used the homogeneous 

and unmagnetized plasma. For the electrons, the isotropic 
distribution function is supposed as a q-nonextensive func-
tion. According to this electron distribution function, the ani-
sotropic function is calculated and by obtaining of electric 
current density, the absorption coefficient is achieved.

The results show that in near of critical density layer, the 
IBA value for continuous lasers is higher than the IBA value 
for pulsed lasers. Also in neighboring of critical density 
layer, increase in q parameter leads to increase in the IBA 
value, and increase in electron temperature leads to decrease 
in the IBA value.

IBA calculations

To calculate the IBA value, electron Fokker–Planck equa-
tion for homogeneous and unmagnetized plasma is defined 
as [10]:
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where Cei(f ) ≡ A
𝜕

𝜕v⃗
⋅

(
v2 Ĩ−v⃗v⃗

v3
−

𝜕f

𝜕v⃗

)
 and Cee(f ) are elec-

tron–ion and electron–electron collisional operators. It is 
good to mention that A =

(
2�neZe

4∕m2
e

)
ln� wherene , me 

and e are the density, mass and charge of electron, respec-
tively. ln� is the Coulomb logarithm, and Z is the ion charge 
number [1]. f  , v⃗ and E⃗ are the electron distribution function, 
particle velocity and laser electric field, respectively.

We defined f  as a high-frequency, f h , and slow-fre-
quency, f s , parts that it oscillates at the laser frequency, �L , 
as [6]:

If we expand f s and f h , on the Legendre polynomials, and 
using of f  at the first order, we will have:

where f0 is q-nonextensive distribution function which is 
defined as an isotropic function like [11, 12]:

Te , kB and �  denote the electron temperature, the Boltz-
mann constant and the Gamma function, respectively. 
When q → 1 , vmax =

√
2kBTe∕m(q − 1) goes to infinity 

and Eq. (4) reduces to the standard one-dimensional Max-
well–Boltzmann distribution function. Also, f1 is anisotropic 
function that can be obtained by Eqs. 1, 3 and 4 using the 
spherical coordinates ( v,� =

vx

v
,� = arctan vz∕vy ). Using of 

laser circular-polarized electric field as:

and J⃗(x, t) = −enev⃗(x, t), the electric current in the plasma, 
and ne = ∫ fd3v⃗ , we can calculate the IBA value. In a hot 
plasma when �𝜔L ≪ Te , the classical and quantum descrip-
tions of laser-plasma interaction agree to each other, and 
then, absorption, Ab = E⃗ ⋅ J⃗ is expressed as:

(1)
𝜕f

𝜕t
−

eE⃗

me

⋅

𝜕f

𝜕v⃗
= A

𝜕

𝜕v⃗
⋅

(
v2 Ĩ − v⃗v⃗

v3
⋅

𝜕f

𝜕v⃗

)
+ Cee(f ).

(2)f
(
r⃗, v⃗, t

)
= f (h)

(
v⃗
)
ei𝜔Lt + f (s)

(
r⃗, v⃗, t

)
.

(3)f (v,�,�, t) = f0(v) + �f1(v,�, t),

(4)f0(v) = Aq

[
1 − (q − 1)

mev
2

2kBTe

] 1

q−1

,
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�
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.

(6)E⃗(x, t) = E0(x) exp
(
i𝜔Lt

)
(ŷ + iẑ),

(7)

Ab = Re

⎛⎜⎜⎜⎝

E⃗∗(x, t) ⋅ E⃗(x, t)

kBTe

∞

∫
0

4𝜋Aqe
2v4

3
�
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2A

v3

�
�
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mev
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� 2−q
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,

where E⃗∗(x, t) shows the complex conjugate of E⃗(x, t) . So 
we get:

According to the Airy–Hora’s function [13, 14], we will 
have:

where

Eν is the laser electric field magnitude in vacuum and c 
stands for the light speed. Ln ≈ Cs�L shows the electron den-
sity gradient, whereas �L and Cs are the laser pulse length 
and the ion acoustic speed, respectively.

Finally, we obtained:

This equation expresses the absorption value for contin-
ues lasers.

The absorption value for pulsed laser using 
E⃗(x, t) = E0(x) exp

(
i𝜔Lt

)
sin2

(
𝜋

t

𝜏L

)
(ŷ + iẑ) with the same 

calculations is obtained [15].

Results and discussion

A continuous laser is considered, and the effect of physical 
parameters such as temperature and the strength of nonex-
tensivity, q, has been studied on the inverse bremsstrahlung 
absorption value. The IBA value for q = 2 determined for 
the both of continuous and pulsed lasers that one can see in 
Figs. 1 and 2.

Figure 1 shows the absorption (IBA) as a function of 
x∕Ln for a continuous laser that its value in near of the criti-
cal density layer is about 1.6 × 1014 W∕m3 , whereas Fig. 2 
depicts the IBA value for the pulsed laser that IBA value is 
about 5.6 × 1013 W∕m3 close to the critical density layer. 
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The regions of x∕Ln < 0 and x∕Ln > 0 denote the regions 
of overdense plasma and underdense plasma, respectively. 
To achieve high-temperature and high-density plasmas for 
driving the fusion reaction, we need initially high energy and 
preserve the confinement conditions. The pulsed lasers with 
short pulse length cannot provide confinement conditions 
as well as continuous lasers. Thus, if we use a 4 ns pulse 
length laser (Q-switched Nd:YAG [16]), the IBA value will 
be lower than its value in comparison with continuous laser. 
Our previous results showed that increase in pulse length 
leads to increase in IBA value [14].

Figure 3 shows the effect of q-parameter on the absorp-
tion (IBA). This figure depicts that the increase in the 
absorption is due to the increase in q. As we can see, for 
the constant electron density gradient ( Ln ≅ 0.0028 m ) and 
using Eq. 12, the absorption value in near of the critical 
density layer for q = 2 is about 1.4 × 1014 W∕m3 , whereas it 
is around 2.9 × 1014 W∕m3 for q = 8.

Figure 4 shows absorption as a function of electron tem-
perature. As one can see, in this figure increase in tempera-
ture causes the decrease in absorption.

Conclusion

We used the Fokker–Planck equation and kinetic theory 
in laser fusion plasma; then, the anisotropic distribution 
function, electrical current density and the absorption 
are calculated. As shown in Figs.  1 and 2, the absorp-
tion value for continuous laser is larger than it in pulsed 
laser neighboring of critical density layer. Figures 3 and 4 
denote the effect of q-parameter and electron temperature 
on the inverse bremsstrahlung absorption value. For higher 
degree of nonextensivity (q-parameter), the IBA increases, 

Fig. 1  Absorption as a function of x∕L
n
 for continues laser. In near of 

the critical density layer ( x = 0 ), absorption is maximum. The laser 
and plasma parameters are as follows: Z = 4,q = 2 , T

e
= 10 keV , 

L
n
≅ 0.0028 m , �

L
= 10.6 μm

Fig. 2  Absorption as a function of x∕L
n
 for pulsed lasers. In near 

of the critical density layer ( x = 0 ), absorption is maximum. 
The laser and plasma parameters are:Z = 4,q = 2 , Te = 10 keV , 
L
n
≅ 0.0028 m , �L = 4 ns, �L = 10.6 μm

Fig. 3  Absorption versus 
function of x∕L

n
 . The laser and 

plasma parameters are:Z = 4

,L
n
≅ 0.0028 m , Te = 10 keV , 

q = 2 to q = 8 , �L = 10.6 μm
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whereas increase in electron temperature leads to decrease 
in absorption.
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Fig. 4  Absorption as function of electron temperature using continues 
lasers for q = 2
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