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Gravitational waves generated by laser—plasma interaction
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We analyze theoretical models of gravitational
wave generation in the interaction of high power

lasers with matter in linear approximation of grav- Shodcwsve  Ablation front

itational theory up to the quadrupole moment in ”
moment expansion. The main purpose of our in- .

vestigation is to analyze the three different mod-

els of high frequency gravitational waves (HEGW) | [~

in the interaction of high power laser pulse with a Shiocked mateial p

Unperturbed solid Conduction zone Underdense corona

medium. These models were suggested in [1, 2],

.
>

from which we have chosen to investigate the shock ot

wave model, shock wave model with ablation [3] . ,
Figure 1: The density and temperature pro-

and the piston model [4]. The light sail model to- files for shock wave and ablation models
gether with piston model was investigated in [8].

We derive the analytical formulas and estimates for the metric perturbations and the radiated
power of the generated gravitational waves. The important input into calculations are the density
profiles which can be seen in Fig. 1. Namely, the resulting formulae for the perturbation hiTjT
and the luminosity £ for the shock wave model are:
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where c is the speed of light and G is the gravitational constant, R; is the target density R; =

%‘%mpnc, P, = S1;, 1s the laser power and E;, = SI;t is the energy of the laser. For experimental

values we will evaluate our expressions
PL=0.5PW, po= 30mg/cm®, E;= 05MJ, 7= lns, Az= 300um

and the detection distance is R = 10 m or equivalently f; = f = 10 m, parameters a,b of the
target foil are « = b = 1um = 10~*cm and therefore I; = 0.5 x 108 [PW /cm?]. The outgo-
ing gravitational radiation has frequency v, = 1GHz and wave length A, = 0.3 m. The final

estimations for our expressions of the luminosity and the perturbation are:

Low ~1.69172 x 10 P[erg/s], hS" ~2.373 x 107%. 2)
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The resulting formulae for the ablation model are the following:
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and the estimations for the same experimental values as for the shock wave models (with a =

b =1mm = 0.1 cm for ablation) are
Low ~3.61 x 107 P[erg/s], hSY ~4.7x107%, (5)

The results for piston models read as:
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When we substitute achievable laser parameters into expressions for luminosity and the pertur-

bation we will get the estimations for the experiment:
PL=7PW,py= lg/cm? &= 30um, 7= 1ps, (7)

and the detection distance is again R = 10 m and S = ®?7 /4 where & is diameter of the target.
The detection distance is R = 10 m or equivalently f, = f = 10 m, z;, = 12 m, parameters a, b
of the target foil are a = b = 1 um = 1 x 10~%m and therefore I;, = 7 x 108 [PW /cm?] and the
velocity v, = 153008 [km/s].

The wavelenght of the gravitational wave is A, = 300 um and the frequency is v, = 1 THz.

The final estimations for the luminosity and the perturbations are:

Low ~ 2.704 x 10~ Blerg/s], hC" ~ 3 x 1074, (8)

72T

Therefore we claim that the piston model has the lowest luminosity and the lowest perturbations
with quite low luminosity is the ablation model. This suggests that the ablation model is the
best model for the experiment, but it is coupled with the shock wave model when realistically
performing the experiment.

The radiative characteristic represents amount of energy going through various directions in
the case of large distances r for quadrupole radiation is defines as

3
72Gnr?

where n = (sinOsing, sin 6 cos ¢, cos ) is the general vector. For the shock wave and piston

—lor GW — =9 = Iijlrsninjnrns>, (9)

models, the radiation in the general

S2c3pgve

In = 36Gnr

[12—4(sin29+4cos29)—|—(200s29—sin29)2} : (10)
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The directional part of the radiation is plotted in the Fig. (2) for ablation model and (3) for shock

wave and piston models.

The structure has toroidal structure with the
symetry center around the z = 0, which shows that
the radiation in the direction of z axes vanishes. The
radiation in Fig. (2) shows presents of such radi-
ation in the direction of propagation of the laser
which should not be there while working in the lin-

earized gravitation. The present radiation is caused

by the fact that the mass conservation is not valid
) for the ablation model and we integrate the density
Figure 2: The radiative structure for the ab- )

to some fixed value instead of the oo.
lation model.

We investigate the geometrical characteristics of
polarization of the generated gravitational waves and the behavior of test particles in the gravita-
tional field of the wave [6] which will be important for the detection. We have used the geodesics
equation for the study.

The shock wave test particles change its shape
from the circle to the ellipse which changes in time
thanks to the time dependence of the amplitude A,
see Fig. (4). The behaviour of test particles in +
mode of polarization is the same for piston model,

the ablation model test particles differ because the

amplitude has non-trivial time dependence and the

circle of test particles is just larger in time.
To summarize our work shortly, see [6] and [7],

. . ) .. Figure 3: The radiative structure for the
we have investigated generation of gravitational

shock wave and piston models.
waves by laser—plasma interaction in three models,
shock wave, ablation and piston models. We have investigated the perturbations and luminosi-
ties of such waves and other properties which relate to the polarization of the GW, such as type
of polarization, the maplitudes in two modes of GW, the properties in spherical coordinates in
linear gravity. Furthermore, we have analyzed the radiative characteristics of the radiation which

shows to be toroidal character for + mode and bulb for x mode. We analyzed the behaviour of

test particles under influence of the GW.
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Figure 4: The diagrams depict the position of test particles as function of time under influence

of GW wave with + polarization for the shock wave model.

The resulting perturbations of the waves are about 1

0~40 which is out of range of today’s

known detectors. The recent detection of gravitational waves on LIGO with magnitude 107!

[5] would definitely open a new era of fundamental physics and thus our research becomes

even more relevant in today’s physics. The results are summarized in the papers [6](shock wave

model) and [7] (ablation and piston models).
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