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Abstract

Ponderomotive non-linearities arising by propagation of a linearly polarized laser beam through high-density quantum
plasma are studied. The intense laser beam sets the plasma electrons in quiver motion and consequently ponderomotive
non-linearity sets in leading to electron density perturbation inside the plasma. The interaction formalism has been
built using the quantum hydrodynamic model. Laser beam traversing through high-density quantum plasma acquires an
additional focusing tendency due to the perturbation induced by ponderomotive force in the plasma density. The
ponderomotive force causes the beam to focus and the quantum effects contribute in focusing. The transverse
magnetization of quantum plasma enhances the self-focusing and increase in magnetic field limits the spot size.
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1. INTRODUCTION

The field of laser—plasma interaction dynamics is a highly
motivating area of research. When a laser pulse propagates
through uniform plasma embedded in a uniform magnetic
field, the plasma electron motion is modified due to the mag-
netic field (Tajima & Dawson, 1979a; 1979b; Ashour-
Abdalla et al., 1981; Joshi et al., 1981; Sullivan & Godfrey,
1981; Katsouleas & Dawson, 1983; Lawson, 1983; Joshi
et al., 1984; Tang et al, 1984; 1985; Horton & Tajima,
1985; Fuchs et al., 1998; Najmudin et al., 2001) and gives
rise to changes in the dispersion of the laser beam, non-linear
effects such as self-modulation (Antonsen et al., 1992;
Andreev et al., 1995), self-focusing (Sun et al., 1987; Jha
et al., 2004a; 2004b), Raman scattering, and various para-
metric instabilities (Drake et al., 1974; Jha et al., 2004a;
2004D). These processes govern experiments in inertial con-
finement fusion (ICF) (Deutsch et al., 1996; Borghesi et al.,
1998; Regan et al., 1999), x-ray lasers (Burnett & Corkum,
1989; Amendt et al., 1991; Wilks et al., 1992), optical har-
monic generation (Sprangle et al., 1990; Lin et al., 2002),
and laser-driven accelerators (Hegelich ef al., 2002; Gorbu-
nov et al., 2003). It is believed that the self-focusing
appear as a genuinely non-linear phenomena arising out of
non-linear response of material leading to the modification

Address correspondence and reprint requests to: P. Kumar, Department
of Physics, University of Lucknow, Lucknow 226007, India. E-mail:
punitkumar@hotmail.com

764

https://doi.org/10.1017/50263034616000689 Published online by Cambridge University Press

in refractive index (Max et al., 1974; Sprangle et al., 1987;
Sun et al., 1987). Specifically in laser—plasma interaction,
the generic process of self-focusing of the laser beam has
been focus of attention as it affects many other non-linear
phenomena. In non-linearity induced by ponderomotive
force, electrons are expelled from the region of high-intensity
laser field, on the other hand self-focusing results from the
effect of quiver motion leading to reduced local frequency.
The self-focusing is counter balanced by the tendency of
the beam to spread because of diffraction. In the absence
of non-linearity, the beam will spread substantially within
the Rayleigh length. The propagational characteristics of an
intense laser pulse is completely determined by the degree
of diffraction, non-linear defocusing, and self-focusing suf-
fered by the beam as it traverses through the plasma. In the
classical rigime, laser self-focusing effects have been studied
in homogeneous and inhomogeneous plasmas by many re-
searchers (Upadhyay er al., 2002; Varshney et al., 2006;
Kaur & Sharma, 2009; Sharma & Kourakis, 2010).
Recently, studies of plasma systems where the quantum ef-
fects are important have gained momentum due to their rele-
vance to astrophysical plasma and cosmological environment,
nanotechnology, quantum dots, laser—solid interaction, X ray,
free electron laser (FEL), etc. (Barnes et al., 2003; Shpatakov-
skaya, 2006; Stenflo et al., 2006; Shukla & Eliasson, 2007;
2010; Wei & Wang, 2007). In the quantum plasma, Fermi—Dir-
ac statistical distribution is employed rather than widely used
Boltzmann—Maxwell distribution in a classical plasma. In the
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present work, we focus on the recently developed quantum hy-
drodynamic (QHD) model (Gardner & Ringhofer, 1996;
Shukla & Eliasson, 2006; 2010). The QHD model consists of
a set of equations describing the transport of charge, momen-
tum, and energy in a charged particle system interacting through
a self-consistent electrostatic potential (Tyshetskiy et al., 2011).
Within the quantum hydrodynamical descripion, quantum ef-
fects are elgantly modeled by the Bohm potenital, Fermi pres-
sure, and electron —1/2 spin.

In Section 2, the formulation of the non-paraxial wave
equation having linear and non-linear source terms, which in-
clude contributions due to the ponderomotive force under the
influence of quantum effects and perturbations due to the
presence of uniform magnetic field for quantum plasma is pre-
sented. In Section 3, an envelope equation for laser radiation
has been set up using the source-dependent expansion (SDE)
technique. Further, the evolution of spot size and the effect of
density perturbations on the process of self-focusing are stud-
ied. Section 4 is devoted to the summary and discussion.

2. LASER-PLASMA INTERACTION

Consider a linearly polarized laser beam represented by the
electric vector E(r, t) = e Ey(r, t) cos (koz — wot) (e, is the
unit vector of polarization), propagating in uniform high-
density quantum plasma. The plasma is embedded in a cons-
tant magnetic field b= eyb. The laser beam is propagating in
a direction perpendicular to the electric field, which is per-
pendicular to the applied magnetic field. The V' x B force
causes another velocity component and the beam becomes
partially longitudinal and partially transverse. The electric
vector traces out an ellipse in the x—y plane. In the high-
frequency limit (as in the case of high-density quantum plas-
mas), the beam becomes fully linearly polarized (Goldston &
Rutherford, 1995; Bastin, 2005; Bittencourt, 2008; Chen,
2008). The set of QHD equations governing the interaction
dynamics are (Misra et al., 2010)

v__e
ot~ m
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5 + V.(m) =0, )

where m is the electron’s rest mass, 7 is the Planck’s
constant divided by 2m, vg is the Fermi velocity, S is the spin
angular momentum with |[So| = % /2, p = (—g/2)pp and

ug = eh /2mc being the Bohr magneton. The second term on
the right-hand side of Eq. (1) denotes the Fermi electron
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pressure. The third term is the quantum Bohm force and is
due to the quantum corrections in the density fluctuation.
The fourth term is the spin magnetic moment under the influ-
ence of the applied magnetic field. The above equations are
applicable even when different spin states (with up and
down) are well represented by a macroscopic average. We
will focus on the regimes of strong magnetic fields and
high-density plasmas. The ponderomotive force of the
high-frequency laser pulse drives longitudinal waves with a
frequency much smaller than w,. The ions form a neutralizing
background in dense plasma. Perturbatively expanding Eqgs.
(1)—(3) for first order of the electromagnetic (EM) field, we get
o e =M
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ot
where ng and n'" are the ambient and first-order perturbed
plasma densities, respectively, vV is the quiver velocity and

S s the first-order perturbed spin-angular momentum. Sol-
ution of the above equation gives the first-order quantities as,
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Following the similar procedure we get the second- and third-

order perturbed quantities and thereby first- and third-order
source current densities are defined as:
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where JC (— —nev) is the free conventional current source
term and Js(_ (Zp/h)V X (nS)) is the current due to the
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spin magnetic moment. The plasma current density has contri-
butions from ponderomotive force, quantum effects, and per-
turbations due to the presence of uniform magnetic field,
respectively. The other quantities substituted in the source cur-
rent equations are,

1 1 koXq
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The wave equation describing the propagation of the laser
pulse through uniform quantum plasma in the presence of
linear and non-linear source terms is,

o 1 an ol n 8f(3)(r, 1)
(V 262>E( n= c|: ot ot - O

Now, considering only the first-order (linear) source term
in wave equation [Eq. (9)] and taking its Fourier transform,
we get

-2 4 @? 2 Ao :
vV + r_2 + C_2rlL((_0) Ey(r, w— (1)()) exp(lk()Z) =0, (10)
0

where Eo(F, w — wp) is the Fourier transform of the slowly
varying laser field amplitude Ey(7, t), ro is the constant
minimum spot size,
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is the linear refractive index having contributions from bound
atomic electrons, free plasma electrons, and finite spot size of
the laser radiation with w, = (4ne’ng/m)'/? being the plasma
frequency. Defining, f(w) = wnz(w)/c the mode propagation
constant, Eq. (10) can now be rewritten as

Bw—k 2
[ 2 (i2 + 96 2 )]

x Eo(F, w — wp) exp(ikoz) = 0.

an

In the limit that the mode propagation constant is close to the
unperturbed wave number (kg), we can write (Bz(w) — ké) /
2ko = B(w) — ko. Substituting the Taylor series expansion of
B(w) about wq (in terms of various orders of dispersion pa-
rameters) into Eq. (11) and taking its inverse Fourier
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where |[32| =—(1/4)[1+ wgr(z)/4c2] is the group velocity
dispersion (GVD) parameter having contributions from
plasma electrons and finite spot size effect. Now substituting
time derivative of current density in Eq. (12), the non-
paraxial non-linear wave equation for laser beam propagating
in uniform high-dense quantum plasma is given by,
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13)

where a(r, 1)[=
field amplitude.

le|Eo(7, t)/mcwyp] is the normalized electric

3. SPOT SIZE

The spot size of the laser pulse inside the plasma is evaluated
by taking transformation from spatial and temporal coordi-
nates (z, t) in laboratory frame to coordinates (z, {) in the
pulse frame, where { = z — v, and v, is the group velocity.
Equation (13) reduces to

o 2 By
V2 2k SRS S
[ + "( oz +kor0 2 o a@r.z.0)
W2Wo /mew 8u k2S
_p 0 X1 0001
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x la(r, z, Oa(r, z, 0).

14)

The potential a(r, z, {)(= as(z, Oe¥~11=¢"/m0) represents the
Gaussian beam profile of the laser with amplitude, phase,
wavefront curvature, and spot size given by as, ¥, ¢, and
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rs, respectively. Introducing the source term in the above
equation, we get

[ﬁi +2iko a%}'(r’ 20 =Sz, (15

where the source term S(r, z, {) = [~4/r2 — o*|a(r, z, {)I*]
la(r, z, ©)| has contributions from finite spot size and non-
linear effects, and
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In the SDE method, we can describe the optical beam by
four-coupled first-order differential equation for the beam
parameter as function of the variable z, which are

e =, 16)
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Using the above equations the envelope equation is given by,
Fro_ 4 [, _w (&)2
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The terms on the right-hand side are the contributions to the
envelope evolution from diffraction, ponderomotive effects
and new contributions due to perturbed plasma density and
quantum effects, respectively.
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For a laser beam in the long pulse limit, a(z, ry(z, {) =
aspry, Where ayo and ry are the amplitude and minimum
spot size, respectively. Now Eq. (22) can be solved to give
the spot size evolution in uniform magnetized quantum
plasma as,

2
A=l {1-50)
8y XikgSop
X {4X5 T <X7 tXt 12h0w2 + koSoxs (23)
0

mewo\ > 722

0\ 2 2

X ( ) asoro} 22 i|’
€ RO

where Zpg = koré /2 is the Rayleigh length associated
with the spot size ry. Using Eq. (23) we obtain the power
for non-linear focusing under the present model.

1\ [@wow} 8u X kaSop
Po= |- P14 - 1°0 k
0 <8><4cz )H Xs+3, (x7+x9+ ome? RS

mcwo\2| , »
( e )]asoro,

(24)

where P is the total critical power for non-linear focusing in
uniform quantum plasma. The critical power can be much
greater than unity and scales with laser frequency and
plasma density. It may be noted that in the absence of mag-
netic field and the quantum terms, Eq. (24) reduces to the
critical power required for self-focusing of a laser beam in
a unmagnetized classical plasma (Esarey et al., 1997). The
total critical power Py is plotted against w./wy in Figure 1.
It may be noted that an increase in magnetic field leads to
a significant increase in power. Equation (23) may be simpli-
fied to give,

2
r§=r§[1+{1—Po}Z—2]. (25)
ZRO
55 4
4 4
PI'?
2.5 4
1 - -
0 0.2 0.4
*-c'J'Ir"‘"rJ

Fig. 1. Variation in total critical power Py with w./w, for ay = 0.271,
w,/wo = 0.8, and ny = 10?8 cm™3.
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2.5

Fig. 2. Variation in spot size r,/ry with z/Zg, for w./wy= 0.3, w,/wy =
0.8, ay = 0.271, and for ny = 10*® cm™.

For P, <1, the laser beam diffract with an effective Rayleigh
length given by (1 —Po)fl/ 2ZRO. For Py =1, diffractive
spreading balances non-linear focusing and a matched self-
guided beam is obtained; however, small deviation from
Py =1 results in loss of equilibrium. For Py >1, the laser
beam self-focuses.

The variation of the spot size (r;/rg) with propagation
length is shown in Figure 2 for ny = 102 em ™3, w./w, =
0.3, wp/wo =0.8, and ay = 0.271. The variation has been
studied for ponderomotive non-linearity, which tends to de-
crease the spot size (catastrophic focusing), while the laser
beam traverses the interaction region for Py >1 and for
Py <1 the beam diffracts. The ponderomotive non-linear ef-
fects cause the beam to focus when laser power is greater
than the critical power or total critical power is greater than
unity, which is counter balanced by natural diffraction.

To study the influence of the external magnetic field, the
variation of the spot size with w./w, is shown in Figure 3.
The increase in magnetization gradually reduces the spot
size and contributes to focusing of the beam. The variation

0.9
0.6
}‘.\'
,.ﬂ
03 4
0 . :
0 02 “elvo 0.4

Fig. 3. Variation in r,/rg with w./wq for Py = 1.7, as = 0.271, w,/wo =
0.8, and 19 = 10" cm .
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at

Fig. 4. Variation in r/ry with total critical power Py for w./wg = 0.3, ayp =
0.271, wp/wy = 0.8, ng = 10*® em™; and (a) z/Zpo = 3, (b) z/Zgo = 2, and
(©) 2/Zro = 1.

of spot size with the total critical power P, has been plotted
in Figure 4. The spot size reduces with an increase in the total
critical power. The variation of spot size with propagation
length is in agreement with Figure 2. The value of total crit-
ical power for which the beam is fully focused decreases with
increase in propagation length.

4. SUMMARY AND DISCUSSION

The ponderomotive force of the laser beam that is slightly
more intense along the axis, pushes the electrons away
from the axis leaving behind a region of lowered electron
density. Since, the refractive index of a plasma depends on
the local electron density, the depletion of electrons from
the axial region raises the refractive index on the axis. This
reduces the phase velocity and causes the wavefronts to
curve. As a result the beam is focused toward the axis result-
ing in ponderomotive self-focusing.

In this paper, the effect of ponderomotive non-linearities
on propagation of a linearly polarized laser beam through a
uniform high-density ionized quantum plasma embedded
in a constant magnetic field has been studied using the
QHD model. The combined source for the wave equation
is a superposition of linear, non-linear (ponderomotive),
and perturbed (due to magnetic field) current densities. It is
found that the laser beam traversing through high-density
quantum plasma acquires an additional focusing tendency
due to the perturbation induced in the plasma density. The
ponderomotive force non-linearities cause the beam to
focus and the quantum effects contribute in focusing. The
ponderomotive non-linearity decreases the spot size (cata-
strophic focusing), while the laser beam traverses the interac-
tion region for total critical power of the beam being greater
than unity. The transverse magnetization of quantum plasma
enhances the self-focusing and increase in magnetic field de-
creases the spot size. The transverse magnetic field also
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significantly enhances the total critical power for non-linear
focusing. The influence of the quantum terms on the refrac-
tive index results in a stronger pinching effect as a conse-
quence of which the laser self-focusing in quantum plasma
becomes stronger than it is in classical plasma. In fact,
after initial focusing of the laser, the quantum effects will
be more pronounced in the region of increasing plasma den-
sity. The self-focusing length for quantum plasma decreases
by about 37% and minimum laser spot size is reduced by
about 21% than the classical plasma (in the limit 2 = 0).
If this focusing due to ponderomotive non-linearity, quantum
effects, and defocusing due natural diffraction are properly
balanced, then a self-guided laser pulse can be formed and
propagated over extended distance.

The present study will be useful in understanding the prop-
agation of high-frequency EM waves in dense quantum plas-
mas existing in astrophysical objects such as magnetars,
white dwarfs, neutron stars, etc., as well as in the next gener-
ation of intense laser—high-density plasma interaction exper-
iments, FELs, and ICF experiments.

ACKNOWLEDGMENTS

This work was performed under the financial assistance from the
UGC India, under fellowship award letter no. F.4-1/2006(BSR)/
2007 (BSR) dated 22 October, 2013.

REFERENCES

AMENDT, P., EpEr, D.C. & Wiiks, S.C. (1991). X-ray lasing by
optical-field-induced ionization. Phys. Rev. Lett. 66, 2589.

ANDREEV, N.E., Krisanov, V.I. & GoreuNov, L.M. (1995). Stimulat-
ed processes and self-modulation of a short intense laser pulse in
the laser wake-field accelerator. Phys. Plasmas 2, 2573.

ANTONSEN, T.M. Jr. & Mora, P. (1992). Self-focusing and Raman
scattering of laser pulses in tenuous plasmas. Phys. Rev. Lett.
69, 2204.

ASHOUR-ABDALLA, M., LEBOEUF, J.N., Tanma, T., DawsoN, J.M. &
KenneL, C.F. (1981). Ponderomotive acceleration ahead of the
intense EM pulse. Phys. Rev. A 23, 1906.

BarnEs, W., DErReux, A. & EBBEseN, T. (2003). Review article sur-
face plasmon subwavelength optics. Nature 424, 824.

Bastin, T.S. (2005). Notes on Electromagnetic Waves in a Plasma.
Charlottesville, Virginia: National Radio Astronomy Observatory.

BITTENCOURT, J.A. (2008). Fundamental of Plasma Physics, 3rd edn.
USA: Springer.

BoRrGHESI, M., MACKINNON, A.J., GAILLARD, R., WiLLI, O., PukHOV,
A. & MEYER-TER-VEHN, J. (1998). Large quasistatic magnetic
fields generated by a relativistically intense laser pulse propagat-
ing in a preionized plasma. Phys. Rev. Lett. 80, 5137.

BURNETT, N.H. & CorkuMm, P.B. (1989). Cold-plasma production for
recombination extreme-ultraviolet lasers by optical-field-
induced ionization. J. Opt. Soc. Am. B 6, 1195.

CHeN, F.F. (2008). Introduction to Plasma Physics and Controlled
Fusion, 2nd edn. USA: Springer.

https://doi.org/10.1017/50263034616000689 Published online by Cambridge University Press

N. S. Rathore and P. Kumar

DEeutscH, B., FURukawa, H., MiMa, K., MURAKAMI, M. & NISHIHARA,
K. (1996). Interaction physics of the fast ignitor concept. Phys.
Rev. Lett. 77, 2483.

Drakg, J.F.,, Kaw, PK., Leg, Y.C., Scammt, G., Liu, C.S. &
RosenBLUTH, M.N. (1974). Parametric instabilities of electro-
magnetic waves in plasmas. Phys. Fluids 4, 778.

EsAREy, E., SPRANGLE, P., KraLL, J. & TING, A. (1997). Self-focusing
and guiding of short laser pulses in ionizing gases and plasmas.
IEEE J. Quantum Electron. 33, 1879.

Fucns, J., MaLka, G., Apam, J.C., AMIRANOFF, F., Baton, S.D.,
Branchort, N., HErON, A., LavaL, G., MIQUEL, J.L., Mora, P.,
PepiN, H. & Rousseaux, C. (1998). Dynamics of subpicosecond
relativistic laser pulse self-channeling in an underdense pre-
formed plasma. Phys. Rev. Lett. 80, 1658.

GARDNER, C.L. & RINGHOFER, C. (1996). Smooth quantum potential
for the hydrodynamic. Model Phys. Rev. E 53, 157.

GoLpsToN, R.J. & RuTHERFORD, P.H. (1995). Introduction to Plasma
Physics. UK: IOP Publishing Ltd.

Goraunov, L.M., Mora, P. & SoLopov, A.A. (2003). Dynamics of a
plasma channel created by the wakefield of a short laser pulse.
Phys. Plasmas 10, 1124.

HeceLicH, M., KARscH, S., PRETZLER, G., HaBs, D., WiTTE, K.,
GUENTHER, W., ALLEN, M., BLAzEvIC, A., Fucns, J., GAUTHIER,
J.C., GrisseL, M., AupeBert, P., CowaN, T. & RortH, M.
(2002). MeV ion jets from short-pulse—laser interaction with
thin foils. Phys. Rev. Lett. 89, 085002.

Horton, W. & Taimma, T. (1985). Laser beat-wave accelerator and
plasma noise. Phys. Rev. A 31, 3937.

Jua, P., Wabuwani, N., RaJ, G. & UpabpHyAYa, A.K. (2004a). Rela-
tivistic and ponderomotive effects on laser plasma interaction
dynamics. Phys. Plasmas 11, 1834.

JHA, P., Wabawant, N., UpapHYAYA, A.K. & RaJ, G. (2004b). Self-
focusing and channel-coupling effects on short laser pulses
propagating in a plasma channel. Phys. Plasmas 11, 3259.

JosHi, C., Mori, W.B., KatsouLgas, T., DawsoN, J.M., KINDEL, J.M.
& ForsLunp, D.W. (1984). Ultrahigh gradient particle accelera-
tion by intense laser-driven plasma density waves. Nature
33, 525.

JosHi, C., Taima, T., DawsoN, J.M., BaLpis, H.A. & EBranm, N.A.
(1981). Forward Ramanlnstability and Electron Acceleration.
Phys. Rev. Lett. 47, 1285.

KatsouLias, T. & Dawson, J.M. (1983). Unlimited electron acceler-
ation in laser-driven plasma waves. Phys. Rev. Lett. 51, 392.
KAUR, S. & SHARMA, A.K. (2009). Self focusing of a laser pulse in
plasma with periodic density ripple. Laser Part. Beams 27,

193-199.

Lawson, J.D. (1983). Beat-wave laser accelerators: first report of
the RAL study group. Report RL-83-057. UK: Rutherford
Appleton Lab.

LN, H., MING CHEN, L. & KIEFFER, J.C. (2002). Harmonic genera-
tion of ultraintense laser pulses in underdense plasma. Phys.
Rev. E 65, 036414.

Max, C.E., Arons, J. & LaNGDON, A.B. (1974). Self-modulation and
self-focusing of electromagnetic waves in plasmas. Phys. Rev.
Lett. 33, 209-212.

Misra, A.P., BropiN, G., MARKLUND, M. & SnHukLA, P.K. (2010).
Localized whistlers in magnetized spin quantum plasmas.
Phys. Rev. E 82, 056406.

NAIMUDIN, Z., TATARAKIS, M., PukHov, A., CLARK, E.L., CLARKE,
R.J., DANGOR, A.E., FAURE, J., MALKA, V., NEELY, D., SANTALA,


https://doi.org/10.1017/S0263034616000689

Self-focusing in quantum plasma

M.LK. & KrusHELNICK, K. (2001). Measurements of the inverse
Faraday effect from relativistic laser interactions with an under-
dense plasma. Phys. Rev. Lett. 87, 215004.

Recan, S.P., BrabpLEY, D.K., CHROKIKH, A.V., CraxTON, R.S.,
MEYERHOFER, D.D., SEkA, W., SHORT, R.W., SMON, A., TowN,
R.PJ. & YaakoBi, B. (1999). Laser-plasma interactions in
long-scale-length plasmas under direct-drive National Ignition
Facility conditions. Phys. Plasmas 6, 2072.

SHARMA, A. & Kourackis, . (2010). Relativistic laser pulse compres-
sion in plasmas with a linear axial density gradient. Plasma
Phys. Control. Fusion 52, 065002.

SupaTAKOVSKAYA, G.J. (2006). Semiclassical model of a one-
dimensional quantum dot Exp. Theor. Phys. 102, 466.

Saukra, P.K. & Eriasson, B. (2006). Formation and dynamics of
dark solitons and vortices in quantum electron plasmas. Phys.
Rev. Lett. 96, 245001.

SuukLA, P.K. & ELiasson, B. (2007). Nonlinear interactions be-
tween electromagnetic waves and electron plasma oscillations
in quantum plasmas. Phys. Rev. Lett. 99, 096401.

Snukra, P.K. & ELiassoN, B. (2010). Nonlinear aspects of quantum
plasma. Phys. — Usp. 53, 5.

SPRANGLE, P., EsArEyY, E. & TiNG, A. (1990). Nonlinear theory of in-
tense laser-plasma interactions. Phys. Rev. Lett. 64, 2011.

SPRANGLE, P., Tang, C.M. & Esarey, E. (1987). Relativistic self-
focusing of short-pulse radiation beams in plasmas. IEEE
Trans. Plasma Sci. PS-15, 145.

SteNFLO, L., SHUukLA, P.K. & MARKLUND, M. (2006). New low-
frequency oscillations in quantum dusty plasmas. Europhys.
Lett. 74, 844.

https://doi.org/10.1017/50263034616000689 Published online by Cambridge University Press

771

SurLivan, D.J. & Goprrey, B.B. (1981). Em wave electron acceler-
ation. IEEE Trans. Nucl. Sci. NS-28, 3395.

SuN, G.Z., Ort, E., LeEg, Y.C. & Guzpar, P. (1987). Self-
focusing of short intense pulses in plasmas. Phys. Fluids
30, 526.

Tamma, T. & Dawson, J.M. (1979a). Laser electron accelerator.
Phys. Rev. Lett. 43, 267.

Taimma, T. & Dawson, J.M. (1979b). An electron accelerator using a
laser. IEEE Trans. Nucl. Sci. NS-26, 4188.

Tang, C.M., SPRANGLE, P. & Supan, R.N. (1984). Excitation of the
plasma waves in the laser beat wave accelerator. Appl. Phys. Lett.
45, 375.

TanGg, C.M., SPRANGLE, P. & Supan, R.N. (1985). Dynamics of
space-charge waves in the laser beat wave accelerator. Phys.
Fluids 28, 1974.

TYSHETSKIY, YU, VLADIMIROV, S.V. & KoMPANEETS, R. (2011). On ki-
netic description of electromagnetic processes in a quantum
plasma. Phys. Plasmas 18, 112104.

UprADHYAY, A., TripaTHI, V.K., SHARMA, A.K. & Pant, H.C. (2002).
Asymmetric self-focusing of a laser pulse in plasma. J. Plasma
Phys. 68, 75-80.

VARSHNEY, M., QURESHI, K.A. & VARSHNEY, D. (2006). Relativistic
self-focusing of a laser beam in an inhomogeneous plasma.
J. Plasma Phys. 72, 195-203.

WEL L. & Wang, Y. (2007). Quantum ion-acoustic waves in single-
walled carbon nanotubes studied with a quantum hydrodynamic
model. Phys. Rev. B. 75, 193407.

WiLks, S.C., Kruer, W.L., TaBak, M. & LaNGDON, A.B. (1992).
Absorption of ultra-intense laser pulses. Phys. Rev. Lett. 69,
1383.


https://doi.org/10.1017/S0263034616000689

	Ponderomotive self-focusing of linearly polarized laser beam in magnetized quantum plasma
	Abstract
	INTRODUCTION
	LASER--PLASMA INTERACTION
	SPOT SIZE
	SUMMARY AND DISCUSSION
	ACKNOWLEDGMENTS
	References


