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Second harmonic generation in high density plasma
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In this paper, we have studied the mechanism afreebarmonic generation by nonlinear effects. Tiopggation of a lin-

early polarized electromagnetic wave through homegas high density quantum plasma in the presehtersverse

magnetic field is taken into consideration. Thepdision relations for the fundamental and the sg&d¢@mrmonic frequen-
cies have been derived using the quantum hydrodgn@iiD) model. The effects of quantum Bohm pot&lrdind Fermi

pressure have been taken into account. The se@ntbhic is found to be less dispersed than the Titds leads to gener-
ation of second harmonic radiation with significanhversion efficiency.

1. Introduction

The generation of harmonic radiation is signifi-
cant in terms of laser-plasma interaction and has
brought interesting notice due to the diversity of
its applications. The odd harmonics of laser fre-
guency are generated in the majority of laser in-
teractions with homogenous plasma [1]. It has
been remarked that second harmonic generation
takes place in the presence of density gradient [2-
3], which gives rise to perturbation in the elentro
density at the laser frequency. The second har-
monic generation has been related with filamenta-
tion [4] and emitted in a direction perpendicular t
the laser beam from filamentary structures in the
under dense target corona.

It has been reported by Caruso et al [5] and
Decroisette et al [6] regarding the generation of
second harmonic wave in laser produced plasma.
The origin was interpreted as the nonlinear effects
in the interaction of laser radiation and the plasm
produced therein. Experimental verification was
also observed by some authors. Basov et al [7]
gave a theoretical model for second harmonic
generation. They calculated the mechanism of
generation, intensity as well as other parameters
like temperature, dimension of the produced
plasma. They also cited from literature that the
possibility of Langmuir waves in plasma arises at
sufficiently high densities. Chandra et al [8] stud
ied the propagation of surface waves in a relativis
tically degenerate plasma and reported the genera-
tion of second harmonic waves.
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In dense plasmas, when the de Broglie wave-
length of the charge carriers becomes comparable
to the spatial scale of plasma system, the quantum
effects start playing a crucial role on the dynamic
of plasma particles and their study becomes im-
portant. The quantum plasma has received much
attention in recent years due to its important iappl
cations in ultra-small electronics devices, quantum
dots and quantum wire [9] in dense astrophysical
plasma system [10-11] in laser-produced plasma
[12], nonlinear optics [13] and X-ray FEL [14].
The dispersion with quantum effects corrections
for linear waves in a uniform cold quantum plasma
with non-zero external magnetic field have been
studied by Ren et al. [15-16].

In the present paper, we present a study of sec
ond harmonic generation when a linearly polarized
laser beam propagates through a homogeneous
high density quantum plasma in the presence of a
transverse magnetic field. The effect of quantum
Bohm potential and Fermi pressure have taken in
the account. The nonlinear current density and dis-
persion for the fundamental and second harmonic
frequencies have been obtained in Sec. 2. Normal-
ized wave amplitude of the second harmonic and
its conversion efficiency are obtained in Sec 3.
Discussion is presented in Sec. 4

2. Formulation

Consider a linearly polarized laser beam
propagating along thez direction in a uniform
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guantum plasma. The plasma_is embedded in a
constant magnetic fieldb{l,y). The electric
vecotor of the laser field is given by

E = % SE €t 4o ¢ (1)

where, @), is the frequency andK, is the
propagation constant of the laser. During the aours
of propagation of the laser beam through the
magnetized plasma, a transverse current density at
frequency 2w, arises [17] and act as a source for
second harmonic generation. The electric fields
corresponding to the fundament@, ) and the
second harmoniqz. ) frequencies are assumed
to be given as

1.

E = 5 SE €t 4o ¢ )
and
E = % SE €l 4o ¢ 3)

respectively. The amplitudeg, and E, are
considered to bez dependent. The propagation
vector IZ1(: woﬂl/c) and Rz(z woluz/c)
correspond to the frequenciesyy, and 2,

respectively, where (, and W, are the
corresponding wave refractive indices.

The QHD equations governing the interaction
between the electromagnetic field and plasma
electron are [18-20]

dW) . _eE e (5, ). ¥ On°
dt m mec 3n n
@) L
— 0O —=0%Jn (4)
2m \/n
and the continuity equation
on -
—+0(nv)=0 5
o o) )

Where, V is the velocity of plasma electroff is
the plasma electron densitg = E, + E,, y Is

the relativistic factor,B is magnetic vector of the
radiation field, n(=n, +n®) is the electrons

density, Mis the electron’s rest mags, is the
Planck’s constant divided by 2n,
v, (= (n/m )(3;T2n)1/3) is the Fermi velocity. The
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third term on the right—hand side of Eqn. (4) de-
notes the Fermi electron pressure. The fourth term
is the quantum Bohm force and is due to the quan-
tum corrections in the density fluctuation. The
classical equation may be recovered in the limit of
fi = 0. Initially, the plasma electrons are at rest as
the plasma is cold and the external magnetic field
does not contribute. By using perturbation expan-
sion, we found from Eqgn. (4) for the first order
fields quantities and substituting the relevantrgua
tities, gives the first order transverse and ladjit

nal velocities as

. 2 .
| alcwo i(kyz-wot) _ |
x Ty 2 )€ 5 2 2
2 \w, - w; 2 bw, ~w

c

V(l) = - e'(kzz‘wo‘)

+ a1(wo +iwc)Q 0 n(1,1)+ a2(2w0 +i(4)c)

(12)
n +cc.(6
4wl - w? (6

CHCH

(6)
v = _

z

a,Cl b,
2(w? - w?)

a,Ca, b,

i (kyz-wot)
e e
2(6w? - w?)

e

a,(«, 2‘ i C‘~c2)Q R CEIIN az(z“:o ~i CZ‘)C) n®? + cc.(7)
(wo —wc) (4% 2 )

(3

+

Where,
vioon® 1 ,
Qs = {ﬁ* am? Ikéz)}k@‘z)
a, =eE,/mcw, ,a, = €eE, /mca,
and «, = eb/mc is the cyclotron frequency of

the plasma electron. While obtaining the above,
it has been assumed that the first order
perturbed electron density® (= n¥ + n62)
vary as n) = p e'kz-@t)and
n®? = p e'tez24)  for fundamental and
second harmonics respectively. Substituting,
the perturbed electron trajectary into the
continuity equation (Eq.(5)) gives the first order
plasma electron density as

n® = Nk, [_ Cw, + (a‘ﬁ - ia‘c)Q a./71 ]el(kll-wui)
(woz - wcz) 2 W,

i(k,z—2wot)
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+ (25‘)0 12 )Q RE

n0a2k2 ; |:_ ch j| kzz Zwut) +CC. (8)

40 - of 4 2w,
WhegGay
WWWWWW  —ckinya.af

T 2(&)5(&% _wcz)"'noa)okl(wo _ia)c)qu)
and

= 2ck,n, a)a)
)+ NyaoK, (2a)0 —ia)c)qu)

T = 4k aak -

Similarly, the second order transverse and
longitudinal velocities are also obtained from
Egn. (4) as

(4a)2—a)2)(a)2—wz)2 icza)ga)c( 0‘45%2)
0 0 (o
+-8,0,m +8,0,n7} ] +cc. (@)

and
2 =

* (aag- az)(ag az)[

a0+ n @ +ce(10)

Where

afadad +(of - af)aad -248)

- 247 )}

n(2) — nOkl[ Czalzwokl{3wc12wc2 + (wg - wcz)(4w2
w, 4(a)§ -t )2 (4a)§ - a)f)

_ K, "y, Pilkea) 4
(ag—af)z(%—af){ddgqﬂl Qqﬂl}] cC.

(11)

The transverse current density can now be
obtained by substituting the plasma electron
density and velocity

J - i_enocalwg
X 2 (a)§ - a)f)

_ enOal(wO + iwc)
ws - w?)

C

”19 o :|ei(klz—w0t)

i 2enjca 0  enya, (2w, +iw,)
2 (40 - ) (40? - w?)

C C

”20 . :|ei (kyz—awpt)

ek.n i
+ L0 - —a’c’wlw (a)2 + a)z)
2 2 2 2 2 4 1 0 *c 0 c
(46()0 - W )(a)o - a)c)

-8 51 Qy (5 /wo)Q /71 ]eZ'(klz at) (12)
where
55=51+((4 )/2){ —Ia)

_(wo +iwc)wc }

=(af +af 4ok - af )- w0,

3, = way —ia)c){Zi(ag ‘wcz)ﬂc(‘“g +w§)+(cq) +i“)c)(‘“§ —af +C"'?0’He)} second and third term of the current density

& =2ueg+ad)+iceg-iadf

Jszwc(a)o_ia)c){wg_ c chg}'
2
9, :iwo(wo _iwc){wg _wcz + CC;C }

The velocities obtained above contain
collective effects of the laser and the static
magnetic fields on the plasma electrons. The
second order perturbed electron density comes
out be
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equation at the second harmonic arises via. (i)
transverse plasma electron velocity oscillation at
second harmonic frequency and (ii) coupling of the
electron density oscillation of the fundamental
electron quiver velocity with oscillation at the

fundamental frequency. The latter contributionis
attributed to the external magnetic field and
provide the source of generation of second
harmonic radiation.

The wave equation governing the propagation of
the laser pulse through plasma is given by

0z - 12 0’ g=4703 (13)
ot? c” ot
On placing the fundamental and second harmonic
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current densities in the above equations leads to
fundamental and second harmnioc dispersion
relation as

wyw: 2w [(w, +iw,)
Czklzzwg_(wz_;2)+l Cp (woz_wzc) o'/
() c () c
(14a)
Awlw’ 4wl (2w, +iw,
%ﬂ922:4w()2_(4w20_:)2)+| Cp{((4w02_w2))9q2,72}
0 c 0 c

(14b)
In the absence of magnetic ﬁE(thc =0) and

the quantum contributions(h =O), Eqn. (14)

reduce to the well-known linear dispersion
relations for the fundamental and second
harmonic waves propagating in plasma [21].
Here, wave refractive indices corresponding to
the fundamental and second harmonic are

m(Eck/a,)  and (= ck,/20,)

respectively.

m: g
Vo, =01

o 02 04 k o6 08 1

Fig 1 (Variation of ( for fundamental frequency
a, and second harmonic frequengy, ) with k
for n, =10®m=2 , «,/a, = 0.1 and 0.3.The

dashed line and solid line are for fundamental and
second harmonic frequency respectively.

3. Second harmonic generation

The effect of transverse magnetic fields on second
harmonic generation in intense laser plasma inter-
actions is investigated. Possibly the longitudinal
motion of electrons is coupled with the transverse
motion via the magnetic fields, which lead to gen-
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eration second order harmonics under normal laser
incidence. We consider the distance over which
da,/dz changes appreciably is large compared

with the wavelength
( 9%a,(z)/02* >>k, 0a,(z)/0z ), and that
a, depletes very slightly (with z) so that the

guantity af can be considered to independent of z.

We proceed to obtain the amplitude of the second
harmonic field by substituting the current density
(Eqgn. (12)) into the wave equation (Eqgn. (13)) and
equating the second order terms, the evolution of
second harmonic is governed by

()az(z)= 3ia} Kk, Cdsﬂf)ozﬁ)c(&)o2 + a’cz)
0z ¢k, Wl-w?)(wl-w?)

c

dwla ek n,Q

c®ek (4a)0 - W )(wo -

c

(azzz) JaZ k, W, c(w ”U)
c k, (w§ )(4“’5 TG )
wg 1/71Q
) fo)
(w§ w)(a)2 wz)[“qu* 3
Xei%w (16)

Where Ak =k, — 2k,

The second harmonic conversion efficie )
is defined as
2
N ys
o

ik,
20k, (af - of ) (4af - ap)

x[Faafat(of +at)+ 0 foma, + 4

[0, Q, + 0, ] (15)
w?)
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Xsmz(Ak.de)
()

Fig. 1, shows the curves of dispersion relation for
the frequency 2a, and Gywith Kk for

./, =01 and 03. It is observed that

(18)

G (for second harmonic frequencﬁa,0 and

fundamental increase  with

frequenay,)

increase ink but on the other hand frequency
decreases with increase in the applied static mag-
netic field. The dispersion of second harmonic
frequency is noticed to be 35.66% less in
comparison to the fundamental frequency. Fig 2
shows the curve of conversion efficiency
(7 Ywith z for w,/w, = w,/w, = 0.3 for a
laser beam of intensity10*w /cm 2 and
wavelength m (a? = 0.02) propagating
through transversely magnetized plasma. The
conversion efficiency increase up to 0.025% for
w,./w, = 0.3

0307
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T
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A
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Fig 2: (Variation of conversion ef‘ficienc(/]) with z

for @, /@y = @, /w, = 03)

4. Discussion

In the present work, we have investigated second

harmonic generation for the propagation of linearly
polarized laser pulse in uniform transversely mag-
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netized quantum plasma based on the quantum
hydrodynamic (QHD) equations. The effect of
quantum Bohm potential and Fermi pressure have
been taken in the account. It may be noted that the
generation of second harmonics in homogeneous
plasma could point towards the possibility of the
presence of a magnetic field, since second harmon-
ics have so far been generated by the passage of a
linearly polarized laser in homogeneous plasma.
The amplitude of the second harmonics has been
derived and hence its conversion efficiency has
been obtained. It is seen that the second harmonic
conversion efficiency oscillates as the wave pro-
gresses along the z direction. It is found that the
maximum conversion efficiency is 0.025% in the
quantum plasma. The present study will be of im-
mense use in the study of dense astrophysical envi-
ronments and in future generation of high density
plasma experiments. Laser plasma interaction is
important in charged particle acceleration, laser
Wakefield phenomenon as well as other related
fields. Laser based synchrotron radiation [22],
Femtosecond x rays from laser-plasma accelerators
[23] are of extreme interest in present scenario.
Laser—plasma interactions in the relativistic regim
[24] is similarly one such important field of study
Laser matter interaction is thus a matter of great
academic and research interest [25]. In all these
phenomenon harmonic generation and new modes
of oscillation has been observed. The existence of
recombination harmonics and positronium harmon-
ics are reported by Salamin [25]. Higher order
harmonic generation is one of the few effects like
electron laser acceleration, atomic quantum dy-
namics and associated phenomenon, quantum elec-
tro dynamical effects, and nuclear interactions in
plasmas and ions. These are among the important
phenomenon observed when laser interacts with
plasma.
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