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Abstract

This paper presents a theoretical model for efficient terahertz (THz) radiation by self-focused amplitude-modulated laser
beam in preformed ripple density plasma. The density of plasma is modified due to ponderomotive nonlinearity which
arises because of the nonuniform spatial profile of the laser beam in magnetized plasma and leads to the self-focusing
of the laser beam. The rate of self-focusing depends on the intensity of the amplitude-modulated beam as well as on
the externally applied magnetic field strength. The electron also experiences time-dependent ponderomotive force by
the laser beam at modulated frequency. A nonlinear current at THz frequency arises on account of the coupling
between the ripple density plasma and nonlinear oscillatory velocity of the electrons. The yield of the generated THz
radiation enhances with enhancement in self-focusing of the laser beam and applied magnetic field.
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Terahertz radiation

1. INTRODUCTION

Terahertz (THz) spectrum (0.1-10 THz), lying between mi-
crowave (MW) and infrared regions, has potential applica-
tions in the field of communication (Federici & Moeller,
2010), explosives detection (Tonouchi, 2007), nondestruc-
tive testing (Federici et al., 2005), cellular-level imaging
(Ferguson & Zhang, 2002), biological and chemical
sensing, and tomographic imaging (Siegel, 2004). Various
nonplasma-based techniques using nonlinear electro-optic
crystals (Lee et al., 2000), photoconductive antennas and
semiconductors (Jepsen et al., 1996; Hashimshony et al.,
1999; Shen et al., 2004), gyrotron-based sources (Glyavin
et al., 2008), and so on have been used for the generation
of THz radiation which leads to low-power conversion effi-
ciency as well as emitter breakdown at high-power irradi-
ance. To avoid the damage of THz emitter, one can use
either laser filamentation in air or laser interaction with pre-
formed plasma as a THz emitter (Yugami et al., 2002; Dor-
ranian et al., 2005; Xie et al., 2006; D’ Amico et al., 2007,
2008; Kim et al., 2007, 2008; Kostin & Vvedenskii, 2010;
Tripathi at al., 2010; Singh et al., 2013; Sharma & Singh,
2014; Singh & Sharma, 2014).

Address correspondence and reprint requests to: Ram Kishor Singh,
Centre for Energy Studies, Indian Institute of Technology Delhi, New
Delhi-110016, India. E-mail: ram007kishor@ gmail.com

https://doi.org/10.1017/50263034615000865 Published online by Cambridge University Press

741

Xie et al. (2006) have studied the THz generation in the
femtosecond pulsed laser-induced air plasma with the em-
ployment of the third-order nonlinear optical process,
mixing the fundamental and second-harmonic beams in the
ionized plasma, while emitted THz field polarity and strength
can be controlled by the relative phase between fundamental
and second-harmonic beams. Hu et al. (2010) have experi-
mentally demonstrated the THz radiation from a femtosecond
laser filament in air by the transition-Cherenkov radiation
mechanism. D’Amico et al. (2007) have experimentally in-
vestigated the generation of linearly polarized and coherent
THz radiation by a femtosecond laser beam filament created
in air, and they have further investigated the role of external
electric field along the filament axis and observed the emis-
sion of enhanced incoherent and nonpolarized THz yield.
Yugami et al. (2002) have experimentally demonstrated the
radiations from MWs to THz frequency range from the Che-
renkov wake, excited by the ultrahigh power pulse laser in
magnetized plasma.

THz radiation can also be generated by the beating of two
lasers in preformed ripple density plasma, by considering
collisional, ponderomotive, and relativistic nonlinearity.
Self-focused amplitude-modulated beam can also generate
the THz radiation in the ripple density plasma (Kumar
et al. 2015). Cho et al. (2015) have investigated the THz ra-
diation by two counter propagating laser beams in preformed
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weakly magnetized plasma. The effect of cross-focusing of
the two co-propagating laser beams on the generation of
THz yield has been studied in the presence of an external ap-
plied electric or magnetic fields and it is observed that gen-
erated THz yield enhances several times due to
cross-focusing of the laser beams as compared with that
without the cross-focusing mechanism (Sharma & Singh,
2014; Singh & Sharma, 2014).

The self-focusing of femtosecond laser beam takes place
in air due to optical Kerr nonlinearity, while the high-power
laser beam gets self-focused in the preformed plasma via any
nonlinearity: collisional, ponderomotive, or relativistic.
These nonlinearities depend on the time scale of the pulse
viz. (1) t.(= mi/2mev < tp, for collisional; (2) . > t,,, for
the ponderomotive; and (3) f,e = f,,, for the relativistic non-
linearity to be dominant. Here, , #,, and f,. are the energy
relaxation, duration of pump beam, and electron plasma
period, respectively, while v is the collisional frequency, m;
and m, are the ion and electron mass, respectively (Sodha
et al., 1974a, b, 1976).

This paper, deals with the effect of transverse magnetic
field on the propagation of amplitude-modulated laser
beam and the role of self-focusing on the generation of
THz radiation. We present a theoretical model for self-
focusing of the amplitude-modulated Gaussian laser beam,
in magnetized ripple density plasma and generation of THz
radiation at modulation frequency, when ponderomotive non-
linearity is operative. The use of ripple density is very similar
to the periodic index change in the periodically polled lithi-
um niobate crystals for the THz phase matching (Lee et al.,
2000). This paper is organized as follows: In Section 2, we
have discussed the self-focusing of an amplitude-modulated
Gaussian laser beam in magnetized plasma. In Section 3, we
have evaluated an expression for the nonlinear current densi-
ty at modulated frequency and radiated THz wave amplitude.
Section 4 presents the discussion of numerical results. Sec-
tion 5 summarizes the conclusion remarks.

2. SELF-FOCUSING OF AMPLITUDE-MODULATED
LASER BEAM

Consider, a high-power amplitude-modulated Gaussian laser
beam propagating gong the x-direction with frequency wq
and wave vector ko in the magnetoplasma, having static
magnetic field (By), perpendicular to the direction of propa-
gation (z-direction) of the beam. The electric field of the laser
beam for the extraordinary mode (x-mode) is given by

E(=ZE, + JE,) = {$A«(x, y, 2. 1) + A, (x, y. 2. 1)}

. (H
X exp{—i(kox — wot)}

where E, = —(8%”)[?),, € = 1 — wg/(w% — wg), and

€y = wcwg/iwo(wg — wg). Due to the nonuniform spatial
profile of the amplitude-modulated Gaussian beam, the max-
imum irradiance occur at the center and decreases in the
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radial direction. When the laser beam is propagating in mag-
netized plasma, then density redistribution occurs along the
magnetic field due to the ponderomotive force (Sharma,
1978). The ponderomotive force along the external applied
magnetic field can be written as (Sharma, 1978; Sodha
et al., 1979),

P ¢ 0
P2 dme(w} — w?) 0z )
* * iwc * *
< (EcE: +EE) + - (B E: - E.E))

where w, = eBy/mec is the electron cyclotron frequency. The
modified density of electrons can be written as follows
(Sodha et al., 1974a, b, 1979, 1980):

n=ny exp(—aEy.E;‘f) 3)
where
o« e wlw; 200}
8kp Tome(wf — w?) Wi (@ — ) wi(wi — wd) |’

wp = (wf) + wg)l/ 2, kg is the Boltzmann constant and To

is the electron temperature. The wave equation can be
written as,

1 &’E
c? o

an ol

24’_ [ ———
VE-V(VE) =355

“

where J = —ne (v, + v,9). Now using Eq. (1) in Eq. (4) and
separating the x and y components of the wave equation, we
obtain as follows:

. (1)2
A= 04 (5a)

[ (u)% — w%)

oA, A, A,
—2ikg—>+8 > >
06x+ +6y2+5zz
n— ny wf, (w% B wg) 2iwg 0Ay
= X2 2\ 2 o (5b)
1o e (wf — w?) 2 o

where 8, = l—wgwg/w%(w%—wﬁ)z and ko = (wp/c){1—
(wg(w(z) —wlz)) Jwi(wi—w?))}'/2. Forthe slowly converging and
diverging nature of the laser beam, we assume the solution of
Eq. (5b) as follows:

Ay(x, .2, 1) = Ao(x, y. z, 1) exp{—ikoS(x, y, 2, 1) } (6)
On transforming the coordinates (x, 1) to x(=x), § =1 — x/v,

(where 1/v, = w/ koc®) and by substituting Eq. (6) into
(5b), we obtain the real and imaginary parts as follows
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(Sodha et al., 1980):

oA2
¥+6+A

&S 8S 8A
B+ 8 ——+

2 %S 008
0 522 dy Oy

0 ayz

oS as\>  [os\? 1 Ay Ao
222468, (= =) =——(6,22+220
axt +(6y) + <6Z) k(%AO( T oy? + azz)

2 (02 o2
w, (w5 — wp) (n - no)

K3 (@} —wd) \ no

B _o ()

A =
07 07

(7b)

The solution of Eqgs (7a) and (7b) can be written as,

_ E3(1 + pcos Q)

2 yz 2
A exp(— = — —) (8a)
0 Nz nft nif3

and

2 2
S=%mm+%mm (8b)

The intensity variation of the laser beam is described by Eq.
(8a), which depends on the dimensionless beam width param-
eters f1 and f> along the propagation direction, in the paraxial
regime. Now, putting Eqs (8a) and (8b) in Eq (7a) and compar-
ing the coefficients of y* and z2, we can get the value of Bi(x) =
(1/8.)(df1/dx) and By(x) = df>/dx. The governing equations
for dimensionless beam width parameters f; and f> can be ob-
tained from Eq. (7b) as follows (Akhmanov et al., 1968):

°h 8 81w (05 — @2) aEZ) (1 + pcos Q)
A2 R ke (Wi — wd) 3 fif ©n)
a
N exp(— aE%(1 + pcos Q£)2>
fifa
&eh 1 @y (05 — @) aE; (1 4 pcos Q)
e gy ke (w5 — o) nhf
(9b)

2 . 2
“ eXp(— aEOO(l —;1;2005 QE) )

Equations (9a) and (9b) show the variation of dimensionless
beam width parameter in the magnetoplasma.

3. THZ RADIATION

For the generation of THz radiation, we consider the propa-
gation of amplitude-modulated Gaussian laser beam, with
electric field as given by Eq. (1), through the ripple density
plasma with density variations given as: n = ng + nqe_iq" ,
where nq and g are amplitude and wave number of the density
ripple, respectively. The electrons also respond at the modu-
lated frequency of pump laser on account of ponderomotive
force. This oscillatory velocity couples with the density
ripple and leads to the generation of nonlinear current
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density, which is the source of THz radiation. The density
ripple in the plasma is playing the key role for the propaga-
tion of generated THz wave. The ponderomotive force at
modulated frequency (Q < wg) can be written as,

Q 62 (7 P I N A
o=~ 5> V(EE") |y ) = (3Fpo + $Fpyo + 2Fpc0)

(10)
X exp{iQ(l - ﬁ)}
Ve

The nonlinear oscillatory velocity of the electrons at modu-
lated frequency Q(=wrt) can be obtained from the equation
of motion as follows:

o, o FQ
M= (X D + £ (11)
ot me

The nonlinear oscillatory velocity components can be eval-
uated from Eq. (11) as (Ginzburg, 1970), v)‘}l = (u)TFg(jL W
Fg,)/ime(w% — wg) and v;l = (wTFg, — iw.CFgC)./ime(w% — wg)
The wave equation for THz generation in magnetized
plasma can be written as,

. L 4modi4 My 1 &Er
VE —V(VE)=12ar 2 2, =T
T ( T) c? ot c? or?

12)
Now considering the THz radiation in the extra ordinary
mode (Ep,=0, Er,+ 0, Ep,# 0). The linear oscillatory
velocity of the electrons at THz frequency (wt) and wave
number (kt) can be written as (Ginzburg, 1970) vlTx = e
(wrEry + i0cEry) /me(0f — ©7) and vy, = ie(wrEry—iwcEry)
/me(w* — w?). The linear and nonlinear current density at
THz wave number and frequency can be written as

T = —eny (v'Txfc + vlT),j/)
and

_ —igx
Fl_ enge (
2

Vg 4 vgly) (13)
Now taking the fast phase variation Et = Eo(x, y)exp

{—i(ktx — wtt)}, we evaluate the x and y component of Eq.
(12) as follows:

4mi
Er, =

1 1
-= (v + ) (142)

and

_ (ﬂ) (wg) {iwcwrFgly — (0f — 0))F5 )

c? (w3 — 0f)

where
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Fig. 1. Variation of beam dimensionless width parameters with normalized distance.
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The phase matching demands that kt = (wr/c){l — (u)p
(w% — wﬁ)/w%(w%
the phase-matching condition kr = Q /v, + g.

— wﬁ))} 12 while the wave vector satisfies

4. RESULTS AND DISCUSSION

Equations (9a) and (9b) show the converging/diverging be-
havior of the laser beam in magnetized plasma. On the right-
hand side of both the equations [Eqs (9a) and (9b)], the first
term shows divergence (diffraction), while the second term is
responsible for the convergence (nonlinear term) of the
beam. We have solved the coupled Eqs (9a) and (9b)
numerically by Runge—Kutta methods and using the follow-
ing boundary conditions (Akhmanov et al., 1968): f| |x=0 =
bli—o = land dfy /dx| _ = df, /dx| _, = 0. For the nu-
merical illustration, we have chosen the following set of laser
(CO,)—plasma parameters: intensity of the laser beam,
10" w/ cmz, initial radius of the laser beam, ry = 30 pm,
wy = 1.78 x 10" rad/s, w,=2.5X% 10" rad/s, modulated
frequency of laser beam, Q) = 1.5w,, u=0.1, w.=0.1w,,
and 0.6w,,. Figures 1(a) and 1(b) show the variation of di-
mension less beam width parameters f; and f, with the nor-
malized distance 1, where n=x/Ry and R4(= u)or(z) /c) is

https://doi.org/10.1017/50263034615000865 Published online by Cambridge University Press

the diffraction length. The focusing rate of laser beam de-
creases with increasing the value of Q& =0, n/2, and m.
The applied external magnetic field also significantly affects
the self-focusing rate.

Figure 2 shows the schematic diagram for the THz radia-
tion in the presence of external applied static magnetic
field in the ripple density plasma. The nonlinear current den-
sity at THz frequency arises due to the coupling of nonlinear
oscillatory velocity of electron at modulation frequency with
the density ripple. The propagation of THz radiation is gov-
erned by Eq. (14b) and the results are presented in Figures 3
and 4 for the exact phase-matching condition that is, kt = Q/
ve + g. The energy transfer from the amplitude-modulated
laser to the generated THz waves will be maxima when the
exact phase matching is achieved. Here, the value of ripple

y

K - n=n+ne-

—_—
(@.k,) ‘
—_—
x-mode laser
E,
[ on 2270

x
Fig. 2. Schematic diagram for the THz radiation in magnetized ripple den-
sity plasma.
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Fig. 3. Variation of THz radiation amplitude with normalized distance around the maximum irradiance (y/ro= 0.4, z=0) for

(a) w. = 0.1w,, and (b) w, = 0.6w,, for ny = 0.2n.

wave number (g) is the key factor to achieve the exact phase-
matching condition and for determining the interaction
length. However, the generated THz wave can propagate
in the magnetized plasma when the frequency of the gene-
rated wave lie either in between the left-hand cut-off
frequency (wL = 1/2[—wc + (0} + 4w?)"/?]) and upper
hybrid frequency (wy,) or greater than the right-hand cut-off
frequency (wr = 1/2[w. + (0? + 4w§)1/ 2]). In the present
study, the right-hand cut-off frequency wg corresponding
to w.=0.lw, and 0.6w, come out to be 2.73x 10" and
3.49x 10" rad/s, respectively, which is smaller than the
generated THz radiation frequency w(=3.77 X 10" rad/ S).
Thus it can be seen that the generated THz wave will propa-
gate through the plasma. Since the maximum energy transfer

0.03
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— Q&=2, 0 =060,
—_— =, C-O mp
= =05=0, o =0. ﬁwp
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Fig. 4. Variation of THz radiation amplitude with radial distance y/r, of the
laser beam for ngq = 0.2n,.
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takes place near the resonance condition (wr = wy,) for the
THz radiation, hence the generation of THz radiation can
be optimized by the strength of the externally applied mag-
netic field. The THz field radiation increases with increasing
value of static magnetic field as wr approaches to the wy,, and
the wave is resonantly excited. The generated THz wave am-
plitude yield decreases with increasing value of Qf, because
the focusing of laser beam decreases with increasing value of
Q&. However, the laser power will decrease with the distance
of propagation on account of the absorption (due to colli-
sions) of the laser beam. Hence, the yield of the generated
THz radiation will also fall with the distance of propagation
due to absorption. This constraint has been taken care of by
considering collisionless plasma (i.e., vo/wo ~ 107*, where
Vo is the collisional frequency) as well as the THz absorption
length to be larger than interaction length in the numerical
calculations. In Figures 3(a) and 3(b), dotted black lines
show the generation of THz radiation in the case of laser
beam propagation without divergence or convergence that
is, fi(x) = f2(x) = 1while solid lines show for the case of
self-focused laser beam. The generated THz radiation field
with the radial distance (y/rg) has been plotted in Figure 4.

The amplitude of the generated THz radiation increases
with the distance of propagation. In the case of exact phase-
matching condition, one can generate the strong THz radia-
tion due to infinite interaction length. But the power of the
laser beam can be reduced with the distance of propagation
due to diffraction and collision (or any nonlinear mechanism)
in the plasma and the less power are available for the genera-
tion of THz radiation, even when/when the exact phase-
matching condition is satisfied. The self-focused laser beam
is able to propagate longer distances in the plasma and as a
result the energy conversion from laser to THz radiation is
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Fig. 5. Power spectra of THz radiation with cross-focusing (solid line) and without cross-focusing (dotted line) of laser beams

at y/ry = 0.4 for (a) w. = 0.1w, and (b) w. = 0.6w;, for ng = 0.2n.

enhanced, as compared with that without self-focusing of the
laser beam. Figures 5(a) and 5(b) show the power spectrum for
the generation of THz radiation around the maximum irradi-
ance (y/ro = 0.4, z=0) with and without self-focusing (i.e.,
i) =fHx)=1) for ng=0.2n, w.=0.1w, and 0.6wp,
respectively.

5. CONCLUSION

In conclusion, the amplitude-modulated beam gets self-
focused due to ponderomotive force. In magnetized
plasma, the rate of self-focusing decreases with increasing
Q&, while increases with increasing value of applied mag-
netic field and the intensity of laser beam enhances at the fo-
cused positions of the laser beam. The laser beam also exerts
a ponderomotive force at modulation frequency on the elec-
trons and the phase-matching condition is achieved by the
density ripple. Self-focused laser beam can enhance the
yield of THz radiation several times as compared with that
without self-focusing of laser beam. The maximum THz
yield can be achieved by resonant excitation which can be
achieved with the help of applied external magnetic field.
For the present study we have obtained the normalized
power of the order of 10™* times the initial power supplied
by the laser beam. This work is also having the application
in the field of guiding of the modulated laser beam due to ex-
ternally applied transverse magnetic field in the plasma.

ACKNOWLEDGEMENTS

This work was partially supported by the Department of Science
and Technology (DST), India and University Grant Commission
(UGC), India. Ram Kishor Singh thankfully acknowledges the
UGC of India for Senior Research Fellowship (SRF).

https://doi.org/10.1017/50263034615000865 Published online by Cambridge University Press

REFERENCES

AkHMANOV, S.A., SukHorUKOvV, A.P. & KxokHLOV, R.V. (1968).
Self-focusing and diffraction of light in a nonlinear medium.
Sov. Phys. Usp. 10, 609.

CHo, M.-H., KM, Y.-K., Suk, H., ERSFELD, B., JAROsZYNSKI, D.A. &
Hur, M.S. (2015). Strong terahertz emission from electromag-
netic diffusion near cutoff in plasma. New J. Phys. 17, 043045.

D’ amico, C., HoUARD, A., AKTURK, S., Liu, Y., Broas, J.L., FRANCO,
M., PraDE, B., CouaIroN, A., TikHONCHUK, V.T. & MYSYROWICZ,
A. (2008). Forward THz radiation emission by femtosecond
filamentation in gases: theory and experiment. New J. Phys.
10, 013015.

D’amico, C., Houarp, A., FrRanco, M., PRADE, B. & Mysyrowicz, A.
(2007). Coherent and incoherent radial THz radiation emission
from femtosecond filaments in air. Opt. Express 15, 15274.

DoRrrANIAN, D., GHORANNEVISS, M., STARODUBTSEV, M., YuGami, N.
& Nisama, Y. (2005). Microwave emission from TW-100 fs
laser irradiation of gas jet. Laser Part. Beams 23, 583.

Fepericy, J. & MOELLER, L. (2010). Review of terahertz and subter-
ahertz wireless communications. J. Appl. Phys. 107, 111101.

Fepericr, J.F., SchuLkiN, B., Huang, F., Gary, D., BaraT, R.,
OLIVERRA, F. & Zimpars, D. (2005). THz imaging and sensing
for security applications-explosives, weapons and drugs.
Semicond. Sci. Technol. 20, S266.

FerGusoN, B. & Zuang, X.-C. (2002). Materials for terahertz
science and technology. Nat. Mater. 1, 26.

GINZBURG, V.L. (1970). The Propagation of Electromagnetic Waves
in Plasmas. New York: Pergamon.

GLyaviN, M.Yu., LucHiNnIN, A.G. & Gorusiatnikov, G.YU. (2008).
Generation of 1.5-kW, 1-THz coherent radiation from a Gyro-
tron with a pulsed magnetic field. Phys. Rev. Lett. 100, 015101.

HasHmvsHONY, D., ZIGLER, A. & Papaporouros, K. (1999). Genera-
tion of tunable far-infrared radiation by the interaction of a super-
luminous ionizing front with an electrically biased
photoconductor. Appl. Phys. Lett. 74, 1669.

Hu, G.-Y,, Suen, B., Lei, A.-L., L1, R-X. & Xu, Z.-Z. (2010).
Transition-Cherenkov radiation of terahertz generated by


https://doi.org/10.1017/S0263034615000865

Terahertz radiation by self-focused amplitude-modulated Gaussian laser beam in magnetized ripple density plasma 747

super-luminous ionization front in femtosecond laser filament.
Laser Part. Beams 28, 399.

Jepsen, P.U., Jacossen, R.H. & KEeminG, S.R. (1996). Generation
and detection of terahertz pulses from biased semiconductor an-
tennas. J. Opt. Soc. Am. B 13, 2424,

K, K.Y., GLownia, J.H., TayLor, A.J. & RobpriGuez, G. (2007).
Terahertz emission from ultrafast ionizing air in symmetry-
broken laser fields. Opt. Express 15, 4577.

Kmv, K.Y., TayLor, A.J., GLownia, J.H. & RobriGuez, G. (2008).
Coherent control of terahertz supercontinuum generation in ul-
trafast laser—gas interactions. Nat. Photonics 2, 605.

KostiN, V.A. & Vvepenski, N.V. (2010). Ionization-induced con-
version of ultrashort Bessel beam to terahertz pulse. Opt. Lett.
35, 247.

Kumag, S., SingH, R.K., SINGH, M. & SHARMA, R.P. (2015). THz radi-
ation by amplitude-modulated self-focused Gaussian laser beam
in ripple density plasma. Laser Part. Beams 33, 257.

Leg, Y.S., Meapg, T., PerLIN, V., WINFUL, H., Norris, T.B. &
GALVANAUSKAS, A. (2000). Generation of narrow-band terahertz
radiation via optical rectification of femtosecond pulses in peri-
odically poled lithium niobate. Appl. Phys. Lett. 76, 2505.

SHarRMA, A.K. (1978). Transverse self-focusing and filamentation of
a laser beam in a magnetoplasma. J. Appl. Phys. 49, 2396.

SHarMA, R.P. & SingH, R.K. (2014). Terahertz generation by two
cross focused laser beams in collisional plasmas. Phys. Plasmas
21, 073101.

SueN, Y.C., Upabnya, P.C., Beerg, H.E., LINFIELD, E.H., DAVIES,
A.G., GreGory, LS., Baker, C., TriBE, W.R. & Evans, M.J.
(2004). Generation and detection of ultrabroadband terahertz ra-
diation using photoconductive emitters and receivers. Appl.
Phys. Lett. 85, 164.

SieGEL, P.H. (2004). Terahertz technology in biology and medicine.
IEEE Trans. Microw. Theory Tech. 52, 2438.

https://doi.org/10.1017/50263034615000865 Published online by Cambridge University Press

SINGH, M., SiNGH, R.K. & SHARMA, R.P. (2013). THz generation by
cosh-Gaussian lasers in a rippled density plasma. Euro. Phys.
Lett. 104, 35002.

SiNGH, R.K. & SHarRMA, R.P. (2014). Terahertz generation by two
cross focused Gaussian laser beams in magnetized plasma.
Phys. Plasmas 21, 1131009.

SopHA, M.S., GHATAK, A.K. & TripATHI, V.K. (1974a). Self-focusing
of Laser Beams in Dielectrics, Plasmas and Semiconductor.
Delhi: Tata-McGraw-Hill.

SopHa, M.S., GHATAK, A.K. & TripaTHI, V.K. (1976). Self focusing
of laser beams in plasmas and semiconductors. Prog. Opt.
13, 169.

SopHA, M.S., SALIMULLAH, M. & SHARMA, R.P. (1980). Generation
of an ion-acoustic pulse by two electromagnetic pulses at differ-
ence frequencies in a collisionless plasma. Phys. Rev. A 21,
1708.

SobHA, M.S., SHARMA, R.P. & TripaTHI, V.K. (1974b). Self distor-
tion of an amplitude modulated electromagnetic beam in a
plasma: Relaxation effects. Appl. Phys. 5, 153.

SopHA, M.S., SINGH, D.P. & SHARMA, R.P. (1979). Transient setting
of ponderomotive nonlinearity, self-focusing, and plasma-wave
excitation. J. Appl. Phys. 50, 2678.

ToNoucHl, M. (2007). Cutting-edge terahertz technology. Nat.
Photonics 1, 97.

TripaTHI, D., BHASIN, L., UmA, R. & TripaTHI, V.K. (2010). Tera-
hertz generation by an amplitude-modulated Gaussian laser
beam in a rippled density plasma column. Phys. Scr. 82, 035504.

X, X., Dar, J. & Zuang, X.C. (2006). Coherent control of THz
wave generation in ambient air. Phys. Rev. Lett. 96, 075005.

Yucami, N., HicasaicucHl, T., Gao, H., Sakal, S., TakadasHI, K.,
Ito, H., NisHIDA, Y. & KarsouLEas, T. (2002). Experimental ob-
servation of radiation from Cherenkov wakes in a magnetized
plasma. Phys. Rev. Lett. 89, 065003.


https://doi.org/10.1017/S0263034615000865

	Terahertz radiation by self-focused amplitude-modulated Gaussian laser beam in magnetized ripple density plasma
	Abstract
	INTRODUCTION
	SELF-FOCUSING OF AMPLITUDE-MODULATED LASER BEAM
	THz RADIATION
	RESULTS AND DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENTS
	References


