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Abstract. Assuming the origination of stimulated Raman scattering (SRS) in Raman susceptibility, we
obtain expressions for Raman gain coefficients (under steady-state and transient regimes) of semiconductor
magnetoplasmas under various geometrical configurations. The threshold value of excitation intensity and most
favourable value of pulse duration (above which transient Raman gain vanishes) are estimated. For numerical
calculations, we consider n-InSb crystal at 77 K temperature as a Raman-active medium exposed to a frequency
doubled pulsed CO2 laser. The variation of Raman gain coefficients on doping concentration, magnetostatic field
and its inclination, scattering angle and pump pulse duration have been explored in detail with an aim to determine
suitable values of these controllable parameters to enhance Raman gain coefficients at lower threshold intensities
and to establish the suitability of semiconductor magnetoplasmas as hosts for compression of scattered pulses and
fabrication of efficient Raman amplifiers and oscillators based on Raman nonlinearities.
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1. Introduction
Nonlinear optics is a broad field of research and technology that encompasses laser–matter interaction. It
gives increasing attention due to its interesting applications such as ultrashort pulsed lasers, ultrafast switches,
laser amplifiers and oscillators, optical signal processing, optical sensors, optical computers and many others
[1–5]. Nonlinear optical effects (NLOEs) can be usually
classified into two broad areas: steady-state (SS) NLOEs
and transient (TR) NLOEs [6]. SS-NLOEs occur as an
outcome of cw laser–matter interaction. Moreover, SSNLOEs (TR-NLOEs) occur with pulsed laser–matter
interaction such that the laser pulse duration is sufficiently greater (smaller) than the recombination time of
the excited carriers of the medium. The fast development
of femtosecond lasers has made it possible to observe
TR-NLOEs in a variety of materials [7].
Out of various SS-NLOEs, stimulated scatterings of
laser radiation have been an active field of research;
on the one hand, they provide essential information
of the laser–matter interaction, and on the other hand
they lead to numerous applications in nonlinear optics
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[8,9]. When a coherent (pump) wave travels through a
nonlinear medium, under certain conditions, it excites
the natural vibrational modes (i.e. electron–plasma and
ion waves) of the medium. The high frequency excited
mode scatters the pump wave at Stokes and anti-Stokes
shifted frequencies giving rise to the phenomenon of
stimulated Raman scattering (SRS). SRS is an important
NLOE and it has widespread applications in nonlinear
optics. It has been used to broaden the tuning range
of coherent radiation sources over the broad infrared
spectrum regime [10,11]. SRS anti-Stokes radiation has
been used to generate extreme ultraviolet radiation for
applications in high-resolution absorption spectroscopy
[12]. Various forms of SRS spectroscopy include a wide
range of applications [13,14]: scientific research in cell
biology, detection of explosives, identification of polymorphism of substances, non-destructive identification
of substances etc.
SRS has been extensively studied in solids, liquids, gases and plasmas and hence extensive literature
has been accumulated on various aspects of this phenomenon. The new development of techniques for the
fabrication of nonlinear materials hassignificantly con-
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tributed to this progress. Among various nonlinear
materials, semiconductor plasmas possess large optical nonlinearities (which can be further significantly
enhanced by their magnetisation) and satisfy at the
same time all the technological necessities including
high damage threshold, fast response time and wide
transparency range for potential applications in optoelectronic devices and hence prove to be advantageous
hosts for studying the important phenomenon of SRS
[15].
Up to now, SRS has been studied in semiconductor
magnetoplasmas by classical, semiclassical and quantum mechanical approach by several research groups
[16–21]. In all these studies:
(i) the phenomenon has been studied in the steadystate regime,
(ii) the propagation of scattered radiation has been
considered in the backward direction only,
(iii) the semiconductor plasma has been magnetised by applying an external magnetostatic
field either parallel to the pump wave propagation (Faraday geometry) or perpendicular to
the pump wave propagation (Voigt geometry),
(iv) the origin of the SRS in polar semiconductor
magnetoplasmas has been considered in finite
differential polarisability only.
However, the study of SRS under transient regime
provides a better understanding of the laser–plasma
interaction and idea of compression of laser pulses.
Also, in SRS the scattered radiation propagates in backward direction and also scatters in all possible directions,
i.e. forward to backward scattering. Moreover, the semiconductor plasma can be magnetised by applying an
external magnetostatic field in any direction (from Faraday to Voigt geometry) to the pump wave propagation.
Furthermore, in III–V semiconductor plasmas, being
weakly polar, the coupling between the pump field and
the excited vibrational modes not only depends on finiteness of differential polarisability (DP) but also depend
upon Szigeti effective charge (SEC) which must be
included in infrared laser–semiconductor plasma interaction [22]. Therefore, the inclusion of SEC in analytical
investigations of SRS in semiconductor plasmas appears
to be important from both the fundamental as well
as application viewpoints. These warrant that the phenomenon of SRS should be treated under SS and TR
regimes under various geometrical configurations of
external magnetostatic field with the incorporation of
SEC in the analysis.
TR-SRS has been widely used for pulse compression
(ns to sub-ns) in liquids and gaseous media [23]. SRS has
been successfully used for cw [24], ns [25] and ps [26]
pulsed lasers. The SS and TR optical nonlinearities of a
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nonlinear medium are, in general, related to other [27].
Using this methodology and treating the semiconductor
magnetoplasma as a Raman active medium, we develop
a theoretical model to study the SS- and TR-SRS under
various geometrical configurations of external magnetostatic field. Third-order (Raman) susceptibility and
consequent SS and TR Raman gain coefficients are
obtained using the coupled-mode theory of plasmas.
Numerical calculations are made for n-InSb–CO2 laser
system. Efforts are directed to enhance the SS and TR
Raman gain coefficients at lower threshold intensities by
adjusting the material parameters and geometry of the
applied magnetostatic field, and to explore the feasibility
of semiconductor magnetoplasmas for the fabrication of
efficient Raman amplifiers and oscillators.

2. Theoretical formulations
In this section, expressions for effective Raman susceptibility and hence SS and TR Raman gain coefficients,
threshold pump intensity for exciting TR-SRS and the
most favourable value of pulse duration (above which
TR Raman gain vanishes) are obtained.
2.1 Induced current density
Let us consider the well-known hydrodynamic model
of semiconductor plasmas. This model remains valid
only in the limit [28]: kop l  1; kop and l being
the wave number of the excited molecular vibrational
mode and mean free path of the carriers (here electrons),
respectively. In a semiconductor plasma, SRS arises due
to nonlinear interactions among three coherent fields,
which in the present case are:
(i) an intense pump field E 0 (x, t) = E 0 exp[i(k0
x − ω0 t)],
(ii) an induced molecular vibrational mode u(x, t)
= u 0 exp[i(kop x − ωop t)], and
(iii) a scattered Stokes component of the pump field
E s (x, t) = E s exp[i(ks x − ωs t)].
The momentum and energy conservation relations to
be satisfied among these waves are: k0 = kop + ks
and ω0 = ωop + ωs , respectively. The relation
between the magnitude of the three wave vectors may
be represented as: kop = (k02 + ks2 − 2k0 ks cos φ)1/2 ,
where φ is the scattering angle between ks and k0 . Let
us consider the semiconductor plasma immersed in an
external magnetostatic field B0 in a direction making
an arbitrary angle θ with the x-axis (i.e. direction of
propagation of the pump wave) in the x–z plane.
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In semiconductor plasmas, the origin of SRS lies in
nonlinear coupling between electron plasma wave and
molecular vibrational mode caused by the pump wave.
The molecular vibrational mode generates fluctuations
(at molecular vibrational frequency ωop ) in electron
concentration in the Raman medium which, in turn, couples nonlinearly with the pump wave under the influence
of external magnetostatic field and regenerates the electron plasma wave at modified frequency. Thus, at the
expense of the pump wave, the electron plasma wave
and molecular vibrational mode derive one another in
semiconductor magnetoplasmas.
The semiconductor magnetoplasma consists of N
independent harmonic oscillators per unit volume. Each
oscillator stands for a vibrational mode of one molecule
and is characterised by its molecular weight M, and
its normal vibrational coordinates u(x, t). The equation
describing the motion of a single oscillator, including
the contributions of SEC (qs ) and DP (αu = (∂α/∂u)0 )
is given by [19]
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electron concentrations and electron fluid velocities,
respectively. ν is the electron collision frequency. Equation (5) gives the molecular vibrational polarisation Pmv .
The space charge electric field E 1x can be deduced from
eq. (6).
The molecular vibrational mode (at frequency ωop )
modulates the relative permittivity of the Raman
medium and causes power transfer among those radiation fields which differ in frequency by multiples of
ωop (i.e., ω0 ± pωop , where p = 1, 2, 3,...). The modes
at the difference (ω0 − pωop ) and sum (ω0 + pωop ) frequencies are known as Stokes and anti-Stokes modes,
respectively. Here, the anti-Stokes modes and higherorder Stokes modes (with p ≥ 2) have been neglected
[19]. The first-order Stokes mode (with p = 1) which
acts as a primary source of Raman amplification is considered.
Using eqs (1) – (6) and the phase-matching conditions, the perturbed electron concentrations (n 1op and
n 1s ) of the Raman medium due to molecular vibrations
and first-order Stokes mode can be deduced by following the procedure adopted in ref. [19] as:

where  is the phenomenological damping constant
(responsible for the linewidth of spontaneous Raman
scattering) and ωopo is the undamped molecular vibrational frequency. These two parameters are related to
each other via the relation: γ ≈ 10−2 ωopo [29]. The
quantity inside the square bracket on the RHS of eq. (1)
represents the effective driving force per unit volume;
the first and second terms stand for the contributions
arising due to qs and αu of the Raman medium. ε =
ε0 ε∞ where ε0 and ε∞ are the absolute permittivity
and high-frequency dielectric constant of the Raman
medium.
The other equations taken in the coupled mode
approach are:
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Equations (2) and (3) represent the equilibrium and
perturbed electron momentum transfer equations. Equation (4) is the well-known electron continuity equation.
Here, n 0 , v0 and v1 , n 1 are the equilibrium and perturbed

n 1op =

2 + iω ) − εN ]A
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In eq. (7),
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In eq. (8)
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is the coupled electron plasmon–cyclotron frequency, in
which
ωr2 =

ω2p ωl2
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and
e
Bsx,z
m
are the components of electron–cyclotron frequency ωc
along the x- and z-axes,
1/2

n 0 e2
(electron plasma frequency) and
ωp=
mε0 ε L
ωcx,z =
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.
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k B θD
ωl =

is the longitudinal molecular vibrational frequency, in
which kB is the Boltzmann constant, θD is the Debye
temperature of the semiconductor plasma and  =
h
2π ; h being the Plancks constant and ε L is the dielectric constant of the Raman medium.
From eq. (2), the components of the electron fluid
velocity (v0x,y ) under the influence of the pump and
external magnetostatic fields are obtained as
ωl
=
ωt

v0x =
and
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The nonlinear induced polarisation (Pcd (ωs )), which
may be defined as the time integral of the induced current density, is given by
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Defining the induced polarisation (at ωs ) as
 2
(3)
Pcd (ωs ) = ε0 (χR )cd  Ē 0  E 1 ,
(3)
(χR )cd

is given by

ε∞ e2 kop (k0 − kop )
ε0 m 2 ω0 ωs (ωr2s + iνωs )
× 1−

N
2
M(ωr op + iωop )

(3)

(χR )eff = (χR )mv + (χR )cd

2.2 Effective Raman susceptibility

εN A
× 1−
.
2
2M(ωr op + iωop )

(14)

The effective Raman susceptibility in a Raman medium
is given by
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Consequently, the corresponding Raman susceptibility
(3)
(χR )mv is given by

2 .
where ωr2op = ω̄r2 − ωop

Pcd (ωs ) =

(12)

where
1
I0 = ηcε0 |E 0 |2
2
represents the pump intensity, in which η stands for the
background refractive index of the Raman medium and
c is the speed of light in the Raman medium which is
given by c0 /(ε L )1/2 .
In addition to Pcd (ωs ), the Raman medium also possesses a polarisation Pmv (ωs ), the origin of which lies
in the pump–molecular vibrational mode interaction.
Using eqs (1) and (5), one obtains
Pmv (ωs ) =

The (resonant) Stokes component of the electron current density (Jcd (ωs )); neglecting the transition dipole
moment is obtained as
 2
εkop (k0 − kop )  Ē 0  E 1
∗
Jcd (ωs ) = n 1s ev0x =
(ωr2s + iνωs )(ν − iωs )
× 1−
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We observed that (χR )eff is a complex quantity and it
can be written as
(3)

(3)

(2)

(χR )eff = [(χR )eff ]r + i[(χR )eff ]i ,
(11)

(3)

(3)

where [(χR )eff ]r and [(χR )eff ]i represent the real and
(3)
imaginary parts of (χR )eff , respectively. Rationalising
eq. (15), we get
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Equations (15a) and (15b) show that both [(χR )eff ]r as
(3)
well as [(χR )eff ]i are influenced by qs , αu , n 0 (via ω p ),
B0 (via ωc ) and I0 .
2.3 SS and TR Raman gain coefficients
At pump intensities well above the threshold value, the
SS Raman gain coefficient (gR )ss is obtained via the
well-known relation:
ks
(3)
(gR )ss = − 3
[(χ )eff ]i I0
4η ε0 c R
ε 2 ks ω2 N αu ωop I0
= 2 3 0 4
2 )
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heat generation. Kruer et al [31] found that a pump
intensity of ~1011 W m−2 of Q-switched 170 ns pulse
frequency doubled 10.6 μm CO2 laser damages InSb
at 300 K. The damage threshold intensity of the semiconductor plasma can be increased by the free carrier
nonlinear absorption or by reducing the duration of the
pump pulse [32]. Due to the threshold nature of SRS, it is
observed at high pump intensities and hence the pulsed
lasers are generally employed in SRS experiments. For
SRS and resulting Raman amplification to occur, an
intense pump wave with ns or sub-ns pulse duration
is desired. These pulse durations are of the order of
molecular vibrational mode lifetime (τ p ∼ R−1 ), and
under such conditions, instead of SS gain coefficient
(gR )ss , (gR )ss R is a more important gain parameter.
This parameter suggests an idea of Stokes pulse compression [33]. It is thus clear from the above discussion
that SRS must be treated under coherent transient excitation regime. The TR Raman gain coefficient (gR )tr of
a nonlinear medium may be obtained as [27]
(gR )tr = (2(gR )ss LR τ p )1/2 − R τ p ,

(17)

where R τ p < (gR )ss L, in which R is the molecular
vibrational mode lifetime, τ p is the pump pulse duration
and L is the interaction path length. For backward SRS
(φ = 180◦ ) at very short pump pulse duration (τ p ≤
10−10 s), one may replace L by cτ p /2.

ε∞ e2 ks kop (k0 − kop )νωs I0
+ 2 3 2
4ε0 η cm ω0 ωs (ωr4s + ν 2 ωs2 )

2.4 Threshold pump intensity and most favourable
pulse duration for TR Raman gain

N ωop
4
2 )
M(ωr op +  2 ωop


ε L αu2
× qs αu −
I0 .
ηc

For backward TR-SRS, the threshold pump intensity
(I0,th,tr ) is obtained, by making (gR )tr = 0 in eq. (17),
as
R τ p
I0,th,tr =
,
(18)
2c(G R )ss
where
(gR )ss
.
(G R )ss =
I0

× 1+

(16)

From eq. (16), we find that (gR )ss consists of two
terms: the first term occurs due to the finiteness of αu
only while the second term occurs due to the finiteness of both qs and αu . It is interesting to note that for
parameters of n-InSb–CO2 laser system given in §3,
at pump intensities I0 < Ic (= 2.5 × 1013 W m−2 ),
qs αu > (ε L αu2 /ηc)I0 and both qs as well as αu contribute to (gR )ss while at I0 > Ic (= 2.5×1013 W m−2 ),
qs αu < (ε L αu2 /ηc)I0 and the contributions of qs diminish and hence (gR )ss becomes dependent on αu only.
Thus, at moderate pump intensities (I0 > Ic ), the Szigeti
effective charge significantly contributes to Raman gain.
Further, eq. (16) reveals that (gR )ss increases linearly
with I0 . Practically, however, an arbitrary increase in
I0 may damage the sample. According to Mayer et al
[30], when a semiconductor plasma is irradiated by an
intense long pulsed laser, the frequent outcome is the

Using R = 3.7 × 1011 s−1 and (gR )ss = 50 m−1 at
I0 = 2.85 × 109 W m−2 for n-InSb–CO2 laser system
and eq. (18), one finds I0,th,tr = 1.5 × 1011 W m−2 .
However, for τ p ≥ 10−9 s, the Raman cell length is
taken equal to L, and under such a condition one obtains
(gR )tr = (R τ p )1/2 [(2(gR )ss L)1/2 − (R τ p )1/2 ]. (19)
This expression suggests an idea to determine the
most favourable value of pulse duration ((τ p )opt ), above
which the transient Raman gain vanishes. This can be
obtained by making (gR )tr = 0 in eq. (19), as
(τ p )opt ≈

(gR )ss
.
R

(20)
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A calculation for n-InSb–CO2 laser system using the
values given earlier and L = 10−4 m gives (τ p )opt =
5.6 × 10−20 I0 s. This value of (τ p )opt not only explains
the washing out of TR Raman gain at large pulse duration but also suggests that the most favourable value of
pulse duration can be increased by increasing the intensity of the pump wave.

3. Results and discussion
In order to study the dependence of SS and TR Raman
gain coefficients on external magnetostatic field and its
inclination, and scattering angle, let us consider nInSb sample as a Raman medium illuminated by 10.6
μm CO2 at 77 K. For n-InSb crystal, m = 0.014m 0 ,
where m 0 is the rest mass of electrons. The other material parameters are taken as follows [19]: ε L = 17.8,
ε∞ = 15.68, η = 4.2, ν = 3.5×1011 s−1 , ρ = 5.8×103
kg m−3 , R = 3.7 × 1011 s−1 , N = 1.48 × 1028 m−3 ,
M = 2.7 × 10−29 kg, αu = 1.68 × 10−16 SI units,
qs = 1.2 × 10−20 C, ω0 = 1.78 × 1014 s−1 , ωop =
3.64 × 1013 s−1 .
The present analytical investigation explains the
dependence of SS and TR Raman gain coefficients
((gR )ss and (gR )tr ) on controllable parameters such
as doping concentration (n 0 ), external magnetostatic
field (B0 ), magnetostatic field inclination (θ ), scattering angle (φ), pump pulse duration (τ p ) etc. Equations
(16), (19) and (20) are used to study (gR )ss and (gR )tr
by varying the controllable parameters: n 0 , B0 , θ , φ and
τ p . Efforts are made for:
(i) determining appropriate values of these controllable parameters to enhance SS and TR Raman
gain coefficients at lower threshold intensities,
and
(ii) exploring the possibility of Raman nonlinearities
-dependent efficient semiconductor devices.
Figure 1 shows the variation of (gR )ss and (gR )tr with
B0 for two different values of n 0 . It can be observed that
both (gR )ss and (gR )tr show similar nature of curves
throughout the plotted regime of B0 . The nature of the
curves can be explained as follows: By keeping n 0 fixed
and varying B0 , we observed that the gain coefficients
are comparatively smaller and remain independent of
the magnetostatic field in the regimes 0 < B0 < 10 T
and 0 < B0 < 2 T for n 0 = 2 × 1023 m−3 and
3 × 1023 m−3 , respectively. By further increasing B0
beyond this value, the gain coefficients start increasing, achieving their peaks at B0 = 11 T and 3 T for
n 0 = 2 × 1023 m−3 and 3 × 1023 m−3 , respectively.
By further increasing B0 slightly beyond these values,
the gain coefficients decrease sharply and attain their
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previously lower value at B0 = 12 T and 4 T for
n 0 = 2 × 1023 m−3 and 3 × 1023 m−3 , respectively and
remain constant for B0 = 13 T. This distinct behaviour
of gain coefficients occurs due to the resonance condition, ω̄r2 ∼ ωs2 . Further ω̄r2 being the function of ω p and
ωc can be varied by changing either/both B0 and n 0 . It
is advantageous to shift ωs in desired spectral regime
in proportion to: (i) n 0 (or ω p ) for fixed B0 (or ωc ),
(ii) B0 (or ωc ) for fixed n 0 (or ω p ) and (iii) combination of both n 0 and B0 . Continuously increasing n 0
(via ω p and hence ω̄r2 ) and decreasing B0 (via ωc and
hence ω̄r2 ) in the same proportion maintains ω̄r2 ∼ ωs2
and keeps ωs fixed. Further, by continuously increasing n 0 and decreasing B0 without maintaining their
proportion maintains ω̄r2 ∼ ωs2 but shifts ωs at other
value. For the n-InSb–CO2 laser system, by continuously increasing n 0 from 2 × 1023 m−3 to 3 × 1023 m−3
and decreasing B0 from 11 T to 3 T maintains ωs2 ∼ ω̄r2
and keeps ωs fixed at 1.77 × 1014 s−1 . Ultimately, at
n 0 = 3.3 × 1023 m−3 , the resonance occurs around
B0 = 0 T for a fixed value of ωs . For n 0 > 3.3 ×
1023 m−3 , the resonance condition shifts the value of
ωs .
When B0 = 13 T, the gain coefficients corresponding to two different values of doping concentration
as reported above become equal and exhibit common behaviour independent of doping concentration
for B0 ≥ 13 T. The gain coefficients show a common peak at B0 = 14.2 T. This peak occurs due to
the resonance condition, ωc2 ∼ ω02 . Around resonance,
electrons drift velocity increases and exceeds the molecular vibrational mode velocity and as a result the pump
to molecular vibrational mode energy transfer increases,
and consequently molecular vibrational mode amplifies.
Eventually, the amplified molecular vibrational mode
feeds more energy from the pump to the scattered Raman
Stokes mode, thereby enhancing the SS and TR Raman
gain coefficients.
An important aspect of this analysis is an enhancement of SS and TR Raman gain coefficients around resonance conditions by varying simultaneously/
independently the doping concentration and magnetostatic field in semiconductor plasmas. The results
obtained in figure 1 permits the tuning of the scattered
Raman Stokes mode and opens up an opportunity of
fabrication of frequency converters based on Raman
amplification as well as tunable Raman oscillators.
Figure 2 shows the variation of (gR )ss and (gR )tr with
θ for φ = 0◦ (forward scattering) and φ = 180◦ (backward scattering). One can observe that in both the cases,
the Raman gain coefficients are comparatively smaller
in the case of Faraday geometry (i.e. θ = 0◦ ). The gain
coefficients continuously increase with θ in the regime
θ < 90◦ , achieving maximum at θ = 90◦ and decrease
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Figure 1. Variation of (gR )ss and (gR )tr with B0 for
n 0 = 2 × 1023 m−3 and 3 × 1023 m−3 . Here θ = 60◦ ,
φ = 45◦ , τ p = 5 × 10−10 s.

Figure 2. Variation of (gR )ss and (gR )tr with θ for φ = 0◦
and 180◦ . Here n 0 = 2 × 1023 m−3 , φ = 45◦ , τ p = 5 × 10−10
s.

with θ in the regime θ > 90◦ . The rate of rise (fall) of
gain coefficients is higher in the regimes 20◦ < θ < 70◦
(110◦ < θ < 160◦ ). The curves are symmetrical about
θ = 90◦ . The curves infer that the contribution of magnetic Lorentz force, which plays a significant role in
modifying the electron’s drift velocity, and consequently
the energy transfer from the pump to scattered Stokes
wave and subsequently enhancing the SS and TR Raman
gain coefficients is maximum in the case of Voigt geometry (i.e. θ = 90◦ ). Moreover, the gain coefficients are
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Figure 3. Variation of (gR )ss and (gR )tr with φ for B0 = 0 T
and 14.2 T. Here n 0 = 2×1023 m−3 , θ = 60◦ , τ p = 5×10−10
s.

six times higher under Voigt geometry than under Faraday geometry. In addition, the gain coefficients are four
times higher for backward scattering than for forward
scattering throughout the plotted range of magnetic field
inclination.
Figure 3 shows the variation of (gR )ss and (gR )tr
with φ in the absence (B0 = 0 T) and presence (B0 =
14.2 T) of the magnetostatic field. It is clear that in both
the cases, the Raman gain coefficients are larger in the
forward scattering direction (i.e., φ = 0◦ ). However,
the scattered Raman Stokes mode grows exponentially
between 0◦ < φ < 40◦ and thereafter the growth rate
decreases, finally saturates around φ = 180◦ . The comparison between the forward and backward SRS reveals
that the Raman gain coefficients in the case of backward scattering are almost double compared to the case
of forward scattering. In addition, the gain coefficients
are four times higher in the presence of external magnetostatic field than in the absence external magnetostatic
field throughout the plotted range of scattering angle.
Figure 4 shows the variation of threshold intensity
((I0,th )tr ) for the onset of TR-SRS with magnetostatic
field (B0 ) for two different pump pulse durations. It can
be seen that in both the cases, (I0,th )tr decreases gradually with B0 for B0 < 11 T. The nature of curves
indicates that the Lorentz contribution is very small
when ωc < ω0 . However, when ωc approaches ω0 ,
the Lorentz contribution becomes effective to minimise
the value of (I0,th )tr . When ωc > ω0 (i.e. B0 >
14.2 T), (I0,th )tr increases sharply and remains constant even at larger B0 . A comparison between the two
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Figure 4. Variation of (I0,th )tr with B0 for τ p = 5 × 10−10
s and 5 × 10−11 s. Here n 0 = 4.5 × 1023 m−3 , θ = 60◦ ,
φ = 45◦ .

Figure 5. Variation of (gR )tr with B0 for τ p = 5 × 10−10
s and 5 × 10−11 s. Here n 0 = 4.5 × 1023 m−3 , θ = 60◦ ,
φ = 45◦ , (I0,th )tr = 5 × 1012 W m−2 .
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Figure 6. Variation of (gR )tr with τ p for I0 = 2.5 × 1012
W m−2 and 5.0 × 1012 W m−2 . Here n 0 = 4.5 × 1023 m−3 ,
B0 = 14.2 T, θ = 60◦ , φ = 45◦ .

ωc approaches ω0 , the Lorentz contribution becomes
effective to enhance the value of (gR )tr . When ωc > ω0
(i.e. B0 > 14.2 T), (gR )tr decreases sharply and remains
constant even at larger B0 . A comparison between the
two curves reveals that (gR )tr is larger at larger values
of τ p .
Figure 6 shows the variation of (gR )tr with τ p (in
the range 10−12 s ≤ τ p ≤ 10−9 s) for two different
pump intensities. We observed that for fixed I0 , (gR )tr
increases with τ p and at a certain value of τ p , (gR )tr
arrives at a certain maximum value which remains constant over a narrow range of τ p . Such regimes may be
termed as quasi-SS regimes. By increasing τ p beyond
the quasi-SS regime, (gR )tr falls off rapidly. The rise
in I0 enhances (gR )tr considerably over the entire plotted range of τ p but shifts the quasi-SS regime towards
higher values of τ p . This behaviour suggests the idea of
compression of scattered Raman Stokes pulses.

4. Conclusions
curves reveals that (I0,th )tr is lower at smaller values of
τp.
Figure 5 shows the variation of (gR )tr with B0 for two
different pump pulse durations. One can observe that in
both the cases, (gR )tr increases gradually with B0 for
B0 < 11 T. This feature indicates that the Lorentz contribution is very small when ωc < ω0 . However, when

This paper presents a theoretical study of SS and TR
Raman gain coefficients in semiconductor magnetoplasmas. Important conclusions drawn from the study are
1. The analysis offers two achievable resonance conditions (ωs2 ∼ ω̄r2 and ω02 ∼ ωc2 ) in which
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significant enhancement of SS and TR Raman
gain coefficients can be obtained.
2. The SS and TR Raman gain coefficients are six
times higher under Voigt geometry than under
Faraday geometry, four times higher for backward
scattering than for forward scattering, and four
times higher in the presence of external magnetostatic field than in its absence.
3. The rise in pump intensity shifts the Raman gain
quasi-SS regime towards higher values of pump
pulse duration. For example, in n-InSb semiconductor plasma, the quasisaturation regime which
occurs around τ p = 10−10 s at I0 = 2.5 × 1012 W
m−2 shifts to τ p = 3.5 × 10−10 s at I0 = 5 × 1012
W m−2 .
4. The suitability of semiconductor magnetoplasmas as hosts for compression of scattered pulses
and fabrication of efficient Raman amplifiers and
oscillators based on Raman nonlinearities is established.
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