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Abstract : Stimulated Raman scattering between a laser pwige @nd a Stokes pulse is considered
in a two-level medium with vectorial optical field¥he model on the semi-line is proved to be
solvable by inverse scattering transform schemeorgnsolutions, soliton generation is discussed.
Then, it is shown how rotation of the Stokes wasadk to a spike of pump radiation in the time
domain.

[. Introduction

Stimulated Raman scattering (SRS) is a well-knowsa8e interaction process and has been
largely studied. It results from the interactiortvibmen a laser pump wave and a medium through a
Stokes wave emission [1-2]. It is characterizedalgump depletion, e.g. an energy transfer from the
pump wave to the Stokes one. Of course, this exiaiss obstacle to applications where a high power
pump is needed. It has also been experimentaliydidry Drihl and co-workers [3-4] that this energy
transfer can be inversed, thus creating a spikéhéenpump profile. Several explanations of this
phenomenon have been reported in the literatud®]5-

Among them, one is based on the inverse scatteéngform (IST) [11-16]. It has already been
shown that vectorial SRS is solvable on the lirfg j&hat has allowed to explain the formation of the
spike of pump radiation. Scalar SRS has also beked on the semi-line [15] leading to a study of
soliton generation. By vectorial SRS, one has tewstand that optical waves are vectorial.

In this work, we show that vectorial SRS is alstvable on the semi-line. Note that this result
IS not obvious : a scalar nonlinear partial diffégr@ equation integrable by IST is not necessarily
integrable when considering its vectorial form. ' nesolution allows to undertake the problem of
soliton generation. Similar results to the scatadg have been obtained at the moment. Next, it is
shown how a rotating Stokes polarization relativelyhe pump one allows the creation of a spike of
pump radiation in the time domain. As a consequenadti-spike formation is shown to be also
possible.

II. Basics on stimulated Raman scattering
In the SRS model with a semi-classical descriptitie, medium is considered as a collection of

harmonic oscillators interacting with an incideptioal field (pump wave) through the emission of a
Stokes wave. Considering slowly varying envelopes stimulated Raman scattering equations are:
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where A, (k, x,t) and Ag(k, x,t) are respectively the envelopes of the laser ai@stwaves while
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g(x,t) is the vibrational medium wave. The variakles introduced to take into account the detuning
from the exact resonance, x and t are respectitr@dyspace and time variables. This system is
completed with the initial condition

q(xt=0)=0 (2)

expressing that the medium is initially at resteTbllowing boundary conditions on the laser and
stokes envelopes hold

A, (k,x=0,t)= (kD)

Lox= ’)_(JL(k,t)j -
I .(k,

As(k,x=0,t)=(;((ktt))j

So, in this work, we have to solve an initial boandvalue problem (IVP) on the semi-line, that is

xO[Otoo [ .

[ll. Resolution of SRS

Here, we are going to use the inverse scatterggstorm (IST) [11-12] to solve the IVP (1-3). In
effect, noting that envelopes waves equations)ifiofin the well-known Zakharov-Shabat problem, it
seems reasonable to expect solving this problem IBit.

[11.1 Direct problem

Consider the Zakharov-Shabat spectral problem:

p +ik[op, 4] =Qu, x=20,t20, Q= (4)
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and consider two fundamental solutiong$ and /= respectively defined, in the upper and lower half-
complex k-space. These solutions check
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where

w5, (k) 3a()
and verify the Riemann-Hilbert relations :
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The boundary conditions are given by :
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Let notice thatp” (k) and 7" (k) are respectively the reflection and transmissiceffient, leading
to the continuous spectral data

R(K) :{p*,ri} (10)
[11.2 Evolution of the spectral data

The auxiliary spectral problem is given by
R=[RQ]+M (11)

whereQ and M are to be found. The Lax pair is usually defined a

U=(u —uN) u™ =-ko, +
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V= (g - pQ)
and the compatibility conditiops,, = 1, leads to
A -Q +[QNA]=0
(13)
U, -V, +[U,V] =0
Solving equation (13a), it comes
Q(k,x,t)= e*Q(k § &= (14)
Then eq (13b) gives the time evolution of the pt&tn
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with dA OdA= - 2id,d,. Thus taking into account eq (1)
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R

we get four equations. Next, considering the limitg, in eq (12b) when x tends to 0 and to infinity,

eight equations are obtainethe resulting system of 12 equations furnish theetevolution of the
scattering data. For instance the time evolutiothefreflection coefficient is given by the diffatil
equation :

o (k1) = —(p*)zlj%dA —2,0*%]%@1 ——;j%da (16)
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with m and ® are two functions to be found.

[11.3 Solution of SRS equations

We have now everything to solve our problem. Ireetff using boundary conditions, it is easy to link
the physical solution to the mathematical one :
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since they both solve the Zakharov-Shabat probletoreover in order to get the output fields
envelopes, we make x tends to infinity in (17)gs{8). The preceding system of 12 equations allow
to get explicitly the functionsn and @ :
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Then, the output field envelopes become expliait f@m instance,
A =21+ 2k (19)
r r
The rest of the paper is based on this formula.
IV Examples of solution of SRS
IV.1 Soliton generation
Let us give an example with
2 2
LG =[AL)] F(K), skt =Tl (k1)
I (k=TI (k1) (k=TI (k9 (20)
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and g(k) = g,, e.g., the sharp line case is consideredl  ,I" ¢ are the fractions of the different
intensities. The solution of the Riccati differeht&quation (16) reads

1 Po— P t 1
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with
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Let note that ¢+ T > 0. When takingp, =0, it comes
. =-2sinh(A /
o (1) (&73 23)

a sinh(A /2 +va? + 4 cosfA /P

with:

A=—a? +4Jt- F(u) du

Looking for solitons, one has to find the poleshef functionp”. In the casd™ = 8T ¢, when setting

r:e_y,rsz e’ I = en,

one gets
a =2sinh(y;) + éfzﬂi (24)
° 1+e™
The subcas@=1 is a particular case where the poles of the fonct™ are given by
T(t
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with
T(t)=%go(1+ e‘zys)(1+ éZVL).:[‘ A L)‘2 dt

This result is very similar to the scalar SRS eiguat case [15] where it has been pointed that as t
evolves, the poles move from the poiritk and may cross the real axis for large enough Titls

generating solitons by pairs sinke, = —K-m-1.

IV.2 Raman spike and multi-spike

An interesting phenomenon occurs when considering

A, (k,x= o,t):@ 1, (k,t)

cosd t) (26)

A (k, x= O’t):(sinﬁ(t)) I (k,t)

This corresponds to an injection of a linear pakdi pump wave and a rotating polarized Stokes
wave. Let’s take



ls(k,t)=e1, (k,t) and | (& =AY £, (27)

When takingp, =0, the solution ofhe reflection coefficient differential equatiom. €6, reads
() = -sinh(A /2 co¥
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(28)

with:
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Let's take the input pump envelope as :

I (t) :exp(-(t_t;)zj ,

T

with t;, =50 and r =40. On figure 1 the input and output pump intensites plotted when the
rotation angled is 71t /100. Such a choice leads clearly @ (50) = 0 and the creation of a spike in

the pump intensity profile. In effect, whep” is cancelled, eq 19 shows that the pump intensity

. 2 2 _ ,
recovers smce‘f‘ =1+|p"| : this is the phenomenon of Raman spike formatfan.large values

of p", pump depletion occurs as shown again by eq.ri®tHer words, this spike shows that the

phenomenon of energy transfer between the pump thed Stokes is briefly inversed. This
phenomenon has been experimentally observed [3-4].
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Figure 1 : Input pump and output pump intensitid®e parameters are
r=40,T=0.4,8=mt/10(

On figure 2, the multi-spike formation is shownlte possible when the polarization of the Stokes
wave rotates several times in the duration of theap input. Here, we choos8=577t/100. This
phenomenon has not already been experimentalgredsd to the author’'s knowledge.
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Figure 2 : Input pump and output pump intensifidse parameters are
r=40,T=0.4,0= 5rt/10(

V. Conclusion

In this work, we have considered the initial valpblem of stimulated Raman scattering with
vectorial optical fields. This problem has beenvehdo be solvable on the semi-line by the inverse
scattering transform scheme. And in the limit xrtfinity, explicit output waves envelopes have been
obtained. Then the problem of soliton generatiohlbeen undertaken showing similar results to scalar
SRS. However the general expression leading teosslis much more complicated here when taking
into account vectorial optical fields. Next, usitige rotation of the Stokes wave polarization, the
Raman spike and multi-spike formation is obtainethie time domain contrary to the scalar case. Its
simple explanation is quite elegant. Finally, tinerk also shows that IST is a powerful tool to
undertake a study on polarization. Such a studybeidone in a future work.
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