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Abstract — The results of the theoretical investigation of ta semiconductor susceptibilities
in the frame of pump—probe approach are presented sing the exciton—photon and

exciton— exciton interaction. The strong p

ump beamexcitates excitons.The excitons

interact with each other and the weak laser pulse ith the frequency tuned to the exciton
transition tests the optical properties of a semiaaductor.

Index Terms— exciton, pump-probe, non-stationary,

I. INTRODUCTION

exponentiaffficient

Il.  THE MAIN EQUATIONS
We suppose that the monochromatic wave (pump pulse)

Pump-probe method of theoretical and experimenta coherent laser radiation with the amplitudg, and

investigation of optical properties of semicondustm the
exciton range of spectrum at high level of pumpitation
acquired the great significance. This method i®tas the
use of two beams of laser radiation, namely thensgtr
pump beam and the weak probe beam. The probe be
tests changing of optical properties of the crydtad to the
action of the strong pump pulse. The kinetics o th
radiative recombination of biexcitons,
response of the system of excitons and biexcitb+&,[the
red and blue shifts of exciton bands at the picmséc
pumping [4-6] , the Autler-Townes effect on thexgi¢ons

in the crystals CuCl [7-10] were investigated bg tise the
pump-probe method. In theoretical investigationsl43
the different aspects of the pump-probe method we
considered for the high density system of excitans
biexcitons. The dielectric susceptibilities wergdstigated
in the crystal like CuCl in the case, when the rsgroump
pulse acts in the region of M-band of luminesceand
testing was made by two-photon light absorptiorhvtite
biexciton excitation [8,9]. It was investigated [it¥4] the
mechanism, when both pulses (pump and probe) atiein
exciton region of spectrum taking into account #festic
exciton-exciton interaction. It was shown, that thensity
of excitons and the susceptibility of the semicarndu
discover the bistable behavior depending on thensity
and frequency of pump pulse. Besides it for thanitef
values of the frequency and intensity of pump putse
imaginary part of the susceptibility has the negatialues,
what evidenced about the possibility of the ampdifion of

a weak pulse. Here we present the results of igatiin
of the optical properties of semiconductor takingoi
account the elastic exciton-exciton interactiorthie case

the nonlinea

frequency ¢j incidents on the front end of the crystal,
where ¢y = «}). Here ayy is the exciton selffrequency. Just

the weak (probe) wave with amplitude and frequency

Wk incident on that point of the crystal (Fig. 1).
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Figure 1. The scheme of levels and optical
transitions

The photons of the first pulse excite the excitansl
essentially change the energy spectrum of the
semiconductor and the photons of the second pelse t
these changes in the exciton range of spectrumhigtt
level of excitation the processes of exciton—-excito
interaction begin to manifest itself. The Hamiltami of
interaction of excitons between each other andtemsi
with photons in the resonant approximation haddha:

when the strong pump and weak probe pulses adten t

exciton range of spectrum.
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1
@ expression we can derive the formal expressionchvhi

describes the time evolution of the complex dielect

—%hg(a+ E'e’™ +E€“a)

where a is the amplitude of the exciton wave ofsusceptibility in

polarization, g is the exciton-field couplingy is the

constant of the elastic exciton—exciton interacti&p (E,)

and E*(E”) is the positive (negative)-frequency part of

the fields.
Using (1) we obtain the Heisenberg (material) eiquat
for the amplitude aof the exciton

ia=(w-ipa+ va*aa—%gEée'“‘“ —%QE+E'“‘" (@)

where y is the phenomenological dumping paramete

which describe the dumping of coherent excitons. d&ie
define the response of the system in all orderghef

perturbation theory onk, and in the first order on the

form x(r)=A(r)/F(r), where
-E@
" E

S

is the field of probe pulse.

F(7)

[ll. DISCUSSION OF RESULTS
Let's discuss the results of numerical integratifn

wave: System of the equations (7) when the pump pulseents
at the initial moment of time. The first equatiom {7)
describes dependence on time of concentration @fozs
and does not linked on two other equations. Conatoh
of particles essentially depends on the resonagtnithg

of pump pulsed and the value of the field, of the pump

pulse. We have obtained the multivalued dependence
between concentration of excitons and amplitude of

amphtudeE of the pI‘Obe field. We look for the solution Ofradiation of a pump pu|se in a Crystal in a Sta@n

eg. (2) in the form

a= %(aﬂe'i W4 AeTU +Be (@A 4 c.c),

®)

regime. In a non-stationary regime the behaviorobexs
complicated. On Fig. 2the dependences of concentration
of excitons z on amplitude of radiationf, and 7 is

where a,, A,Bare the amplitudes of the respectivepresented for the rectangular pulse, at the critiedue

waves. Inserting (3) in (2) in the lowest orders tbé
perturbation theory on the amplitudés and B we obtain
the system of equations:

. . . 3

ia, = ~0F; -(cq -, +|V_ZV|ao|2\Jao,

.. . 3 2 3 >
|A:—gE—(a)—w0+|y—Zv|ao| jA+Za0 B, (4)

iB= —(w— 20 -, + iy—%v|a0|2j5 +%a02A
Further we introduce the resonance detuningnd A,

for the probe and pump fields and the expressiorte
exciton density

D= -y, =@ - a0, =[a|’

®)
and normalized quantities:
v A A hg? t
:_0' :_’JI :—l,)(():i,f:—.
/4 /4 /4 /4 y (6)

Using (6) we obtain the following system of equasip

ia=-F,—(q +i —%|a|2)a,

i . 32 3 .

iA=-F-(5+i—-=|a)A+=a’B’,
@+i=3lahA+g

iB=—(29 - J+i —g|ajz)B+%a2A*.

The solution of the first equation in (7) givesths time
evolution of the density of coherent excitons untles

0

E
action of the pump fieldF, = where EZ = )? /vg°.

S

The polarisation of the semiconductor on the freqyeof

detuning g, = /3. In behavior of concentration of excitons

the oscillatory regime exists, which is more stignfipr
more intensive of incident radiation. The osciltgteegime
weakens when time increase.
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Figure 2. Time evolution of the normalized exciton
density 2 for the different values of the field to of

rectangular pump pulse fa} = V3

On Fig. 3 the dependences on timeand amplitude of
radiation f, imaginary components of susceptibility”
are presented value from detuning resonance ofobepr

the probe pulse we can obtain in the first order diulse d=-5. In behavior x" the oscillatory regime is

observed at increase of,. Thus x" during the certain
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time intervals accepts negative values that testifihe The increase of detuning of the resonance (Fig) 4-5
possibility of strengthening of a probe pulse. Imen- leads to the jump increase in behavior of concéotraon
stationary regime the interval of valuef extends, at excitons for a long times.
which ¥ accepts the negative values. Amplitude of oscillations increases for the growt}.
As for the absorbing components of a susceptibtligt
detuning increase has led to strengthening of aitlaisry
regime on the resonant values Q.
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Figure 3. Time evolution of the susceptibil "
Xo Figure 5. Time evolution of the susceptibil'rég'—
for different values of the field to of pump pufes Xo
g = J3andd=-5 for different values of the field to of pump pufes

o =3andd=-5
It is necessary to note that there is a small valeof

values f,, at which oscillatory regime observes. In a We have investigated also the stability of the ivietd

stationary limit the system (7) passes in followsygtem Solution.
of the equations. -3

0.6
iA=-F - (0 +i —§|as|2)A+§ajB*,
2 4 (8)

iB=-(20 —J+i —g|as|2)B+%aszA*.
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Figure 6. Exponential coefficient of Lyapunov fdret
different values resonance detuning and valuglseofield
to of pump pulse.

On Fig 6. the exponential coefficient of Lyapunar f
the different values resonance detuning and sabfighe
field to of pump pulse is presented. It is visiltteat the
exponential coefficient accepts positive valueamrow

1 ; .
Figure 4. Time evolution of the normalized exciton area of change of values of a field and resonartenihg.
density 2 for the different values of the field to of Just at these values the strong oscillatory modehavior
rectangular pump pulse fay =3 absorbing susceptibility components was also oleserv
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Thus the arising resonant oscillation are a coresecgi of
non-stability of system at these values of a figldnp and In behavior y" the difficult oscillatory regime is

resonance detuning. observed on the forward front of a Gaussian pulde

On Fig. 7a the dependences of concentration of excitonSonant values of,, a rating are shown and in this case.
on z amplitude of radiationf, and 7 is presented for the
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Figure 7. Time evolution of the normalized exciton
density 2 for the different values of the field to of
rectangular pump pulse f@§ =3in case of a

On the back front of a Gaussian impulse the osoija
regime is absent.

On Fig. 8 the dependences on timeand amplitude of
radiation f, imaginary components of susceptibility”

from Gaussian pulse are presented.
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Figure 8. Time evolution of the susceptibil
Xo

for different values of the field to of pump pules
dy =3and J = -5in case of a Gaussian impulse

rg=5,T=2
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