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Room-temperature ultrafast carrier and spin dynamics in GaAs probed by the photoinduced
magneto-optical Kerr effect
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The picosecond and subpicosecond dynamics of spins in intrinsic andn-doped GaAs is investigated at room
temperature using the time-resolved, pump and probe, photoinduced, near-resonant magneto-optical Kerr effect
between 1.44 and 1.63 eV. Three components with different temporal and spectral behavior are distinguished
in both Kerr rotation and ellipticity, and their origin is discussed in relation with theoretical predictions and
simulations. Two contributions are attributed to the splitting of the spin sublevels. The first one, present only
as long as pump and probe pulses coincide in time, is a coherent response accounted for in terms of the optical
Stark effect, whereas the longer decay of the second one, up to 35 ps, is attributed to electron spin relaxation.
The third component is assumed to arise from the difference in population of the photoexcited states and
decays within a time smaller than the pulse duration, which is attributed to the energy relaxation of electrons
towards the bottom of the conduction band through carrier-carrier and carrier-phonon scattering.
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I. INTRODUCTION

The ultrafast dynamics of spins in metallic ferromagn
as well as in magnetic and even nonmagne
semiconductors1–6 has attracted intense research activity
recent years. In the case of semiconducting materials suc
gallium arsenide~GaAs!, essentially low-dimensional sys
tems have been investigated, mostly at low temperature.
cause of its importance for the design and fabrication of e
tronic devices, GaAs is a likely candidate for ultrafast, roo
temperature ‘‘spin electronics’’ applications, for which th
spin dynamics of the carriers will be an essential parame
The dynamics of spins can also affect the polarization no
in vertical cavity surface emitting lasers and other electro
devices functioning in the terahertz domain or at optical f
quencies.

For the study presented in this paper, we used s
selective optical pumping that leads to the establishment
transient spin polarization within the material.7,8 The use of
ultrashort ('100 fs) optical pulses allows the temporal res
lution of the decay of the photo-induced spin polarization
pump and probe configuration.

This decay can be monitored by measuring the lin
magneto-optical effects experienced by the probe pulse
function of the temporal delay between pump and pro
pulses. Both Faraday and Kerr magneto-optical effects1,3,6

are indeed well suited to study the spin dynamics in bot
broad spectral and thermal range, as well as in a ther
range. In particular, they provide a good alternative to
well-known photoluminescence techniques5 at wavelengths
0163-1829/2001/63~23!/235201~8!/$20.00 63 2352
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or temperatures for which there is hardly any measura
luminescence. For the study of thick, nontransparent sam
such as those described in this paper, the Kerr effect in
reflection geometry is preferred. It must be noticed that
tically induced gyrations experienced by the probe pul
depend not only on spin dynamics but also on the dynam
of the carriers themselves. Therefore, in the analysis of
photo-induced magneto-optical Kerr effect, the contributio
related to carrier and spin dynamics have to be caref
separated.

We recently reported on spin polarization dynamics
room temperature in bulk cadmium telluride CdTe,9 that has
the same crystallographic zinc-blende structure as GaAs,
shows very similar band diagram and band-gap energy
this paper, we study the relaxation dynamics of spins in b
GaAs at room temperature, both in an intrinsic and in
heavilyn-doped sample, through time-resolved studies of
Kerr rotation and ellipticity. Special attention is also paid
the influence of carrier dynamics on the temporal behavio
the photo-induced magneto-optical Kerr effect.

II. EXPERIMENTAL PROCEDURE

The measurements were performed in a pump and pr
configuration, using a pulsed Ti:sapphire laser with a pu
duration of approximately 100 fs and a repetition rate of
MHz, in the photon energy range of 1.44 to 1.63 eV. T
setup, including a sensitive balanced detection scheme,
described in detail elsewhere.9 The intensity ratio between
pump and probe pulses was set to 10:1 and they were
cused on the sample to a spot diameter of about 100mm for
©2001 The American Physical Society01-1
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the pump pulse and slightly less for the probe pulse. T
pump fluence on the samples was between 1
10 mJ cm22, producing a spatially averaged electron-ho
pair density of 1017 to 1018 cm23 at the band-gap resonanc
The polarization of the pump beam was modulated betw
left and right circularly polarized states by means of a pho
elastic modulator~PEM!. In order to minimize coherent con
tributions similar to those observed in four-wave mixin
experiments,10 pump and probe beams were at an inciden
angle of 20° and 40° with respect to the sample norm
respectively. The samples being thick and nontranspar
the reflection geometry was chosen. The magneto-op
Kerr rotation and ellipticity experienced by the probe be
were measured as a function of the time delay between p
and probe pulses, with a sensitivity as high as 0.2mrad. The
spectral profile of the laser radiation, monitored with an o
tical multichannel analyzer, was found to have an ene
width of about 0.02 eV over the whole photon energy ran

Two bulk GaAs samples were studied, an undop
GaAs~001! sample and a heavilyn-doped GaAs sample with
a doping concentration of Si atomsnd5231018 cm23. The
band-gap energyEg of intrinsic GaAs at room temperatur
~Fig. 1! is approximately 1.42 eV, close to, but out of th
range of the laser source.

The value of the spin split-off energyD ~0.34 eV at 300
K! between P1/2 and P3/2 also makes it impossible to reac
the transition between the split-off band and the conduc
band around 1.74 eV. For the Si-doped sample, however
heavy doping concentration is responsible for a n
negligible gap narrowingDEg that can account for an optica
transition between the spin split-off band and the conduc
band at an energyEg1DEg1D of approximately 1.5 eV,
that is, within our experimental photon energy range.
accurate estimate ofDEg is a difficult problem, since tem
perature corrections must also be taken into account.11 More-
over, the position of the split-off band, and thus, the value
D are also likely to depend on the doping concentration.

III. EXPERIMENTAL RESULTS

Experimentally, a linear dependence of the photo-indu
magneto-optical Kerr effect on the pump fluence was fou
Typical relaxation dynamics of the Kerr rotation in~a!
n-doped GaAs and~b! undoped GaAs are shown in Fig. 2 fo

FIG. 1. Schematic electronic band structure of GaAs near
direct band gap and allowed electric dipolar transitions for le
handed~dashed arrows! and right-handed~solid arrows! circularly
polarized light.7
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optical excitations above the respective band-gap energie
the samples. In both cases, the short term behavior ofuK ,
i.e., within the first 700 fs after excitation, is presented
well as the long-term decay of the signal~see insets!. Similar
relaxation dynamics were obtained for the Kerr elliptici
«K . The temporal shape of the autocorrelation function
the pump pulses has been included in arbitrary units for co
parison~dashed lines!, as deduced from the measured spe
tral profiles. This function is identical to the cross-correlati
function of the pump and probe pulses, assuming that b
pulses have the same temporal profile, and represents
period during which pump and probe pulses actually co
cide in time at the sample surface.

In Fig. 2~a! fast oscillations with a period of approxi
mately 6 fs corresponding to the experimental step of
delay line, can be observed within the duration of the cro
correlation function of pump and probe pulses. These os
lations can be considered as experimental ‘‘artifacts’’ and
attributed to scattered pump light in the direction of the
flected probe pulse and subsequent interference betwee
two. They are actually useful in that they allow an eas
determination of the zero-delay position, but they can
suppressed in order to reveal the actual magneto-optical
nal onto which they are superimposed, as shown in Fig. 2~b!.
This can be done by introducing a periodic dephasing
tween pump and probe pulses and integrating the signal
sufficient time.12

e
-

FIG. 2. Relaxation dynamics of the Kerr rotationuK ~a! in
n-GaAs and~b! in GaAs above their respective interband energ
The autocorrelation function of the pulse is indicated in arbitra
units with dashed lines. The insets show the long-term depend
of the rotation~open circles!. For comparison, the insets also sho
the decay of the photo-induced linear birefringenceDn due to car-
rier dynamics~solid circles!. Solid lines are fits following Eq.~11!.
1-2
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As can be seen from Fig. 2 the initial peak ofuK does not
exactly follow the profile of the autocorrelation function, an
shows an ultrafast relaxation contribution up to a pum
probe delayDt of about 400 fs. Then a much slower rela
ation component takes over, anduK totally decays within a
few tens of picoseconds.

One should note that in pump and probe measuremen
transient change of the refractive index of the medium
take place due to the optical Kerr effect, a third-order no
linear optical effect,13 through the interaction of two pum
photons and one probe photon. This transient relaxes
the decay of the populations of excited states and its dyn
ics must be carefully distinguished from the spin dynami
In order to quantify the relaxation times involved in su
refractive index transients, an additional polarizer was pla
behind the PEM, resulting in a modulation of the intensity
the pump pulses, and hence, in an intentional, photo-indu
change of the refractive indexDn. The pump pulses weres
polarized~i.e., orthogonal to the plane of incidence! whereas
the polarization direction of the probe pulses was kept lin
at an angle of 30° relative to that of the pump pulses. T
dynamics ofDn, as shown in the insets of Fig. 2~solid
circles! proves to be much slower than both components
the Kerr dynamics, confirming that the latter do indeed ha
a magneto-optical origin and are marginally affected by
refractive index artifacts. Moreover, the observed respo
allowed us to estimate that photo-induced changes of
refractive index do not exceed 1%.

Within the experimental spectral range from 1.44 to 1
eV, the decay time of the slow relaxation component w
found between 5 and 10 ps for intrinsic GaAs and betw
15 and 35 ps forn-doped GaAs. The fast relaxation comp
nent showed a characteristic decay time shorter than
pulse duration for both samples. The precise determina
of this parameter is limited by the pulse width.

We also observed a clear sensitivity of the short te
temporal dependence on photon energy. In particular,
oscillatory behavior ofuK within the first picosecond ap
peared only for photon energies above the interband ene
as can be seen forn-doped GaAs~Fig. 3!. Obviously such a
phenomenon results from the competition of several con
butions with different spectral and temporal dependenc
Thus, for a complete interpretation of the short-term beh
ior a theoretical derivation of these various contributio
must be carried out.

IV. THEORETICAL ANALYSIS OF THE EXPERIMENTAL
DATA

As is well known, the magneto-optical Kerr effect is
linear function of the magnetization inside a medium.14 This
magnetization can be caused by an external magnetic fi
an intrinsic magnetic ordering or, as described in this pa
a process such as optical orientation due to photoexcita
The latter can be phenomenologically described as the
verse Faraday effect,15 in which circularly polarized light
induces in a medium an electric displacement vectorD that,
in turn, creates a local magnetizationMi5x i jk@D jDk* #.
However, this approach to photo-induced magneto-opt
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effects as the result of an optically induced magnetizat
does not completely describe the observed phenomena6 A
more detailed description of the photo-induced magne
optical Kerr effect is therefore needed.

A complex magneto-optical Kerr effectQK arises when-
ever there is a difference between the optical coefficients
medium for right-handed and left-handed circularly pola
ized light:

QK5«K1 iuK52
1

n~n221!
~x (1)2x (2)!, ~1!

wherex (1) andx (2) are the dielectric susceptibilities of th
material for right-handed and left-handed circularly pola
ized light, respectively. In the particular case of optic
pumping with a circularly polarized light pulse of a mediu
with a band structure such as that of GaAs~Fig. 1! bleaching
can occur, where one of two possible transitions is se
tively excited over the other~e.g., from mj52 3

2 to mj5
2 1

2 or from mj5
3
2 to mj5

1
2 , depending on the helicity o

FIG. 3. Short-term dynamics of the Kerr rotationuK in n-GaAs
for different photon energies below and above the band-gap ene
Solid lines are fits following Eq.~11!.
1-3
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the light polarization!. During and after the excitation, th
transition probability for probe photons of the same ene
will be smaller for this already partially pumped transitio
As a result, the optical coefficients of the medium prob
with circularly polarized pulses of opposite helicities are d
ferent, due to the difference of populations of the ground a
excited sublevels. Consequently a contribution, that can
namedpopulation induced, appears inQK . This contribution
was studied in Cd0.75Mn0.25Te (Eg51.95 eV) at \v
51.17 eV, and the relevant effect was found to be quadr
in the intensity of light.16

On the other hand, whenever there is a spectral disper
of the optical properties of a medium, the energy splitting
the spin sublevels also leads to magneto-optical effects
the case of the ‘ordinary’ magneto-optical Faraday and K
effects the splitting is caused by an external magnetic field
by a spontaneous magnetizationvia the Zeeman effect. In
contrast, a photo-induced lifting of the magnetic quant
number degeneracy can be caused by the optical S
effect17 or by many-body effects.18 Consequently, another
splitting-induced, contribution to the photo-induce
magneto-optical Kerr effect, can arise.

In order to account for the photo-induced origin of t
complex Kerr rotation, as well as the temporal shape of
pulse, Eq.~1! can be rewritten as:

QK52
1

n~n221!E
2`

`

dtuE0u2
E

2`

`

dt~P(1)2P(2)!E0* ,

~2!

whereE0 is the electric field of the right-handed as well
left-handed circularly polarized probe pulse andP(6) is the
third-order polarization induced in the material and depe
quadratically on the pump electric fieldE and linearly on the
probe fieldE0.19 Contrary toP(6), the refractive indexn of
the medium can in first approximation be considered as p
tically unchanged by the pump pulse, since photo-indu
changes ofn do not exceed 1%, as shown above. It should
emphasized that Eq.~2! describes any change of the pro
polarization state, irrespective of its microscopic origin.

The photo-induced macroscopic polarizationP(6) is re-
lated to the wave-vector-dependent interband optical po
izationsPs j(k), i.e., to the interband elements of the dens
matrix, for transitions between states in the conduction s
band with the spinss56 1

2 and states in the valence ban
with projections of the total angular momentaj 56 3

2 ,6 1
2 ,

via:

P(6)~ t !5 (
k,s, j

uck~0!u2ds j
6Ps j~ t,k!, ~3!

where theds j
65(dx)s j6 i (dy)s j are the dipolar matrix ele

ments anduc(0)u2 is the Sommerfeld enhancement facto
The interband polarizationsPs j(k) are calculated, togethe
with the electron density matrix elementsnss8 , from the
semiconductor Bloch equations~SBE! ~Ref. 20! ~taking \
51):
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dPs j~k!

dt
5Fes j~k!2

i

T2
GPs j~k!2Vs j~k!~12nss2nj j !,

~4!

dnss8~k!

dt
5 i(

s
@Vs j~k!Ps8 j 8

* ~k!2Vs8 j
* ~k!Ps j~k!#

2(
s1s2

Gss8s1s2
ns1s2

~k!, ~5!

and an equation similar to Eq.~5! for the hole density-matrix
elementsnj j 8(k). CoefficientsGss8s1s2

determine the relax-

ation rates of the intraband elementsnss8 of the density ma-
trix and include charge and spin relaxation terms.

For simplicity, we neglect the effect of the valence-ba
mixing. In Eq. ~4! es j(k)5k2/2ms j1Eg1Ss1S j , wherem
is the reduced mass,Eg is the band-gap energy, andSs(k)
and S j (k) are self energies.T2 is the interband dephasin
time and the renormalized Rabi energyVs j is given by:

Vs j~k!5ds j•E1(
q

V~q!Ps j~k¿q!, ~6!

whereE is the sum of the pump and probe electric fields a
V(q) is the Coulomb potential.

Interband dipolar momentsds j determine the selection
rules. For transitions from the heavy-hole subbandd3

2 , 1
2
5

2de2 and d2
3
2 ,2 1

2
52de1 , whered is the magnitude of

the dipolar moment andeÁ5ex6 iey , ex and ey being the
Cartesian unit vectors.

After solving the SBE numerically and calculating th
macroscopic polarizationP(t), one can finally determine the
Kerr rotationuK and ellipticity «K by using Eq.~2!.

In order to complete this analysis and to account for
two types of contributions to the dynamics distinguish
above, we need to discuss briefly the sources of nonlinea
in SBE, which can be considered threefold:

~i! A phase-space filling term, arising from the Pauli e
clusion principle.21 As mentioned above, when the semico
ductor is pumped with a circularly polarized light pulse, t
transition selectively excited over the other responds to
following probe pulse with a somewhat weaker oscilla
strength and a population-induced contribution appears.
phase-space filling contribution brings information about
time-dependent redistribution of carriers due to carri
carrier and carrier-LO phonon interactions.22,23

~ii ! A term accounting for the energy renormalization
self-energy terms, which describe the changes in one-par
dispersion relations due to the Coulomb interaction. In
simplest, mean-field approximation, the self-energiesSs(k)
andS j (k) are given by:17

Ss~k!1S j~k!52(
q

V~q!@nss~k1q!1nj j ~k1q!#,

~7!

and arise from the reduction of the repulsive interact
among carriers with equal spin due to the Pauli exclus
principle. After the semiconductor has been optically exci
1-4
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with circularly polarized pump light, the spin system is n
longer in equilibrium, i.e.,n 1

2 , 1
2
Þn2

1
2 ,2 1

2
, and a spin split-

ting of the energy bands arises, before decreasing again
ing the process of spin relaxation.

~iii ! Finally, a third source of optical nonlinearity, relate
to the renormalization of the optical electric field due to t
Coulomb interaction~local-field effects! and accounted for in
the renormalized Rabi energyVs j . Local-field effects are
essential only when the optical dephasing timeT2 is greater
than the pulse duration.

A quantitative simulation of the optical properties
photo-excited semiconductors with full consideration of m
croscopic interactions, spin-dependent effects of band-
renormalization, taking into account the transitions fro
both heavy-hole and light-hole bands is a self-consis
problem23 beyond the scope of this paper. However, a qu
tative simulation of the spectral behavior of the populatio
induced and splitting-induced contributions to the pho
induced magneto-optical Kerr effect can be achieved
solving the optical Bloch equations separately for pha
space filling ~i! and spin-dependent band-gap renormali
tion effects~ii ! within the approximation of an ensemble
two-level systems, which in principle only applies to exc
tonic transitions.20 The results of such a simulation are pr
sented in Fig. 4.

Figure 4 clearly shows the different spectral dependen
of the two types of contributions to the photo-induc
magneto-optical Kerr effect. Indeed, the population-rela
component shows an extremum of the Kerr rotation aro
the electronic transition, accompanied by a sign reversa
the Kerr ellipticity at the same point, in agreement with t
Kramers-Kronig relations. This spectral behavior is som
times called ‘‘paramagnetic.’’9,14 In contrast, the splitting-
induced component shows an opposite spectral depende

FIG. 4. Schematic optical transition configuration and simula
spectra of ~a! the population-related, photo-induced magne
optical Kerr effect and~b! the energy splitting-related magneto
optical Kerr effect around a resonance at\vo .
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called ‘‘diamagnetic,’’ i.e., a sign reversal of the Kerr rot
tion and an extremum of the Kerr ellipticity at the resonan
frequency.

In order to compare our experimental results with a p
nomenological theory, we can derive a simple fitting relati
for QK from the following considerations.

The complex Kerr rotation can be related to the pho
induced electron and hole densities as follows:24

QK}(
s, j

sE
2`

`

dtH Es~ t !udjsu2uc~0!u2

3E
2`

t

dt8Es* ~ t8!„ei es j(t2t8)@nss~ t8!1nj j ~ t8!#…J ,

~8!

wheres5s2 j denotes the angular momentum of the ph
tons engaged in the transitions.

Providing both the pump and the probe pulses are Ga
ian, the optical pump intensity takes the following form:

I ~ t !}
1

A2pw
expS 2

t2

2w2D , ~9!

wherew is the rms width of the pulse.
For interband excitations in GaAs the dephasing timeT2

is much shorter than the experimental pulse duratio25

Hence, we can approximately represent the photo-indu
carrier density as:

nss~ t !1nj j ~ t !5ae2(t2/2w2)1be2(t/t1)1ce2(t/t2). ~10!

Substituting this expression into Eq.~8! and performing
the integration we obtain for the magneto-optical Kerr ro
tion:

uK5uK
inst1uK

td11uK
td2

5A expS 2
td

2

4w2D
1

B

2
expS w2

t1
2

2
td

t1
D F12erfS w

t1
2

td

2wD G
1

C

2
expS w2

t2
2

2
td

t2
D F12erfS w

t2
2

td

2wD G , ~11!

wheretd is the delay time between pump and probe puls
The first term in this expression describes the instantane
coherent response and the other two describe relaxing
sponses with relaxation timest1 and t2, respectively. We
can assume that the decay timest1 and t2 describe the re-
laxation of carrier densities and spins, respectively. Ho
ever, because of its approximate character, Eq.~11! does not
describeuK(td) properly at smalltd . For this reason, the
relaxation timet1 should rather be considered as an effect
parameter. Its physical interpretation depends on the de
of the excited state of the semiconductor and can cha
with the central frequency of the exciting radiation.

d
-
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A relation similar to Eq.~11! stands for the Kerr elliptic-
ity «K , with amplitudes respectively denotedA8, B8, and
C8. For the fitting procedure of the experimental Kerr ro
tion dynamics the respective amplitudesA, B, andC of the
three contributions were set as the sole fitting paramet
while w, t1, andt2 were fixed. Providingt2@w, the value
of t2 does not influence the short-term temporal behav
~see Eq. 11!. We also found that the best fit of the data
obtained fort1 around 20 fs inn-doped GaAs and 30 fs in
intrinsic GaAs.

The spectral dependence of the amplitudesA, B, C, and
A8, B8, C8, as deduced from the fitting carried out withw
550 fs, t1520 fs andt2510 ps, are plotted for bothuK
and«K in Figs. 5~a!, 5~b!, and 5~c!, respectively, forn-doped
GaAs. We should note that the fitting procedure of the K
ellipticity dynamics could not be performed with three ind
pendent fitting parameters. Taking into account the simila
of the spectral dependences ofA andC, the simplifying con-
dition A85C8 was assumed for Kerr ellipticity.

The spectra are similar to those observed in CdTe.9 For
n-doped GaAs, the spectral dependences ofA andC are also
similar, as are indeed the spectra ofA8 and C8, showing a
sign reversal of the Kerr rotation around 1.50 eV and a c
responding extremum of the Kerr ellipticity near the sa
energy. In strong contrast to this behavior, the spectral
pendences ofB andB8 are characterized by an extremum
the rotation and a corresponding sign reversal of the ellip
ity around the larger photon energy of 1.56 eV.

The insets of Fig. 5 show the spectral dependences o
amplitudesA, B, C, andA8, B8, C8 deduced from the fits o
the Kerr effect dynamics in undoped GaAs. The fitting p
cedure was carried out withw550 fs, t1530 fs and t2
510 ps. For this sample, the direct interband gap ene
~1.42 eV! is out of reach of the Ti:sapphire laser used for t
experiments. However, the spectra obtained forA andC, as
well as forB, are indeed similar to those observed inn-doped
GaAs when translated towards lower photon energies.

V. DISCUSSION

From the comparison of the spectra obtained forn-doped
GaAs and the simulated spectra of the various contributi
to the photo-induced magneto-optical Kerr effect, one
serves a qualitative agreement between the calcul
splitting-induced spectrum@Fig. 4~b!# and the spectral be
havior of amplitudesA andC @Figs. 5~a! and 5~c!#, where the
rotation changes sign and the ellipticity reaches a maxim
at 1.50 eV. This value can be assigned to the electron t
sition energy between the top of the split-off valence ba
and the bottom of the conduction band~Fig. 1! in heavily
n-doped GaAs. A further qualitative agreement can also
found between the spectral dependence of the calcul
population-induced contribution@Fig. 4~a!# and that of the
amplitudeB @Fig. 5~b!#, with a maximum of the Kerr rotation
and a sign change of the ellipticity at 1.56 eV. The discr
ancy between the transition energy determined from
spectral dependence ofA ~and C) and that ofB can be at-
tributed to the rough assumption made for the fitting of
lipticity data.
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The same observations can be made for intrinsic Ga
where the spectra, as noted above, are similar to those
served inn-doped GaAs, providing a translation toward
lower photon energies is made. All these features allow u
conclude that in bothn-doped GaAs and intrinsic GaAs th
component of the dynamics characterized by the amplitudB
is a population-induced contribution, while the compone
of amplitudesA andC are splitting-induced contributions t
the photo-induced magneto-optical Kerr effect. More p
cisely, the component with amplitudeA, present only during

FIG. 5. Spectral dependence of the amplitudes of the three
tributions to the Kerr rotationuK and ellipticity«K in n-doped GaAs
and undoped GaAs~inset!, namely~a! the amplitudesA andA8 of
the instantaneous contribution,~b! the amplitudesB andB8 of the
subpicosecond relaxing component, and~c! the amplitudesC and
C8 of the slowly relaxing component. Lines are guides to the e
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the temporal coincidence of pump and probe pulses, is in
preted as a manifestation of a coherent phenomenon suc
the optical Stark effect, responsible here for the lifting of t
spin sub-level degeneracy.

From the fitting procedure, the component with amplitu
B was found to show a characteristic fast relaxation time
the order of 30 fs. Such a decay of the population-indu
contribution can be due to the redistribution of carrie
within the conduction band or to the ionization of exciton
the latter being highly probable at room temperature.26 The
optical pump fluence used in the experiment was la
enough to cause high-excitation densities. Therefore, the
ergy redistribution of the photo-excited electrons in the c
duction band is due to both carrier-carrier and carrier-
phonon interactions. The decay time deduced from the fi
the population-induced contribution, around 30 fs, is le
than previously reported values of electron energy relaxa
time ~90 fs!.22 This can partly be attributed to the fact th
the aforementioned value was obtained at a lower temp
ture ~20 K!. Moreover carrier relaxation times are extreme
sensitive to the excitation density and this discrepancy is
compatible with the experimental uncertainty in the deter
nation of the pump fluence.

It should be mentioned, though, that a dependence of
relaxation time on the excitation density implies that t
photo-induced magneto-optical Kerr effect is a nonline
function of the pump fluence. A population-induced cont
bution is expected to have such a nonlinear dependenc
the pump fluence, in contrast to a splitting-induced contri
tion that is linearly proportional to the pump fluence. Ho
ever, as mentioned above, resolving the different contri
tions at short delay timestd is difficult, given the fact that
our pulse width is about 100 fs, and we found no clear e
dence of a nonlinear dependence of the population-indu
contribution.
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The splitting-induced contribution of amplitudeC shows
a decay time between 5 and 10 ps for intrinsic GaAs, a
between 15 and 35 ps forn-doped GaAs. In the frame of th
theoretical analysis presented above, this decay time ca
assumed to be due to electron-spin relaxation. Our exp
mental values are in reasonable agreement with spin re
ation times obtained in other time-resolved experiments.27,28

VI. CONCLUSIONS

Time-resolved measurements of the photo-induced, n
resonant magneto-optical Kerr effect between 1.44 and 1
eV were performed with an all-optical pump and probe te
nique in n-doped and intrinsic GaAs at room temperatu
Three components to the Kerr effect were found. A theor
ical analysis of these contributions was conducted. Two
them showed a similar spectral dependence and were a
uted to the spin-dependent splitting of the energy levels. T
first one, the duration of which does not exceed the cro
correlation width of the pump and probe pulses, was
plained in terms of a coherent effect such as the optical S
effect. The longer decay time of the second one, up to 35
was attributed to electron-spin relaxation. The third comp
nent, exhibiting a different spectral behavior, was assume
be due to the difference in population of the photo-exci
states. Its fast decay, within the pulse duration, was att
uted to the energy relaxation of the hot electrons towards
bottom of the conduction band through carrier-carrier a
carrier-LO phonon scattering processes.
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