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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 intrinsin-doged 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 or temperatures for which there is hardly any measurable

luminescence. For the study of thick, nontransparent samples

The ultrafast dynamics of spins in metallic ferromagnetssuch as those described in this paper, the Kerr effect in the
as well as in magnetc and even nonmagneticeflection geometry is preferred. It must be noticed that op-
semiconductors® has attracted intense research activity intically induced gyrations experienced by the probe pulses
recent years. In the case of semiconducting materials such 4§Pend not only on spin dynamics but also on the dynamics
gallium arsenide(GaAs, essentially low-dimensional sys- of the carriers themselves. Therefore, in the analysis of the

tems have been investigated, mostly at low temperature. Bé)_hoto-mduced magneto-optical Kerr effect, the contributions

cause of its importance for the design and fabrication of elec’€/atéd to carrier and spin dynamics have to be carefully

tronic devices, GaAs is a likely candidate for ultrafast, room_sep\)/\a}\rated. | d . larization d .
temperature “spin electronics” applications, for which the e recently reported on spin polarization dynamics at

spin dynamics of the carriers will be an essential parametef®°™ temperature in bulk cadmium telluride CdTthat has

The dynamics of spins can also affect the polarization noisd!® Same crystallographic zinc-blende structure as GaAs, and

in vertical cavity surface emitting lasers and other eIectronicSh_OWS very similar band dlagram and ba_nd—gap energy. n
this paper, we study the relaxation dynamics of spins in bulk

devices functioning in the terahertz domain or at optical fre- : A .
; GaAs at room temperature, both in an intrinsic and in a
quencies. i . :
heavilyn-doped sample, through time-resolved studies of the

For the study presented in this paper, we used spin ; L . S :
selective optical pumping that leads to the establishment of er rotation and eII_|pt|C|ty. Spemal attention is also pal_d to
the influence of carrier dynamics on the temporal behavior of

transient spin polarization within the materf& The use of . :

ultrashort &100 fs) optical pulses allows the temporal reso-the photo-induced magneto-optical Kerr effect.
lution of the decay of the photo-induced spin polarization in
pump and probe configuration.

This decay can be monitored by measuring the linear The measurements were performed in a pump and probe
magneto-optical effects experienced by the probe pulse asanfiguration, using a pulsed Ti:sapphire laser with a pulse
function of the temporal delay between pump and probeduration of approximately 100 fs and a repetition rate of 82
pulses. Both Faraday and Kerr magneto-optical effés MHz, in the photon energy range of 1.44 to 1.63 eV. The
are indeed well suited to study the spin dynamics in both a&etup, including a sensitive balanced detection scheme, was
broad spectral and thermal range, as well as in a thermalescribed in detail elsewheteThe intensity ratio between
range. In particular, they provide a good alternative to thepump and probe pulses was set to 10:1 and they were fo-
well-known photoluminescence techniqiieg wavelengths cused on the sample to a spot diameter of aboutA®0for

Il. EXPERIMENTAL PROCEDURE
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FIG. 1. Schematic electronic band structure of GaAs near the £ GaAs@1.46 oV 5 et ‘
direct band gap and allowed electric dipolar transitions for left- = g
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) _— 8
polarized light! .s ci‘
the pump pulse and slightly less for the probe pulse. The % é
pump fluence on the samples was between 1 anc ; :
10 wJcm 2, producing a spatially averaged electron-hole S
pair density of 18’ to 10" cm™2 at the band-gap resonance.
The polarization of the pump beam was modulated betweer
left and right circularly polarized states by means of a photo- ! ! ! !

elastic modulatofPEM). In order to minimize coherent con- -400 -200 0 200 400 600
tributions similar to those observed in four-wave mixing
experiments? pump and probe beams were at an incidence
angle of 20° and 40° with respect to the sample normal, FiG. 2. Relaxation dynamics of the Kerr rotatiafx (a) in
respectively. The samples being thick and nontransparent.GaAs and(b) in GaAs above their respective interband energy.
the reflection geometry was chosen. The magneto-opticathe autocorrelation function of the pulse is indicated in arbitrary
Kerr rotation and ellipticity experienced by the probe beamunits with dashed lines. The insets show the long-term dependence
were measured as a function of the time delay between pumgf the rotation(open circles For comparison, the insets also show
and probe pulses, with a sensitivity as high as@rad. The the decay of the photo-induced linear birefringedae due to car-
spectral profile of the laser radiation, monitored with an op-rier dynamics(solid circles. Solid lines are fits following Eq(11).
tical multichannel analyzer, was found to have an energy
width of about 0.02 eV over the whole photon energy rangeoptical excitations above the respective band-gap energies of
Two bulk GaAs samples were studied, an undopedhe samples. In both cases, the short term behaviafyof
GaAg001) sample and a heavily-doped GaAs sample with i.€., within the first 700 fs after excitation, is presented as
a doping concentration of Si atomg=2x10® cm 3. The  well as the long-term decay of the sigriaée insets Similar
band-gap energg, of intrinsic GaAs at room temperature relaxation dynamics were obtained for the Kerr ellipticity
(Fig. 1) is approximately 1.42 eV, close to, but out of the ex- The temporal shape of the autocorrelation function of
range of the laser source. the pump pulses has been included in arbitrary units for com-
The value of the spin split-off energy (0.34 eV at 300 parison(dashed lines as deduced from the measured spec-
K) between P, and B, also makes it impossible to reach tral profiles. This function is identical to the cross-correlation
the transition between the split-off band and the conductiofunction of the pump and probe pulses, assuming that both
band around 1.74 eV. For the Si-doped sample, however, theulses have the same temporal profile, and represents the
heavy doping concentration is responsible for a non#period during which pump and probe pulses actually coin-
negligible gap narrowing E, that can account for an optical cide in time at the sample surface. _ _
transition between the spin split-off band and the conduction In Fig. 2a) fast oscillations with a period of approxi-
band at an energf,+AE,+A of approximately 1.5 eV, mately_ 6 fs corresponding to.th.e experlmental step of our
that is, within our experimental photon energy range. Andelay Ilne, can be observed within the duration of the cross-
accurate estimate afE, is a difficult problem, since tem- correlation function of pump and probe pulses. These oscil-
perature corrections must also be taken into accbudbre-  lations can be considered as experimental “artifacts” and are
over, the position of the split-off band, and thus, the value oftributed to scattered pump light in the direction of the re-

A are also likely to depend on the doping concentration.  flected probe pulse and subsequent interference between the
two. They are actually useful in that they allow an easier

determination of the zero-delay position, but they can be
suppressed in order to reveal the actual magneto-optical sig-

Experimentally, a linear dependence of the photo-inducedal onto which they are superimposed, as shown in Fig). 2
magneto-optical Kerr effect on the pump fluence was foundThis can be done by introducing a periodic dephasing be-
Typical relaxation dynamics of the Kerr rotation i@  tween pump and probe pulses and integrating the signal over
n-doped GaAs an¢b) undoped GaAs are shown in Fig. 2 for sufficient time*?

Pump-probe delay (fs)

Ill. EXPERIMENTAL RESULTS
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As can be seen from Fig. 2 the initial peak&f does not 0.0
exactly follow the profile of the autocorrelation function, and
shows an ultrafast relaxation contribution up to a pump- 031
probe delayAt of about 400 fs. Then a much slower relax-
ation component takes over, adg totally decays within a 06 NMos 33 dee,
few tens of picoseconds.

One should note that in pump and probe measurements a :
transient change of the refractive index of the medium can
take place due to the optical Kerr effect, a third-order non-
linear optical effect? through the interaction of two pump
photons and one probe photon. This transient relaxes with
the decay of the populations of excited states and its dynam-
ics must be carefully distinguished from the spin dynamics.
In order to quantify the relaxation times involved in such
refractive index transients, an additional polarizer was placed
behind the PEM, resulting in a modulation of the intensity of
the pump pulses, and hence, in an intentional, photo-induced
change of the refractive indeXn. The pump pulses werg
polarized(i.e., orthogonal to the plane of incidenaghereas
the polarization direction of the probe pulses was kept linear
at an angle of 30° relative to that of the pump pulses. The
dynamics ofAn, as shown in the insets of Fig. &olid
circles proves to be much slower than both components of
the Kerr dynamics, confirming that the latter do indeed have ) ;
a magneto-optical origin and are marginally affected by the ) 3 R X ST
refractive index artifacts. Moreover, the observed response ‘ n-GaAs @ 1.47 eV
allowed us to estimate that photo-induced changes of the 3@;
refractive index do not exceed 1%. 10 a

Within the experimental spectral range from 1.44 to 1.63 .
eV, the decay time of the slow relaxation component was 05 v oo e oad
found between 5 and 10 ps for intrinsic GaAs and between
15 and 35 ps fon-doped GaAs. The fast relaxation compo- 08 200
nent showed a characteristic decay time shorter than the
pulse duration for both samples. The precise determination Pump-probe delay (fs)
of this parameter is limited by the pulse width.

We also observed a clear sensitivity of the short term FIG. 3. Short-term dynamics of the Kerr rotatiép in n-GaAs
temporal dependence on photon energy. In particular, thior Fjlﬁgrent pho'.[on energies below and above the band-gap energy.
oscillatory behavior ofé, within the first picosecond ap- S°lid lines are fits following Eq(11).
peared only for photon energies above the interband energy, ) ) o
as can be seen fordoped GaAgFig. 3. Obviously such a effects as the result of an_optlcally induced magnetization
phenomenon results from the competition of several contridoes not completely describe the observed phenothéna.
butions with different spectral and temporal dependencedlore detailed description of the photo-induced magneto-
Thus, for a complete interpretation of the short-term behavOPtical Kerr effect is therefore needed.

ior a theoretical derivation of these various contributions A complex magneto-optical Kerr effe@ arises when-
must be carried out. ever there is a difference between the optical coefficients of a

medium for right-handed and left-handed circularly polar-
ized light:

n-GaAs @ 1.59 eV

Kerr rotation 6 , (mrad cm 26w '1)

400 600

IV. THEORETICAL ANALYSIS OF THE EXPERIMENTAL
DATA
K: 8K+ i GK: -

() — (=)
As is well known, the magneto-optical Kerr effect is a (x X, @

linear function of the magnetization inside a meditfhThis

magnetization can be caused by an external magnetic fieldvherey(™) and x{~) are the dielectric susceptibilities of the
an intrinsic magnetic ordering or, as described in this papematerial for right-handed and left-handed circularly polar-
a process such as optical orientation due to photoexcitatiorized light, respectively. In the particular case of optical
The latter can be phenomenologically described as the inpumping with a circularly polarized light pulse of a medium
verse Faraday effedt, in which circularly polarized light with a band structure such as that of Gakg. 1) bleaching
induces in a medium an electric displacement veBtdghat, can occur, where one of two possible transitions is selec-
in turn, creates a local magnetizatiodl;= y;;x[D;Dy].  tively excited over the othefe.g., from mj=—§ to m;=
However, this approach to photo-induced magneto-opticat3 or from mj=§ to mj:%, depending on the helicity of

n(n®-1)
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the light polarization During and after the excitation, the _dPg;(k)
transition probability for probe photons of the same energy 'T:
will be smaller for this already partially pumped transition.

esj(k)—Tl—J Psi(k) = Qsi(K)(1—ngs—Njj),

As a result, the optical coefficients of the medium probed @
with circularly polarized pulses of opposite helicities are dif- dneg (K)

ferent, due to the difference of populations of the ground and TR i 2 [Qsj(k)P;‘,j ,(k)—Q:,j(k)PSj(k)]
excited sublevels. Consequently a contribution, that can be s

namedpopulation inducegdappears ir® . This contribution

was studied in CghdMngsTe (Eg=1.95eV) at fiw - 2 Fssrslsznslsz(k), 5)
=1.17 eV, and the relevant effect was found to be quadratic $1%2

in the intensity of light:® and an equation similar to E¢f) for the hole density-matrix

On the other hand, whenever there is a spectral diSperSi%]ementsn-j/(k). CoefficientsI sy s, determine the relax-

. . . e j
?hf eth: ?npizilg\sglpseg:gz ?é:d??g%ma' tnheetoe_r(;e;%;“s 22}22& 0:cation rates of the intraband elements, of the density ma-
P 9 P - fix and include charge and spin relaxation terms.

the case of thg 'ord.mary magneto-optical Faraday gnq Kerr For simplicity, we neglect the effect of the valence-band
effects the splitting is caused by an external magnetic field or . . )
o mixing. In Eq.(4) esi(K) =k 2usi+Eq+2+2;, whereu
by a spontaneous magnetizatioia the Zeeman effect. In is the reduced masJE is the bajnd—gap energjjy anil (k)
S ifti i g '
contrast, a photo-induced lifting of the magnetic quantum nd3,(k) are self energiesT, is the interband dephasing

number degeneracy can be caused by the optical Sta . ; I }
effect’ or by many-body effect® Consequently, another, time and the renormalized Rabi ener@y; is given by:

splitting-induced contribution to the photo-induced

magneto-optical Kerr effect, can arise. Qsj(k)zdsj.E+E V(q)Psj(k+q), (6)
In order to account for the photo-induced origin of the q

complex Kerr rotation, as well as the temporal shape of th

oulse, Eq.1) can be rewritten as: §vhereE is the sum of the pump and probe electric fields and

V(q) is the Coulomb potential.
Interband dipolar momentds; determine the selection

O 1 * di(P(H)— p(-))E* rules. For transitions from the heavy-hole subbaljd: =
K™ 5 o0 0] = ( )Eo, —de_ andd_$ —1=—de,, whered is the magnitude of
n(n _1)f_wdt|Eo| the dipolar moment ané.=e +ig,, & ande, being the

) Cartesian unit vectors.

After solving the SBE numerically and calculating the
whereE, is the electric field of the right-handed as well as macroscopic polarizatioR(t), one can finally determine the
left-handed circularly polarized probe pulse @Pd) is the  Kerr rotation ¢y and ellipticity e by using Eq.(2).
third-order polarization induced in the material and depends In order to complete this analysis and to account for the
quadratically on the pump electric fielland linearly on the two types of contributions to the dynamics distinguished
probe fieldE,.1° Contrary toP(*), the refractive indexn of ~ @bove, we need to discuss briefly the sources of nonlinearity
the medium can in first approximation be considered as pradd SBE, which can be considered threefold:
tically unchanged by the pump pulse, since photo-induced (i) A phase-space filling term, arising from the Pauli ex-
changes oh do not exceed 1%, as shown above. It should beslusion principlez* As mentioned above, when the semicon-
emphasized that Eq2) describes any change of the probe ductor is pumped with a circularly polarized light pulse, the
polarization state, irrespective of its microscopic origin. transition selectively excited over the other responds to the

The photo-induced macroscopic polarizatiBfi”) is re-  following probe pulse with a somewhat weaker oscillator
lated to the wave-vector-dependent interband optical polastrength and a population-induced contribution appears. The
izationsPg;(K), i.e., to the interband elements of the densityPhase-space filling contribution brings information about the
matrix, for transitions between states in the conduction subtime-dependent redistribution of carriers due to carrier-
band with the spins= = and states in the valence band carrier and carrier-LO phonon interactioffs?® o
with projections of the total angu'ar momerj‘ta + g’i %, (||) A term aCCOUnUng fOI’ the energy renormal|zat|0n or
via: self-energy terms, which describe the changes in one-particle

dispersion relations due to the Coulomb interaction. In the
simplest, mean-field approximation, the self-energigk)

POt = 2, [4(0)|%dg;Ps;(t. k), (3)  and;(k) are given by’
k,s,j
where thedg;=(d,)s;=i(d,)s; are the dipolar matrix ele- 3(k)+3(K) == 2 V(q)[nsgk+a)+nji(k+a)],
ments and (0)|? is the Sommerfeld enhancement factor. a @
The interband polarizationB;(k) are calculated, together

with the electron density matrix elementsy, from the and arise from the reduction of the repulsive interaction
semiconductor Bloch equationSBE) (Ref. 20 (taking # among carriers with equal spin due to the Pauli exclusion
=1): principle. After the semiconductor has been optically excited
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0 ‘ called “diamagnetic,” i.e., a sign reversal of the Kerr rota-

g 12l q2 4Rz tion and an extremum of the Kerr ellipticity at the resonance
. frequency.

Lo rotation ; ;

5 08 32 e In order to compare our experimental results with a phe-

Ig 0.4 | nomenological theory, we can derive a simple fitting relation
2 0 . . : i

2 VAR for @ from the following considerations.

"t’ 0.0 —= — The complex Kerr rotation can be related to the photo-

S o4l @ EQT\ ~ellipticity | induced electron and hole densities as follgis:

Z 1.0 romtion = 0= o | dt| E,(t)]d;d2w(0))?

z %o ADdef2 50|

5 o057 1 o

-E. 2N VAN \-yﬂ_‘*m t . ,

8 00 T xj dt'E*(t")(e'ssitt )[nss(t’)+n“-(t’)]) ,

k=] ellipticity * | —

L 057 A ]

£ ®) EgT 8

5 107 ] -

N where o=s—] denotes the angular momentum of the pho-

10 05 00 05 10 tons engaged in the transitions.
Detuning fio-Fiw, (arb. units) Providing both the pump and the probe pulses are Gauss-
ian, the optical pump intensity takes the following form:
FIG. 4. Schematic optical transition configuration and simulated

spectra of (a) the population-related, photo-induced magneto- 1 t2
optical Kerr effect andb) the energy splitting-related magneto- I(t)o \/Z—WEX o) 9
ar

optical Kerr effect around a resonancefiad,, .
wherew is the rms width of the pulse.

with circularly polarized pump light, the spin system is no  For interband excitations in GaAs the dephasing tifge
longer in equilibrium, i.e.ni 1#n_1 _1, and a spin split- 1S much shorter than the experimental pulse duration.
g e y — 35, 2 - .
ting of the energy bands arises, before decreasing again durtence, we can a.lpproxmately represent the photo-induced
ing the process of spin relaxation. carrier density as:
(i) Finally, a third source of optical nonlinearity, related 22 _ _
- . g (1) =ae (t2wd) (t/7y) (t/72)
to the renormalization of the optical electric field due to the ~ NsdD)+nj(H)=ae +be "+ cem . (10)
Coulomb interactiorilocal-field effecty and accounted for in
the renormalized Rabi energy;. Local-field effects are
essential only when the optical dephasing timeis greater

Substituting this expression into E(B) and performing
the integration we obtain for the magneto-optical Kerr rota-

than the pulse duration. tion:
A quantitative simulation of the optical properties of O = 6L+ g9t + 9192
photo-excited semiconductors with full consideration of mi- K
croscopic interactions, spin-dependent effects of band-gap 2
renormalization, taking into account the transitions from :Aexp< ——2)
both heavy-hole and light-hole bands is a self-consistent 4w
problent® beyond the scope of this paper. However, a quali- B 2
tative simulation of the spectral behavior of the population- + _eX;{W__ E) 1_erf(ﬂ_ E”
induced and splitting-induced contributions to the photo- 2 ri T1 T, 2W
induced magneto-optical Kerr effect can be achieved by
solving the optical Bloch equations separately for phase- c w? g W T7yg
space filling (i) and spin-dependent band-gap renormaliza- t X T_g_ T 1—erf 7 2w/ | 1D

tion effects(ii) within the approximation of an ensemble of

two-level systems, which in principle only applies to exci- where 7y is the delay time between pump and probe pulses.

tonic transitiong® The results of such a simulation are pre- The first term in this expression describes the instantaneous,

sented in Fig. 4. coherent response and the other two describe relaxing re-
Figure 4 clearly shows the different spectral dependencesponses with relaxation times and 7,, respectively. We

of the two types of contributions to the photo-inducedcan assume that the decay timgsand r, describe the re-

magneto-optical Kerr effect. Indeed, the population-relatedaxation of carrier densities and spins, respectively. How-

component shows an extremum of the Kerr rotation arounever, because of its approximate character,(Et). does not

the electronic transition, accompanied by a sign reversal oflescribeéy(7q4) properly at smallrq. For this reason, the

the Kerr ellipticity at the same point, in agreement with therelaxation timer; should rather be considered as an effective

Kramers-Kronig relations. This spectral behavior is some{parameter. Its physical interpretation depends on the details

times called “paramagnetic®>'* In contrast, the splitting- of the excited state of the semiconductor and can change

induced component shows an opposite spectral dependenceth the central frequency of the exciting radiation.
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A relation similar to Eq(11) stands for the Kerr elliptic- L L T
ity ex, with amplitudes respectively denoted, B', and * ‘ ‘
C’. For the fitting procedure of the experimental Kerr rota- < il Q rotation o [ ellipticity )
tion dynamics the respective amplitudésB, and C of the ° o 220 .
three contributions were set as the sole fitting parameters 4 S, . ]
while w, 74, and 7, were fixed. Providingr,>w, the value o 3 ss* rotation
of 7, does not influence the short-term temporal behavior Ta i f;As

(see Eg. 1L We also found that the best fit of the data is
obtained forr, around 20 fs im-doped GaAs and 30 fs in
intrinsic GaAs.

The spectral dependence of the amplitudes, C, and
A’, B’, C’, as deduced from the fitting carried out with
=50 fs, 7,=20 fs and7,=10 ps, are plotted for botl#y 5 N-GaAs | o
ande in Figs. 5a), 5(b), and Jc), respectively, fon-doped LIS EL A L
GaAs. We should note that the fitting procedure of the Kerr _ 40[f o, [ GaAs |e ]
ellipticity dynamics could not be performed with three inde- = | rotation v aes o 0 o

pendent fitting parameters. Taking into account the similarity

A Photon energy (eV) i

Kerr effect (mrad cm 2w

2} (a) (A elllptlcl?y

aw™

of the spectral dependencesAdandC, the simplifying con-  “¢ 20 ellipticity —— ©

dition A’=C’ was assumed for Kerr ellipticity. ° [T oecPepoosggeToonte 7
The spectra are similar to those observed in CFer g 144 152 TR

n-doped GaAs, the spectral dependencea ahdC are also oy Photon energy (V) |

similar, as are indeed the spectraA®f andC’, showing a £

sign reversal of the Kerr rotation around 1.50 eV and a cor- ¢

responding extremum of the Kerr ellipticity near the same € | (b) Q

energy. In strong contrast to this behavior, the spectral de- elliptici

pendences oB andB’ are characterized by an extremum of nGaAs | | | Q , 'T ‘ty,

the rotation and a corresponding sign reversal of the elliptic- L L 'm;ﬁ;n 1

ity around the larger photon energy of 1.56 eV. e @ rotation °

The insets of Fig. 5 show the spectral dependences of thi'z
amplitudesA, B, C, andA’, B’, C’ deduced from the fits of O
the Kerr effect dynamics in undoped GaAs. The fitting pro- § ©

ellipticity

cedure was carried out witiv=>50 fs, 7,=30 fs and , B 3} [GaAs |
=10 ps. For this sample, the direct interband gap energy & | . 1a 1s2 180

Photon energy (eV)

(1.42 eV is out of reach of the Ti:sapphire laser used for the §

experiments. However, the spectra obtainedX@ndC, as % 1L ¢ i
well as forB, are indeed similar to those observedidoped & @ ellipticity 0
. X 00 o

GaAs when translated towards lower photon energies. L (c) - o

o}
V. DISCUSSION olnGaAs| , .. .. .. .. . .

' 144 1.48 152 1.56 1.60 1.64

From the comparison of the spectra obtainedrfatoped Photon energy (eV)

GaAs and the simulated spectra of the various contributions

to the photo-induced magneto-optical Kerr effect, one ob- FI_G. 5. Spectral deper_wdence of the gmplitqdes of the three con-
serves a qualitative agreement between the calculatdfbutions to the Ker.r rotatiody, and eII|pt|C|tysK. in n-doped GaAs
splitting-induced spectrurfiFig. 4(b)] and the spectral be- and undoped GaAginsey, namely(a) the amplitudesh andA’ of
havior of amplitudesA andC [Figs. 5a) and 5c)], where the the |r_lstantaneous co_ntrlbutlofb) the amplitudesB ar_ld B’ of the
rotation changes sign and the ellipticity reaches a maximunilfbp'cosecond relaxw_lg component, e(p)jthe amp“.tUdeSC and

at 1.50 eV. This value can be assigned to the electron tran= of the slowly relaxing component. Lines are guides to the eye.
sition energy between the top of the split-off valence band

and the bottom of the conduction bafiig. 1) in heavily The same observations can be made for intrinsic GaAs,
n-doped GaAs. A further qualitative agreement can also bevhere the spectra, as noted above, are similar to those ob-
found between the spectral dependence of the calculatezbrved inn-doped GaAs, providing a translation towards
population-induced contributiofFig. 4(a)] and that of the lower photon energies is made. All these features allow us to
amplitudeB [Fig. 5(b)], with a maximum of the Kerr rotation conclude that in botm-doped GaAs and intrinsic GaAs the
and a sign change of the ellipticity at 1.56 eV. The discrep-component of the dynamics characterized by the ampliBide
ancy between the transition energy determined from thés a population-induced contribution, while the components
spectral dependence éf (and C) and that ofB can be at- of amplitudesA andC are splitting-induced contributions to
tributed to the rough assumption made for the fitting of el-the photo-induced magneto-optical Kerr effect. More pre-
lipticity data. cisely, the component with amplitude present only during
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the temporal coincidence of pump and probe pulses, is inter- The splitting-induced contribution of amplitude shows
preted as a manifestation of a coherent phenomenon such asdecay time between 5 and 10 ps for intrinsic GaAs, and
the optical Stark effect, responsible here for the lifting of thebetween 15 and 35 ps fordoped GaAs. In the frame of the
spin sub-level degeneracy. theoretical analysis presented above, this decay time can be
From the fitting procedure, the component with amplitudeassumed to be due to electron-spin relaxation. Our experi-
B was found to show a characteristic fast relaxation time irmental values are in reasonable agreement with spin relax-
the order of 30 fs. Such a decay of the population-inducedtion times obtained in other time-resolved experiméht&.
contribution can be due to the redistribution of carriers
within the conduction band or to the ionization of excitons, VI. CONCLUSIONS

the latter being highly probable at room temperaftirghe Time-resolved measurements of the photo-induced, near-

optical pump fluence used in the experiment was large o
enough to cause high-excitation densities. Therefore, the e esonant magneto-optical Kerr effect between 1.44 and 1.63

ergy redistribution of the photo-excited electrons in the con-ev were performed with an all-optical pump and probe tech-

duction band is due to both carrier-carrier and carrier-LO"A4€ N n-doped and intrinsic GaAs at room temperature.

phonon interactions. The decay time deduced from the fit O}I’hree components fo the Kerr gffect were found. A theoret-
the population-induced contribution, around 30 fs, is les ical analysis of these contributions was conducted. Two of

than previously reported values of electron energy relaxatio nem showed_a similar spectra_l _dependence and were atirib-
time (90 fs).?? This can partly be attributed to the fact that qted to the spm-dependent spllttmg of the energy levels. The
the aforementioned value was obtained at a lower tempera((:'-(r)srtr eolgt?ér:h@igtt:]ra;:{o?hgf vnrr]:]ch ;jr?; ° Poot}eexz(lase:sthv?/agoesi
ture (20 K). Moreover carrier relaxation times are extremely lained in terms of a coheF;entpeffect spuch aspthe 0 ’tical Stark
sensitive to the excitation density and this discrepancy is alsB b

compatible with the experimental uncertainty in the determi-effeCt' The longer decay time of the second one, up to 35 ps,

nation of the pump fluence. was attributed to electron-spin relaxation. The third compo-

It should be mentioned, though, that a dependence of th ent, exhibiting a different spectral behavior, was assumed to

relaxation time on the excitation density implies that the e due to the difference in population of the photo-excited

photo-induced magneto-optical Kerr effect is a nonlinearStateS' Its fast decay, within the pulse duration, was attrib-

function of the pump fluence. A population-induced Contri_uted to the energy relaxation of the hot electrons towards the

bution is expected to have such a nonlinear dependence r%)ttom of the conduction band through carrier-carrier and

the pump fluence, in contrast to a splitting-induced contribu—camer'l‘o phonon scattering processes.
tion that is linearly proportional to the pump fluence. How-
ever, as mentioned above, resolving the different contribu-
tions at short delay timesy is difficult, given the fact that The authors are grateful to A. V. Petukhov, B. Koopmans,
our pulse width is about 100 fs, and we found no clear evi-and |. A. Nazarov for fruitful discussions. This work was
dence of a nonlinear dependence of the population-inducesupported in part by NWO, INTAS, RFBR, and the EU TMR

contribution. Network NOMOKE.
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