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Direct spin and energy transfer between a dense two-dimensional electroretiglenagnetoplasma and a
Mn spin subsystem viapd exchange has been studied. Time-resolved photoluminescence spectra of the
magnetoplasma excited by a powerful 10-ns laser pulse in a singlgMa, o3Te/Cd, ;gVggosTe quantum
well have been investigated in magnetic fieBlss14 T at helium temperature. A giant asymmetry of the
plasma spin splitting has been observed in the spectra of dense homogeneously photoexcited plasma at high
magnetic fields. This asymmetry has been explained in terms of formation of a domain structure within the
magnetic subsystem, i.e., spatial stratification into regions with different Mn-spin temperatures. The Mn spin
domains result from the Mn spin heating due to the direct spinsgiexchange between hot carriers and Mn
via effective spin-flip scattering of electrons with simultaneous spin-flip of Mn. During the Mn spin heating
under quasistationary excitation, first the Mn spin fluctuations grow and spin domains form, then the spin
domain’s volume increases. The spin domain’s formation occurs due to resonant spin-flip scattering with a
characteristic time-1 ns. The nonresonant Mn spin heating has been observed also with a characteristic time
of =10 ns.[S0163-182608)09039-7

I. INTRODUCTION ferromagnetic spin ordering in the volume enveloped by a
carrier wave functiofd. In Cd;_,Mn,Te crystals withx

The distinguishing feature ofA!',Mn)BY' dilute mag- <0.05, the magnetic polaron energy is small owing to the
netic semiconductot§DMS) is the coexistence of three sub- small Mn concentratiofi,and the Mn spin subsystem was
systems that interact with each other. There are carriers ishown to be homogeneous and paramagrieRecent re-
valence and conduction bands, phonons, and magnetic Msearch has demonstrated, however, that the situation changes
spin subsystem. The interaction between these subsysterdgastically if DMS is highly photoexcited—the inhomoge-
has been addressed by a number of stuliitslowever the neous heating of Mn subsystem has been fdlifide experi-
problem of direct spin and energy exchange between photanent has been carried out on samples with narrow
excited carriers and Mn spin subsystem is still weakly inves{Cd,Mn)Te quantum well§QW'’s), which gave us an oppor-
tigated as theoretically as experimentally. tunity to investigate magnetic phenomena at high concentra-

Mn ions have five noncompensated electron spins in théions of photoexcited carriers without a notable lattice
3d°® shell and form diluted magnetic subsystems in DMS. overheaf:®1°
Magnetic properties of DMS have been studied extensively Previous high-excitation studies of DMS QW'’s showed
during the last decade. It has been found thattttiénterac-  that the Mn spin heating is controlled by tlsel exchange
tion between Mn ions is an antiferromagnetic exchadige  with photoexcited magnetoplasma and characteristic time of
<0 determined by their spirfsThe interaction is most ef- this heating lies in a nanosecond rafigé Magnetoplasma
fective for the nearest neighbors-(yn~10 K),® and it was generated by picosecond laser pulses, and the Mn spin
decreases very rapidly with increasing Mn-Mn distance subsystem temperature was derived from the violet shift of
(=JIunn~1 K).®7 At small Mn concentrationsx<0.5), the 0-0 transitions in the-h magnetoplasma and/or of the
most Mn ions have no Mn neighbors in the nearest shellsnagnetic exciton line in an external magnetic field. The for-
and the Mn subsystem demonstrates paramagnetic propenation of spatial Mn spin domain$D) with an elevated Mn
ties. For example, at~0.03 the paramagnetic phase con-ion spin temperature was also sugge$t&dThe SD’s mani-
tains up to 75% of the Mn ion$The nearest neighbors form fest themselves in experiment as coexistence of two highly
antiferromagnetic couples with a nonmagnetic ground statdifferent relaxation times;,.~4 ns andry,=270 ns of the
under magnetic fields of up to~12 T at helium exciton emission line shift!! The shorter time is detected in
temperatures. measurements of photoluminescefiee) owing to annihila-

The magnetic subsystem interacts strongly with the carrition of excitons generated by an intense pumping pulse and
ers in the valencepd) and conduction bands¢ exchange reflects exciton diffusion out of the hot SD’s. The longer
interaction). These interactions are also expressed in terms dime corresponds to the Mn spin-lattice relaxation. It has
spin-spin products and result in a giant spin splitting of bancbeen derived from the time dependence of the energy of
states in an external magnetic fiélti They generate ferro- excitons generated by weak probe laser pulses following the
magnetic corrections to the main Mn-Mn antiferromagneticstrong pumping pulse.
interaction and leads to formation of a magnetic polaron, i.e., The subject of this paper is the energy and spin exchange
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(full symbols (pulse excitatiorP=80 kW/cn?, t=0, PL) and for
the free hh excitongopen symbols(weak cw excitation, PLEvs
magnetic field measured @,,=4.2 K in ot (circles and o~
gtriangles) circular polarizations. The arrow points to the free |h
exciton position atB=0 andB=14 T. At higherB the Ih spin
splitting does not exceed-2 meV. The plasma energy was de-
rived from the 0-0 transition &>10 T and from the maximum of
the PL line atB=0-10 T(Ref. 14. Solid lines plot the result of
fitting using Egs.(3.1) and (3.2), with Ty,+T, as an adjustable
parameter. The inset is a diagram of optically allowed transitions in
between the dense-h plasma and the Mn ions in dilute external magnetic field.
magnetic CgqoMng g3Te/Cd)79Mgg sTe QW under condi-
tions of high quasistationary photoexcitation. The quasistamator and a time-correlated photon counting systartime
tionary regime allows us to detect PL from the SD and toresolution of 0.3 ns Nonresonant above barrier gap photo-
investigate SD’s time evolution. excitation was produced by a Cu ion pulsed laser at a wave-
The paper is organized as follows. The experimental techtength of 510 nm and a repetition rate of 10 kHz. The laser
nique is described in Sec. Il. Section Il describes experipulse had a trapezoid shafeee the inset in Fig.)lwith a
mental studies of magnetic-field-induced exciton spin splitcharacteristic rise time of about1 ns and a plane top
ting at low pumping powers. As was expected, the excitonyidth of about~5 ns. Under such conditions, photoexcita-
spin splitting is symmetrical about its position at zero mag-tion is quasistationary because the carriers lifetime does not
netic field. Peculiarities in the behavior of thefagMnggsTe  exceed 0.5 n& A 0.6-mm optical fiber was used to provide
QW emission spectra with increasing excitation density arey laterally uniform excitation and to collect the QW emission
discussed in Sec. IV A. A giant asymmetry of & plasma  only from the homogeneously excited area of the samle.
spin splitting has been detected, which indicates separation dedicated film analyzer located between the fiber and the
of the Mn spin subsystem into regions with low and high Mnsample was used to analyze circularly polarized PL compo-
spin temperature§SD). The photoluminescence emitted im- nents. The separation between the fiber and the sample was
mediately from SD’s has been observed and the time evoluyithin 0.3 mm. The density of photoexcited carriers was
tion of SD’s is described. Finally, in Sec. IV B, the experi- determined by analyzing the plasma emission line sfRdpe.
mental results are compared with theoretical predictions. lvas up to~2x 10 cm 2 atW=80 kW/cn?. Photolumi-
has been shown that spin-spin exchange interactionemth nescence excitatiofPLE) spectra were recorded using a Ti-
plasma results in spatial stratification of Mn spin subsystemsapphire laser and a double grating monochromator.

FIG. 1. Polarizeds™ (solid line) and o~ (dot9 luminescence
spectra from a single 10-nm ggMng o3Te/Cd) 79Mgg 2sTe QW re-
corded at various pulse excitation powersBat14 T. Theo™
spectra are magnified for better viewing. The upper PL spectrum i
recorded aB=0 andP=80 kW/cnt. The arrows point to the free
exciton positions aB=0 andB=14 T. The inset depicts the shape
of the laser pulse and the time position of the light detector ghee
time gate width is 0.6 ns

Il. EXPERIMENT [lI. EXCITON SPIN SPLITTING AT LOW cw

. EXCITATIONS
We have studied an undoped

Cdy g Mng o3Te/Cd) 72Mg, osTe heterostructure with a single  Magnetic field polarizes Mn spin subsystem in DMS. The
10-nm-thick QW grown by the molecular-beam epitaxy on aedges of valence and conduction bands are spin split due to
(001)-oriented CdTe substrate. The sample was immersed ithe spd exchange. A diagram of optically active transitions
liquid helium in a cryostat with a superconducting coil. Thewith ¢* and o~ circular polarizations in a magnetic field
QW plane was oriented normally to the magnetic field vecperpendicular to QW planB||z is shown as an inset to Fig.
tor. Photoluminescence spectra were recorded at 4.2 K in the& The magnetic field aligns Mn spins parallel to its direc-
magnetic field range of 0—14 T using a grating monochrodion, which is labeled by Mh in Fig. 2. The heavy hole spin



2052 M. G. TYAZHLOV et al. PRB 59

in the o™ polarization is parallel to the Mn spin and to the
spin of conduction electron Mn hh{, ef)=(hhf, et) (in
electron representatipnThe carrier spin alignment in the
o~ polarization is opposite (Mh hh], e|)=(hh],e]).

Figure 2 shows energies of excitons containing a light
hole (Ih) and a heavy holéhh), Eyy,, versus magnetic
field. In order to avoid the lattice overheat, the PLE spectrum
was measured at a low cw photoexcitation density
~1 Wicn?. The splitting between Ih and hh in zero mag-
netic field equals~13 meV. Ih exciton has a mixed spin
state and, as a consequence, almost does not split in mag-
netic field. The lh spin splitting does not excee@ meV at
B=14 T. The splitting of the hh exciton in external mag-
netic field is the sum of the spin splittings in the valence and
conduction bandssee the inset to Fig.)1Heavy holes form
pure spin states, and the magnetic-field-induced shift of the
hh exciton is proportional to the average Mn spiy), ef- — — T
fective Mn concentratiorx*, and the sum of the absolute 1.69 161 163 165 1.67 1.69 171 1.73
values of the exchange integrals in the conduchigar and PHOTON ENERGY (eV)
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FIG. 3. Polarizeds™ (solid line) and ¢~ (dots luminescence
1 spectra from a single 10-nm ggMng o3Te/Cdy 79V gg osTe QW re-
— _ — * d 0.03 .7 0.25
AEpn(B)=Epn(B) = Epn(0) = = 5(|NoB| +[Noa|)x*(S,). corded at various magnetic fieldsR#&=80 kWi/cn? and zero delay
(3.1 (the time gate width is 0.6 nsThe o~ spectra are magnified for
better viewing.
Here + (—) refers too~ (o) circular polarizations, and

Ng is the number of unit cells per unit volume. The averagegate, which is hereafter referred to as defay0. For com-
Mn spin(S,) is described by the Brillouin function for spin parison, Fig. 1 also shows a PL spectrum recorde-ad
5/218 and P=80 kWi/cn?, which contains a broad band, whose
width ~50 meV corresponds to the radiative recombination
M“eOunB of a densee-h plasma formed by electrons and heavy holes
<Sz)=|35/2(m : (32 of the lowest subbands,=15°1° The analysis of the
plasma line shapé yields the electron temperatur@,
HereBs,(y) is the Brillouin function, gy, is theg factor for  ~300 K.
Mn, wg is the Bohr magnetork is the Boltzmann constant, The Mn spin subsystem polarizes as the magnetic field
Twun is the Mn spin temperaturd,, is the phenomenological increases. Polarized luminescence spectra recorded at vari-
antiferromagnetic temperature suggested by &al® to  ous magnetic fields aP=80 kWi/cn? and zero delay are
take into account the small Mn-Mn long-range interaction,given in Fig. 3. When magnetic field increases the PL line
andT, has an order of-1 K for x=0.03% Equations(3.1)  splits into two lines active in the* and o~ polarizations,
and (3.2 were suggested for bulk crystdlgut they also respectively. Figure 3 shows that the magnetic field behavior
apply to QW's with widths sufficiently large to neglect the of thee-h plasma emission lines in™ ando~ polarizations
wave-function penetration into barriers. is not similar to the case of the exciton spin splitting. This
Solid lines in Fig. 2 show the fitting to experimental data. difference is also illustrated in Fig. 2, which shows the mag-
As indicated by Eq(3.1), the hh-exciton splitting is sym- netic field dependence of the peak positions in the polarized
metrical about its zero-field position. The hh-exciton shiftPL spectra of excitons and of-h plasma® at P
AEpn(B) is large atB<6 T. At higherB it increases rela- =80 kWi/cn?. It demonstrates that the magnetic-field de-
tively slowly and reachedE;,~22 meV at 14 T. The Mn  pendence of the low-energy component of magnetoplasma
spin temperature is close to the helium bath temperaturg-* is rather similar to that of the exciton. Its line shift satu-
TuntTo=5 K, Ty,=4.2 K. The measurements of the ex- rates inB>6 T and equals-20 meV atB=14 T. The Mn
citon shift andT, are in good agreement with those for bulk spin temperature derived from this magnetic-field depen-

Cdp.gMng osTe.® dence is equal tdy,,=7 K, which is close toT,., and
indicates a relatively small heating of Mn spinstat0. The
IV. SPIN SPLITTING IN e-h PLASMA high-energy component of tleeh magnetoplasma™ on the

contrary, is almost independent of the magnetic field. An
estimation based on Eg8.1) and(3.2) yields the tempera-
Time-resolved PL spectra of a dense electron-held)  tureT,,,~200-300 K. The difference betwe@n,, derived
plasma in thec™ and o~ polarizations aB=14 T mea- fromthes™ ando ™ circular polarizations indicates thés,)
sured with a time gate of 0.6 ns are given in Fig. 1 forbecomes essentially inhomogeneous.
different excitation densitieP=10-80 kW/cm. The laser Moreover, one can see in Figs. 1 and 3 that, as expected,
pulse intensity as a function of time is shown as an inset tdhe o* polarization demonstrates at 14 T additional features
Fig. 1. The arrow in the inset shows the time position of therelated to the Landau quantization of the electron and hole

A. Experimental results
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FIG. 4. Polarizedr™ (solid line) ando~ (dashed linglumines- FIG. 5. Integral intensity of theo ™ (|_+, solid ling and
cence spectra from a single 10-nm GgMng gsTe/Cdy 7Mgg.Te o (17, dotg emission lines as functions of time aP
QW recorded aP=40 kWi/cnt, B=14 T and various delays. The =40 kw/cn? andB=14 T. The inset shows the averaged Mn
o~ spectra are magnified for better viewing. spin and Mn spin temperature fort (circles and o~ (triangles

circular polarizations plotted against time under a quasistationary

. 10 photoexcitation during=0-6 ns. The solid line in the inset is a
motion.”™ No features due to Landau levelsL) have been jineqr fitting of the Mn spin heating in the* polarization.

detected in ther~ polarization, although the halfwidth of the

o line is fairly large, ~50 meV, which exceeds the increases linearly with time. On the trailing edge of the laser

Landau-l?vc_al spin splitting. . pulset=5—-20 ns, the intensity~ decreases faster than the
The o~ line in the PL spectrum shows up only at high |;qer pulse intensity.

excitations, which can be seen by comparing PL spectra for
P=10, 20, and 40 kW/ckgiven in Fig. 1.
Figure 4 demonstrates evolution of PL spectra Bat B. Discussion

=14 T andP=40 kwi/cnt for different delay times. In the In nonmagnetic semiconductors photoexcited electrons
range of quasistationary photoexcitation 0-5 ns, the PL spegmnd holes in semiconductors lose their energy to the phonon
tra in thes™ polarization move monotonically to higher en- subsystem, which remains the only nonequilibrium sub-
ergies, which reflects the decrease in the average Mn spisystem after the carrier annihilation. In a DMS in an external
(S,) and the increase in the Mn temperature. The time demagnetic field, there is another thermal reservoir. This is the
pendence of théS,) and Mn spin temperatur'é,t,n derived  subsystem of magnetic impurity spins, which interacts with
from the energy of the 0-0 transition in tle" polarization ~ both phonons and carrier spins. At helium temperatures,
are given in the inset to Fig. %.As it was mentioned above, thermal equilibrium between phonons and Mn spins in
att~0 ns, Ty, is close to the bath temperature. It increase<cth—xMnxTe with x=0.03 is achieved after times of the
with time and reaches-20 K att=5 ns, which is still microsecond range. .
much smaller than the electron temperatdige-100 K.13 Figures 4 and 5 demonstrate, however, very fast heating

. . . of the Mn spin subsystem taking a few nanoseconds. This
The rate of the Mn spin heating,= A(S,)/At derived from . " . Lo
measurements of the 0-0 transitionRet 40 kW/en? is v, time is two orders of magnitude shorter then the spin-lattice

1 A o relaxation time. We ascribe this short time to direct energy
=—0.1 ns* for the o™ polarization att=0-5 ns. The  y,nsfer from the hot carriers to the magnetic subsystem of
Mn spin temperatur&,, determined from the peak positions Q. This conclusion is also supported by our recent inves-
of PL line in theo™ polarization is also plotted in Fig. 5. tigation of Mn spin heating in highly excitedCd,Mn)Te
Figures 4 and 5 show that the energy of thecomponentis  QW's, when the independent control of the phonon sub-
almost independent of the delay and corresponddjq  system has been carried dit.

~100-200 K. Figure 1 shows that the 0-0 transition energy in the
Figure 5 also shows the integral intensity of the, 1+ polarization att=0 increases little with the excitation den-
and o=, 1~ components of PL as functions of time. The sity, which indicates that the Mn spin temperatdig, re-

curves ofl* and |~ vs time are essentially different. The mains close tolp,;,. The magnetoplasma emission is ex-
integral intensityl * follows the laser pulse intensiticom-  pected to be 100% " polarized in the saturating magnetic
pare with the inset in Fig.)1Unlike thec™ polarization, the fields even aP=80 kW/cn?, because even in this case the
o~ component appears in the PL spectra later. Under qudiole Fermi energyEEh does not exceed the valence band
sistationary excitation=0-5 ns, the integral intensity" spin splitting AES,, ' which is =30 meV. A relatively
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weak and narrowo~ band could be expected near HereD is the 2D electron density of states. The increase of
~1.67 eV due to recombination of thermally nonequilib- numerical coefficient reflects the growth of electron density
rium holes. On the contrary, the emission spectra of magnesf states in the 2D case and spin matrix element. For a high
toplasma in Figs. 1 and 3 demonstrate a broad and rathelectron concentration, when the electron Fermi endzy
strong feature at 1.65 eV. This can be explained only supexceeds the electron spin splittidg=S, the spin relaxation
posing intrinsic inhomogeneity of the Mn spin subsystem.rate turns out to be proportional to the electronic tempera-
The energy and spin transfer from the lesh plasma leads ture, the density of states squared, and the interaction con-
to spatial stratification within the Mn spin system into areasstant squared. Unlike the case of bulk crystdl®), Temn iN
with relatively low (<30 K) and high(100-300 K Mn  the 2D case is independent of the spin splitting &dpo-
spin temperatures. sition. This derives from the fact that the density of states is
Time evolution of hot and cold areas is also different.constant with the electron energy.
Figure 4 shows that the™ spectrum shifts to higher ener-  Ag was discussed in Sec. IV A, &=40 kWi/cn? the
gies during quasistationary excitatior'5 ns. Such a shift electron temperatur@,~100 K. In the semiclassical ap-
means a decrease (8,) due to the increasing of Mn spin proximation, neglecting the Landau quantization, we can
temperature. We estimate that @=14 T and P estimate D as D=2x10" meV ‘cm 2 [m,=0.096n,
=40 kWicn? T,\*,In increases from~5 K att=0 up to  (Ref. 20]. Using the values of T,, D, and
~20 Katt=5 ns. Thes™ radiation corresponds to a Mn ¢=1.5x10"2% eV cn? [Noa=0.22 eV (Ref. 8] with
spin temperature of about 100 K from the moment of itsEq, (4.3 vyields 71eyy~35 ns for pumping P
appearance in PL spectra. This temperature is close to the40 kwi/cnf. Therefore the calculations ef,y,, are in rea-
electronic one, whereas the integral intendity increases sonable quantitative agreement with the spin heating time
with t. That indicates that the hot area volume increases,eMn~ 10 ns observed experimentally in the"™ polariza-
during the excitation pulse. AP=40 kW/cn? and t  tion.
=5 ns, |1 7/I" equals about 10%see Fig. 4 Under the However, the above calculations cannot explain the high
highest excitation density80 kWi/cnf, t=5 ns) I7/I*  spin temperaturd,,, and the time evolution of~ spectra
rises to~20%. This means that the hot areas can occupy upsee Fig. 4 Equation(4.3) was obtained in the approxima-
to 20% of the QW volume in our experimental conditions. tion, which neglects the modulation of the electron density of
The Mn spin heating can be described by the followingstates'* Obviously, this assumption does not hold Bt

equation: =14 T, when the optical spectra demonstrate a well pro-
nounced Landau level structu¢see Figs. 1, 3, and)4The
A(SH (1) =(SH(1) = (SH* = A(S)ma 1— € 7emn), modulation of electron density of states must lead to an os-

4.7 cillating dependence of the spin relaxation rate on the elec-
_ L _ _tron spin splittingt* The parameter *,,, should demon-
Here 7eyn is the characteristic time of the spin heating, girate maxima under resonant conditions, when the electron

(S,)* =5/2 corresponds to the Mn spin &y,=Tean and  gpin splitting AES and the electron Landau splittingC,
B=14 T, andA(S,)maxCorresponds to the average Mn spin cgincidrze?l 925 pliting,

in thermal equilibrium between Mn spins and the electrons.

As was mentioned above, Bt=40 kW/cnt the rate of Mn AES=0AS. ... AS. (4.4)

spin heating was,,=—0.1 ns' andT,~100 K. For this e o

case, using Eq3.2), we can estimata(S,)na=—2 (Twn [N our case of DMS we neglect the Mn spin splitting

~T,). By expanding Eq(4.1) in powers oft/ 7ep,, We ob-  wsdumnB With respect taAEZ. The increase in Iy, in the

tain Tepmn~A{(S)max/vh~10 ns. resonant condition$4.4), and the amplitude of the 4y,
The spin relaxation rate of an isolated spin due to themodulationA(1/7e),,) should be proportional to the inverse

contact spin-spin interaction with spin-degenerate Fermi cathomogeneous linewidth' of the Landau levels:

riers, 1kemn, Was considered by AbragathHe carried out

his calculations for spin 1/2 in a bulk crystal under condi- A(Uremn) ) A%

. B e : — "~ | DAE~—. (4.5
tions of thermal equilibrium in the electronic subsys’tém UTemn r

and in sufficiently small magnetic fields, which allowed him

to neglect the Landau quantization of electrons. The dependence of the spin relaxation rate on the electron

spin splitting[Eqgs.(4.4) and(4.5)] results in a positive feed-
T e ba_ck and can lead to the observed inhomogeneity of the Mn
—— = 7a p(Ep)KTe. (4.2 spin subsystem. From our point of view, the events develop
eMn according to the following scenario. There are two concur-
rent processes, namelfj) the relatively slow Mn spin sys-
tem heating as a whole due to the nonresonant spin-flip scat-
tering and(ii) the fast heating of hot areas up to thermal
equilibrium between Mn spins and electrons or up to the
point where the resonant conditiof¥%4) are satisfied. In our
case, both of these conditions are approximately equivalent:

Herep(Eg) is the three-dimension&BD) electron density of
states on electron Fermi levEE . The exchange constant in
the conduction band coincides with that in Eq(3.1).

We have modifiet! these calculations for the discussed
case of quasi-two-dimensional carriers and spin 5/2:

115 D2 Ty~ Te~100-300 K—AEZ~0.
_ T2 KT,. (4.3 On the first stage, with increasing of the laser pulse the
Temn 2f L, electrons start to fill the excited spin leved|() whereas the
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holes in photoexcited magnetoplasma remain spin polarizefbr the spin-spin relaxation time known from the
(hht) because of much higher spin splittifyThe spin flip  literature?*?*The spin diffusion results in an additional spin
of the electrons from the spin-excited subbarjdresults in  inhomogeneity and additional LL broadening assih spec-

the heating of the Mn spin subsystem dueetoto e] spin-  tra due to the cold areas as well asoin spectra due to the
flip processes with simultaneous spin-flip of Mn. The spin-hot areagsee the absence of LL im~ spectra in Figs. 1, 3,
flip of Mn increases the local spin temperature; therefore, iand 4. After the end of the quasistationary excitation (
leads to a local decrease in the electron spin splitting. The-5 ns), the relative intensity af~ line, | /I " decreases,
local conditions of spin-flip scattering become closer to thosavhich reflects the decrease in the electron density and the
of a resonancé4.4). This should result in an enhanced spin- establishment of equilibrium within the Mn spin subsystem
flip scattering in these heated areas and in an enhancementdue to the spin diffusion.

the Mn spin inhomogeneity. Therefore, the first stage of the
Mn spin heating is controlled by Mn spin fluctuations and
their time development.

The development of spin fluctuations up to saturation, i.e., The giant asymmetry of the plasma spin splitting has been
up to Ty,~100-300 K proceeds very quickly within 1 ns. observed in the range of high magnetic fieBls 10-14 T
The hot areas manifest themselves asahePL band at the in magnetoluminescence spectra of deadeplasma photo-
spectral position corresponding to tfig, ~100 K starting excited in Cg gMng gsTe/Cdh75MdgsTe QW with a 10-ns
with t=0 (see Figs. 1, 3, and)4Such a large difference laser pulse. We have demonstrated that the observed asym-
between the nonresonantlO ns and resonantl nschar- metry is due to the development of spatial stratification
acteristic time of the Mn spin heating means thatwithin the magnetic subsystem in QW into areas with differ-
A(Yrepmp) ~ UTemn- From Eq.(4.5) follows that in this case ent spin temperatures. It occurs due to stremigspin-spin
I'~Ag;, which does not contradict our experimental results.interaction between Mn and heth plasma. Development of
Indeed, Figs. 1 and 3 show a well-resolved LL Bt Mn spin fluctuations leads to formation of Mn spin domains
=14 T. with a characteristic time of1 ns due to resonant spin-flip

The characteristic properties of the hot spin areas allow uscattering. The nonresonant Mn spin heating has been ob-
to classify them as spin domains. This term can be used, firsserved also with a characteristic time sfL0 ns. The pho-
because of a very large temperature gradient at the boundatgluminescence emitted immediately from SD’s has been ob-
between the hot and the cold areas, and second, becausesefved.
self-organization during the SD formation. The formation of
SD ends the first fluctuation stage of Mn spin heating.

Then, on the second stage, the SD volume increases. This
process is accompanied by increase in bothdheline in- The authors wish to thank Professor V. B. Timofeev and
tensity |~ and |1 ~/I* ratio, as can be seen in Fig. 5. The Professor I. A. Merkulov for helpful discussions. The finan-
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