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Picosecond dynamics of magnetic polarons governed by energy transfer to the Zeeman reservoir
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We suggest a mechanism of magnetic polaron formation in semimagnetic quantum wells in external mag-
netic fields, which is characterized by a transfer of energy from the carrier—magnetic-ions exchange reservoir
to the Zeeman reservoir. This mechanism is related to the anisotropic exchange interaction due to the spin
structure of the heavy-hole state. The polaron formation is determined by a precession of a total spin of
magnetic ions inside the exciton volume in the sum of external and exchange field and happens inside the short
time of about 10 ps. Experimentally, this mechanism manifests itself in photoluminescence spectra as an
increase of the magnetic polaron shift at magnetic fields applied parallel to the quantum-well plane.
[S0163-18207)00739-X

[. INTRODUCTION modification of the magnetic properties in quasi-two-
dimensional semimagnetic-semiconductor layet$, and

The electronic properties of semimagnetitiluted mag- . : : .
. . . subpicosecond spin dynamics of the magnetic-ions system,
netic semiconductors such as £gMn,Te are determined .
are only some examples of the new physical phenomena,

by the strong exchange interaction of carrier spins with the . . . -
. N : ; which became accessible for investigation.
magnetic moments of magnetic iof#n ions). This ex-

change interaction induces considerable changes of the e The dynamics of spin organization in the process of exci-

: e gin magnetic polaron formation has been studied recently
ergy spectra of free carriers at external magnetic fields an . ) : : )
experimentally and theoretically in bulk materials and in

manifests itself in the giant Zeeman splitting of band states
and in the giant Faraday rotationn the absence of external quantum-well structuresee Refs. 10 and 13 and references

fields it leads t i | f i 2 the f therein. It is contributed by various relaxation processes:
I€I0S 1t eads to a magnetic polaron formation via the erro'dephasing and spin relaxation of photocarriers, spin relax-
magnetic alignment of magnetic-ion spins inside the volum

i L Stion of magnetic ions, and exciton recombination, which
of carrier localizatiort.

] ) _limits a polaron lifetime. The hierarchy of characteristic re-
Compared to the nonmagnetic semiconductors, semimagsyation times contributing to the magnetic polaron forma-

netic ones have an additional system of magnetic ions, whichon has been established recerfly*® After photogenera-
couples with the carrier and phonon systeifighe dynam-  tion and localization of excitons, the polarization of the
ics of energy and spin relaxation of photocarriers in semijocalized Mn spins inside an exciton volume emerges in the
magnetic semiconductors is strongly influenced by carrietime scale of about a hundred picoseconds. The process of
interaction with the system of magnetic ions, which in turnmagnetic polaron formation involves both spin and energy
dissipates excess energy into the phonon system via spimelaxation. In the formation process, energy and spin mo-
lattice relaxation. The effective interaction between the carmentum of the localized spins aligned by the exciton ex-
riers and the Mn-ion system has been well documented ichange field are dissipated with a relaxation rate of about
experiments on photoinduced magnetization, where a mag0'® s™1. The spin-lattice relaxation rate of 4010’ st is

netic moment of optically oriented photocarriers is trans-too slow to determine the time scale of magnetic polaron
ferred into the system of Mn ioms’ Nowadays, interest in formation. It has been suggested that the excess energy in the
the mentioned effects is stimulated by the successful prepgolaron formation is transferred to the spin-spin reservoir of
ration of quantum-confined heterostructures based on seminteracting Mn spins and the conservation of spin momentum
magnetic semiconductors. Spin superlattices formed at exteis broken by strong nonscalar spin-spin interactithhe

nal magnetic field§, two-dimensional magnetic polarons, polaron formation times are such that an equilibrium polaron
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energy is not always achieved during the exciton lifetime function of the ion spins: ¥(J,S,,S;,...)

This dynamical effect on the magnetic polaron energy has- O (I N Pyn(S1,S,,...(J)). Then, the exchange Hamil-

been found to be strong at structures with low Mntonian expressed by Eql) can be recast in the following
concentrations> equivalent form:

In this paper we suggest a faster mechanism for the mag-
netic polaron formation in semimagnetic quantum wells R R
present at external magnetic fields, which has its origin in a He,=a(lJ) — ugGmn 2 bi(S(J))
transfer of the carrier—magnetic-ions exchange energy to the !
energy reservoir determined by interaction of localized Mn R R
spins with the external magnetic field, known as the Zeeman + 2 bil(S—(S)-(I—(IN]- 2 bi(SHIN|.
reservoirt’ The dynamics of magnetic polaron formation due : :
to this mechanism is determined by the precession of Mn (3)
spins polarized by external magnetic field in the sum of ex-
ternal and exchange field, with a typical time of about 10 psHere(S;) and(J) are the mean values of tlith ion spin and
which is one order of magnitude shorter than the polaror®f the carrier spin, respectively. They are calculated by av-
formation time at zero field. This mechanism allows that theeraging over the function®,(S;,S;,...(J)) and®(J,1).
polaron in magnetic fields applied in the quantum-w@\)  The first term of the Hamiltonian results in a rotation of the
plane comes closer to the equilibrium situation during thecarrier spin in the mean-exchange-field of the magnetic ions.
exciton lifetime. In the following, we first present our model The second term causes a rotation of itieion spin in the

and then report the experimental data. mean field of the rapidly revolving carrier spih The third
term describes an interaction of fluctuations in the carrier-ion
Il. THEORY spin system, which lead to deviations from the adiabatic ap-

proximation. Specifically, it is responsible for the indirect
In semimagnetic semiconductors, the exchange interagxchange interaction among ions via flip-flop transitions in-
tion of charge carriers and electrons fratshells of mag-  volving the carrier spin. Finally, the last term just allows for
netic ions is described by the Heisenberg Hamiltonian the fact that the mean exchange energy in the previous terms
b of the Eq.(3) is counted twice: as the energy of the carrier
" a8 i 12 spin in the ionic exchange field and as the energy of the ions
He= azi (JSHWi= ’“Bg’\"”zi 3 O, @) inpthe exchange field ofgthe carrier. ¥
Within the adiabatic approximation, the dynamics of the
spin system is traced by use of a self-consistent routine.
Namely, the mean value of the carrier sgid), is found as a

wherea is a parameter of the exchange interactidiis the
operator of a carrier spiffor holes, which give dominant

contribution  inthe  magneti¢-polaron  formation in fnction of the mean total spin of the magnetic iggt)).
Cdy_Mn,Te crystalsJ=3). gun, S, andW, are theg fac-  then (3) is used to calculate exchange fields produced by
tor, the spin ofith magnetic ion, and the probability of find-  the carrier at each ion, thus finding out differential equations
ing the carrier at the location of this ion, respectivély= o g1 (S) as functions of time. Finally, an averaging over
—aJWi/uggun is the value of the mean-exchange field atie jonic positions closes the loop, giving the rates of chang-
theith ion location, produced by the carrier with the maxi- ing the components df (t)).
mum average value of spipg is the Bohr magneton. The next step towards a more simplified, if not quite pre-
In addition, the magnetic-ion spins are affected by localsjse, gescription of the spin-system dynamics can be done by

fields created by adjacent magnetic ions, which are given onnsidering a precession 6f(t)) as a whole in the mean
the Hamiltonian exchange field

(9

Hii= > CapS'SF. (2)
I,j T

(J)
Bex:T EI Wib;= Bp

At low temperatures, the interaction among ionic spins
brings forth spin clustering, which results, for instance, in a(which, in turn, depends obh), instead of doing calculations
decrease of the magnetic susceptibilitfhe spin-spin inter- for each (S) with a consequent averaging. Herg,
action also provides the effective channel of the energy re=X;W,b; is a parameter, which is equal to the mean ex-
laxation for the magnetic polarons to forrh. change field that would affect the ions, if the carrier is com-
A magnetic polaron is contributed for by a large numberpletely polarized. The main shortcoming of this simplest ap-
of magnetic ions inside the orbit of the localized carrier.proach is a coherent description of the dynamics of
Therefore, it is convenient to consider the carrier spin whichindividual spins. Actually, spins precess independently with
couples with the total spin of all these ions, that is practicallyvarious frequencies, due to inhomogeneity of the exchange
classical®=?°It is natural to define the total spin of magnetic field. The effect of the field inhomogeneity can be ac-
ions as having its average given by the vedter2 (S )W; counted for by introducing a relaxation of the components of
that governs the exchange field affecting the carrier. In ordel transversal to the mean fieBL,, which should result from
to do this, one can use the adiabatic approximation. In thishe dephasing of ionic spins. As the variance of the carrier
particular case, one can write down the spin part of the wavéeld at different ions is on the order of the mean value of this
function of the whole system “carriermagnetic ions” as a field, the estimate of the corresponding relaxation time is
product of the carrier-spin wave function and the waveclose to the period of precession lof
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In bulk crystals with the cubic symmetry, such as : ; , : . . . , ,
Cd,_,Mn,Te, the mean spin of the carrier just traces the
direction ofl. Therefore|] is collinear to the exchange field,
and does not precess. If, however, the symmetry is reduce
(for instance, in wurtzite-type crystals, in strained cubic crys-
tals, or in low-dimensional structurgshe directions of and
(J) may differ significantly. The difference is much more
important for holes, than for electrons, due to the strong
spin-orbit interaction in the valence band. In particular, in
guantum wells, the direction of the heavy-hole spin is gov-
erned by confinement and strain effet&d®-?'This property
of the hole spin in QW structures plays the dominant role in
the fast energy relaxation mechanism considered in this
paper?

MP Energy, Eyp(t)/ Eeq(B)

A. Instructive limiting case:  Extreme anisotropy FIG. 1. Behavior of the magnetic polaron energy at external

In order to give a qualitative insight into the model sug- magnetic fieldB=1.4B, (solid ling). Parameters used for calcula-
gested, we consider first the demonstrative extreme case tn B,=1T, T,=0.75T_, and T;=5T_. Dashed-dotted line
the magnetic polaroitMP) formed by a strongly confined shows the polaron formation wif;, i.e., without account of the
heavy hole. Assuming the splitting between the |ight_ho|emechanism. The inset displays the precession motioh iof By
and heavy-hole stated (;_,,) to be much more than the hole =B+ Bex-
exchange energy, we put the in-plane components of the
heavy-hole spin equal to zeroJ,=Jy=0. The exchange magnetic-ion spins begin to precess with Larmor frequency
interaction, given above by the Heisenberg Hamiltorigee  , = ;,.q,,,Bs /% around the direction of the effective field
Eg. (1)], now reduces to the Ising form-uggun(Bp/ By =B+ B, (see inset of Fig. L All spins start their preces-
J)(I23;) (in this caseBe,= = Byz, wherez is a unit vector  sjon simultaneously, and at the very beginning, they move
along the normal to the QW planerhe exchange fielBexis  coherently with respect to each other. The precession of the
“switched on” by the creation of a localized hole, which can tgtg] magnetic moment arouri, leads to the “coherent”
be realized experimentally by a direct photoexcitation of lo-pMp state with oscillating energy and with the periodical
calized excitons or by localization of excitons excited NON-transmission of energy between the exchange and the Zee-
resonantly. It is obvious that the eXChange field is “SWitChedman reservoirs. This initial “coherent” Stage of the
off” by an exciton recombination. o . ‘magnetic polaron formation has been observed recently
Let us con5|der an ensc_amble of magnetic ions aligned iy means of resonant Raman spectroscopy in
an e>§ternal fieldB gnd havmg_an average spllnAfter the ~ Cdy ggMiNg o,T€/Cdh 7dMgy 24T€ quantum-well structurés.
creation of a localized hol_e_: with the orbit covering the_ SpiN  (ji) The component of the spintransversal to the fielBy
ensemble, the average spifs exposed to the effective field, yejaxes within the timeT,. The transversal relaxation time
which is the sum of exchange and external fieldBx=B T, corresponds to the dephasing time of the coherent preces-
+Bex. If BexandB are not parallel to each other, the spin  sjon of all magnetic-ion spins inside the hole orbit. Affer
starts to precess arourii (see inset in Fig. /L In the fol-  the MP reaches its stationary state with the average ion spin
lowing, we consider for simplicity the cag®l B, i.e.,Bis  |(By ,t~T,) directed along the effective fieHs .
applied parallel to the quntum-well plane. In this case, the = (jji) Further relaxation to the equilibrium MP state by an
field By is directed at the angle to the normal to the QW  jcrease of thé value up tol (Bs ,t>T,) is inevitably con-
plane, with ¢ defined by the relations cas=B,/\B3+B2  nected with energy transfer to the spin-spin reservoir or to
and sin<p=B/\/sz+ B2. As a result of the precession, the the lattice. This process is determined by the time of longi-
projection ofl on B decreases, and its projection @&, tudinal relaxation of the magnetic-ion spiifig.
increases. Respectively, the Zeeman energy of magnetic-ion Let us now estimate typical times related to the different
spins E,= — ug0mnBl increases, and the exchange energystages of the MP formation. A considerable part of the MP
Eex= — #s9MmnBed decreases. The decrease of the exchangenergy is gained within the characteristic tinig=T, /4
energy corresponds to the magnetic polaron formation withe 7/(2w, ). This time can be estimated from the value of
an energyEyp=—Eg. This polaron formation process is exchange fielB.,, as the effective fiely is not less than
provided by the energy transfer from the exchange to thé.,. Measured energies of MP’s allow us to obtain the value
Zeeman reservoir, with the total energy of the systenof about 1 T as an estimation f@&,,.* Therefore, we esti-
“hole +magnetic ions” conserved. mateT,~ 10 ps. This time corresponds to the typical time of
Keeping in mind that the MP energy is determined by thethe mechanism of MP formation suggested in this paper. In
projection of the average spinon the direction of the ex- the strongly inhomogeneous exchange field of the hole, a
change field, we distinguish three stages of the magnetic pspread of precession frequencies is as large as a mean value
laron formation at external magnetic fields applied perpenof the precession frequency. Therefore, the coherence among
dicular to the hole exchange field. the magnetic-ion spins is destroyed within one period of Lar-
(i) After the exchange fiel®,, is switched on by photo- mor precession, and energy oscillations are damped out
generation of an exciton at the time moment0, the  within typical times of the order of the transversal relaxation
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time T,, which is of the same order 8% . The longitudinal
relaxation timeT, should be of the order of the MP forma-
tion time at zero field, i.e., 100-200 p%3
On that account, one can introduce two characteristic MP
energies gained with characteristic timgsandT,, respec-
tively: (i) E,, gained adiabatically by the energy transfer
to the Zeeman reservoir only; afid) the equilibrium energy
Eq determined by the energy transfer to the Zeeman and
spin-spin reservoirs and to the lattice. We note that the Zee-
man reservoir has a finite capacityB#: 0. The behavior of
the MP energy with time at an external magnetic fiBlds
shown in Fig. 1 by a solid line. It demonstrates all typical
features of the polaron formation scenario suggested above. 0.0ls L . . L
At B=1.4B,, chosen for this example, 70% of the MP energy ° ! Magzneﬁc Fie,g’ BB, ¢ °
is gained by the fast adiabatic process, i&,=0.7E¢,. A
dashed-dotted line given for comparison shows the polaron ) _ .
formation with timeT,, when the mechanism is not consid-  F!G. 2. Magnetic polaron energies as function of external mag-
ered and the polaron formation is determined by the energ€tic field: (1) equilibrium MP energy(2) a part of MP energy
transfer to the spin-spin reservoir only. ained by the energy traqsfer tp the Zeeman reser@jimodeling
Now we are going to link.,andE, with parameters that of an experimental situation withy= 7o.

can be measured experimentally. Bob, and E, are o o _
exchange parts of the total energy of the system B. General case: Finite splitting of light-hole
“hole +magnetic ions,” i.e., scalar products of the hole ex- and heavy-hole states
change fieldB¢, and the magnetic moment of all ions inside  For the magnetic polaron formed by the heavy-hole, the
the hole orbitl. In the equilibrium casel, is determined by model considered in the Sec. Il A is the zero approximation
the effective fieldBy ,*° so that in the paramete(B) =&((B)/An.nn. This parameter deter-

Eeq(B)ZMBQMn[Bex'|(B+Bex)]ZMBgMnSiWN(Bz)Bex(-4) mines the mixing between the light-hole and heavy-hole

Magnetic Polaron Energy, Eyp/E(0)

states caused by a deviation of the spin of magnetic lons
from thez axis.

Taking into account thad¢-(B) =2 uggunl (B) Bex We get In the Voigt geometry B1 2), in the lowest orders of the
perturbation theory, the shift of the center of gravity of the
EedB)=sinp;s¢(By), (5  spin doublet of the heavy-holes, which is analogous to the

wheree(B) is the Zeeman splitting of the heavy-hole sub- field-induced shift of the ground state of Van Vleck para-

; - e magnets, is proportional teg(B)7(B)><B2. Spin splitting
levels in the magnetic field applied in the Faraday geometr ) ; : 2
(Bllz). Note thate(B) can be measured experimentally. of the heavy-hole doublet is proportional tq(B) 7°(B)

e . «B3.1° The effect of the fast energy transfer considered in
In order to calculate the ad|_aba_1t|cal!y gained eneligy . this paper shows up most distinctly BB, and the ex-
one must use the value of the ionic spin equal to the projec- : P
tion of I(B) on By . Thus we obtain pected changes of the magnetic _polarc_)n energy are about
o eg(B). Therefore, the value af(B,) is an important param-
eter of the problem. Ify(B,) <1, the admixture of the light-
= ugOmnCOSPByI (B). hole wave functions to the heavy-hole ones is negligibly
small. In this case, the adiabatic part of MP endggycan be

calculated by use of Eq7).

_ Bs|(Bs
E.(B)= ﬂBgMn( Bex B_E) (B_2 1(B)

Keeping in mind that in our cas@(,Iz), Be,=By and using However, in the situation seen in the experiments reported
the connection betweenr(B) and I(B), we will get the  below, (B,)<1. In this case, the evolution of the spin sys-
following expression foE,: tem in the process of MP formation is no longer limited by
the precession df at a constant field, as the hole exchange
E.(B)= B,B E B 7 field Bgy(l) is no longer parallel to the axis. The direction
a(B)= 571555 er(B). (7 ; .
B,+B“2 and value ofB. (1) are determined by the mean hole spin

) . _ {J), that is found now by averaging the hole-spin operator
Figure 2 depicts the dependences of the MP equilibriunyyer the eigenfunction of the spin Hamiltonian:
energy E¢q (curve ) and its fast adiabatic componeBt,

(curve 2 on a magnetic field calculated according to E&$.

and (7). The experimental dependencer(B) for ~ ) = Apnna,

Cdp oMy o7Te at a temperature of 1.6 K ai,=1 T have H=—31e9mnBp(1d) — ——Jz, ®
been used for the calculation. It is clearly seen thatap-

proximatesEqatB=2B,,, which in turn should result in the N

decrease of MP formation time fro, down to aboufT,  corresponding to the minimum ener&y. HereJ, are spin
with the magnetic field increase. Note that Fig. 1 shows theomponent operators of the hole with=2 (a=x,y,2).
time evolution of MP formation corresponding B=1.48,  Therefore,E, corresponds to the least root of an algebraic
at Fig. 2. four-power equation.
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The adiabatic part of the MP energy equals the difference

of Ey taken at initial and final states with the spin of mag- , LT=16K 15
netic ionsl;(B) andl;(B), respectively: : = =
= 1F 2 g 11 \ll".«
Ea(B)=Eo[1i(B)]—E[1+(B)]; 9 H £ E:
= o 3 ~
= EEE 40 ~
here = . e
er B = Enéiay (V) o -1 E
i(B)=3 5 7 = 2
By B LLF o F190ps 42 2
For a numerical calculation ofj(B) we use the same k= e 1a ﬁ
assumptions as in Sec. Il A. oA
(i) After the fast relaxationl;(B) is oriented parallel to N I e W SR I
the direction of the fieldB+ B¢, (1) acting on it. 0 100 200 300 400 500 600
(i) Sums of the exchange and magnetic energies of the Time (ps)
system “holet magnetic ions” at the initial and the final
states are equal: FIG. 3. Magnetic polaron formatioftircles and the photolu-

minescence  decay (solid line in an  80-A-thick

— weGun(1iB)+Eo(1)=— uggun(1:B) + Eo(l¢). (10)  CdoodMngo7Te/CcheMng oMgo 20T QW. The inset displays pho-
toluminescence line taken under selectigelid lines and nonse-

Therefore, the endpoint of vectbr belongs to the surface lective (dotted ling cw excitation with and without magnetic field
given by the condition of energy conservation. The value ofpplied perpendicular to theaxis.
I; should be minimaf* Under these conditionk; is deter-
mined numerically from Eq(10) and afterword€,(B) can  Cd, o¢Zn, o4Te substraté® The MP energies at external mag-

be calculated from Eq9). netic fields andT=1.6 K were determined by selective cw
excitation of localized excitors!® Under these excitation
ll. EXPERIMENT AND DISCUSSION conditions the nonmagnetic spectral diffusion is suppressed

) ] ] o and the polaron energy is measured from the shift of the

An idea of the experimental identification of the sug-yminescence line with respect to the excitation energy. The
gested mechanism could be discussed on the base of Fig. ghotoluminescencéPL) spectra of the 80-A-thick QW taken
where the equilibrium and adiabatical parts of the polaron,nder nonselective and selective excitation are shown in the
energy are shown by solid and dashed lines, respectively. jnset of Fig. 3.

A peculiarity of the exciton magnetic polaron is that the At zerg magnetic field the dynamics of the MP formation
time for its formation is limited by the exciton lifetime, \as measured from the evolution of the polaron line shift
which is about 100200 ps in II-VI semiconductor QW's at after 5-ps excitation pulsé$?* A streak camera with time
low temperatgre%.' ““>As a result, the MP shift of the lu- respjution of 15 ps was used in this experiment. The polaron
minescence line taken under cw excitatidfzk) is smaller  shift plotted in logarithmic scale is shown in Fig. 3 by circles
than the equilibrium polaron energy if the polaron formationtogether with the decay of the spectrally integrated PL in the
time (7¢) is equal or longer than the exciton lifetime g0-A-thick QW. For this QWr;=190 ps andr,=110 ps,
(70).*>**Curves shown in Fig. 2 also reflect the dependencgyhich results in a strong dynamical effect on the MP energy.
of the MP shift onB for structures with different values of The equilibrium MP energy, determined as a saturation value
ratior¢/7o: (1) 7¢<Tq, in this case€Eyp(B) is just equalto  at longer delay€{B=0)=Eyp(t—,B=0)=8 meV, ex-
the equilibrium polaron energf.(B) (shown by a solid ceeds strongly the polaron shift measured under cw excita-
line); (2) m>75, Eyp(B=0)~0 and with rising field tion Efp=1.2 meV. We note here that this experimental
Eup(B)=Ea(B), i.e., Eyp(B) just reflects the part of the situation is very close to the ca¢® shown in Fig. 2.

MP energy formed by the fast adiabatic procdsse a As expected, in the Faraday geometBJi£) the MP shift
dashed ling (3) 74~ 7y, this is an intermediate case betweendecreases effectively and is not any more measurable at
(1) and (2). The MP shift atB=0 corresponds to a part of fields above 0.2 Tshown by triangles in Fig.)4° At mag-

Eeq, but at magnetic fields the fast adiabatic process shifts inetic fields applied in the Voigt geometr3( z) we found a
rapidly towardsE,, (see the dotted line It is remarkable, very pronounced increase of the MP shift up to 2.8 meV at
that in caseg2) and(3) the MP shift increases in external B=0.7 T (see Fig. 4 and inset of Fig).3We stress here that
fields. It cannot be explained in any model that considerghe increase of the MP shift in magnetic fields applied is
equilibrium MP states only, as the magnetic susceptibilityquite an unusual appearence. It is definitely caused by the
decreases in magnetic fields. Therefore, the experimental ollynamical effect, namely, by a decreaserpfr ratio. As g
servations of such an increase can document the reduction &f not modified by magnetic fields we associate this effect
the MP formation time fronT; down toT, by the in-plane  with the reduction ofr; with the magnetic-field increase. A
magnetic field applied. possible mechanism for reduction ef is suggested in the

Experiments have been performed on aSec. Il of this paper. In the following we estimate its contri-
Cdy Mg o7Te/Cdh 6Mno o Mg ogTe  heterostructure with  bution for the 80-A-thick QW.

80-, 45-, and 18-A-thick single QW’s. The structure was In the 80-A-thick QW a nonvanishing Zeeman splitting of
grown by molecular-beam epitaxy on(100-oriented exciton states at the Voigt geometry evidences that the com-
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A R gain a larger part of equilibrium MP energy during the po-

2 T=16K laron lifetime 7q. It is in line with the scenario suggested in

E Sec. Il for 74> 1 and illustrated by the curve 2 in Fig. 2. The

3e 3f i decrease of the polaron shift in magnetic fields abdvT is

w ° related to the suppression of the equilibrium MP energy.

£ ° g ® We note here that all parameters for the model calculation

2 ot ® e o _ presented in Fig. 4 are determined experimentally. To avoid

S introduction of additional parameters the calculation was run

S for the condition7> 7, i.e., the adiabatical part of the MP

o R i energy was computed, which dominates the polaron energy

°© in the 80-A-thick QW in magnetic fields above 0.3 T. We

§ 4 believe that the good agreement between the experimental
o C I —— L _resullts and the calculated behavior of. th.e MP energy shown

Magnetic Field (T) Ipl)qhgrll%mt npc:;)ves the adequate description of the observed

A similar behavior was found for 45- and 18-A-thick
FIG. 4. Magnetic polaron shift taken under cw excitation in an QW's, where the dynamical effect on the MP energy is con-
80-A-thick Cdh 6dViNg o7Te/Cch 6Mng o Mg 2sTe QW as a function  siderable ;> 7,). We stress here that all structures without
of magnetic field applied paralleftriangles and perpendicular dynamical effect on the MP enerdje., with <7, at B
(circles to the z axis. Solid line shows the results of the model =) show the monotonic decrease of the polaron energy in
calculation withB,=0.7T. magnetic fields, which is in good agreement with the sce-

. nario proposed by curve 1 in Fig. 2.
ponents of the heavy-hole spid,(,J,) are not equal to zero. In conclusion, we have suggested a mechanism of mag-

In this QW, the experimentally measured dependend®)  netic polaron formation in QW structures, which is con-
determined from the PLE spectra is described well with thgq|jed by the strength of external magnetic field. This
phenomenologically modified Brillouin function with param- echanism is determined by the fast energy tran@fithin
eters for effective spirf,=1.3 and effective temperature ahoyt 10 pfrom the carrier-magnetic-ions exchange reser-
To=4.7 K.%" The value of the exchange field in the magneticyojr to the Zeeman reservoir. The underlying physics relates

parameters, according to the approach suggested in Ref. 1giher spin-dynamic effects observed in semimagnetic low-
dimensional structure€:?! An unusual increase of the mag-

- 2Eeq ) (11) netic polaron shift at magnetic fields applied parallel to the
P [deg(B)/dB]|g=0 quantum-well plane is observed experimentally in the
For the studied QWB, amounts to 0.7 T. quantum-well structures with the strong dynamical effect.

R _thi _ This behavior is modeled well by an accounting of the
n the 80-Athick QW the value or(Bp=0.7T) mechanism. The strong reduction of the polaron formation
time provided by this mechanism can affect the hierarchy of

satisfied and the dependerieg(B) should be found numeri- relaxation processes by mov_ing_ the polaron formation time
cally following the procedure described in the Sec. Il B. Thefrom the range of polaron lifetime down to the range of

values of the magnetic moment at the initial state were founéiephasmg and_sp!n—relaxauon times of carrers. This effect
; X allows to scan in time by magnetic fields the spin organiza-
from the experimentally determined parameteis(B)

— e¢(B)/2150unB, . The result of the calculation is pre- tion process and can be used for the study of basic properties

sented by the solid line in Fig. 4. It reproduces all trends 01‘0f strongly correlated spin systems.
the experimental behavior shown by closed circles. The mag-
netic polaron shift increases in low fields, achieves its maxi-
mum at abotl T and then falls down at higher fields. The  This work was supported by the Deutsche Forschungsge-
increase in fields belo 1 T is caused by the reduction of the meinschaft through SFB 41Wurzburg and through SFB
magnetic polaron formation time, which allows for MP’s to 385 (Marburg and by the Volkswagen Foundation.

=14 meV, which is not negligibly small in comparison with
Ajn-ni=24 meV. That means that conditiof(B,) <1 is not
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