
Proc. Estonian Acad. Sci. Phys. Math., 1995, 44, 2/3, 187-193

187

EQUILIBRIUM DISTORTIONS OF A DEFECT WITH

AN INITIAL ELECTRON STATE OF t2 SYMMETRY:

ROLES OF THE NONLINEARITY OF ELASTIC

FORCES AND OF STATE OCCUPANCY

Nikita AVERKIEV, Andrej GUTKIN, and Mikhail RESHCHIKOV

DH3HKO-TEXHHYECKHÄ HHCTHTYT HM, A, ®. Hodde PAH (A. F. loffe Physical-Technical Institute
оКАS), Политехническая 26, 194021 Санкт-Петербург, Россия (Russia)

Received 30 August 1994,accepted 17 April 1995

Abstract. It is shown that for the initial Ty symmetry of a defect complex the anharmonicity of

elastic forces may lead to an equilibrium configuration formed by the interaction ofelectrons in the

t, state simultaneously with both E and F, vibrations. The calculations have been carried through
within one-Panicle approxin.lation. ta_king into accou‘mt the anharmoni(fity of the E m9de by. 'f\dqmg
aterm @Q, only. The relative contribution of aQp to the total elastic energy of this equilibrium
configuration depends on the relative efficiency of the interaction between the electrons trapped by
the defect and E, F; modes. The filling of the initial t, state with 2-5 electrons decreases the value

of a required for the transition to the configuration caused by E and F, vibrations. This may give a

qualitative explanation of the experimental data for a vacancy in silicon.
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It is well known that the initial electron wave functions of many single-
point defects in cubic semiconductors have t, symmetry. The symmetry is

broken by various internal interactions such as spin—orbit, electron—-

electron or electron—phonon (the Jahn-Teller effect) interaction. In the last

case the initial Ty symmetry of a complex including a point defect and

surrounding lattice atoms is lowered. One of such defects in diamond-like

semiconductors ch, Si, A3Bs) is a vacancy which has been studied both

experimentally [ 731 andtheoretically [4' >] for many years. The vacancy
in Si has been investigated most thoroughly. Namely, the initial Tq
symmetry has been experimentally established to be altering due to the

Jahn-Teller effect (JTE) for the charge states V*, V” [l' 2]. The

equilibrium configuration of V* turns out to be determined by the

interaction of the electron located in the t, state with the E vibronic mode

only and the defect has tetragonal symmetry. In other words, one can say
that the F) modes of the T 4 complex are inactive. With the increasing of
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the number of electrons located at the vacancy up to five (i.e. for the V™

case) the equilibrium symmetry of the vacancy becomes orthorhombic,

C,,. It means that the equilibrium distortions of the vacancy are formed by
simultaneous interaction of these electrons with E and F, complex
vibrations.

The first essential numerical calculations [4' 5] based on the local

density approximation demonstrated a possibility of the existence of the

local symmetry distortion observed experimentally for V¥ and V™ in

silicon. However, these calculations do not give a clear physical
explanation of the reasons and factors determining these distortions and

their change with the vacancy charge. This gap is partially filled in [6].
This paper shows that the complicated character of the V” distortion
cannot be explained within the frame of a simple model supposing that

electron-phonon interaction exceeds sufficiently the exchange interaction

between bound electrons in the t, state. In an opposite case no linear JTE

takes place, hence, this defect has to have Ty symmetry. The reason of the

equilibrium C,, symmetry of V” may be the pseudo-JTE in case the

exchange interaction is comparable with linear electron-phonon
interaction.

However, there is another possibility for the appearance of absolute
minima on the adiabatic potential surface due to simultaneous interaction

of electrons with the E and the F, mode. This takes place if a nonlinear
term is added to the defect elastic energy [7]. An early study of such a

defect has been made with an electron state of e symmetry in cubic

crystals [’]. The aim of this report is to consider the actual case for a

vacancy in cubic semiconductors, when the initial single-electron state has

t, symmetry and can be filled by one to six electrons. The exchange
interaction will be neglected, i.e. we suppose that the electron—phonon
interaction is considerably stronger than the exchange one. It implies that

the inclusion of multi-particle effects reduces to the consideration of the
Pauli principle.

Briefly speaking, the main result can be presented as follows. To

qualitativelš account for the experimental data for Si we have to add the

term o (Q 2 + gš) in the elastic energy Ug where Q, and Q 3 are
generalized coordinates of the E vibronic mode and & is a constant. When

@ is equal to zero and an electron occupies the t, state, the adiabatic

potential minima have the energies 18]
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where b’ and d’ are the coupling constants of an electron with the E and

the F, mode, respectively, Кр ап kg are the elastic coefficients for the E

o .
4kg d”
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.
and the F, vibration, respectively. If n =

š—š—z
< 1, the inequality
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Wg <Wg o<W takes place. It means that the defect in the equilibrium
. EBF F

. . .

state is subjected to solely tetragonal distortion and the electron interacts

with the E mode only (i.e. the generalized coordinates of F, modes are

equal to zero). When 1 > 1, the equilibrium configuration of the complex
is formed due to the interaction with the F, mode. Thus, in the case of

o = 0 the equilibrium configuration of the defect corresponds to the

interaction with one of the vibronic modes only. The nonlinearity of the

elastic force results in the increase of the effective coefficient of elasticity.
This increase depends on the values of both Q,, 03, and «. Since the

extreme values, Wg, Wg g and W, are reached at different values of Q,
and Q3, the effective enhancement of kg will be different at the different

extrema of the adiabatic potential (AP). This may result in the Wgg
minimum of AP becoming the absolute one if the condition n<l is
fulfilled. | .

So, the equilibrium configuration of the defect will be formed by a

simultaneous interaction with the E and the F, mode. In this case the

vacancy has the C,, point symmetry. The same situation can exist when

several electrons occupy the t, state. The increase of the number of

electrons gives the effective enhancement of the coupling constants b” and

d’. Namely, in the case of two particles b’ and d’ are doubled. The

increase of b” equals to the factor J 3 for three electrons in the ty state. The

enhancement of b’ leads to the increase of the generalized coordinates O,
and Q 1 corresponding to the Wg and Wi g minima. Because of this, Wg g

can become the absolute minimum at smaller values of 0.. This may give
rise to the change of the type of equilibrium distortions with the increase

of the number of bound electrons.

To illustrate this idea, we have considered the t, ® (Е + F2) problem.
A vacancy in a cubic semiconductor produces two single particle states.

The ground one with a; symmetry lies usually in the valence band and is

filled by two electrons. The other state, having t, symmetry, lies in the

forbidden gap and can be occupied by several electrons. Hence the

t,® (E +F,) problem is topical for a vacancy in cubic semiconductors.

The Hamiftonian describing the linear JTE has the form

HE
- 2d'[[LxLy] 0, + [L L]o; + [LL] QÖ]. (1)

Here L; is the operator of the angular momentum projection forL =l, Q; is

a generalized coordinate, [L,-Lj] = (L,—Lj +L,-L,-)/Z. The elastic energy of the

defect (Ug) is written as follows:

k э К

Uy = — (02+0}) +0(0)+03) + (01+05+09). @)
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The adiabatic potential of the vacancy binding one electron is defined

as sum of Ug and the eigenvalues of the H;,. As mentioned above, we have

reduced the many-particle effects to [Ёе consideration of the Pauli

principle. We have found four types of the AP extrema. Two of them

(Wg, Wg) are formed by interaction Pfitwee&)electrons and either the E

mode ог the F» mode. ОШегs (Ир р›
Ир в) are due to interaction

between bound electrons and both the lš:andEthe F, mode simultaneously.
The results of our calculations are shown in Figs. 1-3. The equilibrium
state of the defect at any value of ¢ corresponds to the lowest value of AP.

Note, firstly, that within our simple model the case of one electron in t,
state is similar to that of five electrons; the two-electron case is equivalent
to the four-electron one. There is no linear JTE for the defect having zero

or six electrons in the t, state. Secondly, Figs. 1-3 point clearly out the

effective enhancement or b’ for two and three bound electrons in

comparison with the case of one electron. Our results (see Figs. 1-3)
demonstrate the possibility of changing the symmetry of the defect with

the degree of the t, state filling. We would like to emphasize that the

change of complex symmetry requires no changes of the constants

characterizing the interaction of a single bound electron with the phonons
or changes of lattice elastic forces. For instance, let us study a case where

N = 0.5 and ¢t = 0.3. According to Fig. 1, the defect which has trapped
one electron in the ty state will have tetragonal symmetry. According (0

our supposition for two electrons located at the defect in the t, state, the

values of b’,d’, k., kF and o are held constant and hence ¢ and 1 are kept
the same too. TEen (Fig. 2) the symmetry of this defect reduces. A

comparison of Figs. 1 and 2 shows that at ¢ = 0.3 the stabilization energy
ов the C,-axis for this defect is approximately equal to the stabilization

energy of the Sy-axis direction for the tetragonal complex with one

electron. When three particles are trapped by the defect (Fig. 3), the JTE

becomes dynamic for all generalized coordinates if ¢ = 0.3. However, the

nonlinear electron—-phonon interaction may result in the stabilization of

some complex configurations. Coherent interaction of bound electrons

with the E and the F, mode can be shown to set up the orthorhombic

symmetry of the complex with threeparticles in the triplet state. (Note that

the same effect may originate from anharmonism of elastic forces [7].)
Thus, we have demonstrated that the symmetry of a complex

containing a vacancy and nearest lattice atoms can vary with the varying
of the number of electrons trapped by the vacancy in the t, state only. This

is a qualitative explanation of the symmetry observed in Si 2 for v*

(one trapped electron in the t, state) and for V™ (having three electrons in

this state). It should be noted that this change of symmetry has to take

place with the changing of the number of electrons from one to two in the

t, state, i.e. with the transition from V* to V° in silicon. As can be seen

from Figs. 1-3, in the case of N = 0.5 a defect’s symmetry break may
take place for 0.25 <t<o.7s. An estimation shows that the relative

contribution of the anharmonic term to the total elastic energy at the

absolute Wg g minima of AP is less than 1/3 at 1 = 0.5 and decreases

when 1 increases up to 1.
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Fig. 1. Dependences of the extremum energies of the adiabatic potential for a defect with one

trapped electron in the initial t, state оп the yammcte f nonlinear elastic forces

= k /40b", n = 05. 1, W; 2, W;3, Wš„'p .4, wäz„)o.

Fig. 2. The same as in Fig. 1, for two electrons in the initial t, state. The vertical line corresponds to

t=o.3.
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Fig. 3. The same as in Figs. 1 and 2, for three electrons in the initial t, state
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ELASTSUSTUNGIDE MITTELINEAARSUSE JA LAENGU
SUURUSE ROLL t,-SUMMEETRILISE

ALGELEKTRONOLEKUGA DEFEKTI TASAKAALULISTES

MOONUTUSTES

Nikita AVERKIEV, Andrei GUTKIN, Mihhail RESTSIKOV

On näidatud, et elastsustungide anharmoonilisus vöib tekitada
tetracedrilises defektis tasakaalulise konfiguratsiooni, mille miirab t,-
siimmeetriliste elektronide interaktsioon samaaegselt E- ja F,-vonkumis-
tega. Arvutuses on kasutatud iiheelektronilist läznendust. E-vönkumise
anharmoonilisust arvestab vaid energialiiget a.Qp. Selle liikkme panus
tasakaalulise konfiguratsiooni energiasse söltub interaktsiooni suhtelisest

efektiivsusest seotud elektronide ning E- ja F,-vönkumiste vahel. t,-
seisundi asustamine järgemööda 2,3 vöi 4 elektroniga vähendab

anharmoonilisuse parameetri @ Suurust. See vöimaldab kvalitatiivselt

interpreteerida defekti sümmeetria alanemist seotud elektronide arvu

suurenedes ühest kolmeni.

ВЛИЯНИЕ НЕЛИНЕЙНОСТИ УПРУГИХ СИЛ И ЗАРЯДОВОГО
СОСТОЯНИЯ НА ТИП РАВНОВЕСНЫХ ИСКАЖЕНИЙ

ДЕФЕКТОВ С‘, -СИММЕТРИЕЙ ИСХОДНОГО
ЭЛЕКТРОННОГО УРОВНЯ

Никита АВЕРКИЕВ, Андрей ГУТКИН, Михаил РЕЩИКОВ

Показано, что в случае линейного эффекта Яна-Теллера для

тетраэдрического дефекта с ty)-CUMMETpHUEH электронных функций
ангармонизм упругих сил может приводить к равновесной конфи-
гурации дефекта, сформированной за счет одновременного взаимо-

действия с Е и Е;-модами колебаний. Анализ проведен в рамках

одноэлектронного приближения в модели, учтывающей ангармо-
низм Е-колебаний путем добавления члена OО, в упругую энергию
дефекта. Относительный вклад негармоничного члена в полную

упругую энергию дефекта, необходимый для реализации конфигу-

рации пониженной симметрии, зависит от относительной эффектив-
ности взаимодействия связанных носителей с Е- и Е5-колебаниями и

в случае их приблизительного равенства может быть сравнительно
мал. Заполнение исходного ‘5-состояния двумя, тремя или четырьмя

электронами уменьшает величину параметра ангармонизма O,

необходимую для перехода дефекта в конфигурацию, сформиро-

ванную взаимодействием с обоими типами неполносимметричных
колебаний. Это позволяет качественно объяснить последовательное

понижение симметрии дефекта с исходным ty-COCTOSHHEM при

изменении числа захваченных им электронов от 1 до 3, аналогичное

наблюдавшемуся для вакансии в кремнии.
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	Fig. 1. The stretching vibrational frequencies (cxpressed in wavenumbers; A) and the electronic levels (C) of Ce calculated with a four-parameter stretching BCM and a four-parameter LCMO tight-binding model, respectively. The present approximated levels are compared with the vibrational levels calculated by Onida and Benedck (B; ['°]) апа Ше п ¢clectronic levels by Troullicr and Martins (D; ['2]), respectively. Note that there are 90 stretching vibrational modes (A) as compared 10 the 180 modes of the whole spectrum (B; here 37 modes below 496 cm™' arc not shown). л

	DYNAMICS OF PHASE SEPARATION IN La2CuO4+, PROBED BY MAGNETIC SUSCEPTIBILITY EXPERIMENTS
	Fig. 1. Magnetization of an ’as-prepared’ La2Cu044.5 samplc as a function of temperature. The starting temperatures T, to which the sample was quenched from room temperature are indicated. The uppermost curve was obtained after quenching the sample to 5K and slowly heating it to room temperature. Beginning from the lowest data sct cach curve was shifted upwards by a valuc of 5х 1077 ети в' сотрагей 10 Шс preceding onc. The measuring field was 90 G, the arrows indicatc the direction of the temperature change during the measurcment.
	Fig. 2. Dependence of the diamagnetic signal of an ’as-preparcd’ La2CuO44s sample ( z 0.01) on the temperature 7., at which the sample was cquilibrated aficr having been quenched from room temperature to T.,. The diamagnetic signal was probed at the indicated temperatures, 7'y . Equilibration time intervals (i.e. the period for which the sample was held at T.,), At, at 7., were 10 min (a) and 1 h (b).
	Fig. 3. Recovery of magnetization at TmMm=sK of a La2CuO44s ( z 0.04) sample probed in an isochronal annealing experiment at Tan = 170 K and 220 K. Magnetization (e) was measured at 100 G. The full line is a fit with an exponential law with the time constants 7(170 K)=37oos and 7(220K)=1805.
	Fig. 4. The time constants 7(7an) as a function of the anncaling temperature at which the samples were repeatedly annealed as derived from the isochronal anncaling experiments (cf. cxamples in Fig. 3). Differcnt symbols rcfer to different samples: x, B ’as – prepared’ (6 = 0.01); o loaded with cxcess oxygen at 600 °C in a 700 bar oxygen atmosphere 6 = 0.04.
	Fig. 5. The difference AM of the diamagnetic signals measured at Ty = 5 K after equilibration at T.q for 1 h and 10min, i.e. the difference of the lowermost curves of Fig.2 (M(At = 1h- At = 10 min, T,4). The solid line is a fit with the difference of two exponentials as described in the text.

	MAGNETIC EXCITATIONS IN LOW-DOPED CuO2 LAYERS
	Fig. 1. A schematic sketch of the smallest magnetic polaron formed in the AF-ordered CuO; planc via doping with an additional hole. The arrows indicate the main direction of spins only.
	Fig. 2. The measured magnetic susceptibility xg versus temperature for various doping concentrations according to [7].
	Fig. 3. Localized dispersionless states that split up from the AF magnon band (hatched region) for an external magnetic field of Ho/Jo = 0.01 and an anisotropic field H 4/Jy = 0.3. The figure is drawn about different values of the magnetic impurity exchange coupling, Js. The relevant part is the region for Js/Jy > 1.5 (see the text).
	Fig. 4. The calculated magnetic susceptibility for the uperturbed AF as a usual quadratic increase towards the Neel temperature. The perturbed part (dotted line) is the average of nine lattice sites around perturbation.
	Fig. 5. Total calculated magnetic susceptibility for different doping concentrations. Notc that with the exceplion of some temperalure-independent background susceptibility the exact lineshape of the cxperimental data (sce Fig. 2) was obtained.

	POLARONS IN THE TWO-DIMENSIONAL HOLSTEIN-t-J MODEL
	Fig. 1. The lowest energy E of bound hole-magnon-phonon states (solid lines, left scale) and the number of escorting phonons N, (dashed lines, right scale) for k =k, (e) and k= 0 (D). J//t = 0.3, O/t = 0.15. The hole—phonon continuum edge is shown by the dotted linc.
	Fig. 2. Coexistence of self-trapped (O) and free-hole states (o) for J/t=o.l and Q/1=0.15.
	Fig. 3. Dependence of the ground-state energy E on S for different values of J/t.

	DIFFERENCES BETWEEN ONE- AND MULTIBAND HUBBARD MODELS
	Fig. 1. a) Stabilization process for a spin fluctuation in a single-band quantum antiferromagnet. b) Walk on a square when no fluctuation is initially present.
	Fig. 2. Hopping process of a spin cluster. The first action of (32) on state (1) restores as an intermediate step the AF order which has a k boson with the hole. The second action ends up with state (3) where the cluster has been shifted by two sites compared with (1).

	RENORMALIZATION OF ELEMENTARY EXCITATIONS OF THE t-J MODEL WITH DOPING
	Fig. 1. The hole spectral function A(kw). Curves 1 to 3 correspond to z = 0.005, 0.058, and 0.252 (u = —2.6, —2.4, and —1.7, respectively); k = (0,7), J = 0.2, n = 0.015. The dotted lines indicate the zero levels of the spectral function, the scale is arbitrary.
	Fig. 2. Energy bands at z = 0.252. The horizontal dotted line shows the position of the chemical potential.
	Fig. 3. The magnon spectral function B(kw). k = (0, 7/10); curves 1 to 4 correspondto z = 0.01, 0.022, 0.045 (u = —2.52, —2.47, —2.45), and 0.252, respectively.
	Fig. 4. The hole density of states. Curves 1 to 4 correspondto z = 0.005, 0.045, 0.11 (д = —2.25), and 0.252, respectively. The dotted lines indicate the zero levels. The arrows show the positions of the chemical potential.

	EFFECTS OF VIBRONIC COUPLING IN LOW-DIMENSIONAL SYSTEMS
	Fig. 1. Calculated transition energies (shown by continuous curves) of the Isg [(0, 0, 0)] to the (3, 1,0) and (4, 1,0) metastable states including the full effects of polaron interaction and band nonparabolicity for the complete field range are shown. The resonant polaron effect is clearly seen to lead to avoided crossings of the (3, 1,0) and (4, 1,0) metastable states with the states I‘l’l s q) , and |‘l‘2p ,q) . The experimental points are shown by A. The calculated transition energies excluding the polaron effect are also shown (by dashed curves).
	Fig. 2. The calculated polaron correction for the Is, 2p,, and 2p_ energy levels at selected values of the magnetic field for a GaAs/GaAlAs MQW in the nonresonant region in which both the wells and barriers have a width of 150 A.

	ТНЕ Н h2 JAHN-TELLER EFFECT IN ICOSAHEDRAL SYMMETRY
	MULTIMODE JAHN-TELLER EFFECTS IN STRONGLY-COUPLED VIBRONIC SYSTEMS
	Fig. 1. Energies relative to the T, ground state for n =O.l and @, = @, = 0 with the key: T 1 = solid lines, T 7 = short dashes, E states and their accidentally chenerate T 1 states = medium dash, A 9 = long dash.
	Fig. 2. Energies as in Fig. 1 but with n =0.6.
	Fig. 3. Energies as in Fig. 1 but with n =0.9.
	Fig. 4. Energies asin Fig. 1 but with n = 0.6, o =0 and o, = 0.8 о.
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	QUANTUM EMISSION CAUSED BY OPTICAL NUTATION
	ON A CLASS OF SQUEEZED EXCITED STATES IN EXCITON-PHONON AND JAHN-TELLER SYSTEMS (’EXOTIC STATES’)
	Fig. 1. Eigenfunctions of FG equation (5) for p=-1, D= 15, T=so. All functions below n = 54 display an odd number of nodes, whereas the eigenfunctions n = 54 and n = 57 display an cven number of nodes. For p = +1 the situation is reversed.
	Fig. 2. Contrast in the functional forms of the lowest conventional state (dashed line) and the lowest nonconventional state (’exotic’, solid line), represented by optimized trial wave function (10), which practically coincides with the numerically exact result. Parameter set: p =-1, D = 15, T = 50.
	Fig. 3. Energy uncertainty of variational ansatz (10), the approximate wave function deduced by the Fröhlich-type transformation and adiabatic wave function (15) for p = —l. Solid line: T= 15, dashed line: T= 50.
	Fig. 4. Adiabatic potentials Vfd (@) and v:" (Q) (see Eg. (22)) for fixed transfer T= 50 апа фе coupling constants D = 0 (long dashes), D = 10 (short dashes), D = 20 (solid line). For finite D the upper adiabatic potential approximately corresponds to a squeezed parabola and its squeezed eigenstates are connected with nonconventional states.
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	Fig. 1. The structure of a KDP crystal.
	Fig. 2. The oxygen 6 AOs participating in the A-O bonds (a) and 6 MOs scheme for the AO, tetrahedron (b).
	Fig. 3. The layer structure in the H,SQ crystal (low-temperature phase)
	Fig. 1. Shift of layers such that h stacking is converted into hc stacking. This shift belongs to a wave at the A point (q = 0,0,7/c) with respect to the h lattice.
	Fig. 2. The cooperative Jahn-Teller ordering in CsCußr3. Also the superexchange path of -Cu(b)- Cu(4)-Cl(a)-Cu(3)-C1(b)-Cu(1)-Cl(a)-Cu(2)- with successively acute and almost straight angles is shown.
	Fig. 1. The parent hexagonal perovskite lattice.
	Fig. 2. The exchange spectrum of the CsMg,_,Cu,Cl3 crystal for T=4.2 K, Vl =9.3 GHz. The orientation of B is close to Cs.
	Fig. 3. The low-field (a) and high-field (b) parts of the exchange spectrum of the CsMg,_,Cu,Cl, crystal for T=42K, v, = 37.2 GHz. The orientation of Bis arbitrary.
	Fig. 4. Projections of two face-sharing octahedra (common face is shown by a broken line) on the ab plane. All possible variants of the orientations of long axes in two octahedra are shown. When going from the first octahedron to the second one, the orientation of the long bond is rotated by 60° clockwise (a) and anti-clockwise (b).
	Fig. 1. Dependences of the extremum energies of the adiabatic potential for a defect with one trapped electron in the initial t, state оп the yammcte f nonlinear elastic forces = k /40b", n = 05. 1, W; 2, W; 3, Wš„'p .4, wäz„)o.
	Fig. 2. The same as in Fig. 1, for two electrons in the initial t, state. The vertical line corresponds to t=o.3.
	Fig. 3. The same as in Figs. 1 and 2, for three electrons in the initial t, state
	Absorption spectrum, T=lOK. SrF,:Ag*, plate of 2,2 mm thickness. Spectral decomposition into elementary gaussian bands (---- experimental, — fitted spectrum). Insert: absorption spectrum of a SrF,:Ag* plate (3.2 mm) at T =3OO, 90 K.
	Fig. 1. Spectra of photoluminescence related to Ga vacancy-donor complexes in GaAs:Te (/), GaAs:S (2), GaAs:Sn (3), and GaAs:Si (4). T=2 K.
	Fig. 2. Spectral dependences of the polarization ratio in the 1.18 eV-band of photoluminescence under uniaxial pressure for GaAs:Te (/), GaAs:S (2), GaAs:Sn (3), and GaAs:Si (4). Т= 2 К. a, Pl [loo] ;5, Pl [lll] .P: la, 2a, 3a, 4a, 4b -8 kbar; Ib, 2b, 3b — 10 kbar.
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	Fig. 3. Dependences of the polarization ratio at iw = 1.18 eV on the applicd pressure for GaAs:Te (1), GaAs:S (2), GaAs:Sn (3) and GaAs:Si (4). a,c, P Il [loo] ; 6.4, Pl [lll] . T(K): a, b, 2; с, а, 77.
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	Fig. 4. Calculated dependences of the integrated polarization ratio on the applied pressure for VGaDas (@, b) and Vg,Dg, (. d). а, с, Р || B[loo] ‚Б а, Р|| [lll] . Т(К): / -6, 2 – 77. Values of parameters: deformation potential constants: B = —O.B ¢V, D = —2 eV; spin-orbit splitting: 150 meV; splitting of initial p state due to fixed distortion: -38 meV for Vg,Das, —23 meV for VGaDga; splitting of initial p state due to reorienting distortion: 150 meV.
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	Fig. 5. Characteristic orientations of a Vg,Dg, complex under the external pressure, directed along the [lll] axis (a, &) and the calculated changes in the energies (E) of the emitting state for different complex configurations (c, d). The arrows 14 identify the directions of the reorientable distortion, related to adiabatic potential minima 1-4, shown schematically in 5¢ and 54 for P=o and P = 10 kbar. For the calculation of E(P) for a V,Dg, complex the values of complex parameters of Fig. 4 have been used.
	Fig. 6. Dependences of the polarization ratio at #® = (.95 ¢V on the applicd pressure for GaAs:Te (1), GaAs:S (2), GaAs:Sn (3), and GaAs:Si (4). a,c, P || [loo] ; 6.4, Pl [lll] . T(K): a 5, 2; c, d, 17.
	Fig. 1. Unpolarized first-order resonant Raman spectrum of KI:MnO, at 5 K excited at &. = 2.4093 eV, showing intramolecular and localized vibrations. The weak structures at 32.5, 99.9, and 120.8 meV (not labelled) are due to higher-order scattering processes (2vloc, 2vs, Vi + Vioc).
	Fig. 2. Time dependence of the vy Raman scattering intensity at different temperatures. The excitation photon energy £, = 2.4093 eV. The cxcitation power was 20 mW before and after bleaching and 400 mW during bleaching. All intensities are normalized to the incident lascr power (see the text).
	Fig. 3. Time dependence of the vi Raman scattering intensity at different bleaching powers. 7° = 50 K. The intensities are normalized to the incident power which was 20 mW before and after bleaching and otherwise as indicated.
	Fig. 4. Optical absorption of KI:MnO; around the zero-vibrational transition N = 0 at 50 K before (a) and after (b) bleaching together with the differences curve (c). The sample thickness is 2.5 mm. The bleaching was accomplished at 7 = 50 K with 300 mW from a dye laser (Er, = 2.040 eV), the absorption was measured with 0.3 mW. The inset shows the 'A; — 'T, absorption band of KI:MnO7 at 5 К over a larger spectral range.
	Fig. 1. Orientations of the Z-axes of {g} tensor (at low temperature)
	Fig. 2. Experimental spectra of CsMgCl3:Cu2*.
	Fig. 3. Dependences of simulated spectra (SLE model) on the frequency of random jumps v (Hz) : a, 107; b, 108; c, 10%2; a, 1084; e, 1085; f, 1088; g. 10%; A, 10'9; ;, 101
	Fig. 4. Dependences of two low-ficld hyperfine lines on 31°/A valuce
	Fig. 1. Concentration dependence of LaSrAl,_,Cu,O4 lattice constants.
	Fig. 2. EPR spectrum of LaSrAlgggNig 1004, T=293 K, v=35.6 GHz: a, experimental spectrum; b, simulated spectrum.
	Fig. 3. EPR spectrum of LaSrAlo 9gNig.0204, v =9.32 GHz. a, b, experimental spectra at T=2so K and T=7o K, respectively; c, d, the corresponding simulated spectra.
	Fig. 4. Adiabatic potential of NiOg complexes in the case of a tetragonally extended octahedron for the following values of lz“el/ (2B) : a, 5.5; b, 7.5; c, 12.5.
	Fig. 5. EPR spectra of LaSrAl,_,Cu,O4, T=293K; v =35.14 GHz. a, x=0.02; b, х = 0.10.
	Fig. 6. EPR spectra of LaSrAlg.99oCuo. 1004 v =9.48 GHz. Solid lines — experimental; dashed lines ---- theoretical. a, T=293 K, Kı =0.40; b, T=3OK, K;=0.39; c, T=4.2 K, Kır = 0.09.
	Fig. 7. Adiabatic potential of CuOg complexes in the cases of (a) a tetragonally extended octahedron, (b) an octahedron deformed by the hole delocalized on four-plane oxygen ions, and (c) distortions of the complex at the corresponding minima of the adiabatic potential.
	Fig. 8. Structure of a ferromagnetic cluster in a CuO, layer.
	Fig. 1. Gap function at T' = 0 for Eg. (3) with W = —0.19, V 2 = —0.34, 4’ = —2.22. Energies are in meV. Equipotentials are shown in the (k,, ky) plane.
	Fig. 2. Gap function at T' = 0 for Eg. (3) with V; = —0.29, V 2 = —0.52, w = —1.35. Energies are in meV.
	Fig. 3. Gap function at T' = 0 for Eq. (13) with V. = —0.46, w = —1.35 and « = 0.3. Energies are in meV.
	Fig. 4. Gap function at T' = 0 for Eq. (13) with V. = —0.29, u’ = —2.22 and x = 0.3. Energies are in meV.
	Fig. 5. Real part of dw,o at T = O for an isotropic s-wave (solid line), an anisotropic s-wave (dashed line), and the anisotropic d-wave (short-dashed line) case. The respective parameters are (@) Vo = —0.248, Vi = 0, (b) Vo = V) = —0.15 with u' ~ —2.22,and (c) Vo = 0, V| = —0.299 with 4’ = —1.35. Amaux = 17.6meV in each case.
	Fig. 6. The imaginary part of Šww at T = 0 corresponding to the three situations of Fig. 5
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	Fig. 1. The stretching vibrational frequencies (cxpressed in wavenumbers; A) and the electronic levels (C) of Ce calculated with a four-parameter stretching BCM and a four-parameter LCMO tight-binding model, respectively. The present approximated levels are compared with the vibrational levels calculated by Onida and Benedck (B; ['°]) апа Ше п ¢clectronic levels by Troullicr and Martins (D; ['2]), respectively. Note that there are 90 stretching vibrational modes (A) as compared 10 the 180 modes of the whole spectrum (B; here 37 modes below 496 cm™' arc not shown). л
	Fig. 1. Magnetization of an ’as-prepared’ La2Cu044.5 samplc as a function of temperature. The starting temperatures T, to which the sample was quenched from room temperature are indicated. The uppermost curve was obtained after quenching the sample to 5K and slowly heating it to room temperature. Beginning from the lowest data sct cach curve was shifted upwards by a valuc of 5х 1077 ети в' сотрагей 10 Шс preceding onc. The measuring field was 90 G, the arrows indicatc the direction of the temperature change during the measurcment.
	Fig. 2. Dependence of the diamagnetic signal of an ’as-preparcd’ La2CuO44s sample ( z 0.01) on the temperature 7., at which the sample was cquilibrated aficr having been quenched from room temperature to T.,. The diamagnetic signal was probed at the indicated temperatures, 7'y . Equilibration time intervals (i.e. the period for which the sample was held at T.,), At, at 7., were 10 min (a) and 1 h (b).
	Fig. 3. Recovery of magnetization at TmMm=sK of a La2CuO44s ( z 0.04) sample probed in an isochronal annealing experiment at Tan = 170 K and 220 K. Magnetization (e) was measured at 100 G. The full line is a fit with an exponential law with the time constants 7(170 K)=37oos and 7(220K)=1805.
	Fig. 4. The time constants 7(7an) as a function of the anncaling temperature at which the samples were repeatedly annealed as derived from the isochronal anncaling experiments (cf. cxamples in Fig. 3). Differcnt symbols rcfer to different samples: x, B ’as – prepared’ (6 = 0.01); o loaded with cxcess oxygen at 600 °C in a 700 bar oxygen atmosphere 6 = 0.04.
	Fig. 5. The difference AM of the diamagnetic signals measured at Ty = 5 K after equilibration at T.q for 1 h and 10min, i.e. the difference of the lowermost curves of Fig.2 (M(At = 1h- At = 10 min, T,4). The solid line is a fit with the difference of two exponentials as described in the text.
	Fig. 1. A schematic sketch of the smallest magnetic polaron formed in the AF-ordered CuO; planc via doping with an additional hole. The arrows indicate the main direction of spins only.
	Fig. 2. The measured magnetic susceptibility xg versus temperature for various doping concentrations according to [7].
	Fig. 3. Localized dispersionless states that split up from the AF magnon band (hatched region) for an external magnetic field of Ho/Jo = 0.01 and an anisotropic field H 4/Jy = 0.3. The figure is drawn about different values of the magnetic impurity exchange coupling, Js. The relevant part is the region for Js/Jy > 1.5 (see the text).
	Fig. 4. The calculated magnetic susceptibility for the uperturbed AF as a usual quadratic increase towards the Neel temperature. The perturbed part (dotted line) is the average of nine lattice sites around perturbation.
	Fig. 5. Total calculated magnetic susceptibility for different doping concentrations. Notc that with the exceplion of some temperalure-independent background susceptibility the exact lineshape of the cxperimental data (sce Fig. 2) was obtained.
	Fig. 1. The lowest energy E of bound hole-magnon-phonon states (solid lines, left scale) and the number of escorting phonons N, (dashed lines, right scale) for k =k, (e) and k= 0 (D). J//t = 0.3, O/t = 0.15. The hole—phonon continuum edge is shown by the dotted linc.
	Fig. 2. Coexistence of self-trapped (O) and free-hole states (o) for J/t=o.l and Q/1=0.15.
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	Fig. 1. a) Stabilization process for a spin fluctuation in a single-band quantum antiferromagnet. b) Walk on a square when no fluctuation is initially present.
	Fig. 2. Hopping process of a spin cluster. The first action of (32) on state (1) restores as an intermediate step the AF order which has a k boson with the hole. The second action ends up with state (3) where the cluster has been shifted by two sites compared with (1).
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