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Abstract. The copper spins of undoped CuO;, layers in the high-T. cuprates are ordered antiferro-

magnetically. For small dopings this antiferromagnetic (AF) order is preservedwhile spin-polarized
clusters are formed. With an equation of motion technique for Green'’s functions the influence of a

local-spin-polarized perturbation on the AF magnon spectrum is calculated. By using this method

temperature-dependentmagnetization and susceptibility are obtained for different doping concen-

trations. It turns out that localized dispersionless states split from AF magnon bands.
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INTRODUCTION

In the last years ever increasing evidence has been found for the

existence of low-energetic magnetic excitations within high-7,. materials

['2]. At the same time, theoretical models suggesting an electronically
driven phase separation have got increasing attention [* *]. In an undoped
case (e.g. La»CuO4, YBa»Cu3Os) high-T, cuprates are antiferromagnetic
(AF) insulators with remarkably high Neel temperatures (LaCu;o4: Ty =

250 K). This means that copper spins in CuO, layers are ordered

antiferromagnetically. If one dopes the systems (by introducing O, Sr or

other divalent atoms), holes are introduced into the layers. Already at very
low doping concentrations, e.g. La;_sSrsCuQy, § ~ 0.03, the long-range
AF order is destroyed, while some short-range AF correlations are still

observable. For higher hole concentrations (§ > 0.08) the systems become

conducting and below T, superconducting. In this work we lay emphasis
on low doping concentrations of § < 0.05

.
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The basic idea of [*] is as follows:
A single hole introduced into a CuO, layer will form a magnetic polaron
(see Fig. 1) with a high effective mass. The binding energy of such a

polaron is /v =~ 0.4 eV, its size will be 5-8 Cu sites, while the polarization
at Cu sites is approximately 80% and it decreases with further doping.
The interaction of such polarons is very small, as follows from detailed
mean field calculations by using the three-band Hubbard model [* ¢]. On

furtherdoping this leads to a phase separation into a hole-rich phase formed

by magnetic polarons and a hole-poor phase that is responsible for the

remaining antiferromagnetism.
From this picture we conclude that the magnetic susceptibility of the

system for the low doping (still insulating) range is given by three parts:
1. A spin wave part that is responsible for the increase towards the Ncel

peak;
2. A Curie part resulting from the spins of the magnetic polarons,

leading to a divergence at zero temperature;
3. The influence of the perturbation of the AF magnon spectrum which

gives a weakly temperature-dependent part calculated here.

Figure 2 shows the measurements by Johnston et al. [’]. It can be seen

that this picture fits at least qualitatively the experimental data. A decrease

of the Neel peak with the increasing doping is observed belonging to part
1. The increase of the Curie signal for low temperatures that gets more

important with higher doping is due to part 2.

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.
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1. THEORETICAL MODEL

We map the situation for the low-doping range onto a two-dimensional

isotropic Heisenberg antiferromagnet with an external magnetic field Ho

H=JZS;Sj+Hosz, (1)

(1,5) i

whose spin wave spectrum is perturbed by local ferromagnetic exchange
interaction (—Jr) at site 0

H? = —J )" SoS; - Jr Y SoS;. (2)
(0,7) (0,2)

The AF exchange J is doping dependent,

N6\*
J=J(õ)=Jo 1 —

QT ’7 (3)

since the region of Nö has no AF exchange any more. N is the size of

the cluster, and « > 1 reflects the circumstance that due to fluctuations

the magnetic polaron destroys the antiferromagnetism of a larger region.
Factor 1/2 results from two spin directions and ()* indicates that the oxygen
site enters the AF superexchange twice. According 10 [Ё], Jo ~ Ю‘Ё—‘д‚ x

~ 32meV and Jr x —U*—i:ž x 50meV, resulting in Jr/Jo z 1.5. t = leV

Fig. 2. The measured magnetic susceptibility xg versus temperature for various doping
concentrations according to [7].
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is the transfer matrix element between neighbouring copper and oxygen
sites, U ~ B¢V is the Coulomb repulsion for two holes at the same copper
site (Hubbard repulsion), and ¢ = ¢, — са ^ Зе\ is the difference between
the on-site energies on oxygen and copper sites in the way it enters the

three-band Hubbard model.

1.1. Spin wave picture

An unperturbed antiferromagnet is usually described by introducing
two sublattices, a bosonization of the spin excitation operators (.S, .57) via
the Holstein—Primakov approximation and the neglection of two-particle
interactions. This leads to the Hamiltonian

II = Ey+e) afai+ea) 6F +

t I

+J X:(a:“b]+ + h.c.) (4)
(13)

with e172 = gupß(lTa + По) + JzS*, the anisotropy field /74 confirming
that the Neel state is the ground one, a;,b}(a;,b;) being the creation

(annihilation) operators for bosons.

This Hamiltonian is usually solved in & space with the Bogolyubov
transformation leading to the well-known AF magnon bands with a

dispersion relation ¢(k) ~ |sin(ka)].

1.2. Local perturbation

In order to introduce the local perturbation that results from turning
a particular spin and switching on a ferromagnetic exchange interaction

around it, we follow the ideas of Lovesey [?]. The turning of a spin
means subtracting this spin from one sublattice and adding it to the

other. Therefore, the turning of a spin at site ( leads to the perturbation
Hamiltonian at this site:

II„ = E„o + Ac.aäao + Ае» Z !›:”Ь‚ —

(0,3)

—J Z(agbj + h.c.) —

(0,3)

—Jr Е(ад‘ь‚- + h.c.). (5)
(0,7)

Here A¢y = —2gugHy — 2Jr — 2J and Асо = —Jp — J describe the

changes of diagonal energies.
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1.3. Green’s functions

Since we want to calculate the local Green’s functions, G;;, we rewrite

the equation of motion (wI — H)G = I as it was suggested in ['°].
Therefore we form 2x2 packages of the local Green’s functions:

в = ( (а?,6) ((а? ,Я) )! ((ai„Bj)> ((ai’‚ßj )› ’

a,f € {a,b}. - (6)

The part where the Hamiltonian enters the equation of motion gets the

following form:

JAF
D;-:—F =( _ JAF ) for an antiferromagnetic,

A
/°

for afi i

7
‚

=

_JF or a ferromagnetic (7)

interaction between the sites з апа 7, while

D 2 = (7% ), ke{l2} ®

is the diagonal part of D.

In this way the equation of motion of the Green’s function reads:

>[( ©

—w )6; — Dš] Pij = ;, (9)
J

A € {AF, F, D}.

1.4. Unperturbed Green’s functions

For a two-dimensional case the unperturbed local Green’s functions are

given by

4 fr fr D,
n+a — ;a+)) = — dk , 10

4 [* [* р
+b — at)) = — dk m —— 11

W + €l/2 W — €l/2
Dip = =5 Ра

J(k) = 4cosk;acosk,a,
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which results in the elliptical integrals:

с;но= — AIP (L
"

14/D»D(1—D,D) 1+ DD,
)’

DDi > 0. (12)

Gtb = _Dg —
,

74/D D(1 — D»D3) /1+ DD

D\D;, > 0. (13)

Further Green’s functions follow from the equation of motion.

1.5. Dyson equation

The perturbation formed by a single turned spin with four local

ferromagnetic interactions around it as sketched in Fig. 1 is given by a 10-

dimensional matrix:

G = G(1-H3GY), (14)

P=XPa(( “_„ )бы- ;Аиь‚нз) ‚ (5)

where A Dy, is given by

ADy = ( —Acın )ci for k=o,¢, otherwise;
ACI/Z ’ ’

JF _JAF
ADy = (JAF‘ _JF)‚ |

for k = 0,1€{1,2,3,4}
or | = 0,ke€{11,2,3,4};

ADy =

о0
therwiы =

0 0
otherwise.

1.6. Localized states

The zeros of the determinant

wDet‚( — )б!‹:_;' ——XI:ADHP[(;‘ (16)
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give localized dispersionless states that split from AF magnon bands, as

is shown in Fig. 3. For the values of Jr/Jo = 1.5, especially above the

magnon band, such states result from thiscalculation. Experimentally these
states might be observable by neutron scattering, but this may be difficult

since at the low doping concentration regarded in the calculation there will

be an extremely low intensity of the measured signal.

1.7. Magnetic susceptibility

We calculate the influence of such ferronic perturbation on magnetic
susceptibility. The magnetization of the system is given by

1 1 [° 1
вМ(Но, Т) = 5;9”8 (1 — ;/—оо e—„:TImG (w, Ho)dw) ‚

(17)

while susceptibility is

дМ(Но, Т)
х(Т) = —Э—н (18)

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 H4/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).
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Since G*(w, Hy) is the only part in Eq. (17) that contains the external

magnetic field /Iy, we emphasize the expression

ü ai
G) - G(0)

AG =ÄR m 19

Neglecting all terms of higher order in /1, AG* turns out as a linear

combination of elliptical integrals, resulting for AG™ for example in:

4 162
(АС®%°)° = -—х

™ (w? = )y/p(1 — р)

X [((w + €)* — (w? — ez)) IK (‘/—l— › +
Г-р

+ ((w + е)? + (ш? — 8)) i€ (,/—)|. (20)
-р

Here € = ©/(Но = 0) = е(Но = 0) апа р = —% < 0. For other

values of p the elliptical integrals are continued over the complex plane.
The additional part of susceptibility reveals weak temperature dependence
and is opposite to the part from the AF magnons, whereby it decreaseswith

the increase of temperature (see Fig. 4).

1.8. Total magnetic susceptibility

We add up the terms of magnetic susceptibility and add the Curie-type
contribution of the weak interacting magnetic impurities

n(Sgup)*
Ximp(T) ^ (_/сГ—)— (21)

The unperturbed part, AGH, gives the increase of susceptibility towards

the Neel temperature (see Fig. 4). The perturbed part of AG" is now again
obtained by the Dyson equation and reads as follows:

@ @ o\~

AGH = AGH (L - HSGH®), (22)

with n = 6 the concentration of impurities, S = 3/2 (or 2), depending
on the model of the magnetic polaron used (see e.g. [!!]). The result can

be seen in Fig. 5, that maps qualitatively the experimental observations of

Fig. 2.
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CONCLUSION

The model of percolative phase separation is able to explain the

temperature and doping dependence of magnetic susceptibility. The

susceptibility consists of three parts. One part decreasing with doping
comes from the AF magnons and leads to the increase of susceptibility to

the Neel temperature. The second, the Curie part (Ximp)’ is given by weak

interacting magnetic polarons. The third, the intermediate range, is due to

the perturbation of the AF magnon spectrum.

From this picture the creation of dispersionless localized states

occurring above the AF magnon spectrum in a very low doping regime is

predicted. These localized states should be observable with, e.g. neutron

scattering, although the expected intensity will be very small due to low

doping.

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.
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MAGNETERGASTUSED NORGALT LEGEERITUD CuO, -

KIHTIDES

Martin LETZ, Ermnst SIGMUND

Legeerimata CuO,-kihtide vase spinnid on korgtemperatuursetes kup-
raatides korrastatud antiferromagnetiliselt. Nork legeerimine siilitab selle

korrastuse, kuna moodustuvad spinnpolariseeritud klastrid. On arvutatud

lokaalse spinnpolariseeritud hdirituse moju antiferromagnetilisele mag-
nonspektrile, kasutades liikkumisvorrandi tehnikat Greeni funktsiooni

tarvis. Selle meetodiga on leitud temperatuurist soltuv magneetumine ja
sustseptiiblus erinevatel lisandikontsentratsioonidel. Osutub, et antiferro-

magnetilisest magnontsoonist eralduvad lokaalsed dispersioonita seisun-

did.

МАГНИТНЫЕ ВОЗБУЖДЕНИЯ В СЛАБОЛЕГИРОВАННЫХ

Cqu-CJIOflX

Мартин ЛЕЦ, Эрнст ЗИГМУНД

Спины меди нелегированных СиО,-слоев в высокотемпературных

купратах — упорядочены — антиферромагнитно — (АФ). — Слабое

легирование сохраняет эту упорядоченность, так как образуются
спин-поляризованные кластеры. Вычислено влияние локального

спин-поляризованного возмущения на АФ-магнонный — спектр,

используя технику уравнения движения для функции Грина. Этим

методом — найдены — температурно-зависимые —намагничивание и

восприимчивость при разных концентрациях примеси. Оказывается,
что от АФ-магнонных зон расщепляются локальные бездиспер-
CUOHHBIE COCTOSSHUS.
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	Fig. 6. The imaginary part of Šww at T = 0 corresponding to the three situations of Fig. 5

	TWO-BAND ELECTRON-PHONON INTERACTION IN FULLERENE IN THE BOND-CHARGE MODEL
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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.

	HAWKING PROCESS IN A VIBRONIC SYSTEM: RELAXATION OF STRONG VIBRATION
	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.
	Fig. 3. Dependence of the ground-state energy E on S for different values of J/t.
	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).
	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.
	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).
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	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.
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