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DIFFERENT REGIMES OF STRIPE FLUCTUATIONS
IN THE SUPERCONDUCTING CUPRATES

G.B. Teite’baum
Institute for Technical Physics of the RA30029Kazan, Russia

The complementary NMR and ESR studies of the fatestk phase separation in different superconduciipgates are
reported. We specially address the temperaturendepee of the magnetic fluctuations and discuss liné& with the
observed superconducting state. It is argued ttwrding to the phase diagram obtained for thenklmim cuprates the
superconducting phase coexists with the developgideamomagnetic correlations. The observed pictigrestrongly
dependent on the hole doping. In the vicinity & @lbping such a coexistence may be realized irrra fif dynamic
stripes — the corresponding enhancement of the-siffiness reveals the plane character of the ¢pid charge)
inhomogeneities. Depending on whether these inhemeigies are pinned or not, one has to distingthishstatic and
dynamical regimes of stripe fluctuations. With dphef our spin stiffness estimations, the uppeeshold values of this
quantity critical for the superconducting state evdetermined. The NMR analysis of the stripe phasal properties
made it possible to estimate the local magnetic emncorresponding to antiferromagnetic domains e as the
charge of the domain walls.
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[. Introduction
Soon after the discovery of high-superconductivity in cuprates by Bednorz and Muitevas found that these
materials reveal the intrinsic tendency to the phasparation [1]. One of the possible manifestatioh this
feature upon doping of the parent antiferromagnéfE) phase of a higAz superconductor by holes is the
segregation of charges to the periodical domainswatripes) separating the antiphase AF domain3].[Z he
first evidence for such stripe phase has been deavby neutron studies of the low temperature getnal (LTT)
phase of Nd-doped LaSrCuQ, [3]. Later the stripe correlations were observedther cuprates [4-6]. But in
spite of the hot interest to the problem, surpggjrittle is known about the local properties bgtstripe structure
as well as about their relevance to the originhed highT, mechanism. One of the key problems here is the
elucidation of the possible coexistence of stripectbiations with the superconductivity. Investigea$ of this
problem with different experimental methods givedewce that the observed picture is highly depehdenthe
characteristic frequency scale of the method. Thiicates that relationship of the supercondugtidand the
stripe fluctuations is strongly frequency dependent

In the present paper we overview the complemerdtdiR and ESR studies of different frequency regimkthe
stripe fluctuations in the lanthanum cuprates. @$gential feature of our approach is that it immeated with the tuning
of the fluctuation’s frequencies of the studied eniais by various doping. The possibility of suckuaing is related
with the different ways to affect the structuiethe strontium doping reduces the magnitude ofih€y octahedra tilts
and may induce the transition between the LTO (Lb@mperature Orthorombic) and HTT (High Temperature
Tetragonal) phaseé) the doping by the rare earth ions controls thedion of the Cu@ octahedra tilts and may
induce the transition between the LTO and LTT (Lb@mperature Tetragonal). The different octahedis riesult in
different buckling of Cu@planes thus providing the different pinning of #tepe fluctuations.

[I. Thestripesfluctuationsin LTT phase
1. This part of the paper is devoted to the NQRiesuof cuprates with LTT structure, which is helir pinning of the stripe
phase. This structure was induced by doping witikmagnetic Eu rare-earth ions instead of magnetiomés used in [3] (the
ordering of Nd moments causes fast Cu nuclearatiexhindering the observation of Cu NQR). We ekfigat in the stripe
structure the different Cu sites will be inequivaleith respect to the NQR, providing information the local properties at
given points of the structure. The serious diffieslof the present research are due to the slafithg charge fluctuations down
to MHz frequency range which wipes out a large pfithe nuclei from the resonance [7,8]. Fortupetet reappearance of the
signal in the slow fluctuations limit at low temptmres enables us [9] to take the advantages @ixtieme sensitivity of Cu
NQR to the local charge and magnetic field distidou

Fig. 1. Representative Cu NQR lineshapes at 1.8 Kag, FuSCuQ, with y=0.17. The
value of x is shown for each line. All lineshapetuide standard frequency correction5
of v2 and are normalized to equal heights. The contisume is the fit of the two- ©
isotope contribution of sites 1 and 2. Filled ai®lshow the contribution of the >
antiferromagnetic site 3. Inset: A typical signat & >0.18 decomposed into twc2

contributions (T = 4.2 K)
2. For our experiments we have chosen fine powdasg,EuSrLCuO, with
variable Sr content and fixed Eu content=0.17. The preparation of single-phayf A
samples was described in [10]. It was found [16} for such Eu content the LT1

ho inte

phase is realized for> 0.07. For Sr concentratiors> 0.12 the ac-susceptibility anc J . 0-18
microwave absorption measurements reveal the messnsuperconductivity with ~ 2° % % %0 & 70 &
T.=6; 9; 14; 19; 18; 16; 13K for respectively: 0.12; 0.13; 0.15; 0.18; 0.20; 0.2z, Frequency (MHz)

0.24. The superconducting fraction is smaller0.18 and starting from> 0.18 a transition to bulk superconductivity take
place.

The NQR measurements were performed with the stdrgpgectrometer in the range 20 - 100 MHz. By lamger
the temperature down to 1.3 K, the Cu-NQR spedtedl &r concentrations were observed [9].

Regarding their NQR properties the samples shoallselparated into two groups:

The first one corresponds to Sr concentratiog$).18. The superconducting fraction of these sasffi@ny, was
rather small. Each of the spectra, which are venylar for 0.08< x < 0.18, consists

of a broad line in the region from 20 MHz up to M6iz with an unresolved peak 3 | (, ey
between 30 and 40 MHz (Fig. 1). The spectra foledéht x differ mainly with the < [
integral intensity, which is peaked near 0.12 (Fig. 2a). 2
The second group of samples with> 0.18 showing bulk superconductivity &
possesses completely different and much narroweR M@ectra (Inset to Fig. 1), f el
which can also be observed at much higher tempesatThe intensity grows up £ °* "S“z ote o8 oE o
L. . . r content (x)
with increasing from 0.18 (Fig. 2b). Fig.2.The Cu NQR integrated
3. Beginning the discussion with ttxe< 0.18 group, let us first consider the intensity (normalized) of
above-mentioned complicated peak in the lineshapes.two Cu-isotopes Gaussian LapxEWSCuOy: for
fit to these peaks reveals the existence of twepeddent copper sites 1 and 2 0.08sx<0.18 at 1.3K
having different NQR frequencies (Fig. 3). (a); for x=0.18 at 4.2 Kb)
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Fig. 3 The parameters of different contributionsthe Cu NQR signal for
0.08sx<0.18 in Lay,FuSCu0, (T = 1.3 K): ®Cu NQR frequencies
of sites 1 - open circles and 2 - filled circlekg tcorresponding half
widths at half maximum (HWHM) — open and filledridles resp.; the

o o = o frequencies corresponding to the maxima of the etagoontribution 3

are shown by squares

(ZHIN) WHMH

P =
o o
T T

Frequency (MHz)
&

L e o0 0 4 ° °
0o o000 o o To make the site assignment, note that the NQRuéecy is
. . . ‘ ‘ . sensitive to the local hole concentration changiatyveen 0.5 and 0 hole
0.08 0.10 0.12 0.14 0.16 0.18 per Cu atom [3]. In a linear approximation we obttiat for the givenx

Srcontent (x) the resonance frequenay is connected with the local hole densiffy)

via the relationvg(n,H) = 15 )(H) + fn with the empirical constag andH(r) being the internal magnetic field. The first
term here is the NQR frequency for the compoundh wéiro Sr content, the second one is the positiife due to the
local increase of the effective fractional charge@u. This expression agrees both with the calicuatin the ionic
[11] as well as in the cluster [12] models (in theform casen = X).

It follows from our results (Fig. 3) that the resmee frequencie¥v,™(x) for line 1 are shifted to lower values
from the reference valu€®uy(0,0) = ®u,’ (we use here®vy’ = 31.9 MHz estimated for LEuQ, [13]). This
indicates that the positive contributioneﬁn’Q(x,n) is small and that the effective fractional chaogesites 1 is near
zero. The corresponding resonance frequency depemdbe local internal field and has a minima fareman
frequencies falling in the vicinity of bare quadalg frequency®v,’. The distribution of the resonance frequencies
is enhanced at the point corresponding to the nanjiwing rise to a narrow line 1. In contrast, lidés due to the
sites which exhibit a positive shift respectﬁfole0 . It means that these sites belong to the regidtisan increased
average charge (hole density) on the Cu ions. Tigé frequency part of the spectrum can be analylagd
subtraction of the 1 and 2 contributions from thdire signal. The resulting spectra are shown ig. Ei The
frequencies corresponding to their maxima are @tbtn Fig. 3. We assume that this line correspotadshe
broadened/2 -~ - 1/2 transitions of nuclei located in sites 3 expeecing an internal magnetic field (note the broad
high-frequency shoulder). The satellites are udwesbdue to inhomogeneities of the internal magnédéld and of
the NQR frequencies. If the orientation of the intd field with respect to the electric field gradt is identical to
that observed for LEUO, [13] the frequency of this transition enables asstimate the quadrupole shift and to
determine the Larmor frequency for this Cu sitdb&45.2 MHz forx = 0.12. It corresponds to an internal field of
40.1 kOe. Using the hyperfine constaig||= 139 kOgig [14], we estimate the effective magnetic momenCafat
site 3 to be equal to 0,38, coinciding with the value obtained from neutrordanuon experiments [4,15].

Since quantitatively similar spectra were obserf@deach compound of the first group we believet thay
contain the same elementary "bricks" of the phaseéeu study. Discussing the relative weight of th#edent
contributions and extrapolating the correspondigga intensities ta = 0 we find the contributions of sites 1, 2, 3 to
be given by the ratio (1:6:13).

For the interpretation of our results it is impattéhat signal 1 is not connected with any spedéature of the
structure, whereas the signals 2 and 3 corresmotitttextremal points of the spin and charge 8istions.

The NQR frequencies for the site 2 (see Fig. 4)aneost the same for anythus indicating that for all Sr
concentrations the stripes are equally charged. éfffextive charge in a stripe is near 0.18 - 0Bis is larger
than the average hole concentrati@hl{ut less than 0.5 expected for the ideal strijggupe [3]. It means that the
charge is distributed over the domain wall of dtérthickness. Together with the above-mentionddrisity ratio
this indicates that the real stripe picture diffén@m the ideal one. The changes in intensity & NQR spectra
are due to variation of the number of "bricks" the compounds with different which depends on the pinning
strength. Our results indicate that the stripe phaspinned at least for the time scales shortan th0® sec (so
called quasistatic regime).

O@OWDOODY DOO0DWOOLW
OO0V DOO0DOOVY
©DOWPVOLYV @OO0PVO0V
OO0V DOO0YDO0W
WDOWPVOLDY DOO0LDVWOOV
OO0V 200500,
WDOWPVOLDW DOO0DYOOLYY
POO0LOLO0VY ©OO00YO00VL

Fig. 4. The possible models of the stripe structagecharged (n = 0.5) stripes and three- Ieg spin laddé) charged (n = 0.25)
stripes and two-leg spin ladders. The circles repre the copper ions whereas the arrows indicaéentiagnetic moment’s
orientation. The shadowed circles correspond torthemagnetic sites with the distributed hole dgnsit

QOO®
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The pinning for 0.0& x< 18 is due to the buckling of the Cu@lane. It is connected with the CyGetahedra tilts
around the [100] and [010] axis by the anglewhich for given Eu substitution is governed by 8r content. It follows from
Fig. 2a, that the quantity of the pinned phaseclis proportional to the NQR signal intensitypé&saked ak = 0.12 when
according to our estimations the entire sample thé pinned stripe phase. This indicates addit&nang pinning due to the
commensurability effect. Such pinning is not unidoethe LTT phase (as buckling is). It is a mastétion of the plane
character of the inhomogeneities of the chargesaimddistributions. Together with the existencehoée different Cu sites
(note that site 1 corresponds to a defect) thissgan independent justification of the stripe p&t®ur data are compatible
with two models:i) the structure [3] with the charge domain wallnglamne Cu-O chain separated by the bare three-leg
ladders (Fig. 4a). The deviation of the estimatiéective charge from 0.5 may indicate that in yalhe thickness of the
charged stripe is larger than one lattice spadipthe structure [16] with the charged walls coirgisfrom two neighboring
Cu-O chains separated by two-leg spin ladders {Big.The average hole density in this model i8.0This is closer to the
observed 0.19, but there are some problems withethgve intensity of the sites 2 and 3 and théogs of spin and charge
modulations.

Upon increasing overx = 0.18 the tilt angle is decreasing below thécalitvalue @. 13.6° [17] and depinning of the
stripe phase takes place (i.e. transition to theadhcal regime). Such behaviour occurs for the aamgs with Sr
concentratiorx > 0.18. The corresponding NQR spectrum transfaariee narrow signal at higher frequencies, whah f
x=0.24 is shown in the inset to Fig. 1. The intgre this line (proportional to the quantity dfet unpinned stripe phase) is
shown in Fig. 2b.

The analysis of this relatively narrow signal rdsemnly two different sites witf°Cu NQR frequencies of 37.60 MHz
and 39.82 MHz. Within 1% accuracy these frequernm@wxide with those known at the sari®r the A andB sites in the
LTO superconducting phase [18] confirming thatltfi@ structure differs only in the directions of Cy@rtahedra tilts. The
satelliteB is due to Cu having a localized hole in the nea@sounding since, according to [12, 19], its Nfp&juency has
the additional positive shitfiy 02.5 MHz. The observed transformation of the NQBcBp@ in comparison with those for
x<0.18 is due to the fast transverse motion ofestrip the depinned phase. As a result the intenaghetic field on Cu
nuclei is averaged out, and the effective fracticharge is homogeneously distributed over all Geigi giving usual NQR
frequencies. A transition from the quasistatichie tlynamical regime of fluctuations, which is daedépinning, leads to
drastic changes in the magnetic and supercondymtigrties.

Regarding the superconducting properties we not¢ the depinning point separates two different sypd
superconductivity. Fox< 0.18 we are dealing with a weak Meissner effettnereased London penetration length and with
T, increasing withx growing up to 0.18. Combining these facts with #fisence of a narrow signal typical for the bulk
superconducting phase, indicating that the impur® Iphase is absent, and with the suppression ofefagation via
magnetic moments of doped holes, one has argurimefasor of possible one-dimensional superconditgtimlong the
charged rivers of stripes — the issue which is lyidiscussed [20]. Fork> 0.18 we have bulk superconductivity with
conventional London length, typical NQR signal atetreasingl(x). Such crossover may be caused by the transverse
motion of the stripes carrying superconducting ents, which gives rise to the conventional supetaotivity in CuQ
planes. Although possibly a simple coincidenceagpens when the dopirgs equal to the effective chargg {(n a stripe.
[11.Thestripefluctuationsin the LTO phase
1. The interest to the microscopic phase separatiothe superconducting kgSr,CuO, has received a new
impetus after the recent neutron scattering expamis[21,22] in the LTO phase of L&rCuO,; with moderatex
which reveal the presence of modulated AF orderyveimilar to that observed in the LTT compound
La; 6xNdy 4SKCuQy. But on a larger time scale magnetic fluctuationka, ,Sr,CuQ, are dynamical, especially for
the superconducting state, and their relevancehéostripe structure is a matter of debate. In pakdir, the
dynamical nature of the microscopic phase separdtinders the investigation of its properties byam® of low
frequency local methods such as conventional NMR.

Therefore it is of great importance to investigéie phase diagram and the properties of magneitituthtions in
superconducting L,gSrCuQ, and related compounds shifting the measuremeritedger frequencies. This section is
devoted to analysis of the GEPR measurements [23,24] which are focused mainlythe investigation of the
temperature and doping dependence of the low fremyumagnetic fluctuations for the superconductirg,Br,CuQ,
with hole doping covering the entire supercondugtiegion of the phase
diagram. e ® lLa,Sr, CuO,

The temperature behaviour of the multiline®G&BSR spectrum fof > T, g sor © O T2 5% ,Cu0,
is qualitatively very similar to that observed fhe Eu doped LgSLCUQ, = 500l 2
compounds (with LTT symmetry) described in [24,2binear dependence 02 ©
AH on temperature which is followed by the rapid gtoef the linewidth at 2 "l
low T (the typical temperature dependence of Al for the most intense ; s & 00
central component is shown in Fig.5). But afteoliog below 40K the 3 ., _.\_‘ﬁb 5 ;ng.oo?b?”,,
behaviour of superconducting and nonsupercondugfug doped) samples s *
becomes different: the linewidth of superconductit§CO exhibits the  *"L——

1 L L I !
0 50 100 150 200 250 300

downturn starting at a temperatufg, dependent orx, whereas for other Temperature, K

samples which are not bulk superconductak$é continues to grow uponFig_ 5. The G¢* ESRlinewidth temperature «

further lowering temperature (see Fig. 5). pendence for LTO superconducting LSCO
2. We address now the question — why the temperatependences for and LTT nonsuperconducting LESCO

Magnetic Resonance in Solids. Electronic Journal.6/(2004) 225



Different regimes of stripe fluctuationsin the supnducting cuprates

the nonsuperconducting (LTT) and superconductinbO)L.compounds are so different at low temperatufies®ind an
answer we take into account that in addition to ithgortant but temperature independent residuabnmdgeneous
broadening the linewidth is given by different hagaoeous contributions linked to the magnetic pt@eeiof the Cu@
planes:

1) the interaction of Gt spins with the charge carriers, i.e. the Korringlaxation channel. The simplest Korringa
term in the linewidth is\H = a + bT with b = 47£IN.)?P,,, [26], whereP,, = [s(s + 1) - m(m + 1)] — is the squared matrix
element of the Gd spin-state transitioNgs,is the density of states at the Fermi leve§ the coupling constant between
the Gd and charge carrier spins. For the systerarustddy it was discussed in [27]. Note, that thieamcement of the
linear slope for the Eu doped compound is dueédrtfiuence of the depopulation of the first exditeagnetic Eu level
[25].

I the interaction of Gd with the AF fluctuationsaafpper spins, giving rise to the homogeneous leraag of the Gd
ESR line (a close analogue of the nuclear spiitéatelaxation). Introducing the internal field@d site,Hgg, and averaging
over the random orientation of the local Cu momevits respect to the external magnetic field ipéssible to write the
corresponding contribution to the linewidth as

1 2 2r
AH ==(yHg, )P | T+——— 1. 1
3(y Gd) mlr+1+(msr)2] @)

Here 1= 1, expEJ/KT) is the life-time of AF fluctuationsr., is its value at the infinite temperature, aigdis the
activation energy, proportional to the spin stiffggs (E, = 2ps), @ is the ESR frequency.

This term describes the standard Bloembergen-R#oehd (BPP) behaviour: the broadening of the ER&Rupon
cooling with the downturn at a certain freezing penatureT,,, corresponding t@e7= 1. It was observed in [23,24,27] that
depending on the Sr content the linewidth behavi@msforms from the BPP-like (with the maximumTg} to the pure
Korringa (linear) temperature dependence. Basedhenobservation that the relative weight of the BBRtribution
compared with the Korringa one decreases with asing Sr doping, it was concluded [23,24] thatoat X the Gd spin
probes the almost magnetically correlated stateaaitige highx — the almost nonmagnetic metal. The corresponuliage
diagram is shown in Fig. 6.

The different temperature dependences of the sopducting and nonsuperconducting samples may baiegd
assuming that for the superconducting samplesitievidth belowT. is governed by fluctuating fields which are
transversal to the magnetic field responsible lier Zeeman splitting of the Gd spin states (thersterm in Eq.(1)).
Since these fluctuations are induced by Cu momigimg in the CuQplanes, it means that Gd ions are subjected to the
constant magnetic field normal to these planess Ty indicate that the magnetic flux lines penietgain the layered
superconducting sample tend to orient normalhheokiasal planes where the circulating superconuyctirrents flow.
(The difference of thd@,, andT. values observed for the samples with smahables one to conclude that the possible
distortion of ESR lineshape owing to the non-resvrmaicrowave absorption as the main reason foragmearent
narrowing of the ESR line beloWw. seems to be improbable).

Since the measurements [23,24] were carried ogratero external field it is very important to ddes the flux lattice
effects. At typical ESR fields of ~0.3 T, which aeented normal to the CyQayers, the period of the lattice is 860 A,
whereas the vortex core sizes fop S5, CuQ, is 20 A. As the upper critical field equals to B2t is clear that in the case of
ESR the vortex cores occupy only 0.5% of the ghi@hes. According to [28,29] the Cu spins in theesocores may be AF
ordered. Therefore the phase diagram in Fig. @€atels that not only the spins in the normal voctes are AF correlated,
but the AF correlations are spread over the distan€the order of magnetic correlation length Whitlow doping reaches
600 - 700 A [29].

L - 3. Numerical simulations of the temperature depecee of the Gd ESR
80 - ? ~ 1 | linewidths for the compounds with different Sr et make it possible to
M ~o-E | estimate the values of the parameters in the esipregor the linewidth: the
g O e g maximal internal fieldHgy is about 200 Oe;r,, = 0.310" sec and the
= corresponding activation energigswhich are shown in Fig. 6. One of the key
g ol |/ moments of the present study is the comparativEPHRl analysis of the magnetic
E* ° /A,,,,,,Z\\\ fluctuations for the different metalloxides, suchla.,SrCuQ, (LSCO) [23,24],
S O o Za% L Lay,,BaCuQ, (LBCO) [30], (La-Ew,SrCuQ, (LESCO) [25], (
o6 AR comelations \ La-Nd).,SrCuQ, (LNSCO) [8]. Note that for LBCO the measurementgewe
! A restricted by the doping region in the vicinitytbé well knownT, dip, whereas

0.05 010015020025 030 the [ast two series discussed in the previousqearesponded to the nonsuper-
) Sr ‘?Ol}tem’ S conducting LTT phase. (Since the influence of tidenhagnetic moments for the
Fig. 6. The fluctuation’s phase diagram 9f\Sco compound hinders the ESR measurements, tikatian energy for this

the superconducting LaSr,CuQ,. . ) .
The triangles correspond to thgompound was est!mated from the measurements ofuitiear spin relaxation
n Cu and La nuclei [8]).

magnetic  transition  temperatur® . . S
Tm()%] squares — to the sEpercon- It is established [24] that for all LSCO based compls the activation

ducting transition temperature (k) €nergy of magnetic fluctuations is enhanced neal8 doping. This indicates
and the circles to the magnetithe important role of the commensurability and givvidence of thelane
fluctuations activation energl,(x)  character of the inhomogeneous spin and chargebdt&ins. The maximal
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WS : : : : : activation energies are 80 K for 4,8,CuQ,, 144 K for La.BaCuQ,,
e 1008 160 K for (La-Eu),SrL,CuQ,and 143 K for (La-Ng),Sr,CuQ, Note that
o the signatures of the bulk superconductivity [2#] lfa.,BaCuQ, and
i = ° loor (La-Euk,SrCuO,become visible upon the suppression of the aativati
63 139 energy down to 80 — 8&. It is possible to conclude that these values of
Cu . La the activation energy are probably the criticalsofoe the realization of
v 1006 the bulk superconducting state. Fluctuations with higher activation
° energies are effectively pinned and suppress supeuctivity.
lo.os The features of the phase separation in the supduooting
02— ———————— """ | SCO were observed also in th&°*Cu and ®La NMR
Temperature, K [23,24,31,32]. The measurements of oriented powdenples in a
Fig. 7. The temperature dependence of%i@u and Magnetic field perpendicular to ¢ axis revealed tba Sr content
39 3 NMR linewidths for the superconnear 1/8 the central lines of the observed spdwmith for Cu and
ducting LSCO with x = 0.12 La exhibit the broadening upon cooling below 4@+6 (Fig. 7).
This is connected with the slowing down of the imumeneous
magnetic fluctuations, which gradually freeze uponling. It allows us to estimate that the addidlbmagnetic field
at La nucleus is 0.015 T. If we consider that foe @antiferromagnetic LEuO, the copper moment of 0.64
induces the hyperfine field of 0.1 at the La site [13], then the effective magneticnmat of copper in the

superconducting LSCO 9.09 /4.

[ ]

03F

NMR linewidth, T

-~ e v

V. Conclusions

The Cu NQR analysis of the Eu doped 13,CuC, revealed that at 1.3 K the ground state of the IcUprates for
moderate Sr content corresponds to the pinnedegtiase and that the pinning is enhanced at thenemsurability.
Nonequivalent copper positions in the Guy@danes were found. One of them with a magnetic emdnof 0.295 is
related to the AF correlated domains. From the Yieba of the NQR frequencies it follows that théeetive charge of
the domain walls separating these domains is alrimmpendent on the Sr context The onset of the bulk
superconductivity at larget correlates with the dramatic transformation of B@R spectra, indicating the depinning
of the stripe phase and the crossover from theisfatis to dynamical regime.

The combined ESR and NMR measurements of the LT @tegwith the bulk superconductivity make it pbkesi
to conclude that the inherent feature of their seqaducting state is the dynamical nanoscale pkeparation. In the
vicinity of hole dopingx = 1/8 this separation may be realized in a form of dymastripes — the corresponding
enhancement of the spin-stifiness reveals the plamgracter of the spin (and charge) inhomogeneitidse
characteristic fluctuation’s frequencies are stipnighomogeneous resulting in the coexistence afiores with
quasistatic (frozen) and dynamical fluctuations.

According to our analysis the low temperature stdigifferent lanthanum cuprates is strongly depanadn the spin-
stiffness of the compound under study and it issipées to introduce the “critical” value of stiffreswhich separates the
compounds with the bulk superconducting phase frenmonsuperconducting ones.
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