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A spin-glass compound, LaggSK CuQ,, shows quasi-three-dimensional magnetic ordering below
~40 K. A remarkable feature is that the magnetic correlation length along the orthorhaghicaxis is
much longer than that along tlig,,, axis, suggesting that the spin structure is closely related to the diagonal
stripe structure. The spin-glass state can be expressed as a random freezing of quasi-three-dimensional spin
clusters with anisotropic spin correlationg,(-160 A, &~25 A, and¢,~4.7 A at 1.6 K. The new
magnetic state is important as an intermediate phase between the three-dimensional antiferromagnetic ordered
phase in LaCuQ, and the incommensurate phase in bs5r, o=Cu0, in which the positions of the incommen-
surate peaks are rotated by 45° in reciprocal space abnut)(from those observed in the superconducting
La,CuQ, compounds.

[. INTRODUCTION reciprocal space aboutr(w) from those observed in Sr-
richer superconducting compounds.

Extensive studies on the high- superconducting copper On the other hand, static magnetic ordering has also been
oxides have revealed an intimate connection between thebserved in superconducting 13Sr,CuQ,. Suzukiet al®
magnetism and the superconductiVithA detailed study of and Kimuraet al° showed that sharp incommensurate mag-
the spin dynamics in the superconducting, LgSr,CuO,  netic Bragg peaks develop at low temperatures in supercon-
system has been performed by Yamastaal? The phase ducting Lg gSrh 1/CUQ,, in close analogy with the putative
diagram of La_,Sr,CuQ, has been explored and it has beenstripe ordering of holes and spins found in the
shown that the magnetic properties evolve dramatically with_a, _,_,Nd, Sr,CuQ, system'! Very recently, quasi-3D
Sr doping. The parent material j@uQ, shows three- magnetic ordering has been observed in superconducting
dimensional(3D) long-range antiferromagnetic ordering be- La,CuQ,.. 5.12 Thus, magnetic ordering takes place in the
low ~325 K3*When Sr is doped in the material, the 3D La,_,Sr,CuQ, system with various levels of hole doping. It
antiferromagnetic ordering quickly disappears and, as origiis essential to clarify the nature of the static magnetic behav-
nally predicted by Aharongt al.’ the Neel state is replaced ior in order to understand the relationship between the spin-
by a spin-glass phase. In this phase elastic magnetic Braggass, the stripe, and the low-temperature magnetic phase in
rods, originating from two-dimensiondPD) spin correla- the superconducting samples.
tions, develop gradually as shown by Sternlietal® and In this paper, we report on high-resolution elastic and
Keimer et al.” In particular, Keimeret al. found that the inelastic neutron-scattering studies in; legSr /CuUQ;. Pre-
magnetic peaks are almost elastic and relatively sha€iim  viously, inelastic neutron-scattering measurements with me-
Lay 9g515.04CUO,. Very recently, Wakimotet al. studied the  dium resolution were performed on the same sample in order
magnetic properties in the spin-glass phase (€03 to study the magnetic excitatioh$The main purpose of the
=<0.05) in detail elucidating the hole concentration depen{revious experiments was to compare the dynamic spin
dence of the transition temperature and the spin correlalionsproperties of the x=0.02 sample with those in
Most importantly, they found incommensurate spin correlada; 4651 0£CuQ;,, in which the integrated susceptibility scales
tions in the spin-glass LasSr o<CuQ, in which the posi- with E/T.” Since the time that these experiments were per-
tions of the incommensurate peaks were rotated by 45° iformed, it has become evident that the static magnetic prop-
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erties are also important as mentioned above. Stimulated bya) (b)
those findings, we aimed to clarify the static magnetic prop- k. 'f‘e"a
erties in the spin-glass phase oflgSr oCuQ,, in which 2 N Hortho
the 3D antiferromagnetic long-range ordering just disap- Rl -
pears. The most interesting issue is how the long-range 3L Kortho
antiferromagnetic ordering disappears and the spin-glass be 1 o ! »
havior appears with hole doping. R N
In this study we find that below 40 K quasielastic mag- NN [ AR
netic peaks develop at the positions where magnetic Brag¢ o 1 2 Hira 0 1 < Heetra
peaks exist in LgCuQ,. This means that spin correlations
develop perpendicular to the Cy@lane in addition to par- (@ (d)
allel to it, suggesting that the 2D spin fluctuations, which Kena : Moo
exist at high temperatures, at least in part freeze with freez- A , ’ N
ing temperature enhanced due to the interplanar interaction ! a4
Our most important findings are that the spin correlations in ! o
the CuQ plane are anisotropic at low temperatures and that | _____ ?3(5‘33_"9_ - "
the spin directions in the spin clusters differs from that in A m
pure LaCuQ,. The spin cluster dimension along thg, K o
axis (~160 A) is~6 times longer than that along thgq, ’ I scan A X
axis (~25 A) at 1.6 K. From these results, it is concluded " 22 Frona 1 e
that the spin-glass state can be described as a random free Kortho
ing of quasi-3D spin clusters with anisotropic spin correla- o mD: nuclear Bragg peak
tions. A AvV: magnetic Bragg peak
The format of this paper is as follows: The scattering
geometry used in this study is summarized in Sec. Il. Experi- FIG. 1. Diagrams of the reciprocal lattice in the K,0) scat-
mental details are described in Sec. Ill. The experimentaleing zone in the tetragonal phaie and the orthorhombic phase
results of the elastic neutron measurements are presented afyfor @ single-domain crystal. The lower figures show diagrams of
the spin structure of the short-range ordered state is summc%[1e reciprocal lattice in thel{,K,0) scattering zonéc) and in the
rized in Sec. IV. The experimental results on the inelasti H.0.L)orno SCattering zonéd) for a crystal with four domains.
neutron measurements are presented in Sec. V. In Sec. VI we
discuss the magnetic properties of the spin-glass state.  which is factor of~2 larger than each side peak, originates
from the other two domains. From these results, we estimate
that the four domains are equally distributed. Due to the twin
structure, the K,0L) oo @and the (GK,L)qmno SCattering
Figure Xa) shows the scattering geometry in the,H,0) ~ planes are superposed upon each other as shown in(Ejg. 1
scattering plane in the high-temperature tetragonal phas&can B in Fig. 1d) corresponds to scan C in Fig(cl. Since
Lay 965k 0L CUO, undergoes a structural phase transition fromthe  vertical resolution is quite broad, the (2,Q8)
tetragonal (4/mmm) to orthorhombic Bmab) structure at [(0,2,0)no] peak shown in Fig. @) actually originates
485 K. Figure 1b) shows the scattering geometry in the from two separate (2,0,Q)ho[(0,2,0)nol PEAKS from two
(H.K,0) scattering plane in the low-temperature orthorhom-domains above and below the scattering plane.
bic phase. The structure is slightly distorted with g, There are two ways to express Miller indices; the high-
and by, axes almost along the diagonal directions of thetemperature tetragonal phase notatidh,i,L) s and the
ayerra aNd byeyg axes. Ideally, the experiments should be per-low-temperature orthorhombic phase notatieh K, L) orno-
formed with a single-domain crystal. However, four domainsSince all of the results shown in this paper are observed in
are expected to exist in real crystals since a twin structure is

Il. SCATTERING GEOMETRY

energetically stable. For small rectangular samples it is pos (a) scan A (b) scan B

sible to prepare a single-domain crystal by heating the

sample above the transition temperature and then cooling i % T k) 8000 frr T Ty

down while applying pressure along thg o Or boyino axis. 5000 L T 5000 | (0.2.0) ot (2,0.0)cno E

However, the heat treatment is not efficient for large crystals§ E P

so that preparation of a single-domain sample is extremelyg40% ¢ 7 a0 E

difficult in practice. Consequently in this experiment, we Bao00 - ] gsooo} ]

were forced to use a four-domain crystal. z > f ]
The scattering geometry for the four-domain crystal is g2000 - ] gzooc o 3

shown in Fig. 1c). (H,K,L) oo @and K,H,L)guno NuUclear = 1 5 1 ]

L 1000 ] 1000 - b

Bragg peaks are observed at nearby positions. As a resul E ] j ]

four peaks are observed around (1,],f)and three peaks obet i Tae ] ol ‘

are observed around (2,0 in the (H,K,0) scattering -0'06-0'04-0'?1“%.!-3:)02 0.04 0.06 1.9 Lﬁho(mﬁ_) 202

plane. Figure @) shows an elastic scdscan A as indicated

in Fig. 1(c)] at (2,0,0)ctra- The two side peaks at (2,00, FIG. 2. The results of elastic neutron scans A and B as shown in

originate from two of the domains and the central peak/Figs. Xc) and Xd), respectively.
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the orthorhombic phase and also obtained in tHEOL) riho

E =5meV 40'-40'-40'-80'

and (0K, L)oo Scattering planesH, K, L) oo Will be used 300 pr DURE
to express Miller indices. E 250 F (@ L Qo3P -
S 200 L
lll. EXPERIMENTAL DETAILS = E
3 150 [
The single crystal of LageSry o Cu0, was grown from a < ;
nonstoichiometric CuO-rich solutiof. The dimensions of % 100 .
the platelike-shaped crystal are about<ZDx3 mnt. The 8 50 ¢
effective mosaic of the single crystal is less than 0.5° full = :
width at half maximum. The Sr concentration was deter- 0 _
mined directly from an electron probe microanalysis mea-
surement and indirectly from neutron-scattering measure-
ments of the structural phase transition temperatdig, 350 pr— T
=485 K. The lattice constants aggun,=5.333 A, bortho 300 & (0} E
=5.414 A, andc=13.098 A p/a=1.015) at 1.6 K. The =k o 14.7meVEi 3
Lay 9gS15.0LLCUO, crystal is the same one as used in Ref. 13. § 250 [11 (1,0,-0.3) ]
We observe that weak but sharp magnetic Bragg peaks g al 7 ]
gradually develop below~165 K at the positions where Z 200 I% ]
magnetic Bragg peaks exist in 4@uQ,. However, the vol- G 150k % E
ume fraction is estimated to be less than 10% ifuQ,3ds g oo ]
assumed for the Cu moment as in an oxygen-richQLeD, = 100 F o 3
(Ty=185 K). We assume that the 3D magnetic peaks come & : §§ b z ]
from a small fraction of the volume where the Sr and/or S0 ¢ éfi ? 5z E
oxygen concentration is below the critical value. Since the N T o ." - *21
magnetic signals Wh|ch are discussed in this paper originate 0 20 40 60 80 100
from diffuse scattering, the sharp peaks from the 3feINe Temperature (K)
phase can easily be separated from the 2D spin-glass signals
by avoiding the regions around (1,0,evgp) and FIG. 3. (a) An elastic scan at (1,8,0.3) at 1.6 K. The solid line
(0,1,0dd), 0. is a guide to the eye. The broken lines show the centers of the peaks

The neutron-scattering experiments were carried out 061,0,-0.3) and (0,15-0.3) determined from the nuclear Bragg
the three-axis spectrometers H7 and H8 at the Brookhavepfaks(2,0,0 and(0,2,0. (b) Temperature dependence of the peak
High-Flux Beam Reactor, on the three-axis spectrometeilnte”Sity at (1:(},0.3) measured with the two different incident
TASP at the cold neutron guide at the PSI-SINQ Facility,"eutron energies 5 meVAE=0.25 meV) and 14.7 meVAE
and on the three-axis spectrometer SPINS at the cold neutrgn0-2 MeV). The two sets of the data are normalized at 1.6 K.
guide at the NIST Center for Neutron Research. For most of
the elastic measurements, the horizontal collimator seeorrelations were isotropic in theb plane and the correla-
guences were 4&40-S-40-80' and 32-40'-S-40-220 tions were purely two dimensional, it would be expected that
with a fixed incident neutron energy & =5 meV. For the two sharp equi-intense peaks would be observedHat
inelastic measurements, the horizontal collimator sequences0.985 K=1) and 1'° The data in Fig. @) indicate that
were 20-20'-S-20-80 with E;=14.7 meV and there are spin correlations along thexis and/or that spin
72'-80'-S-80-80" with E;=8 meV for lower energies  correlations are anisotropic. The temperature dependence of
<4 meV) and 40-40'-S-40-80" with E;=14.7 meV for the intensity at (1,0;0.3) is shown in Fig. @®). The filled
E=10 meV. Pyrolytic graphite(002) was used as both circles represent data measured with=5 meV (AE
monochromator and analyzer. Contamination from higher=0.25 meV); the intensity gradually develops below
order neutrons was effectively eliminated using Be filters for~40 K. The open circles represent the data measured with
E;=5 meV and pyrolytic graphite filters for E; E;=14.7 meV AE=0.9 meV); the intensity starts to in-
=14.7 meV andE;=14.7 meV. No filter was used for crease at~80 K and the development of the intensity is
measurements witk;=8 meV at TASP since the popula- much broader. These results are consistent with those ob-
tion of the higher-order beam is considerably reduced. Thaerved by Keimeret al. in Lay 9S00, CuUQ,.” Specifically,
single crystal was oriented in theH(OL),mn, and this means that the magnetic signal is quasielastic rather than
(0,K,L) oriho Scattering planes. For the elastic measurementsuly elastic so that the temperature dependence of the inten-
the sample was mounted in a helium pumped cryostat, whilsity depends on the energy window.
for the inelastic measurements the sample was mounted in a
closed-cycle refrigerator. _

B. Spin structure
IV. STATIC MAGNETIC PROPERTIES Figures 4a) and 4b) show thelL dependence of the mag-
netic elastic peaks at (110, and (0,1..) at 1.6 K, respec-
tively. The background estimated from the high-temperature

Figure 3a) shows an elastic neutron scan &t,0,—0.3) data(60 K) was subtracted so that the remaining signal is

at 1.6 K. A sharp peak is observedtt=1. If the magnetic purely magnetic. Broad peaks are observed(1a0,even

A. Neutron elastic experiments
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E=5meV, 32'-40"-40"-220", T=1.5 K E;=5meV, 32'-40'-40'-220', T= 1.5 K
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FIG. 4. Elastic scans along (]-LQ,(a) and along (0,11) (b) at FIG. 5. Elastic scans along—|(0,2.2) (a) and along (",0,32)

1.6 K. The background intensities measured at 60 K are subtracted at 1.6 K. The bac"@!m””d intensities measured at 60 K are
The solid lines shows the results of calculations itk 160 A subtracted. The broken lines show the centers of the peak4.)1,0,

€ =25 A, and¢é.=4.7 A. The inset shows the schematic con- and (0,1L) (L=2.2 and 3.2 determined from the nuclear Bragg
figuration of the cbroad magnetic peaks. The arrows a and b shO\Beak positions. The solid lines show the results of calculations with

scan trajectories ifa) and (b), respectively. £=160 A, £=25 A, and £,=4.7 A. The inset shows the
schematic configuration of the broad magnetic peaks. The arrows

show scan trajectories.
where magnetic Bragg peaks exist in,Ca0,. There are
some characteristic features. First the peaks are broad, indi-
cating that the spin correlations along tbheaxis are short
ranged. Second, the magnetic intensity1a0,even initially
increases with increasirlg in contrast to the behavior found

for the magnetic Bragg intensities in pure,CaQ,. Last, the (0.11) reflection makes with thab plane. We will justify

magnetic intensities at (1]0) are much larger than those at . , . : .
(0,1L). From these results, one can deduce that spin clusteig's model after first discussing the spatial geometry of the

are formed in LaeeSt, o,.CUO,. However, the spin clusters fozen clusters. We should note that a result equivalent to

) : . Eq. (2) is obtained by fixing the spin direction along
E:Vgug different geometrical structure from that in pure(H,H,O) or by assuming equal admixtures of 3D correlated
2 4

The magnetic Bragg intensity is proportional to phases where the spin vect8ris along or perpendicular to

;( ” aortho) .

1
[SLf(Q)]2=§[1+Sinzﬁ(L)]Szf(Q)z, 2

where 6(L) is the angle that th€ vector of the (1,Q,) or

2
S HQX expliQR)| (1)
J C. Anisotropic spin correlations

where S, , f(Q), andR; are the copper spin component  Figures %a) and 3b) show elastic neutron scans at
perpendicular t®, the magnetic form factor, and the copper (H,0,2.2) and H,0,3.2) at 1.6 K, respectively. The back-
ion positions, respectively. In pure @uQ,, the magnetic ground estimated a&f=60 K was subtracted so the remain-
intensities af1,0,even are just proportional td(Q)?, which  ing scattering is entirely magnetic. A sharp and intense peak
is approximately constant for the range lo%s considered s observed at1,0,2.3, whereas, a broad peak is observed at
here}® since the copper spins point along thexis perpen-  (0,1,3.2 and a sharp peak with reduced integrated intensity
dicular to the HOL) scatteing plane andexp(iQ-R;) at  is observed at1,0,3.2. These results strongly indicate that
(1,0,even is calculated to be constant from the 3D spinthe spin correlations are anisotropic in thk plane, that is,
structure with the antiferromagnetic propagation vectorthe spin correlations are longer along thgy,, axis than
Alorino- along theb,,, axis. If the magnetic correlations were iso-

The simplest model to explain the increase of the intensityropic in theab plane, it would be expected that two sharp
with increasingL along both (1,@,) and (0,1..) is that the  peaks would be observed Et=0.985 K=1) and 1. The
cluster antiferromagnetic spin is randomly directed withinfact that the measured intensitied0,even are larger than
the ab plane. In this case, the intensity would vary like those at(0,1,0dd is a resolution effect arising from both the
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broadening alond,n, and the fact that the coarse vertical ~ The solid lines in Figs. @), 4(b), 5(a), and §b) are the
resolution effectively integrates the peaks @t0,even  calculated profiles using as the intrinsic line shape 3D
which are elongated perpendicular to the scattering plane agjuared Lorentzians convoluted with the instrumental reso-

shown in the inset of Fig. (). lution function:
1 2
L(H,K,L,E)=
( ) even,odd{ E2H—1)2+¢'2K2+ £'3(L—even?+1
' - 1t @
EIHZ+EH(K=1)%+¢'Z(L—odd?+1) |E?+TI2

whereé&,, &, &, andT" represent the elastic spin-correlation lengths or cluster sizes alorag,fheaxis, bone axis, andc
axis and the energy width, respectively. In order to describe spin correlations which have finite lengths three dimensionally,
one might instead have used 3D Lorentzians:

1 1
L(H,K,L,E):evgodd( EAH-1)%+ ¢ PK?+ ¢ 5(L—even?+1 ' EEHPHEH(K=1)%+ £3(L—odd)?+1
XEZin' @
|
However, this function has long tails @ space and does not (a)

decay as rapidly as the observed data do. EquaBpre-
scribes the observed data well so that &/, and¢. can be
estimated quite reliably. We note that the Lorentzian squared
form is the expected profile for frozen 3D random clusters
with sharp boundaries.

In the calculation the spin structure models described in
Sec. IV B, all of which give the samke dependence of the
intensity, are assumed. The parameters used &re
=160 A, &=25 A, and¢.=4.7 A. T is fixed at 0.01

meV which is determined experimentally. The calculation QAortno
describes the observed data at (1)9,(0,1L), (H,0,2.2), Qeerra
and H,0,3.2) reasonably well. The small peakgB0,0dd Biera

and(0,1,evenin Figs. 4a) and 4b) originate from the tails

of the broad(0,1,0dd and (1,0,even peaks, respectively. (b)
Surprisingly, it is found thag} is about six times longer than
&, . The average distance between doped holes in the, CuO
plane is~30 A in Lay ¢6Sly oCUO,, which is similar tog;,

but much smaller tharg,. &.=4.7 A indicates that the
cluster size perpendicular to the Cu@lane is similar to the
distance between nearest-neighbor guidanes. A sche-
matic figure of the spin configuration in tleb plane at 1.6

K is shown in Fig. 6. As mentioned in Sec. IV B the spin
easy axis cannot be determined uniquely from this study, but
the data are consistent with a model in which the cluster
antiferromagnetic spin direction is random in thk plane.

KM KY KN Ky
MRM XN Ry XY

£o~25 A
V. MAGNETIC EXCITATIONS
FIG. 6. A possible spin structure model in the spin-glass phase
Figure 7 shows neutron inelastic scans at the energies 8f La, 55t o,CuUQ,. () Spin easy axes are random between spin
4, and 10 meV measured at 35 K. The spectra at 2 and dlusters. The arrows show the spin easy axis of a sublattice of each
meV show a peak atl=1 and a broad tail at the left side antiferromagnetic clustetb) In-plane spin arrangement of the spin
(H<1). On the other hand, the spectrum at 10 meV shows gluster atT=1.6 K with a spin easy axis along g, axis.
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FIG. 8. Inelastic scans alongf(0,0.6) at 1.5 meV as a function

FIG. 7. Inelastic scans alongl(0,—0.6) at 35 K as a function Of temperature. The solid lines are guides to the eye. The broken
of energy. The solid lines are guides to the eye. The broken line§nes show the centers of the peakis0,0.6 and (0,1,0.6 deter-
show the centers of the peaks (:@.6) and (0,1-0.6) deter- Mined from the nuclear Bragg peak positions.

mined from the nuclear Bragg peak positions. The inset shows the

. ) . . Spin correlations are not simply finite-size versions of the
schematic configuration of the broad magnetic peaks. The arrovKI, | stat in struct . O, The ch teristi
shows a scan trajectory. eel state spin structure in pure §@u0,. The characteristic

features are as followst) The spin cluster dimensions in the
broad and symmetric peak centeredrat0.99. From the ab plane are highly anisotropic at low temperatur@s.The
results shown in Sec. IV C, the peak profiles at 2 and 4 me\anisotropic behavior has both temperature and energy depen-
appear to reflect the static anisotropic spin correlationsdences(iii) The cluster antiferromagnetic spin direction ap-
Therefore, the spectra can be described with one sharp pegkars to be randomly oriented within thé plane.

atH=1 and one broad peak Bit=0.985 (K=1). The sym- The anisotropic spin correlations in thé plane are sug-
metric _peak p_roflle at 1_0 meV, howe_ver, mr.:imates_ that thQ;estive of the stripe phase found inzLQ_XNdySrXCqu.ll
dynamical spin correlations become isotropic at high energowever. the spin correlations in LgSh, o, CuO, are

gies: h h f the inel different from those in La, ,Nd,SLCuQ,. In
Figure 8 shows the temperature dependence of the ine aﬁéz,y,XNdySrXCuq the hole-spin stripes run along tbe

tic neutron spectra at 1.5 meV. The spectrum at 35 K |s(ate"a) axis so that the magnetic domains should be elon-

consistent with that observed at 2 meV and 35 K. The Specgated along th@.,, (b axis. These axes are rotated by

trum becomes more symmetric with Increasing temperature450 in theab plane from theaortho axis along which spin

These results indicate that the dynamic spin correlations ir&orrelations are longer in LagSr, ,,CUQ,. Interestingly, the

the ab plane are anisotropic at both low energies and low_ . ; :
: ) ; spin correlations in L. I uQ, have the same geometr
temperatures and become more isotropic at both high ene b PogSl0.0CUO, g y

i . 5s those predicted theoretically for the low concentration
gies and high temperatures. hole-doped system. A Hubbard model calculation on a two-
dimensional square lattice has been performed by Sthulz
and by Katoet al!® They find that a diagonally modulated

The spin correlations in the spin-glass phase ofspin-density-wave stat@iagonal stripe stajés stable when
La; 9551 oLCUQ, have been clarified in this study. The static the electron density is close to half-filling. In the diagonal

VI. DISCUSSION
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stripe state, the hole-spin stripes run alongdhg,, or by ~ Onal incommensurate order occurs in bgdr, o<Cu0,. Here,
axis, which is rotated by 45° in theb plane from thea,,s ~ We speculate that the primary difference is not the hole con-
(bera axis along which the stripes run in centration but rather the method of crystal growth. Bhe
La;_,_«Nd,Sr,CuG,. Since the spin ordering observed in =0.05 crystal studied by Wakimotet al. was grown with
La; 9sSIh oLLCUQ, is short ranged, the long-range diagonalthe traveling-solvent-floating-zone technique which is cru-
stripe structure is not realized in this compound. Howevercible free whereas the=0.02 crystal studied here was
short-range spin ordering with anisotropic spin correlationgrown in a platinum crucible. It is known that in the latter
elongated along the,,, axis can be considered as a precur-case some platinum is incorporated into the crystal, that is,
sor phenomenon for the diagonal stripe ordering. It alsd®?" replaces Ct'. In that case, the Pt impurities would
seems apparent that the anisotropic spin correlations iaxert an effective random field on the incipient hole stripes
La; osSh oLCUO, are directly related to the incommensurate there by destroying the long-range order and causing the sys-
spin correlations observed in L&Sr, o<CuQ,, in which the  tem to break up into finite-size clustétsis we indeed ob-
incommensurate peaks are rotated by 45° in reciprocal spaserve experimentally. We need further studies using a Pt-free
about (r,7) from those observed in Sr-rich superconductingcrystal with a low hole concentration in order to check
compounds withx=0.068 The diagonal stripe state is evi- whether the short-range correlations originate from Pt impu-
dently more stable in this compound. rities or not.

The connection with the results in LgSr, (=CuQ, can be We now discuss the results of the inelastic measurements.
made quantitative. In the diagonal stripe phase, Wakimotdn the previous study on LagSr o2CuQ,,™ the scaling be-
et al. observe peaks displaced alobgy,, by a distancex §  havior with E/T of the integrated dynamical spin suscepti-
where 5=27x/bea With X the SF™ concentration. Very re-  bility was observed in the energy range<BE<9 meV. A
cently, Matsudaet al. have found that=2mx/by,, in the  clear deviation from the scaling function was observed at
highly insulating spin-glass sample L@ 0Lu0,.®  low temperatures in the energy ranfe<2 meV. Similar
Therefore, forx=0.02, §=0.023 A~1. We tried to fit the behavior was also observed in the crucible-grown
observed data in Figs. 4 and 5 with the diagonal stripe modalay g6St 04CUO;, crystal studied by Keimeet al.” In Ref. 13
with § fixed at 0.023 A%, The data can be reasonably fit- it was argued that the susceptibility is suppressed at low
ted with £,=160 A, £=45 A, and é,=4.7 A. It is  energies due to the out-of-plane anisotropy. From our new
noted thatg], is still short and the spin correlations are results, it also appears to be possible that the observed sus-
slightly anisotropic in the CuPplane. Thus the measured C€PUbility is suppressed at low energies and low tempera-
line shape in LSt o£CUQ; is consistent with the diffrac- tures because the broad peak at (0)1which originates

tion profile expected from an array of disordered stripes loffom the short correlation length along the,, axis, was
cally oriented alongo. not properly integrated in the experiments of Ref. 13. Further

As mentioned in Sec. IV B the dependence of the mag- studies are n_egded in order to determine the i.m_plortant fea-
netic intensities is well described by a model in which thetures determining the dynamical spin susceptibility at low
antiferromagnetic spin of a given cluster is randomly ori-€nergies and low temperatures.
ented in theab plane. The equivalent result is obtained for
the cluster staggered spin aloag, Or bieya Or randomly
along both ay,, and by In the Nesl state of pure
La,CuQ, the spin is alongbyn, While just above Ty We would like to thank Y. Hidaka for providing us with
=325 K, that is, at 328 K when the correlation length isthe single crystal of LaggSr, o2CuO,. We would also like to
about 800 A(Ref. 4 the spin is randomly oriented in tleb  thank V. J. Emery, K. Hirota, K. Machida, and J. Tranquada
plane. Because of the latter result it seems physically plaufor stimulating discussions. This study was supported in part
sible that in the frozen spin clusters below 40 K in by the U.S.-Japan Cooperative Program on Neutron Scatter-
Lay 9sShy.0ZCUO, of dimensions 160 Ax25 A the spin di- ing operated by the United States Department of Energy and
rection would also be random. This is consistent with the facthe Japanese Ministry of Education, Science, Sports, and
that the net Ising anisotropy favoring tbhg.,, axis from the  Culture and by a Grant-in-Aid for Scientific Research from
Dzyaloshinsky-Moriya interaction is only about 0.1 K in en- the Japanese Ministry of Education, Science, Sports, and
ergy. We should note that in all cases we assume that th€ulture. Work at Brookhaven National Laboratory was car-
propagation vector of the antiferromagnetic order is alongied out under Contract No. DE-AC02-98CH10886, Division
Aortho iN Order to account for the pronounced peaks at (9,0, of Material Science, U.S. Department of Energy. The re-
for L even alone. search at MIT was supported by the National Science Foun-

One interesting and important question is why anisotropidation under Grant No. DMR97-04532 and by the MRSEC
but short-range correlations are achieved at low temperaturéddogram of the National Science Foundation under Award
in our sample of LagsSr o/CuO, whereas long-range diag- No. DMR98-08941.
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