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Systematic measurements of the magnetic susceptibility were performed on single crystals of lightly doped
La, ,Sr,CuQ, (x=0.03, 0.04, and 0.05For all samples the temperature dependence of the in-plane magnetic
susceptibility shows typical spin-glass features with spin-glass transition tempergjlwes.3, 5.5, and 5.0 K
for x=0.03, 0.04, and 0.05, respectively. The canonical spin-glass order parameter extracted from the in-plane
susceptibility of all the samples follows a universal scaling curve. On the other hand, the out-of-plane magnetic
susceptibility deviates from Curie law below a temperafligg, higher thanT,. Comparing with previous
neutron-scattering results with an instrumental energy resolutidnwf 0.25 meV from Wakimotet al,, the
x dependence df 4, is qualitatively the same as that ©f, (A 0 =0.25 meV, the temperature below which the
elastic magnetic scattering develops around ). Thus a revised magnetic phase diagram in the lightly
doped region of La_,Sr,CuQ, is proposed. The Curie constants calculated from the in-plane susceptibility are
independent of the Sr concentration. On the basis of the cluster spin-glass model, this fact might reflect an
inhomogeneous distribution of doped holes in the €pl@ne, such as in a stripe structure.

[. INTRODUCTION mensurate spin structure exists throughout the hole concen-
tration range 0.024 x<0.05.

The single-layered high-temperature superconducting From numerical simulations Goodinet al® explained
(hereafter abbreviated as HTBH@-1-4-type cuprates have the coexistence of the spin-glass state and quasistatic mag-
received intensive attention in explorations not only of thenetic order as a cluster spin-glass state taking into account
microscopic HTSC mechanism but also of the basic properhole localization around Sr ions. However, important unre-
ties of two-dimensional magnetism in the square-latticesolved problems exist for the physics in this intermediate
Heisenberg antiferromagnktThe three-dimensiona(3D)  doping region. One issue is how the incommensurate mag-
antiferromagnetic (AF) long-range order in undoped netic state is realized in the spin-glass state. For example, the
La,CuQ, quickly vanishe$with hole doping either through model proposed by Goodingt al. predicts commensurate
the substitution of L3 sites with Sf* or by the insertion of ~ spin correlations in this region. Therefore a new model for
the excess oxygen. Upon further doping, the L&r,CuO, the spin state seems needed. Another important question is
(LSCO) system shows superconductivity in the range 0.06how the spin-glass state changes from the insulating region
=x=0.25 as well as incommensurate spin fluctuatiths. (x=<0.05) to superconducting regiox#0.06). In spite of
Static spin correlations with the same incommensurability aghe dramatic change of the quasistatic correlations at the
those of dynamic one are also observed for the samplgssulator-superconductor boundary from a diagonal incom-
whose doping rates are nea=0.12 (Refs. 5 and Bandx  mensurate state, which is modulated along the diagonal line
=0.06/ In the intermediate regime, 0.8X=<0.05, placed of the CuQ square lattice, to a collinear incommensurate
between the 3D AF state and the superconducting state, theeae, which is modulated along the collinear line of the GuO
coexists a canonical spin-glass state observed by magnetiquare lattice, systematic muon spin-resonangeSR)
susceptibility measuremefitand quasistatic magnetic order studie$’ have revealed that the spin freezing temperature,
investigated by neutron-scattering experiménts From the corresponding to the spin-glass transition, changes continu-
139 a nuclear quadrupole resonan@éQR) measurements, ously across the boundary. Thus it is important to clarify
spin glass state with magnetically ordered finite-size regionsyhether the spin-glass state is essential for the superconduc-
i.e., cluster spin glass state, is argd@dt is also reported tivity in this system.
that spin glass freezing temperature determined by'tAea In the present study, focusing on these unresolved issues,
NQR measurements in this region is proportional ®.#/ we have performed systematic magnetic susceptibility mea-
Very recently, Wakimoteet al’* found that the quasistatic surements on single crystals with- 0.03, 0.04, and 0.05 and
magnetic order fox=0.05 has an incommensurate structurehave determined the magnetic phase diagram of the lightly
whose modulation vector is along the orthorhombiexis,  doped region from both the bulk susceptibility and recent
~45° away from the incommensurate modulation observedeutron-scattering experimeritsThe contents of this paper
in superconducting samples. Furthermore, an extensive studye as follows: the theoretical background of the spin-glass
by Matsudaet al1® has revealed that the same type of incom-features, including a scaling hypothesis of the spin-glass or-
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der parameter, is presented in Sec. Il. Section Ill describesn their results, we reevaluated the hole concentration of the
sample preparation and experimental details. The results alample used by Choet al. and find a value somewhat lower
the magnetic susceptibility measurements and a revised matiran the quotec=0.04; see Sec. IV.

netic phase diagram are presented in Sec. IV. In Sec. V we Another important piece of evidence for the spin-glass
discuss interpretations for some of the remarkable featurestate is the remanent magnetization belbywhen an exter-

we find, combining the susceptibility with previous neutron- nal field is turned off after crossing, (field-cooling effect.

scattering angk SR measurements. It shows the distinct difference of the magnetic susceptibili-
ties between the zero-field-cooling and field-cooling process

Il. FEATURES OF THE CANONICAL SPIN-GLASS below Ty . After the external field is switched off, the rema-
ORDER PARAMETER nent magnetization typically relaxes following a stretched

L . ) exponent function of timer,
Determination of the spin-glass state is not an easy task,

since the effects of randomness c_io not appear to be ynique. M (7)=M(0)exd art M. (4)
Furthermore the effect of frustration by doped holes in the
LSCO system should be very strong due to the strong super-
exchange interaction in the antiferromagnetic lattice in eacl?0
CuG, plane. If the formation of the spin-glass state is com-
monly visible in a certain hole concentration range, we ca
expect that a strong local singlet formation between spins o
doped holes at oxygen sites and nearest-neighb®f €pins
must be an essential ingredient of the HTSC mechanism in
this material. Ill. SAMPLE PREPARATION AND EXPERIMENTAL

In this paper we first demonstrate that the magnetic sys- DETAILS

tem we treat is a quenched spin-glass system, with holes Single crystals of La ,Sr,Cu0, with x=0.03, 0.04, and

introduced by random_subsntutlon of La site with Sr cations.q o5 \vere grown by TSFZtraveling-solvent floating-zone
Note that another doping case by an insertion of excess oxy-

. thod using a standard floating-zone furnace with some
gens is supposed to be an annealed system, where the do ﬁﬁ)

/ rovements? Dried powders of LgO;, SrCQ;, and CuO
oxygens are staged and also ordered in each staged Iayeroq 99.99% purity were used as starting materials for feed

; 8,19
slow cooling stage’ . . . rods and solvent. The starting materials were mixed and
In the quenched spin-glass system, magnetic SUSCeptbily’ i in ai at 850, 950, and 1000 °C for 24 h each with a
ity Is postulated_to result fro”.‘ _the sum of a t_emperature-thorough grinding between each baking. After this process,
mdgpendent .re_s_ldual susceptibility and a Curie-type Maive confirmed by x-ray powder diffraction that the obtained
netic susceptibility: powder samples consisted only of a single 2-1-4 phase. Sol-

vents with the composition of La,Sr,CuQ,:CuO=35:65

Theoretical predictions give -1n=1/3, which is often

und in typical spin-glass compounds. In fact, we confirm
that the stretching exponent for the magnetization memories
f the present crystals have the same values as in the experi-
ents reported in Ref. 8.

C ) X > .
X=Xxot+ =(1—0q), (1)  inmolar ratio were utilized in all growths. The growth con-
T ditions were basically the same as those used forxhe
where y, is temperature-independent susceptibiltyis the =0.15 crystal reported in Ref. 19 except that excess CuO of

Curie constant, and is the spin-glass order parameter. Thus~1 mol% was added into the feed rods to increase their
nonzero spin-glass order paramegegives rise to deviations Packing density as well as to compensate the loss of CuO
of the magnetic susceptibility from simple Curie law behav-vaporizing in the melting process. The final crystals were
ior below the spin-glass transition temperatdig Usually ~ typically 6 mm in diameter and 30 mm in length.

the thermal evolution of shows a distinct cusp &, which In order to characterize the Sr concentration of each crys-
is characterized as a typical spin-glass feature. tal, thec-axis lattice constant was measured by x-ray powder

More rigorously, the spin-glass order parameter shouldliffraction. We found that lightly doped LSCO crystals tend
obey the scaling relatidf described as to become oxygenated by the oxygen atmosphere of the
melt-grown process; therefore the as-grown crystals were an-

q=|t|?-f(H3t| £~ 7), (20 nealed in flowing Ar at 900 °C for 12 h so as to reach the

stoichiometric oxygen content before the x-ray-diffraction
T-T, measurements. In fact, an iodometric titration analysis on the

t=— (3 x=0.03 crystal revealed that the oxygen content of the Ar-

g annealed crystal is closer to the stoichiometric oxygen con-

whereH is applied magnetic field3 and y are critical ex- tent than that of the as-grown crystal. Figure 1 shows the
ponents, andTy is spin-glass transition temperature. The dependence of the-axis lattice constant on hole concentra-
scaling functionsf, and f_ are defined folT>Ty and T  tion. The data fox=0.06 (open circlesare from Ref. 3, and
<Tg, respectively. The critical exponent8,and y, should the results for the present crystals are plotted by closed
be compared with the values deduced by thecircles. In addition, data fok=0 was determined from a
renormalization-group theory of 058<1 andy=3=*1.In  single crystal of LaCuQ, that was grown by the method
fact, earlier measurements of Chetial® showed that the reported in Ref. 19 and annealed in Ar atmosphere at 900 °C
spin-glass state of the kLgsSr 4LuO, sample obeys the for 12 h. As clearly shown in Fig. 1, the-axis lattice con-
scaling relation with3~0.9 andy~4.3. These results stand stants of the lower doped samples extrapolate smoothly from
as an important reference for the present experiméBésed the published data. This smooth extrapolation indicates that
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FIG. 1. Variation of thec-axis lattice constant versus hole con-
centration at the room temperature. Closed circles are data of the
present crystals. Open circles, except fe+0, are data from Ya-
mada (Ref. 3. The value atx=0 was measured using a single
crystal annealed in Ar atmosphere. The solid line is a guide to the
eye.

the hole concentration of our crystals correspond closely to 0 5 0 15 20 25

the expected values af=0.03, 0.04, and 0.05. We note that Temperature (K)

our results are subtly lower than the powder sample data _ _
reported by Takayama-Muromacht al?? in the region of FIG. 2. (a) Temperature dependence of the in-plane magnetic

x<0.06. We speculate that this small difference is caused byusceptibility for thex=0.03 sample. A magnetic field of 0.02 T

an effect of the Ar annealing performed on the present Cryswas applied parallel to the Cy@lanes. Both ZFC and FC data are
tals included. A dashed line indicates the Curie law corresponding to

The magnetic susceptibility measurements were pert_he susceptibility withg=0 as determined by a least-square fitting

: . - at higher temperatures (£0r<70 K). The inset shows a time de-
formed uglng a standard .Quantum Design Superconductlngendence of the remanent magnetization. The solid line is a least-
guantum interference devid&QUID) magnetometer. Mea-

- . square fit to Eq(4). (b) Temperature dependence of spin-glass or-
§urem§nts were made on each Crystal under various app“%&ir parameteq determined from the FC data by E({) at several
fields in the range 0.62H<5 T either parallel or perpen- - 5pjieq fields (0.02 H<5 T). The solid line is a least-square fit of
dicular to the Cu@ planes. We did not specify the field e H=0.02 T data to the equation b (Ty—T)~.
direction within the plane. Data were measured either by
cooling with the field appliedFC) or by applying field after Figure Zb) shows the thermal variation of calculated from
cooling in zero fieldZFC). Note that the Cu@plane corre-  the FC data in various applied fieldBy was determined by
sponds to thea-b plane of the orthorhombiBmabcrystal-  a least-square fit to the temperature dependenag aifH
lographic notation, which is utilized throughout the paper. =0.02 T using the equatiog~ (T4~ T)#. The solid line in

Fig. 2(b) shows the result of the fit witff;=6.3(=0.5) K
andB=0.97(x0.05). Similarly, T, for thex=0.04 and 0.05
V- MAGNETIC SUSCEPTIBILITY samples are determined to be g5t£53(.5) and 5.0£0.5) K

For all of the samples we studied, the magnetic susceptiwith the same value 0B, respectively.
bility under a magnetic field parallel to the Cu@lane, To characterize further the spin-glass properties in this
which we call in-plane magnetic susceptibility, exhibits system, we verify the scaling hypothesis described by Eq.
qualitatively the same temperature dependence. As a typicé®). Figure 3 shows the scaling of the in-plane magnetic sus-
example Fig. 2a) shows the temperature dependence of theeptibility. The scaling relation is well satisfied for all
in-plane susceptibility of th&=0.03 sample. A clear differ- samples with the same value of the critical exponents. This
ence exists between the FC and ZFC data corresponding fact indicates that the spin-glass behavior in the in-plane sus-
hysteresis characteristic of spin glasses. The inset of . 2 ceptibility is common to thee=0.03, 0.04, and 0.05 samples,
shows the time dependence of the remanent magnetizatiand that these samples exhibit a canonical quenched spin-
after turning off an applied field of 1 T. This time depen- glass state. Furthermore, the critical exponefitand y
dence is well fit by Eq.(4) with 1—n=1/3 (solid line). obtained from the universal plots are 0.94§.05) and
These facts provide a direct evidence that a canonical spir8.2(*0.5), which are consistent with those of typical canoni-
glass state exists in the Cy@lanes in this system. cal spin-glass materials.

Below the spin-glass transition temperatdig the mag- In contrast, the magnetic susceptibility under a magnetic
netic susceptibility starts to deviate from Curie law, as indi-field along the out-of-plane direction, which we call out-of-
cated by a dashed line in Fig(&. The dashed line of the plane magnetic susceptibility, shows behavior different from
Curie law was calculated by a least-squares fit to the datgypical spin glasses. The temperature dependence of the out-
between 10 and 70 K. The spin-glass order parantgtan  of-plane susceptibility of thex<=0.03 sample is shown in
be evaluated from the degree of the deviation using(Eg.  Fig. 4@ as an example. A difference between FC and ZFC



3550 S. WAKIMOTO, S. UEKI, Y. ENDOH, AND K. YAMADA PRB 62

La, Sr,CuO, 40 La, ,Sr,CuQO,
H=0.02~5T o® b
T, T
. \ d
101 i Hlla-b plane ‘.. ] | ‘\ Ag Av Chou et al. 8
| \ @® O  Presentcrystals
30 | !
cl- 100 - | ) Tp-
= Q \ \ & Niedermayer et al. 17
o> o 3DAF
L |
107 x=0.03 | 3 oL | /
x=0.04 s | /
x=0.05 &= | £
o) E l\ /
10'2 3 PR T ﬁ \ /
102 10° 10> 10* 105 10° 10" ‘| i (PSR 4
2 By 10 - ‘ o o Te1 (A0=025meV) |
H It | | e N | SC
T, T
FIG. 3. Universal curves plotted for the scaling relation of Eq. £ ! Spin-el I
(2) using the in-plane FC data from the=0.03, 0.04, and 0.05 l pin-glass ,
samples with applied fields of 0.&H <5 T. The spin-glass expo- 0 . i . L P
nentsB and y are 0.97¢-0.05) and 3.2£0.5), respectively. 0 0.02 0.04 0.06

Hole concentration
data is observable at low, and a small shoulder appears at

T, determined by the in-plane measurements. These features G- 5 Magnetic phase diagram for the lightly doped region.
of the out-of-plane susceptibility are qualitatively similar to The circles are the data of the present crystals and the triangles are
those of the in-plane spin-glass behavior. However, a rell'oS€ reported by Choet al. (Ref. 8. Closed and open symbols
markable difference is that the out-of-plane susceptibility de-'nd'c""te.T Q.and Tay, respectively, as deter.m'ned .by the magnetic

. . . susceptibility measurements. The line foy is a guide to the eye
viates from a simple Curie law at a temperature well above

T learly sh in Fig. (4. Such a deviation is ob and the line forT, is from Ref. 11. Open diamonds indicate the
g» @S clearly shown in ig. (). Such a deviation is ob- temperatures where magnetic signals are observed in$femea-
surementgRef. 17.

Lay 97510,03Cu0,
. (I'{//C axlls) . served in all the samples and was also reported by Chou
6oL FC data (@) | et al® This deviation indicates that, under the same analysis
A‘ . / as for the in-plane susceptibility; increases from zero far
«%‘) RN aboveT,. This feature is more clearly visible in a calcula-
g S0r 7 tion of q from the FC data, as shown in Fig(b4. The onset
g \ > temperatures for these deviationgy,, are found to be
S 40} ’-..,u . 19(+2), 17(+x2), and 15¢:2) K for x=0.03, 0.04, and
; ZFC data phad S S 0.05, respectively. In addition, the spin-glass order parameter
30| H=0.02T - of the out-of-plane magnetic susceptibility does not obey the

, , , , scaling relation of Eq(2). This result suggests that another
magnetic mechanism rather than spin-glass behavior drives

v st ©® dos the deviation of the out-of-plane susceptibility from the
N 5T simple Curie-type paramagnetic behavior.
o OIT H06 = We summarize the magnetic susceptibility data in Fig. 5
e 002T ® with a magnetic phase diagram that includes results from
Ty 104 £ Choq et al® on anx=0.04 crystal angk SR resylts re.por'ted
loa by Niedermayeet al’ The closed and open circles indicate
'w'.,l l Ty and Ty, of the present crystals, respectively, while the
L) 0 closed and open triangles are those of tixe='0.04" crystal
0 '5 1'0 1'5 2'0 25 Ef CQQL(J: gtal. Erevi(i]usI reportst ?n a stambple t(r)1f
Temperature (K) a, ,Bi,CuOy,, s whose hole concentration is just above the

boundaryzof 3D AF state showed a spin-glass transition with
FIG. 4. (a) Temperature dependence of the out-of-plane mag-ng_17 K;?* therefore we draw ar dependence line oy as

netic susceptibility of thei=0.03 sample. A magnetic field of 0.02 & 9uide to the eye which reaches 17 Kxat0.02. From this
T was applied perpendicular to the Cuplanes. The dashed line iN€, the actual hole concentration of th&*0.04” sample
shows the Curie law corresponding to a susceptibility wjth0. ~ Of Chouet al. can be estimated to be 0.027Thus we treat
(b) Temperature dependence of spin-glass order paramewicu-  the data of Chowet al. asx=0.027 in the present paper.
lated from the FC data at several applied fields (&6R<5 T). According to the recent neutron-scattering experiments
The solid line is a fit result of the in-plane data. The arrow indicateseported by Wakimoto and co-workéts* using the same
T, determined by the in-plane data. crystals as those in the present experiment, elastic incom-
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mensurate magnetic peaks exist around ther) position in La,_,Sr,CuO,
reciprocal space. The solid line d%(Aw=0.25 meV in 5 : 7 ] %
Fig. 5 shows thex dependence of the onset temperature 2 30t / in-plane data 2
where the elastic magnetic peaks become observable with the ‘& / 103 &
. e . S L / o)
energy resolution oA w=0.25 meV. Ty, exhibits qualita- g Y, i %
tively the samex dependence as that ©f(A w=0.25 meVj. < 20 L / 2
The physical meaning of this feature is discussed in the next g - ,}/ ® o2 F
section 2 / ¢ g
) 153 Ed S
The temperatures below which a magnetic signal is ob- 2 T &
served in thex SR measurements of Niedermageral'” are 5 10 Jo1 %

also plotted as open diamonds in Fig(Hereafter, we label
these temperatures ds,.) Niedermayeret al. equatedT ,
with the spin-glass transition temperature. However, in our
phase diagram, there is a small discrepancy betweeand FIG. 6. Hole concentration dependence of the Curie con€ant
Ty. OurTyg values forx=0.03 and 0.04 are very close to the determined by the least-square fit to the in-plane magnetic suscep-
spin-glass freezing temperature determined by % a tibility data. The left vertical axis shows the Curie constant while
NQR measurements in Ref. 13. We believe that the differthe right vertical axis shows the effective Cuspin ratioRey;. A
ences amond,,, T/u andTg arise from the differences in dashed line corresponds to the theoretical prediction by Gooding
the observation time scales for the different experimenta$t &l (Ref. 16 (see text

methods. In fact, Keimest al° reported thaf s, depends on
the instrumental energy resolution, which varies inversel
with observation time scale. Furthermore, the nature of th . .
magnetic susceptibility measured by SQUID is perfectly etween 10 and 7Q K, are essentlglly mdgpendept fm‘r.
static. These facts indicate that the magnetic correlations iH“S, hole concentration range. The right vertical axis of Fig. 6
this system are essentially quasistatic, and, specifically, thifdicates the scale of the ratR, = Ne((/Nay , whereNey
with decreasing temperature the spin system freezes into '3 the number of effective Cu spins giving the simple

cluster spin-glass state consisting of domains in which spin§Urie-type paiamzf\gnetic susceptibility aNd, is the total
are antiferromagnetically correlated. number of C&" spins per unit volumeN.¢ is related to the

Curie constant by the following formula:

0.03 0.04 0.05
Hole concentration x

)purie constant shown in Fig. 6. The Curie constants, calcu-
ted from a least-square fit to the in-plane susceptibility data

V. DISCUSSION (gup)?S(S+1)

) o C=Ness 3K )

The present results of the magnetic susceptibility mea- B
surements have revealed the existence of a common canoyhereg=2, S=1/2, andkg is Boltzmann’s constant.
cal spin-glass state for La,Sr,CuQ, in the insulating re- As pointed out by Goodingt al,'® if the cluster spin-
gion of 0.03<x=0.05. In this section, we discuss the natureglass state is realized in this system, each cluster consisting
of the spin correlations specifically to reconcile this finding of an odd number of spins behaves like a single spin yielding
with the recent neutron-scattering results on samples in thg Curie-type paramagnetic behavior. Hence the number of
same hole concentration range. effective C3" spins should be half of the total number of

First, we discuss the dependence of the characteristic the clusters. ThereforR.¢; can be described using an aver-
temperaturedy, T, andTy, . In Fig. 5, all of these tem- age cluster sizd. (expressed in the unit of the nearest-
peratures exhibit qualitatively similar dependences. Since neighbor Cu-Cu distan¢es
the difference betweem, and T, reflects the different time
scales of the experimental probes in observing the freezing 1
spin system, the similarity between tkelependences df, Reff:E- (6)
and T, indicates that the freezing process into the cluster
glass state is similar for the samples in this hole concentra=rom a numerical calculation, Goodimg al.* reported that
tion range. Although theTy, values sit on theT, (Aw L is given byL=Ax"7 (A~0.49 andy~0.98) on the basis
=0.25 meV line, the significant feature is not their equiva- of the cluster spin-glass model with a random distribution of
lent values but their qualitatively similar dependence. As doped holes. In this model, the doped holes form the bound-
mentioned in Sec. IV, the position df,, is arbitrary to the aries between the clusters. Their result is indicated by a
extent that it depends on the instrumental energy resolutiodashed line in Fig. 6. Although the.¢; value forx=0.03 is
width Aw. The similarx dependences dfy, and T, suggest close to the prediction of Goodirgf al, the Rq¢s values are
a correlation between the formation of the spin clusters anihdependent o, with those forx=0.04 and 0.05 signifi-
the deviation of the out-of-plane susceptibility from simple cantly smaller than the dashed line. The constant value of
Curie-type behavior. There may also be a relation betweeR.;; combined with Eq.(6), means that the cluster size is
this deviation from the Curie law and the development ofindependent of the hole concentration, instead of decreasing
short magnetic correlations along the out-of-plane directiorwith increasing doping level as predicted for a random dis-
as observed by neutron-scattering measurements xfor tribution of holes located on the cluster boundary.
=0.03 and 0.05 at low temperature A possible interpretation of these features is that the

Next, we discuss the spin-glass properties of the in-planéloped holes are distributed also inside the clusters as well as
magnetic susceptibility, particularly, thedependence of the on the boundaries. Recent neutron-scattering réédfts

©)

|16
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demonstrate that quasistatic incommensurate spin correl@ach cluster. Inside the clusters, it is likely that the doped
tions exist in the spin-glass region. This may imply that theholes are inhomogeneously distributed. A stripe structure is
holes inside the clusters form charge stripes and each clusteuiggested by the elastic incommensurate peaks observed in
includes antiphase antiferromagnetic domains divided byhe neutron scattering:*®
these charge stripes. In this model, #amdependence of the ~ One of the remaining important issues is the role of the
cluster size suggests that only the distance between neare§tuster spin-glass state with respect to the superconductivity
neighbor charge stripeé.e., 1/incommensurabilitywithin ~ in the L& _,SrCuQ, system. Since the dependences of all
the clusters varies with the hole concentration. Consisterf’® characteristic temperaturdg, T, and Tq, near the
with this picture, the incommensurability of the quasielasticSUPerconducting boundary are very small in Fig. 5, the spin-
peaks observed by neutron-scattering experim&fitsin- glass region may extend mtolghe superconducting region as
creases linearly with the hole concentratiorin the spin-  Sudgested by Niedermayet al:™. In fact, neutron scattering
glass region where we observe no change in the Curie coneveals quasistatic incommensurate peaks in upderdoped Su-
stant. The mechanism of cluster boundary formation is stiliPerconducting samples which may relate the spin-glass phase
an open question. Possible constituents of the cluster boundithin the superconducting statedowever, the spatial spin
ary are, for example, a small amount of holes distributedn@dulation of the spin-glass state in the superconducting
outside the charge stripes or displacements of the stripes. A1ase should differ from that of the spin-glass phase in the
correct model for the cluster glass state including charg&@onsuperconducting state as demonstrated by recent neutron
stripes needs further clarification. scattering’ Irj order to clarify the rple of the cI'uster spin-
Briefly, we should note another possibility for the discrep-9/ass state in the HTSC mechanism, further investigations
ancy between the theoretical line and the present results f§€ Necessary of the spin-glass features in the superconduct-
Re;. In the model of Goodingt al, the spin-glass cluster ing region compared with those in the insulating region.
size is supposed to be equivalent to the instantaneous mag-
netic correlation length. However, th.¢; values corre-
spond to a time-averaged cluster size rather than instanta- We gratefully thank R. J. Birgeneau, F. C. Chou, K. Hi-
neous one since thRq¢; values are obtained by magnetic rota, Y.-J. Kim, Y. S. Lee, R. Leheny, S. Maekawa, G.
susceptibility measurements. Additional careful investiga-Shirane, and S. M. Shapiro for invaluable discussions. We
tions are required to distinguish the static from dynamicalso thank M. Onodera for his technical assistance. The
magnetic properties. present work has been supported by a Grant-in-Aid for Sci-
To conclude, the present results combined with recenéntific Research from the Japanese Ministry of Education,
neutron-scattering and SR measurements indicate that the Science, Sports and Culture, by a Grant for the Promotion of
spin system for La_,Sr,CuQ, in the range 0.08x<0.05 Science from the Science and Technology Agency, and by
freezes into a cluster spin-glass state at low temperaturdbe Core Research for Evolutional Science and Technology
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