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Neutron-scattering measurements have been performed to search for possible elastic incommensurate mag-
netic peaks in superconducting 1.§Sr,CuQ, with x=0.10, 0.12, and 0.15. The most dramatic effects are
found for x=0.12; in this case, the peak intensity first appears at the onset of superconduttivity
(=31 K). The resolution-limited peak width indicates that the static magnetic correlation length exceeds 200
Aisotropically in the Cu@ planes. Weak elastic peaks are also observed at low temperaturesdat0 while
for x=0.15 any incommensurate elastic scattering is below the limit of detectability. Elastic peaks are observed
in Zn-substituted nonsuperconductinglggBry 1y 972Ny o04. However, in this case, the Zn substitution
degrades the magnetic order; the peak appears at lower tempéiatiteand the correlation length is shorter
(80 A) than that in the Zn-free=0.12 sample[S0163-1829)02909-4

. INTRODUCTION served at temperatures belowd0 K with intensities which
increased progressively with decreasing temperature. In the
Over the past decade spin fluctuations in the lamellar copantiferromagnetic samples, this 2D scattering was quite long
per oxides have been studied extensively in insulatingranged, that is, it was resolution limited; it was associated
weakly metallic and superconducting sampié&xperimen-  heuristically with the reentrant spin glass behatialbeit
tal probes include muon spin resonanceSR), nuclear ith no real microscopic model. In LggSr 0, CuQ; the elas-
magnetic resonancéNMR), and neutron scattering. The tic scattering appeared at temperatures between 40 and 20 K
former two are local probes whereas the latter allows StUdieéepending on the energy window and had a characteristic

as a function of both energy and momentum. These measurgs,qth identical within the errors to the measured instanta-
ments have eluc_ldated the magn_etlsm of the t.vvo—d|menS|on'z?.jeouS correlation length 040 A.° In all of these cases,
(2D) square lattice quantum Heisenberg antiferromagnet i
pure samples including SEuO,Cl, (Ref. 2 and LaCu0,.?
Experiments on lightly doped L&uO,. s (Refs. 4,5 and
La,_,Sr,CuQ, (Ref. 6 have revealed crossover effects from
the antiferromagnetic behavior to that of reentrant spin glas .
and spin glass behavior. Extensive studies have also be th x=0.12, 0'1.5’ and 0.'25).'11These materials are all su-
carried out on the incommensurate spin fluctuations in Supeperconductors with onséf;’s of ~4, 11, and 15 K, respec-
conducting LaCu0,, 5 (Ref. 7) and Lg_ Sr,CuQ, (Refs. t|vely_. I_n each case, Tranquadg and co-v_vork'e[ﬂ)serve
1,9 (x=0.05). elastic incommensurate magnetic peaks with onset tempera-
In the vast majority of the neutron studies, the emphasidures of~50, 46, and 15 K, respectively. Recent whrkas
has been on quasie]astic measureméihiat is, integrating shown that in thex=0.12 Sample the correlation Iength
over energy or true inelastic measurements. The latter, inreaches its maximum value at temperatures bete30 K.
particular, show significant effects at and below the superPresumably the largersamples also order at comparable or
conducting transition temperature, especially for samples dbwer temperatures. The incommensurabilities are essentially
La,_,Sr,CuQ, with x=0.15, the optimal doping valuePer- identical to those of the corresponding dynamic fluctuations
haps surprisingly, only a limited number of true elastic neu-in samples of La_,Sr,CuQ, with the samex.2 However,
tron measurements probing the static magnetic order hauwhere is one important difference between samples of a given
been carried out on the lamellar copper oxides. Early elastiz with and without Nd. The former are tetragonal below
measurements in single crystals of ,CalQ,, s with Ty ~70 K whereas the latter retain the orthorhombic structure
=190 K (Ref. 5 and ~100 K (Ref. 4 as well as (labeled LTQ down to the lowest temperatures measured.
La,_,Sr,CuO, with x=0.04 revealed novel effects at low Tranquadeet all! speculate that the tetragonal struct[lee
temperatures. In each case, strong elastic scattering was dieled low-temperature tetragonélTT) to distinguish it

he elastic scattering as well as the quasielastic peaks were
commensurate.

Recently, rather dramatic elastic magnetic scattering ef-
gects have been observed in samples ofdaNd, ,Sr,CuO,
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from the high-temperature tetragor®&TT) structurd is es- La, g5t 1,Cu; ,Zn O,
sential to the static incommensurate magnetic ordering. A
contrary interpretation has been given by Getal? based

on their NMR studies of La ,Sr,CuQ,(x=0.115) and
La,_,BaCuQ,(x=0.125).

Clearly, it is important to search for possible magnetic
ordering in superconducting samples which are orthorhom-
bic rather than tetragonal in order to determine the generality
of the effects and to elucidate which features are essential for
any such possible magnetic transitions. Of course, such stud-
ies will have important implications for any putative micro-
scopic theoretical modelsuSR (Ref. 13 and NMR | | | h
measurement$in La,_,Sr,CuQ, reveal static internal mag- 0 5 10 15 20 25 30 35 40
netic fields with onset temperatures which are a maximum Temperature (K)
for x=0.12. This suggests that one should concentrate on _ . o
this region of the phase diagram. The first such measure- F'C- 1. Magnetic susceptibility measured after cooling in zero
ments were carried out by Hirotet al* on a sample of field for. single crystals withy=0.00 (fll!ed circles andy=0.03
Lo 16001ty 0. Which could be made either (7151019 helnst shout s doied emperatre depencenc
superconducting T.(max)=19 K] or nonsuperconducting ’ '
by varying 6. They indeed observe incommensurate short L
range magnetic order with a characteristic length-@&0 A magn.etlc fields of 2 af‘d 1.000 G f(yr_=0.00 and 0.03, re-
which appears below-40 K; the general behavior is the spectively. As shown in Fig. 1, thg=0.00 crystal shows

same in superconducting and nonsuperconducting samplansu'k superconductivity withf =31.5(26.5 K) for the onset

Except for the incommensurability, their results are closel mlddle)_ temperature of the transm_on. Both 9f thekes are
similar to those of Keimeet al® in La, oSt 0 Cu0;. More almost identical to the values obtained previously on powder
recently, Suzukiet al® have o.btainetljlgevi(zj'(()ence ?c.)r incom- samples:*!"*°0n the other hand, the Zn-substituted sample

mensurate magnetic order at low temperatures i .y=0.03) shows no 'superconducti\./it.y;' rather a (;urie-Weiss-
La; geS1p.1CUQ, although no true elastic neutron-scattering ike upturn_ appears in the susceptibilinset of Fig. J.
measurements were carried out by them. The Iattlce constant for the .Zn—free= 0.12 samplelalong

In this paper, we report elastic neutron-scattering studieghe ¢ aX|sbwai3d2e;%rrrA|ned with an x-ray powe{hdlffracttc)i-
of the magnetic order in LagSr, 1LLu; yZNn O, both with- meterl to be 13. df at roomt tefr::}pergtulre. ? Ipow de_r
out (y=0) and with Zn ¢=0.03). We also report cursory sample was prepared from a part ot ine single crystal used in
measurements in samples  of gk ;U0 and the neutron-scattermg measuremg_nts. The tetragonal-to-

- : orthorhombic structural phase transition temperaiugevas

La; gsSIp.1£CUO,. This set of measurements, therefore, . 4 ; .
serves to elucidate the separate dependences of the magnect(lactermmed by neutron-diffraction measurements in the

order in Lg_,SrCu,_,Zn,0, on hole concentration single crystal to be 250 K from the temperature dependence

throughx and Cu?* magnetic dilution througly. of the 3,—%, 2) superlattice reflection. These values again
The format of this paper is as follows. A description of agree well with previous results from cerari¢’and single

the sample preparation and characterization and other expeﬁfyStaF samples. _ _

mental details are given in Sec Il. The results of the neutron- Most of the neutron-scattering experiments were per-

scattering experiments are described in Sec IIl. Section formed on the triple-axis spectrometers HER at a cold neu-

contains a discussion of the results, especially in the contexton guide in JRR-3M in the Japan Atomic Energy Research
of previous work. Institute and SPINS in the National Institute of Standards

and TechnologyNIST) Center for Neutron Research. The
incident(HER) or final (SPINS neutron energy was fixed at
II. EXPERIMENTAL 5.0 meV, and a Be filter was inserted in the inciddiER)

Each of the single crystals used in the present experimen ScatteredSPINS beam to reduce any higher-order con-
was grown by the traveling-solvent-floating-zone method@mination. To monochromatize and analyze the energy of
Details of the method of crystal growth are given the neutron beam, the (0, O, 2) reflection of pyrolytic
elsewheré® The sizes of the crystals with=0.12 used in 9raphite(PG was used for both of the spectrometers. The
the neutron-scattering measurements agex@5 mn? for ~ €nergy resolution for the elastic measurements in th|s. experi-
y=0.00 and %x30 mn? for y=0.03. As-grown crystals ment was about 0.2 mev full width at ha_lf maximum
are annealed under pure oxygen gas flow at 900 °C for 50 HFWHM). Throughout this paper, we use reciprocal lattice
cooled down to 500 °C at a rate of 10 °C per h, kept for 50 punits (rlu) for the HTT coordmat.e system, where the two
at 500 °C and then cooled down slowly to room temperature.ShQrt axes are defined as the .d|stance between the nearest-
Some measurements were also performed on samples wiflfgighPor Cu atoms along the in-plane Cu-O bond. At low
x=0.10 and 0.15 anyl=0; the complete characterization of (€Mperatures the average in-plane lattice constana is
these results is given elsewhére. =3.807 A. We mounted both crystals in thé,(k, 0)

The magnetic susceptibilities of tixe=0.12 samples were plane to scan all four peaks at€e,3, 0) and G,3
measured with a superconducting quantum-interference det e, 0). The crystals were mounted in aluminum containers
vice (SQUID) magnetometer after cooling in zero field at in which He gas was charged to act as a heat exchanger. A
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La, ggS1p,1,Cuy,Zn, 0O, 2(c) represent the results of least square fitting. The intrinsic
30-80'-S-Be-80'-B. F.= 5 meV peak widthk half width at half maximum(HWHM) is de-
ISR et termined to be<0.005 and 0.013) A~%, for the y=0.00
F (a) y=0.00 ] and 0.03 samples, respectively. It shou_Id bg noted that for t.he
32000 § T=5K 1 Zn-free sample, the observed peak width is close to the in-
2300 3 3 strumentaly width. Accordingly, the static correlation length
E ] ] &, defined as the inverse af; is determined to be>200 A
24001 LI for y=0.00, and~80 A for y=0.03.
E s & ] After normalizing the data by sample volume, we find that
2000 w o the peak intensity is stronger for the Zn-free sample by a
= . ' I Ty I factor of about 2.5 compared with that for the Zn-substituted
§ 03 04 k(g.ls w) 06 07 crystal while the integrated intensities are comparable. A
— ——————— rough evaluation of the size of the ordered moment, accu-
z - (b) rate to about a factor of 2 gives @3 /Cu for both samples.
g 3200 —0.00 This value overlaps that inferred from NMR measurements
@ 2800 F }f; 5K (~0.08ug/Cu), but appears to be smaller than that deduced
o> " ) from wSR measurement~0.3ug/Cu). Complete three-
S 2400 K<0.005 Al dimensional scans as well as normalization of the doped
3 C s sample magnetic Bragg scattering to that in purgQue0, is
g 2000p necessary to determine the ordered moment more precisely.
3400 F——— Such experiments are planned in the future.
F(c) In order to confirm that the elastic scattering is magnetic,
32008 5, - 0.03 we also carried out a cursory study of the scattering around
s000k T=2K the position €,2,0) at 8 and 50 K in the sample witk
L= 0.013(1) A =0. Sharp peaks are observe8aK at thepositions €,3
2800 3 %ﬂ& 1 +¢,0) with e=0.12 while at 50 K no scattering is observ-
2600 } ] able above the background. The peak intensities observed at
030 T Um0 04 8 K at (3,2+¢,0) are about a factor of 4 less than those at

h (r.Lu.)

the equivalent positions around,$,0). This is consistent
with the diminution expected from geometrical and magnetic

FIG. 2. Scans alongy(k,0) (@ and (,3,0) (b), (c) through the

incommensurate magnetic peaksat0 meV; these were mea- : 2 fh e 1
sured on single crystals with=0.00 (filled circles (a), (b) andy factor should increase as“Quhich is 9 between €'2

=0.03 (open circles (c). Measurements were done at 5(&,(b)  *€,0) and §,3+¢,0). Weconclude, therefore, that the ob- .
and 2 K(c). The direction of each scan is shown by the arrow in theserved incommensurate elastic scattering is indeed magnetic
inset of each figure. The solid lines ib),(c) are the results of fits of in origin.

Gaussians convoluted with the instrumental resolution as discussed Figure 3 shows the temperature dependence of ﬁﬁe (

in the text; the resolution is shown with a solid short line. —e,%, 0) peak intensity in botlx=0.12 samples. The peak
first appears around,,=30 K for the Zn-free sample, iden-
I%ical within the errors to the onset temperaturg of the
superconductivity. This onset temperature for the magnetic
order agrees approximately with the result from NNRRef.
15) but is slightly higher than that inferred fropSR.*® On
i . . the other hand, for the Zn-substituted nonsuperconducting
Figures 2a) and 2b) show the elastic magnetic peaks sample, the broadened peak becomes observable below
around §,3,0) for the x=0.12, y=0 sample for scans about 17 K.
alongk and h. A scan for they=0.03 sample alond is Q scans of the elastic magnetic peak were performed for
shown in Fig. Zc). In order to make it possible to compare the La ggSIp 1/CuQ, sample to probe any anisotropy of the
the peak-widths precisely, these two sets of data in FigB. 2 peak shape in tha*-b* plane. The arrows in the right pan-
and Zc) were taken on the NIST spectrometer SPINS withels of Fig. 4 represent the four directions of the scans. As in
an identical configuration. Details of the spectrometer setugrig. 2, the solid lines represent the results of least square fits
are shown at the top of all figures throughout this paper. Thef a Gaussian line shape convoluted with the instrumental
short horizontal lines denote the instrumergaksolution at  resolution. The inverse correlation lengths parallel to @he
the peak positions. The values of the incommensurabiity, and b axes so obtained arec,=0.0055(11), andx,
=0.119(1) (rlu) for y=0.00 and 0.11@) for y=0.03 are  =0.0070(7) A ! while those along the two diagonal direc-
almost identical and also equal within the errors to that of theions are «(;19;=0.0017(46) andk(;19;=0.0054(25) K
dynamical spin correlations at the same St=0.12) Therefore, theg width of the elastic peak is close to being
concentratiorf. A Gaussian line profile convoluted with the resolution limited for all scan directions. We note that any
instrumental resolution together with a constant backgroungossible effects of the twin structure on the peak profiles are
is fit to eachq spectrum. The solid lines in Figs(® and  not included in the fits. Thus, these values farrepresent

form factors. By contrast, for nuclear scattering the structure

top-loading liquid-He cryostafILL cryostat was used to
control the temperature of the crystals between 1.4 and 50

lll. RESULTS
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La, g3510,1,Cuy,Zn, 0y La, 4510 1,CuOy

Q=(/2-¢ 1/2, 0), E.=5meV

30'-80'-S-Be-80'-B, E;=5meV, T=5K
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FIG. 3. Temperature dependence of the incommensurate elastic

. i ) 1 1 . FIG. 4. q dependence of the incommensurate magnetic peak in
magnetic peak intensity @=(5—¢,3,0) for (8 y=0.00 (filled

ircles and (b) 0.03( rcles wals. Note that two dif the crystal withy=0.00 which was measured through the peak at
circles an =0. . -
y open cireies crystals, Mote that wo al Q=(3,5—¢€,0) atT=5 K. The arrow in the inset of each figure

ferent spectrometers, that is, HER and SPINS were used foy the . . - . )
=0.00 andy=0.03 samples, respectively. The inset in each figureShOWS the direction of each scan. The solid line in each figure

i ' 1 ) shows the result of fitting a Gaussian profile convoluted with the
tShOWS peak profiles around ¢ ¢,7,2) at high and low tempera- instrumental resolution as discussed in the text. The solid short line
ures.

in each figure shows the width of the resolution at the peak position.

maximum possible values for the inverse correlation lengthsge|l with lattice constana=3.807 A. The HTT to LTO
Specifically, our results are consistent with true long range&tryctural phase transition temperature is 250 K. Using a
order in all directions. coarse collimation configuration we find peak intensities
We searched for possible superlattice peaks associatqgll, 0, 0)=3.33 counts/sec at 270 K arg1, 0, 0=3.75
with any concomitant charge ordering as was observed fogounts/secta8 K compared witH (2,0, 0)=4.4x 10° counts/
Lay g xNdo 4S1,CUQ, with x=0.12%*"?However, no well-  sec. This corresponds to a volume fraction of any LTT phase
defined peaks were found around (1-2¢,l) and (2 of at most 1%. Using a tight collimation configuration at 8
—2¢, 0,1) for =0, and+3.5. These are charge peak posi-K, we find for the relative integrated intensity
tions corresponding to the magnetic peaks &t €,3, 0). 1(0, 1, 0)A(2, 0, 0)=8.7x10"’. If all of this scattering
Of course, any such scattering due to charge ordering couldere from the putative LTT phase, this would correspond to
simply be below our level of detectability. We also carrieda LTT volume fraction of~1%. In fact, the observe®, 1,
out two-axis energy integrating measurements alofitnese  0) scattering at 8K most likely originates primarily from
also gave no detectable signal above the background. double scattering and from higher order neutrons in the inci-
Finally, we carried out some cursory measurements telent beam so that any LTT fraction must be much less than
determine if any of the LgssSrp 1/CuO, sample had trans- 1%.
formed from the LTO to the LTT phase at low We also report here some preliminary elastic measure-
temperatureé>~2°In the LTO phase, the reflectioris, 0, 0 ments on samples of La,Sr,CuQ, with x=0.10 andx
and(0, 1, O are both forbidden although there may be some=0.15. These measurements were carried on the SPINS
measurable intensity at these positions due to contaminatidmiple-axis spectrometer at NIST. The final energy was fixed
from double scattering or from higher order neutrons. In theat 5 meV and the spectrometer configuration was-380'
LTT phase these two reflections, which become identical for- S—Be—80'—B for x=0.10 and 30—40 —S—Be— 40
tetragonal symmetry, are allowed and the calculated relative- B for x=0.15. HereS denotes the sample, Be the beryl-
intensity I (1, 0, 0)A(2, 0, 0) is~9.2x10 °. Note that lium filter, and B a blank collimator. The triple axis spec-
here we continue to use the high-temperature tetragonal uritometer was set for zero energy transfer, that is, it was set to
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Laz_xSrXCuO4 set temperatur&,,, for the spin density wave order coincides
- - with the superconducting transition temperatliggo within
30'-80'-5-Be—80'-B the errors. At the minimum, this demonstrates that the spin
E; = 5 meV density wave and superconducting states are not in competi-
tion with each other, barring of course, the unlikely coinci-
% ] dence that LageSIy 1CuQ, is exactly at a bicritical point or
{) i 1‘} some other type of multicritical point in the phase diagram.
‘}} I ¢ Second, we find that LyggSr, ;CuQ, remains in the LTO
ﬂ ¢ phase down to the lowest temperatures measured and that
any LTT phase, either short or long range ordered, must be
present in concentrations below the 1% level. This confirms
128 am the assertion of Gotet al!? that magnetic order may occur
T, ¥ whether the material is orthorhombic or tetragonal. This im-
: plies, therefore, that the incommensurate spin density wave
0 10 20 30 40 50 . . . .
Temperature (K) ordering in the superconducting state in these monolayer
' 1250 high-T, superconductors is a general phenomenon which
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(b) 30'-40'-S-Be—40'-B does not depend on specific microscopic structural details.
E, = 5 meV
f

Concomitantly, any theory of the combined superconducting
and magnetic order must be quite general.
In the La_,BaCuQ, (Refs. 22-2% and
La,_,_«Nd,Sr,CuQ, (Ref. 25 systems which are tetragonal
at low temperatures the superconductivity is suppressed
aroundx=0.12. At the same time, the spin density wave
moment and ordering temperatures have their maximum val-
ues forx=0.12. This led previous investigators naturally to
. . 450 the conclusion that having the hole concentrations near
0.3 0.4 05 06 0.7 =1 as well as a tetragonal crystal structure were both essen-
h (rlu) tial for these phenomena. As noted above, our results suggest
, , that the tetragonality does not play a crucial role. However, it
_FIG. 5. Scans alongh( h, 0) in La_,S,CuQ, in samples  qoemg that having a hole concentration near: is indeed
with x=0.10(a) andx=0.15(b) at T=1.5 K and afT=45 K(x  ,,qamental for the static magnetic ordering. This was also
=0.10) orT=50 K(x=0.15). The spectrometer configurations are presaged by the work of Yamaea al® who showed that the
given in the figures. The inset i@ gives the temperature depen- . .
dence of the integrated intensity measured with five-point scans. Iow-lenergy_ dynamical coherence _Iength was a maximum for
p=73. The interplay of the magnetic order with the supercon-
\;Juctivity is less clear. Although the onset temperature of the
superconductivity in LagsSry 1/ uQ, is intermediate be-

1 1050
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(w1 /syunod) Lysusiug

- =3
nn

detect elastic scattering with energy resolutions of 0.3 me

FWHM (x=0.10) and 0.2 meV FWHMX=0.15). The 000 that forx=0.10 andx=0.15, the midpoint tempera-
samples were mounted in thé,k,0) zone and scans were o ot the superconducting transition is slightly suppressed.
carried out alongl,z,0). One possible interpretation of these data is that there is a
Results of scans af=1.5 K andT=45 K for thex  sharp minimum inT, very close tox=0.12 (Ref. 12 and
=0.10 sample withl ;=30 K are shown in Fig. @&. As is  that the higher onset temperature is due to the small gradient
evident from the figure, weak incommensurate elastic scan the Sr concentratioh.This would suggest some subtle
tering is observed at 1.5 K. The temperature dependence @leterious effect on the superconductivity for hole concen-
the integrated intensity of the peafkive-point scangis  trations neap=1/8.
shown in the inset of Fig.(8). The onset temperature of the  We note that the incommensurate wave vector of the
elastic scattering appears to be near 15 K although morgmagnetic ordering for thex=0.12 sample ise=0.119
complete and accurate data will be needed to deterfijpe (1) rlu which is close to but not identical to the high order
precisely. Similar data for th&=0.15 sample with T  commensurate value=0.125. In Lgg yNdy,Sr,CuQy,
=38 K) are shown in Fig. ®). In this case, the background Tranquada and co-workéfs also found incommen-
is quite irregular so it is difficult to make a strong statement.surabilities close to, but not identical to 1/8 while in
At this stage, we can only say that no significant incomment a, ¢St 1.CUp.0sZNo 0104+ 5 Hirota et al* find e=0.132
surate elastic magnetic scattering is observed in xhe (1) rlu. Clearly, thereforeg~1/8 is most stable, but strict
=0.15 sample in the superconducting state. commensurability is not required. Current data for the ortho-
rhombic materials are not precise enough to allow one to
make any statement about any possible anisotropy in the
incommensurability in the two orthorhombic directions.
These experiments have evinced a number of results Our results in the Zn-doped sample
which appear to be surprising. First, we have confirmed th&.a; geSry 1 CUy 97ZNg 004 are similar to those of Hirota
inference of Suzuket al®® that there is long range incom- et al*in Lay ¢Sty 14CUo.08ZNo.010a+ 5- Specifically, the Zn
mensurate static magnetic order at low temperatures in thétiates the spin density wave transition to long range order.
superconducting state in LgSr, 12CuQ,. Notably, the on- Instead, forx=0.12 andy=0.03 below~17 K an interme-

IV. DISCUSSION
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diate range~80 A, spin density wave state develops. A Zn  As noted in Sec. lll, we do not have any direct evidence
concentration of 0.03 is also sufficient to destroy the superfor charge ordering although more extensive and precise
conductivity entirely. In thex=0.14, y=0.012 sample, the measurements are required to rule it out. Our results show
magnetic behavior is similar to that for=0.12, y=0.03  unambiguously that spin density wave and superconducting
while Hirota et al'* find that the superconductivity in the order may be concordant. On the other hand, as emphasized
1.2% Zn crystal depends on the oxygen stoichiometry. Preby Emery and co- -worker&,in their stripe model charge den-
sumably, varying the oxygen concentrati6rchanges both sity wave ordering and superconductivity should be dis-
the hole concentration and the integrity of the Guflanes. cordant. Clearly, therefore, further exploration of the
In brief, therefore, replacement of Cu by Zn is destructive ofcharge density degrees of freedom is required. Finally, in
both the superconductivity and the incommensurate spihay ggSrp1CuQ, the superconducting and magnetic transi-
density wave long range order. As argued by Hiretal,'*  tions coincide. This has several possible explanations: first, it
Zn substitution may nevertheless serve to stabilize a shorhay be a simple coincidence, second, it could imply that this
range order incommensurate static spin density wave stagample sits at a special point in the phase diagram, or third,
which might otherwise be purely dynamic. The short rangethis may be generic behavior for incommensurate spin den-
magnetic order is naturally explained by noting that the Zn-sity wave ordering in relatively clean samples with hole con-
doped system should correspond to a two-dimensidal  centrations near 1/8. Measurements on other systems such as
model in a random field. low stage LaCuQ, . s will be necessary to probe the gener-
One guestion which we have not yet addressed is the reality of this result.
lationship of the incommensurate elastic magnetic scattering
observed in the superconducting samples with the commen-
surate elastic scattering observed in samples with hole con-
centrations less thar 0.05. For the latter, the onset tempera-  We thank V. J. Emery, H. Fukuyama, T. Fukase, T. Goto,
ture depends explicitly on the energy window; for example,T. Suzuki, and J. M. Tranquada for helpful discussions. We
in Keimer'sx=0.04 sample, the apparent transition temperaalso acknowledge M. Onodera and K. Nemoto for their tech-
ture varies from~40 K as deduced from the staggered sus-nical support on the neutron-scattering experiments at
ceptibility with a 0.9 meV energy winddWwo ~7.2 K for ~ JAERI. This work was supported in part by a Grant-In-Aid
dc susceptibility measuremerifsThis is prototypical behav- for Scientific Research from the Japanese Ministry of Edu-
ior for a glass transition. The one unusual feature in thecation, Science, Sports and Culture, by a Grant for the Pro-
experiment of Keimeret al® is that the elastic component motion of Science from the Science and Technology Agency
correlation length coincides with the instantaneous correlaand by CREST. The U.S.-Japan cooperative research pro-
tion length?’ In La, 5851, 1.CUQy,, it appears that there is a gram also provided support for the neutron-scattering experi-
regular second order mean field transition to true long rangenent at NIST. Work at Brookhaven National Laboratory was
magnetic orderuSR or NMR measurements on the explicit carried out under Contract No. DE-AC02-98-CH10886, Di-
sample studied in our neutron experiments would serve twision of Material Science, U. S. Department of Energy. The
test this assertion. Specifically, the transition temperatureesearch at MIT was supported by the National Science
should not depend on the energy window. It is possible thaFoundation under Grant No. DMR97-04532 and by the MR-
the Zn doping will change the character of the transition toSEC Program of the National Science Foundation under
be more glasslike. This will be the subject of future researchAward No. DMR98-08941.
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