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Zn-neighbor Cu NQR in Zn-substituted YBa,Cu3;0,_s and YBa,Cu,Og4
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We studied local electronic states near Zn in optimally doped ,{®a, ,Zn,);0,_s and underdoped
YBa,(Cuy, _,Zn,),Og via satellite signals of plane-site @) nuclear quadrupole resonan@€QR) spectra.
From the relative intensity of Cu NQR spectra, the satellite signals are assigned to Zn-neighbor Cu NQR lines.
The Cu nuclear spin-lattice relaxation time of the satellite signal is shorter than that of the main signal, which
indicates that the magnetic correlation is locally enhanced near Zn both for the underdoped and the optimally
doped systems. The pure Y£zau,Og is a stoichiometric, homogenous, underdoped electronic system; never-
theless, the Zn-induced inhomogeneous magnetic response in theplun@ is more marked than that of the
optimally doped YBaCu;0;_ 5.
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[. INTRODUCTION In this paper, we report on a study of satellite signals in
the planar C(2) NQR spectra of Zn-substituted supercon-
The effect of nonmagnetic impurity Zn in high- ductors Y123 and Y124. The wipe out effect on the Cu NQR
temperature cuprate superconductors has attracted great imain signals and the growth of the Zn-induced Cu satellite
terests. The impurity Zn induces Curie magnetism, a locasignals indicate that the satellite but not the main signal in-
staggered susceptibility in the normal stét®an in-gap an-  cludes the Zn-neighbor Cu nuclei. We demonstrate that the
tiferromagnetic dynamical spin susceptibility, and a virtualsatellite Cu nuclear spin-lattice relaxation time is shorter
bound electronic state around Zn in the superconductinghan the main one in the superconducting Y123 and Y124.
state?~® The perturbation theory for the mean-field statesThe local antiferromagnetic correlation near Zn is enhanced
close to two-dimensional antiferromagnetic instability allowseven for the optimally doped system.
coexistence of the staggered-type, generalized Ruderman-
Kittel-Kasuya-Yosida RKKY ) oscillation and the local den-
sity of states of electrons with a zero-bias resonance peak at Il. EXPERIMENT
finite temperature®:** However, recent numerical calcula-
tion using Gizwiller approximation indicates that the frozen  High quality powder samples of a pure Y128=6.98
staggered moments are locally reduced by Zn in the supestudied in Ref. 28 a slightly oxygen-deficient Y123y(
conducing state of a moderately doped two-dimensionhl =6.89 in Refs. 24 and 13 Zn-substituted Y123the an-
model'? According to this theory, the zero-bias resonancenealed samples in Ref. % pure Y124, and Zn-substituted
peak in the local density of states and the local staggered124 (Refs. 8 and 2Bwere prepared for the present study.
moments are exclusive =0 K. It remains to be solved The superconducting transition temperatures Bre 92 K
whether the Zn strengthelis* or weaken¥ local magnetic ~ both for Y123 withy=6.98 and withy=6.89; T.=81, 69,
correlation around Zn in the optimally doped or overdopedand 46 K for Y123 with Zn contentg=0.007, 0.017, and
system. 0.033;T,=82 K for the pure Y124, and.,= 68, 56, 37, and
Nuclear magnetic resonan¢dMR) and nuclear quadru- 27 K for Y124 with Zn contentx=0.005, 0.01, 0.015, and
pole resonancé\QR) are powerful techniques to study the 0.022, respectively. To estimate the relative intensity of Cu
local states on crystalline imperfection, dilute exchange spilNQR spectra, the respective samples of Y123 and of Y124
networks, Friedel oscillation, RKKY oscillation, or Kondo with nearly the same volume were prepared. The oxygen
screening effect®=2°We focus on the local electronic states contents conform to the values in the previous studies.
near Zn in YBa(Cu_,Zn,)30, (y=7—-0) (Y123 and A phase-coherent-type pulsed spectrometer was utilized to
YBa,(Cuy, _,Zn,)4,0g (Y124) via Zn-induced Cu NQR satel- perform Cu NQR experiments. The zero-field Cu NQR fre-
lite spectrat®2! Y123 is a nearly optimally doped system quency spectra with quadrature detection were obtained by
(oxygen conteny~6.9), while Y124 is a stoichiometric un- integration of Cu nuclear spin echoes with changing the fre-
derdoped one. Zn-neighbdPY NMR signals and their re- quency in a two-pulse sequen¢e/2-m echo. A typical
laxation times have intensively been studied for YIR&f.  width of the first excitingm/2-pulset,, was about 3us (the
3) and for Y124 (Ref. 22. However, there is only a few excited frequency regiom,~83 kHz from 2mvqt,,= 7/2).
direct observation of the local electronic state via Zn-The Cu nuclear spin-lattice relaxation curves were measured
neighbor Cu NQR/NMR signals; a report on the satellite Cuby an inversion recovery technique, where the nuclear spin-
nuclear spin-lattice relaxation of a nonsuperconducting Y124&cho M (t) was monitored as a function of the timen a
with heavily Zn doping® but no report on the superconduct- sequence ofr—t— m/2— r— 7 echo. The pulse interval for
ing Y123 or Y124 with small concentrations of Zn. the NQR spectrum measurement wasl5 us.
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FIG. 1. Upper panels: Zero-field frequency spectra of the pIanaPonentlal function(see the te3t
636%Cu(2) NQR for oxygen-deficient Y123 wity=6.89 andy o
=6.98 (left), Zn-substituted Y123(middle), and Zn-substituted ~the shorterT, is in parallel to that for Zn-free underdoped
Y124 (right) at T=4.2 K. Lower panels: The main and the satellite Lay—xStCuO,.*>** For Y124 (Y123), we confirm that the
83Cu(2) nuclear spin-lattice relaxation curye@) for the represen-  satellite recovery curvep(t) is nearly independent of fre-
tative samples af =4.2 K. The solid curves are fitted by theoreti- quency over 28.4—28.6 MH80.1-30.5 MHz and so is the
cal recovery curvegsee the tejt For Y124 (Y123), the satellite  main one over 29.2—-30.2 MH81.5-31.6 MH2. Here, the
recovery curvep(t) is nearly independent of frequency over 28.4— excited frequency region by the pulseiis~83 kHz at each
28.6 MHz(30.1-30.5 MHz and so is the main one over 29.2-30.2 NQR frequency. Thus, the frequency dependence of the re-

MHz (31.5-31.6 MHZ laxation curve is not monotonic.
IIl. RESULTS AND DISCUSSION 2. Isotope dependence of Cu(2) nuclear spin-lattice relaxation
. . Figure 2a) shows the®*5%Cu(2) NQR spectrum of Y123
63,6
A. Main and satellite *>Cu(2) NQR spectrum with Zn content ofx=0.033 (T,=46 K) at T=4.2 K and

1. Frequency-distributed Cu(2) nuclear spin-lattice relaxation  the hot spot regionéshaded bajsexcited in this spectrum to
; the isotope dependence of2ZLnuclear spin-lattice
Figure 1 shows®35%Cu(2) NQR spectrdupper panels easure ; :
and the®3Cu(2) nuclear spin-lattice relaxation curvpét) rg{lgxaﬂon curves. Figure () shows the respective
—1-M(t)/M(=) (lower panel for the oxygen-deficient ®3Cu(2) nuclear spin-lattice relaxation curve&) f_or the
Y123 (left), Zn substituted, nearly optimally doped Y123 :?:\{[EeYiezssp:gi\:/:-lzeaKs.tZZiaﬁzzr}(ietgnzn(rjegl]ﬁtss%gu?ggves
iddl Zn- i Yiledh T . - e . . .
(middie), and Zn-substituted, underdoped Y1aigh at and ®°Cu(2), using a theoretical function including a

=4.2 K. The Cu NQR spectra are normalized by the respec-: : ) )
tive values of peak intensity. Zn doping induces lower fre_stretched exponential functidsee belo The nuclear spin-

quency tails or satellite signals both for Y123 and Y124,Iattlce relaxation rate due to a magnetic origin is proportional

63,6 ; ;
which is known in Refs. 13 and 21. Oxygen deficiency ist%&ége gq?re of the Id‘ECut?.ucélear glgyromglgqe?c I’?’[IO
also known to yield similar low-frequency satellite or shoul-( ). Since we could not find any large deviation from

der in the C@) NQR spectrum for Y123 without ZH. the scaling with respect to the reduced tin¥8%y,)%t, the

. Y6 . .
Since Y124 has no appreciable oxygen deficiency, the satePveriapping effect of the broal*Cu(2) lines is small.

lite signals result from purely Zn doping effect.

For oxygen-deficient Y123 in the lower panel of Fig. 1, B. Zn-substitution effect on 83Cu(2) NQR spectra
the satellite and the main signals show nearly the same re-
laxation curvep(t), and their relaxation time§; are longer
than a few seconds. This is consistent with the previous Figure 3 shows th&Cu(2) NQR spectra with Zn doping
reports’’® On the other hand, for Zn-doped Y123 and at T=100 K (>T.) for Y123 with Zn contents ofx=0,
Y124, the Zn-induced satellite signal shows a shorter relax0.007, 0.017, and 0.03@), and for Y124 with Zn contents
ation time than the main signal, and their relaxation times aref x=0, 0.01, 0.015, and 0.02®) from top to bottom. The
shorter than 1.0 s. Thus, the lower frequency satellite in th@ormal-state Cu NQR intensity is not affected by the Meiss-
Cu NQR spectrum for Zn-doped Y123 possesses an eleaer shielding effect. The main signal intensity of h€u(2)
tronic state different from that for the slightly oxygen- NQR spectrum around 31.5 MHz for Y123 and around 29.8
deficient one. MHz for Y124 rapidly decreases with increasing Zn concen-

Our observation for Zn-substituted Y123 and Y124 thattration. Alternatively, the lower frequency tail or the broad
the lower frequency signals in the broad NQR spectra showatellite signal increases with increasing Zn concentration.

1. Zn-induced wipe out effect and satellite
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= \(4\)\ 1 illustrations of a®3Cu(2) NQR spectrunta) and the Cu@
2 | satellite (é)) plane with a Zn impurity(b) are given for a guide to the
E 7 ‘/"’//«_‘ES_) _ 0= éatellite CalCUIa“O”. ) . X

0055 Y 0 oo The calculated curves on the Cu NQR intensity are in

Zn(2): c=3x/2

Zn(2): c=2x

FIG. 3. Zn-doping effect on the plane-sftéCu(2) NQR spectra
for Y123 (a) and for Y124 (b) at =15 us and atT=100 K
(>T.). The line shapes are scaled befdrecorrections. The rela-
tive intensity | ,,in/1(0) (upward closed triangles |ga./1(0)
(open circleg and the total intensityopen squargsestimated after

what follows. In Figs. &) and 3d), the decreasing functions
with increasingc are 1(c)/1(0)=(1—c),Bo(c)=(1—c)®
(1), (1=0)[4Bo(c)1°=(1-¢)** (2), and (1-c)[4Bo(c)]*
=(1—c)?! (3). These are the probability of finding the Cu
atoms with all Cu atoms in their first nn positiofls, in their
12 neighboringup to third np positions(2), and in their 20

neighboring(up to fourth nn positions(3). In other words,
the diminished Cu NQR signals come from the Cu atoms
with at least one Zn atom in their first nn positioftke first
nn wipe out effegt(1), in their up to third nn position&up to
third nn wipe out effegt (2), and in their up to fourth nn
gositions(up to fourth nn wipe out effett(3). In Figs. 3c)
and 3d), the increasing functions with increasirg are
I(c)/1(0)=(1—-c)gB;(c)=8c(1—-c)® (4, and (1
—c)4By(c)=4c(1—c)* (5). These are the probability of
finding the Cu atoms with one Zn atom in their fourth nn
positionsor in the second and the third nn positio@s, and

in theirj (=1,2,3th nn positiong5).

The relative intensity of the satellite Cu NQR spectrum of
Y124 in Fig. 3d) is smaller than that of Y123 in Fig.(8.
spectruml 4, (=M;+ M) (upward closed trianglgsand  For Zn-substituted La ,Sr,CuQ,, the disappearance of the
that of the satellite spectrum . (=S) (open circlesnor-  Cu NQR signal without any satellite signal is observed.
malized byl(0) are plotted as functions of the plane-site Thus, it is likely that the observable satellite signal depends
Zn(2) concentratione=3x/2 for Y123, and ofc=2x for  on the carrier-doping level or the underlying magnetic corre-
Y124, respectively. The open squares are the total intensitjation.

(M1+M5,+S). The values ofl i, and | ¢, are estimated As seen in Figs. &) and 3d), the Zn-doping dependence
after T, correction usingM (0) from fitting M(7=15 us)  of the total intensity for Y123 X<0.017) and Y124 X

=M (0)exg —27T, —0.5(27/T,g)?] with the fitting param- =<0.022) agrees with that of the ca&® within the experi-
etersM(0), T, , andT,g. mental accuracy, where the up to third nn Cu sites to Zn are

The dashed curves are numerical calculations of Cu interanobservable. The Zn-doping dependence of the main inten-
sity with various Zn configurations, using the binomial- sity for Y123 (x<0.017) and Y124 X<0.022) agrees with
probability j)Bi(C)=n(;)Ckc*(1—c)"W ¥ wheren(j) is  that of the cas€3), where the up to fourth nn Cu sites to Zn

T, corrections are plotted as functions of the in-plané2Zrton-
centrationc (=3x/2) for Y123 (c) and (=2x) for Y124 (d). The
dashed curves inc) and (d) are 1(c)/I(0)=(1—c)%(1), (1
—¢)*¥(2), (1—c)?4(3), 8c(1—c)8(4), and £(1—c)*(5).

The solid and the dotted curves are numerical simulation
using three Gaussian functionsl¢, M,, andS). By using
two Gaussian functionM; andM,, we can reproduce the
main spectra. The shaded Gauss&is the satellite spec-
trum.

2. Relative intensity

In Figs. 3c) and 3d), the estimated intensity of the main
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(@ and in an actual system with, distribution (b). The “40%-
visible” nuclei are supposed to have a shorfgrcomponent with FIG. 6. Zn-doping effect on the maiffCu nuclear spin-echo
60% than the totally correcte®l, decay curve. The solid and the recovery curvep(t) for Y123 with x=0.017(a) and 0.033(b) at
dashed decay curves are transverse relaxation functions. T=100 K. The solid curves are the least-squares-fitting results us-

ing a theoretical function including a stretched exponential function
are unobservable. The Zn-nearest-neighbor Cu NQR specsee the text
trum will be shifted and broadened due to local crystalline or
electric deformation, being unobservable probably due to a 4. Cu NQR frequency

shorter relaxation time than a few microseconds. For Y123, ) ,
the satellite signal agrees with either of the fourth nn Cu site _Here, we briefly mention the Cu NQR frequency. The Cu

or the second and the third nn Cu site to Zhe case(4)]. NQR frequgncies of stoichiometric cuprgte pxides_ hav_e been
With x<0.017, the former assignment is consistent Withanalyzed with several mode?|§For_nonst0|ch|omet_r|c orim-
those to the total and the main signals, whereas with PUr® compounds, although there is an attempt with numerical
=0.033, the latter is consistent with those to the total and thé'mgl%t'on’ it IS more comphcgted, because qual crystal
main ones. For Y124, the satellite signal agrees with the firs .tramq’ or electric charge oscillatidfican affect the line pro-
second, or third nn Cu site to the casd5)]. However, this lle of CuNQR spectrum. Thus, we do not employ a specific

is inconsistent with the up to third nn wipe out effect on thequel to analyze hO_W the satellite _Cu NQR frequency IS
total intensity. Thus, the satellite resonance of Y124 ma)ﬁ_h'fted to the+ lower side than the main one. We just empha-
arise from the fraction of the fourth nn Cu site to Zn. size that C&" is a Jahn-Teller ion but Zri is a non-Jahn-
Teller ion, so that the local crystalline distortfdnmust
3. “All-or-nothing” model modify the electric-field gradient tensor at Zn-neighbor Cu

) sites, differently from that at Cu sites away from Zn or from
In the above analysis, one should note that the so-calleg, 4t in the pure Y123Ref. 42 or Y124 (Ref. 43.

all-or-nothing model is implicitly assumed, where some nu-

clei are fully observable but the others are fully

unobservablé* This enables us to estimate the number of C. Main and satellite 53Cu(2) nuclear spin-lattice relaxation
observed nuclei from the observed NQR signal intensity. In
the actual sample, however, there mustTedistribution.
Figure 5 illustrates a two-pulse sequence with a Cu NQR
spin echo in a rotating frame with a Cu NQR frequency in  Figure 6 shows the maif*Cu(2) nuclear spin-lattice re-
the all-or-nothing modefa) and in an actual system with, laxation curve for Y123 with Zn concentratiors- 0.017(a)
distribution (b). In the case of Fig. ®), some of the observ- and 0.033(b) at T=100 K. The result for Y124 has been
able nuclear spin echoes after the two pulses will be undereported in Ref. 26. For Y123 with a small Zn concentration
estimated due to a somewhat shoiferthan the totally cor- of x=0.017, the recovery curvp(t) relaxes more quickly
rected T, decay curve expf27T,), even when the than that for pure Y123, which is consistent with the result
Gaussian-times-exponential function empirically well de-for Y124 with Zn x=<0.010. With further doping ofx
scribesM (7). Conversely, the, fluctuation effect due to a =0.033, p(t>1.0 ms) relaxes more slowly than that for
short T; (Ref. 35 or the motional narrowing effett® on  pure Y123, which is similar to the result for Y124 with heavy
the transverse nuclear spin relaxation causes an exponenti@bping of Znx=0.022 atT=200 K.26

decay in a longer delay time but in a Gaussian decay in a Figure 7 shows temperature dependence of the main and
shorter timer, then the total correction using a simple expo-the satellite®*Cu nuclear spin-lattice relaxation curvpét)
nential function within the observable range will lead to  for Zn-substituted Y123 witix=0.017 (uppe) and Y124
overestimation of the extrapolatéd(0). Forboth the main  with x=0.01 (lower). For Y123, the satellite signal recovers
and the satellite signals, suchra distribution or dynamical more quickly than the main one beloW, but they show
effect can cause overestimation or underestimation of theearly the same recovery curves abdye For Y124, how-
intensity. Thus, one should be careful with the results fromever, both above and beloW, the satellite signal recovers
intensity analysis. One can safely mention that the main sigmore quickly than the main one. With further Zn doping for
nal does not come from the Cu sites near Zn but that th&124 (x=0.022), the difference between the main and the
satellite one from the Zn-neighbor Cu sites. satellite signals tends to be reducétbt presented here

1. Zn-substitution effect on®*Cu(2) nuclear spin-lattice
relaxation curves
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FIG. 7. Temperature dependence of fi€u
nuclear spin-echo recovery curvggt) at the
main and the satellite Cu NQR frequencies for
Y123 (upped and Y124(lower). The solid curves
are the least-squares-fitting results using a theo-
retical function including a stretched exponential
function (see the text

frequency.***8For an isolated local moment on the impurity

result in Fig. 7 is evidence for different magnetic correlationsite, one obtains T(r)=A(r)?/T (a longitudinal direct di-
between the main and the satellite signals in the supercompole couplingA(r)?«1/r®, or a two-dimensional RKKY in-

ductors with small concentrations of Zn.

2. An analysis of nonexponential relaxation curves

In Figs. 1, 2, 6, and 7, all the recovery curves are nonex-
ponential functions. If the satellite signal comes from the
samejth nn Cu sites by Zn and if the position dependence o
Zn-induced relaxation process, i.e., the spatial distribution o
Zn-induced moments or spin density, is in axial symmetry
along thec axis, then the recovery curve must be a singlet
exponential function. However, the actual curves are none
ponential ones. Thus, the satellite signals consist of non:
single Cu sites, or the Zn-induced moment or spin density ex

shows nonaxial symmetry, e.glwave symmetry.

Nonexponential relaxation is frequently observed in the
impure materials. We have applied a conventional impurity-
induced NMR relaxation theof§ to the impure highF, cu-
prate superconductors and quantum spin systefh®,
which has been developed for dilute Heisenberg spin systenﬁ
and dilute magnetic alloys. We believe that the analysis
yields a vital, physical framework on the strongly correlated
impure systems. The experimeng(t) is analyzed by the
exponential function times a stretched exponential function
p(t)=p(0)exp —3t/(Tnos— V3t/71]. P(0), (T1)nost, and
7, are the fitting parameters. The numerical factor 3 is intro-
duced to conform to the conventional expressionTef*®
The solid and the dashed curves in Figs. 1, 2, 6, and 7 are tf&e
least-squares-fitting results using this approximate function
(T1)host IS the Cu nuclear spin-lattice relaxation time due to
the host Cu electron-spin fluctuation via a hyperfine cou-
pling. 71 is the impurity-induced nuclear-spin-lattice relax-
of Tr)

ation time, i.e.,

a spatial

average

teraction A(r)2ec1/r4).4* For an impurity-induced moment
with a local couplingA(r)~A(0), if Simp(r,wn)ocr‘d or
e "¢, one obtaing(t)~exy —(t/7)%] or expInt) (¢ is a

—47

correlation length, and=d ! is a constant*

Instead of including all the direct or indirect nuclear-
lectron interactions, we assumen@animal model with a
gingle impurity-induced relaxation and the host Cu electron-

pin relaxation. The recovery curve is expressedpift)
=p(0)exd —3t/(T)nosd [ (1—C)+cexp(—3t/T4(r;))] (i is
he Cu site indexas a function of a lot of time constants of
)YTl)h(ﬁt,[ Tl(]rl), T4(ry), T4(r3), .... Forc<1, the prod-

1

d —3t/T,(r)])], and then the spatial integral leads to the
stretched exponential function with the single time constant
,.%* Eventually, only two fitting parameters on the time con-
stants, i.e., T1)nost @and 7, are obtained. The distribution of
T, is taken into consideration through(r), although rela-
tions amongT,(r), the T, distribution, and the broad Cu
QR frequency spectrum are not straightforward.

In the actual fitting, we noticed that it is not easy to esti-
mate the precise value of T/),.s: in the case of
>1/(T1)host- HOwever, Zn-substitution effect on each relax-

is approximated by ~exd—c/[dr(1

ation time is fairly obvious. The slow relaxation qf(t
>1.0 ms) due to heavy doping of Zn as in Figbpis the
experimental fact. Within the present model, sing&)
—p(0)exd —3t/(Thosd att>7,/3, then one estimates to de-
fease 1/T1)nost With Zn doping ofx=0.033. This estima-
tion is not due to delicate fitting.

3. Zn-substitution effect on®*z; and ®3(T 1) ost
Figure 8 shows the estimatéd 1/, T) and *3(L/T,T) st

=A(r)2$mp(r,wn) (r is a distance between a nuclear and anof the satellite and of the main signals as functions of tem-
impurity-induced momentA(r) is a coupling constant be- perature for Zn-substituted Y123) and Y124(b). First, the
tween the nuclear spin and the impurity-induced momentsatellite ®3(1/7,T) for Y124 atT=4.2 K is an order of mag-
Smp(r,wy,) is the impurity-induced spin-spin correlation nitude higher than that for Y123. Second, the temperature

1

function®* and

wpl27m is  the

nuclear
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resonance dependence of%(1/m,T) of the satellite signal is different
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between Y123 and Y124. For Y124 at lower temperatureshe main and the satellite signals indicates an evidence for
below T, 53(1/7,T) increases as temperature is decreasedhe Zn-induced virtual bound state> through the locally

in contrast toT independent or slight decrease §1/-,T)  enhanced magnetic correlatidh.***" For underdoped
for Y123. Third, the difference in thd dependence of Y124, the difference in°(1/7,T) may indicate that Zn-
63(1/7,T) between the main and the satellite signals ismdgged “Iocz?lllzed moments” persist both abqve and pelow
marked belowT for Y123 but aboveT, for Y124. Fourth, -gg' For optimally doped Y123, the beloW difference in

the main®3(1/T,T),.stabove about 100 K decreases with Zn (1/7,T) may indicate that the Zn-induced, generalized
doping for both systems. Fifth, the satellif&(1/T,T)poe; RKKY oscillation is extended around Zn beldly. but local-

was estimated to be1.0 s LK-1 for Y124 with Zn. Erom ized aboyeTC. This is conS|st§nt with a6pred|ctlon in the
erturbative mode-mode coupling thedty® where the spa-

these results, one can see that the local magnetic correlati 1y - ;
- . lly extended potential scattering by Zn plays a ke
around Zn is different between underdoped and optlmallyr0|e¥59,6o The sepzrated frequency gf thye sateﬁitey Cu NQ)Ié

doped samples. spectrum may also support such a finite range effect of Zn

~ The Cu2) nuclear spin-lattice relaxation time probes the ity potential. According to Ref. 11, the first nn potential
in-plane antiferromagnetic dynamical spin susceptibility atiarm |V,| will be larger in Y124 than Y123, because the

an NMR/NQR frequenc/~°?and homogeneity of the CyO satellite °3(1/7,T) is larger than the main one in Y124 above

plane in real spact.*® Relation between our results on the and belowT, . The local electronic state induced by Zn re-
Cu NQR relaxation and the previod8Y NMR results is  flects the matrix antiferromagnetic correlatifit°65"The

not straightforward. optimally doped Y123 still has the underlying antiferromag-
83(1/7,T). The obvious difference if%(1/m,T) between netic correlatior?®®:

064516-6
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83(1/T1T)nost- FOr Y124, the absence or a small value of IV. CONCLUSION
the satellite®3(1/T;T) < SUggests that the conduction elec-
trons in the underdoped system are expelled from the vicinity We succeeded in measuring the Zn-induced satellit@)Cu
of Zn atoms, or that the pseudo-spin-gap effect is enhanced QR nuclear spin-lattice relaxation curves in the supercon-
near Zn. A remnant of the pseudo-spin-gap effect can be seéhictors Y123 and Y124 above and beldwin a zero exter-
as a decrease df(1/r;T) below T=100 K with x=0.005 nal magnetic field. With doping a small amount of Zn, the
and 0.01 in Fig. &). For Y123, nearly the same electron-spin correlation near Zn is enhanced in the opti-
83(1/T, T)nos: between the satellite and the main signals in-mally doped system as well as in the underdoped one. The
dicates that the conduction electrons uniformly distributeoPtimally doped Y123 still has an underlying antiferromag-
near and away from Zn both above and belBy in contrast netic co_rrelation. The local electronic state induced by Zn
to the underdoped Y124. The pure Y124 is a stoichiometricfeflects it.
homogeneous, underdoped system. Nevertheless, it has some
inherent electronic instability, e.g., magnetic instability,
which may lead to an inhomogeneous magnetic response. ACKNOWLEDGMENTS
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