PHYSICAL REVIEW B VOLUME 53, NUMBER 10 1 MARCH 1996-II

Zinc-induced modification of the dynamical magnetic susceptibility in the superconducting state
of YBa,Cu3Og, as revealed by inelastic neutron scattering

Y. Sidis, P. Bourges, and B. Hennion
Laboratoire Len Brillouin, CEA-CNRS, Centre d’Etudes de Saclay, 91191 Gif-sur-Yvette, France

L. P. Regnault
Centre d’Etudes Nuckgres de Grenoble, Ortement de Recherche Fondamentale sur la Mat@ondense,
Service de Physique Statistique, Matigrae et Supraconductivit&roupe Maghtisme et Diffraction Neutronique,
85 X, 38041 Grenoble cedex, France

R. Villeneuve and G. Collin
Laboratoire Len Brillouin, CEA-CNRS, Centre d’Etudes de Saclay, 91191 Gif-sur-Yvette, France

J. F. Marucco
Laboratoire des ComposeNon-Stoechiomegues, CNRS URA 446, Bment 415, Universitéaris Sud centre d’'Orsay, Orsay, France
(Received 30 March 1995; revised manuscript received 6 July)1995

Inelastic-neutron-scattering measurements have been performed to determine the imaginary part of the
dynamical susceptibilityy"(Q,w), of a YBay(Cu, _,Zn,)30s o7 Sample exhibiting a superconducting transition
at T.=69 K. Zinc substitution induces striking modifications of the energy dependeng&®@fw) but mag-
netic fluctuations remain peaked at the antiferromagnetic wave v€xipr, at all investigated energies. In the
superconducting state of the zinc-free compoyfidQ,w) is restricted to a narrow energy randey=33—47
meV, displaying aspin gapat Eg=33 meV and a resonant enhancementEat39 meV, both features
vanishing upon heating up aboWe. In they=0.02 substituted sample in the superconducting state, there is
still an energy band in the range 32—47 meV but no clear resonance, and a signal is now observed in the low
energy range, though the line shapeyfQ,w) indicates some reminiscence of the spin gap of the pure
compound.

I. INTRODUCTION to the superconductivity, as shown by its temperature
dependencé&:® The resonance, which is unambiguously es-
fablished for an oxygen content larger thess0.8, becomes
more and more pronounced with increasing hole doping.
Several theories, among which a large number has been de-
i = . veloped in the framework of thiet’-J model/ may account
negligible variation of the charge transfeBince Zn has @ o thece features, but the implication of these properties as
closed-shell 8™ configuration, this strong effect on super- reqards the mechanism of superconductivity is still highly
conductivity is striking. Indeed, in terms of conventional su-yepated. Thus zinc substitution could be viewed as a way to
perconductivity, the role of such a nonmagnetic impurity prope how closely related are magnetism and superconduc-
should be minof. This quite unusual effect is a hint that the tivity in cuprates.
substitution affects the mechanism of the hithsupercon- Up to now, INS measurements on zinc substituted YBCO
ductivity. Consequently, the zinc dependence of the supemhave only investigated nonsuperconducting stafest su-
conducting properties could provide valuable information inperconducting samples exhibitingra too small(=~10 K) to
the understanding of the nature of the superconductivity. probe accurately how zinc substitution affects the magnetic
In high-T, cuprates, the persistence of antiferromagnetiroperties in the superconducting stfteDue to the
(AF) fluctuations in the metallic state is probably one of theavailability of a sufficiently large single crystal of
most striking features. In the superconducting state of¥Bay(Cu,_,Zn);0s497 We have performed INS measure-
YBa,Cu;0O4,x COmpounds, previous inelastic-neutron- ments in the superconducting state in order to characterize
scattering(INS) studies have established the existence of afow y'(Q,w), and more precisely, the spin gap and the reso-
energy gap in the imaginary part of the dynamical magnetimance feature behave under zinc substitution.
susceptibility,x”(Q,w). Below this characteristic enerds; , The paper is organized as follows: Sec. Il is devoted to
the so-calledspin gap no intensity can be found up ®..*®  the description of the sample and of the experimental condi-
INS results have also shown theg{Q4r,w) is characterized tions. The next two sections are concerned with the descrip-
by a strong enhancement of the intensity, almost energy rest¢ion and analysis of the experimental results; in Sec. Il we
lution limited, at some energ¥, . This resonance feature present evidence of low energy correlated magnetic response
exhibits a smallerQ width than the magnetic response at below and abovd . and in Sec. IV we focus on the drastic
other energies and appears to be strongly correlatedvolution of the resonance feature. A detailed comparison

In the present paper, we consider the substitution of
copper ion by a zinc ion in CuOplanes in YBaCu;Og,
(YBCO) compound, which is known to strongly reduce the
superconducting transition temperatufg,,! with only a
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with the magnetic response of the pure system is presented in 40 —mm—m@™————r———————————
Sec. V. The results of our INS study are related to results +%’ 0 YBaCuO |
obtained by other technigues and some conclusions about the % 2 36077

way that zinc substitution induces such drastic changes in the
superconducting properties of YBCO are presented in Sec. 300 \ spectrometer 1T
VI. i
Q=(0,0,6.3)
Il. SAMPLE PREPARATION AND EXPERIMENTAL k,=2.662 A

CONDITIONS

N
o
o

I

The YB&(Cu,_,Zn,)30s.  Single crystal was grown by
flux method giving a mosaic spread of 2.2° and a volume of
0.2 cnt. The sample was prepared in the fully oxidized state,
after heat treatmenfive days at 300 °C The zinc content
has been established by measuring the superconducting tran
sition temperaturel ., which was found to be 69 K, yielding
a zinc content ofy=2%2! This sample, reduced toQ ex-
hibits a three-dimension&BD) antiferromagnetic order with
a Neel temperaturel =355 K At room temperature, the
lattice parameter is 11.67) A, yielding an oxygen content |
x=0.97+0.03. Therefore, the sample belongs to the over- |
doped regim&® and all the results will be compared with
those of YBaCuOg o7 (T,=92.5 K).12

INS experiments were carried out on th@ Hiple-axis i b |
spectrometer installed on a thermal beam at the Grphe NP S WS S B S [
actor in Saclay. Pyrolytic graphitdPG002 or copper ] 2 4 6 8 10 12
(Cull) crystals have been used as monochromators and a
PGO002 as analyzer. In order to get the maximum scattered Energy (meV)
intensity, monochromators and analyzer were bent horizon-
tally and vertically**> Measurements have been performed FIG. 1. Longitudinal acoustic phonon along theaxis, mea-
with a final wave vector of 4.1 AL, Pyrolytic graphite filter ~ sured at room temperature in YB2;06¢; (0Open squargsand
was put in the scattered beam, to remove higher order contBax(Cu;_yZn,)30s o7 (full circles) and used to scale the magnetic
tamination. To benefit from the focusing effects of both anajntensities. Full lines result from a fit USing a damped harmonic
lyzer and monochromators, no slit collimators were used in é)scillator convoluted with the resolution function on top of a back-
way similar to our previous YBCO studiéS212 The ground(dashed lines Th_e small apparent shift_could re_sult_ from a_
sample, aligned with thé110) and (001 directions in the _small che_mge of the _Iattlce dynamics due to Z|_nc_subst|tut|on, but it
scattering plane, was fixed to the cold finger of a disple%S more likely an art_|fact due o an asymmetric Ilne'shape, nonac-
refrigerator system. These experimental conditions Wergounted for by the fit, and more obvious with the higher counting
strictly the same as those used for the measurements on tﬁaete'
pure YBCO. In order to get a direct comparison of the inten-
sities scattered by pure and zinc substituted samples, a loned [hereafter: “in the(110) direction”] around the scatter-
gitudinal phonon has been measured in both sam{fles  ing wave vectorQ,:=(0.5, 0.5, 1.6 for an energyhw=10
1). This yielded a scaling factor of 3, very near the ratio ofmeV using the PG002 monochromator. Such a measurement,
the samples weights. performed aff =10.5 K, exhibits a clear correlated intensity

Finally, before presenting the experimental results, let usiroundQ ¢ [Fig. 2@)]. The shape of the background is very
briefly recall that one of the specific characteristics of YBCOsimilar to that observed in the zinc-free sampléTat4.5 K
is the CuQ-bilayer structure. This results in a magnetic for the same energfalso reported in Fig. (@], where no
structure factor exhibiting maxima along the AF rod signal was observed. The experimental data have been ana-
Qar=(0.5, 0.5,q)) for g;~1.6 and 5.2. This structure factor |y7eq ysing a Gaussian response in addition to a “parabolic”
is combined with the magnetic form factor of Cu and thep,ckground. In Fig. @), the full line results from the best fit
maximum magnetic intensity is expectedcpt=1.6. Unfor- using such an analysis withQ=0.16+0.02 r.l.u., which

';iunitzecl)y th|\s/ ¥?]Iue restricts th? a_lcctﬁ_ssmle energy ra?]ge gelds AQ~0.29 A! after simple Gaussian deconvolution
g mev. 1he measurements In this energy range, NEreil yq instrumental resolution function.

after referred to as the low energy study, are presented in .

) i In order to probe the magnetic nature of the correlated
Sec. lll. To access higher energies we had to perform meé}htensit we have performed @ scan along the maanetic
surements aroung,~5.2. The results, referred to as the high d A Y, tioned pb h Q tic” tg ; fgt f
energy study, are presented in Sec. IV, rod. As mentioned above, the “acoustic” structure factor o

magnetic  fluctuations should obey the relation

S(Q,w)xf3(Q)sir’(wzq), wherez=0.291 is the reduced

distance between Cu nearest neighbors within a bilayer, and
To investigate the effect of zinc substitution gHQ,w) at  f(Q) is the copper magnetic form factor. In Figb2, the full

low energy, we have performe@ scans across the magnetic line displays such a structure factor on top of a parabolic
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FIG. 3. (&) Energy scan aQr=(0.5, 0.5, 1.6 and T=10.5 K
FIG. 2. (a) Q scan across the magnetic rodqgt=1.6 and at  with the PG002 monochromatdppen circles SeveralQ scans
fio=10 meV, with the PG002 monochromator: Tat10.5 K, our ~ across the magnetic rod yielded the backgrogridsed squargs
results on zinc substituted samplepen circles, left scajeand at ~ and the peak intensiticlosed circlel (b) ¥"(Qar ,w) obtained from
T=4.5 K, those on the zinc-free sample of Ref. (tbsed circles, the difference between the energy sca at10.5 K and the esti-
right scalg. (b) Q, scan performed aD ¢ along the(001) direction ~ mated backgroundsee text
at iw=10 meV andT=10.5 K (open circles Full symbols corre- . . .
spond to the analysis of addition@l scans across the magnetic rod With @ broad maximum around 9 meV, has been tentatively
yielding maximum intensitycircle) and backgroundsquare. The ~ analyzed as a Lorentzian form, namely’(Qar,®)
solid line corresponds to the “acoustic” structure factor of the mag-*@I/[(w—wp)"+I'"], which is used to describe damped ex-
netic fluctuations on top of a parabolic backgrouddshed ling citations. The best fit is obtained for a characteristic energy
we=6 meV and a damping valué=6 meV. Forcing a pure
background, which establishes the magnetic nature of thigelaxation, i.e.w,=0 meV, gives a less satisfactory fit with
intensity. I'=7 meV. So, zinc substitution induces well defined low
To get more information on the energy dependencg’pf ~€nergy AF_ fluctuations whose temperature dependence has
we performed an energy scan@#(0.5, 0.5, 1.6atT=10.5  been studied. . .
K. In order to separate the correlated magnetic contribution For that, we have measured the scattered intensity at
from the background, sever@l scans have been performed Qar=(0.5, 0.5, 1.6, and fixed energy transféfw=10 meV
in the direction(110) and analyzed with a Gaussian line With increasing temperatuf€ig. 4(a) open circles Q scans
shape. The results are reported on Fig),3where the open N the (110 direction have been pe_rforr_ned at several tem-
circles are the energy scan values, full circles and squares aRratures to separate the magnetic signal from the back-
the fitted values, respectively, for signal and background, obground[Fig. 4@ closed circles and squares, respectiyely
tained from the analysis of th@ scans, and the dashed line The resulting temperature dependence )df at iw=10
is the extrapolated background. As the measurements hayeV—as obtained from the difference between the measured
been performed at constakit=4.1 A%, the measured inten- intensity and the interpolated backgrouridashed line
sity 1 (Q, ) needs no further correction to yield the magneticin Fig. 4@], and corrected from the temperature factor
response, and we have 1[1—exp(—fw/kgT)]—is shown in Fig. 4b). The lowering
of this correlated intensity upon heating, up to 200 K, is a
1(Q,w)c(Q,w)*x"(Q,w)/[1—exp(—hw/ksgT)] (1) typical behavior of a magnetic response. But it is noteworthy
that the temperature dependenceybfat Aw=10 meV dis-
and we gety” as reported on Fig.(B). Because of the lim- plays a change when going from the superconducting state to
ited resolution, we cannot draw a conclusion on the existencthe normal state. Within the accuracy of the measurement,
or not of an energy gap below 5 meV. The line shapg/of we can see that beloW, x” is almost constant, suggests a



6814 Y. SIDIS et al. 53

500 " : ‘
L oa) YBa (Cu 2n) O
I 2 1-y y'3 6.97

400

y=2 %
Q=(g,q,5.2)
=47 meV
3 T=10.5 K
300 A

k=4.1
0

Neutron intensity (Monitor=2x10")

Neutron intensity (Monitor=10")

300 |-

T 100 [ 1
| YBaz(CUI_yZny)soﬁ97 3 1
| y=2 %
|

Q=(0.5,0.5,1.6)

b)

@=10 meV

k=41 A?
PG002

150

100

x” (arb. units)

50

=69

c)

0.2

Neutron intensity (Monitor=10%)
{,01L=Jolluol) Ajsuaju] uosinan

Aq (r.lu.}
e

@
——
——

0 50 100 150 200
Temperature (K)

FIG. 5. Q scans across the magnetic rodjagt5.2 and at fixed

energy transfer with the Cul1l monochromatof@) Aw=47 meV

FIG. 4. (a) Temperature dependenge of the scattered intensity aélnd(b) hiw=35 meV. Full circles correspond to measurements per-
Qar=(05, 0.5, 1.6 andw=10 meV with the PGO02 monochro- ¢, e 2t T=105 K and open circles tT=2015 K. In these

malt;)rd(o&en bC'erlet’ Szvcleral(g scans achth the mlfg_ntetlc _trod measurements the peaks observed, respectivedy=at9 r.l.u. and
yielde e backgroundclosed squargsan € peak intensity g=0.7 r.l.u. are related to known spurious effects due to some in-

(closed circlek (b) ' temperature dependence at 10 meV obtained oherent process on the Cu111 monochromégef. 12. The ful
from the difference between measured intensity and estimated bacﬁhe corresponds to a Gaussian centere(Qai(Oé 0'5 52 in
ground[dashed line in(@)]. (c) Temperature dependence of te addition to the background D

width (FWHM) deduced from Gaussian fits §f scans across the '

magnetic rod. YBCO, previous INS measurements pointed out that mag-

netic fluctuations were located in a narrow energy range,

possible enhancement aroufid and a continuous decrease 7.=32-47 me\#'%4|nvestigation at high energies implies
on heating in the normal state. measurements & ,-=(0.5, 0.5, 5.2 where nuclear scatter-

The Q scans performed at different temperatureQat  ing becomes a real nuisance. Also extracting the magnetic
andzw=10 meV have been analyzed using a Gaussian |ingignal in the high energy range requires Cauﬁon_
shape as already discussed and illustrated in Rig. Zhe The first step was to perform seveflscans in thé¢110)
deducedQ width [full width at half maximum(FWHM)]  direction aroundQ,r using the Cu111 monochromator. For
reported in Fig. &) evolves from a low temperature value several energy values su€hscans display a flat or at least
AQ=0.16+0.02 r.l.u. towards a high temperature vall®  sjowly varying background on the top of which a magnetic
=0.20+0.02 r.L.u. The high temperature value corresponds t&ignal peaked af A eventually appears. Figuréd depicts
that found in the zinc-free YBCO compound in the normala Q scan performed af=10.5 K in the (110 direction at
state at the same energy. Therefore the temperature depeshergy transferiw=47 meV, yielding a nearly constant
dence of the&Q width suggests a crossover from zinc inducedbackground. In YBsCu,Og 4712 ¥’ is strongly depressed
AF fluctuations at low temperature to AF fluctuations aboveabove a “cutoff energy,” located dtw~47 meV. Figure &)
T, similar to those observed in the normal state of zinc-fred|ustrates that this feature remains upon zinc substitution. On
YBCO. Unfortunately the experimental data are too sparse t@ig. 5b) another measurement, performedfiai=35 meV

ascertain this point. for T=10.5 K andT=201.5 K, shows clearly a scattering
peaked atQ,r at low temperature, which vanishes upon
IV. HIGH ENERGY STUDY heating. Such wave vector and temperature dependences sig-

nal the magnetic nature of this intensity. The line shape of
Let us now consider the dynamical magnetic susceptibilthis scattering has been analyzed with a Gaussian functional
ity at higher energy. In the overdoped regime of zinc-freeform, yielding, without resolution correction,@ width AQ
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FIG. 6. Difference betwee scans, performed a&=10.5 K FIG. 7. (& Energy scan aQar=(0.5, 0.5, 5.2andT=10.5 K

and T=201.5 K, across the magnetic rod @t=5.2 and at fixed oObtained with the Culll monochromat@pen circleg Several
energy transfer: (a) Zw=35 meV[raw Q scans are those of Fig. scans across the magnetic rod yielded the backgr@uiisquare$
5(b)] and (b) #w=30 meV (the dashed line corresponds to the av- and the peak intensityclosed circlep (see text (b) x"(Qar.)
erage valug obtained from the difference between measuremernit=a10.5 K
and the background described by the solid lingéan The line is a

=0.22+0.02 r.l.u.(FWHM). A similar q dependence charac- guide to the eye.
terizes the magnetic fluctuations in zinc-free compound with
the same oxygen content at the same enkrdy.the same magnetic fluctuations would be smaller than 30 counts at
time, g scan along thg001) direction, still performed at #A©=30 meV. That points out a clear reduction of magnetic
hw=35 meV and at low temperature, displays a modulatiorfluctuations as the energy is lowered frdiw=35 meV to
of the intensity which can be reliably ascribed to the usualiw=30 meV atT=10.5 K. This feature has already been
“acoustic” magnetic structure factor, associated with theobserved in the overdoped regime of zinc-free YBE®.
CuO, bilayer, of the magnetic fluctuation$*as previously Having ascertained the existence of AF fluctuations at
seen at low energy d&w=10 meV in Fig. Zb). high energy(aroundzZw=35 me\), we tried to determine

Several nonmagnetic contributions also peakedQat  their energy dependence by performing an energy scan at
have already been identifiéd? Upon heating, they display constantQ=(0.5, 0.5, 5.2 and atT=10.5 K, in the super-
only the Bose factor enhancement which is small in the temeonducting stat¢Fig. 7(a)]. The results are reported in Fig.
perature and energy ranges of interest. In contrast, the mag¢a) and it is clear that the raw data could not be interpreted
netic fluctuations exhibit a temperature dependence whicktraightforwardly. To extract the magnetic scattering we need
cannot be ascribed to the Bose factor enhancement, since tteeknow the detailed line shape of the background. For that,
magnetic intensity vanishes upon heatifgge Fig. )]. we have to use what is already known from other measure-
This is why performing the difference between high and lowments. Indeed previous studies on YBQRefs. 4, 5, 12
temperatures is an efficient way to extract the magnetic inprovide a generic background which consists, in this energy
tensity. Figures @) and &b) show the differences between range, of a smooth broad nuclear contribution on which are
Q scans, performed a=10.5 K andT=201.5 K, in the superimposed two well defined nuclear contributions, likely
(110 direction at the energy transfersw=35 meV and phonons mode¥, which have a resolution limited linewidth,
hw=30 meV, respectively. In Fig.(6), this difference yields namely 4.7 meV in the present experimental conditions. Two
a scattering peaked &,r on the top of a nearly constant Gaussian functiong(w), with that linewidth, respectively,
level which is negative as a consequence of the Bose factamentered atw;=30.5 meV andiw,=42.7 meV, should ac-
enhancement of the background. On the other hand, in Figiount for these nuclear peaks. Furthermore we know that
6(b), no scattering peaked &, is observed within error their intensities are in a 1.2 rattd Therefore, to extrapolate
bars. That means that, at low temperature, any signal due the background, we used the following law:
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the resonance feature vanishes. Nevertheless the situation de-
serves a more careful examination.

Indeed, it is also obvious on Fig. 8 that the abrupt increase
of ¥’ at about 32 meV, which points out the spin gap in the
zinc-free compound, is still present in the zinc substituted

Toor one. This point emphasizes that the system retains the
memory of the spin gap upon zinc substitution.

Secondly, we have to examine the possibility that the in-
tensity remaining aroundw=35 meV would be due to a
renormalization of the resonance feature, observed in the
zinc-free compound &, =39 meV. The main characteristics
T of the resonance are its temperature dependence and its nar-

30 40 50 rowing in g space. Indeed in YB&u;Og g7, it vanishes af;

Energy (meV) and exhibits an intrinsidQ width (AQ=0.26 A™%) twice
smaller than at any other energies where AF fluctuations are

FIG. 8. The completa/(Qar ) curve atT=10.5 K, obtained ~ Sizeable(AQ=0.45 A™%). In the zinc substituted sample, no
from the combination of Fig. () (squaresand Fig. 3b) (circles, =~ marked change occurs dt, in the intensity measured at
normalized as explained in the text. Full symbols correspor@ to w=35 meV and the measurement of tRewidth of the
scans performed across the magnetic rod at different energies. Tiseattering yields a deconvoluted value 6=0.45 A1,
results obtained aT=4.5 K in zinc-free compound at the same whereas the value is still of 0.26 A at#»=38 meV. On the
oxygen content and scaled through a longitudinal phonon measurene hand, this indicates that the maximuntat=35 meV is
ment are reported for comparisgorosses (Ref. 12. Both solid  not the renormalized resonance. On the other hand, this also
and dashed lines are guides to the eye. points out that there might be something left of the resonance

feature athw=38 meV. Unfortunately, the intensity mea-
By(w)=a+b exp—cw?)+d[1.29(w;) +9(w,)] (2)  sured at this energy is too weak and this point cannot be
definitely ensured. As to the small enhancement of the maxi-
and we used th® scans to determine ttgb,c,d values. As  mum athw=35 meV, it could be simply due to a tiny reduc-
a consistency check, we have fitted, with the same law, th@on of the hole doping upon zinc substitution, as we know
results obtained in the same conditions on the same samplgom zinc-free YBCO that such a reduction should give rise
but with an oxygen content 6.1, where the magnetic signaio an increase of” at this energy. Finally, we would like to
was easy to describe in the spin wave formalism. On th@mphasize that energy scans in the range 25-50 meV, per-
other hand, using the scaling factor between samples, Wirmed at different temperatures, do not show any qualitative
checked the consistency of this background determination ogifferences when going from the superconducting state to the
the pure YBaCus;0g g7 Sample'® This yielded us a very con-  normal state. And this conclusion, which does not depend on
sistent set of parameters and we think that this procedurgata reduction, constitutes one of the major differences in-
guarantees the reliability of the background reported as duced by the zinc substitution.
continuous line on Fig. (). The main uncertainty is in the
rangeiw=25-30 meV[dashed line in Fig. @]. The Q VI. DISCUSSION
scan athw=30 meV indicates that there is no sizeable inten- First Id like t . its obtained
sity at this energy, but a small signal at lower energy coul} Irst, we would like o summariz& some resufts oblaine

;]
o
T T

x” (arb. units)

have been missed due to the extrapolation of the backgroun r?/ d vagousmtgr?hn:g;ﬁs t:tite:n\?v)é)rigg\r(elr?ltji?e;? ?T:J; fr']ne?i'ggs'
Subtracting the extrapolated background to the measure- eed, a 9 )2&/5 630y ' 9

16 -
ments gives, after correction from the thermal fadtdr Eq. ;epse?:rtli)r;%?)pﬂg\lhl\g& pointed out st:\(l)w;,effectgﬂ?jzseb?éjezrinc
(1)}, the magnetic response which s reported in Fig).7 substitution in YBCO system. Mahajaet al!® have found

indication that a small amount of Cu around Zn exhibits
small magnetic moment in the Cy@lanes. Ishideet al®
came to the conclusion that in zinc substituted YB&0,

In order to have an overview of the whole dynamicalthere exists a finite electronic density of state©S) at the
magnetic susceptibility, the final step was to scale the lowFermi level in the superconducting state. This was suggested
and high energy parts of the magnetic response. This reby the temperature and the zinc content dependenc&€of
quired monitor corrections, bilayer structure factor correctionKnight shift and nuclear spin relaxation rafg,, and is in
and corrections due to the use of different monochromatorsagreement with Mssbauer spectroscopy, specific heat
The consistency of these corrections has been checked oneasurement® and Gd' electronic spin resonance.
measurements dtw=10 meV andT=10.5 K which have These results may be accounted for by the theory, either
been performed in both experimental conditions. The magwhen nonmagnetic impurities are treated in the unitary limit
netic response is displayed on Fig. 8, together with that ofor an anisotropic superconducting order paranmétesy
the pure sample. when magnetic pair breaking occurs due to local moments

The main differences between the magnetic responses @round zinc site3!® In addition to finite DOS at the Fermi
the superconducting state of zinc substituted and zinc-frekevel, the lifetime of the quasiparticles involved in the super-
samples are now clearly seen: a magnetic signal appears @nducting pairing mechanism must be strongly lowéred.
low energies, below the spin gap of the pure system, whiléinally, Ishidaet al® have also shown the existence of two

V. COMPARISON WITH YBCO g,
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relaxation times ascribed fJCu sites away from and near ishes in the normal state. Other mod&®ven though they
zinc impurities. handle different concepts, explain the resonance peak as due
Our measurements in the low energy rangexbfare to spin-flip electron excitations across the superconducting
clearly related to such peculiarities of the zinc substitutecgap with an enhancement of the susceptibility due to the
YBCO system. The appearance of a magnetic response in ttamtiferromagnetic interaction between Cu spins. We see that
superconducting state directly reflects the appearance of taese kinds of models provide us with the necessary ingredi-
finite DOS at the Fermi level, which provides possible mag-ents for a qualitative discussion of our observations. Indeed,
netic fluctuations. The temperature dependenceyofat the existence of the low energy part gf and the results of
hw=10 meV, as reported on Fig(ld), displays some signifi- NMR measurements clearly indicates that zinc substitution
cant features: a possible enhancement aropdnd an  affects some of the Cu sites, either by slightly reenforcing
evolution of theQ width from a low temperature value of the localized character or more effectively by reducing the
0.16 r.l.u. up to a value of 0.20 r.l.u. aboV¥g, which is that lifetime of the quasiparticles involved in the superconducting
found in the pure system. This is strongly in favor of the mechanisnf’ In the above-mentioned approaches, the alter-
coexistence of two contributions to the magnetic responsegtion of the itinerant character must induce a strong effect on
one seen at low temperature and nearly unaffected by thime resonance, in agreement with our observations.
superconductivity, the second one appearing abbyveand
displaying the same behavior as in the pure system. This VII. CONCLUSION
overall temperature dependence at low energy is consistent

. . 16 . . .
with the report by Ishidzet al.- of two relaxation times in namical susceptibilityy”, is markedly different from that of

the measurements of tHf8Cu nuclear spin relaxation rate, the pure svstem. Main differences appear in the low ener
T,, even though the relative magnitude of the two contribu- P y . ences app 9y
range where a broad contribution is found arouneo~9

tions cannot be obtained. Finally, we may point out that themev and in the high enerav range where a maximum is
low temperatureQ width corresponds to a characteristic g gy rang o

length of 7 A, which is an estimated range of the perturba-Observed around 35 meV, but without the characteristics of
tion induced by zinc impuirities still isolated for this kind of the resonance observed in the pure system. Nevertheless a

. 9 careful examination of the energy and temperature depen-
zinc content. ences ofy” allows the conclusion that the zinc substituted
At this stage, our INS results also suggest the picture ofj

CuG, planes where zinc impurities induce some perturbatio pystem retains the memory of the spin gap, still defined by

on a range of abdw A giving rise to two different kinds of r}he. inflection point in they curve atE.GZS?.’ me\V. _The co-
Cu sites. existence of a low energy signal with this gaplike feature

Turming now o e ighenergyparta, e main efect £ 12 el 0 e extence of o s of conper stes
of the zinc substitution is the strong variation of the reso-_. PIn 9ap 9 pet X
sity in CuQ, planes. These results are consistent with the

nance feature. As this resonance is strongly correlated to theXistence of a finite DOS at the Fermi V&8 and with

superconductivity in the pure system, such a drastic effect i g A . i
not unexpected according to the strong reductioit ofor a %MR findings of two r_elaxatlon time¥’ Likewise, the reso .
nance feature, which is known to be closely related to super

low zinc substitution. But, to try to understand the origin of onductivity. is stronaly reduced upon zinc substitution. even
this effect, we need the help of the theoretical approache§f h Y, | 9 yh' £ TFE)' Id b d ’ q
which are able to account for this unusual feature in the puré there remains some hint of it. This could be understood as
system. Among others, the model developed by Onufrievz%.eSUItIng frc_Jm the mOd.'f.'Cat'On mduc_ed by the zinc SUbSt'tL_J'
ion essentially to the itinerant contribution to the magnetic

7 i i i i i A
et al.” provides some consistent picture of this behavior. Us esponse. This is likely the more prominent feature regarding

ing diagrammatic techniques for Hubbard operators in thc:I(h . X o .
N : : ~ the drastic effect induced on superconductivity by zinc sub-
framework of thet-t'-J model, this approach gives a formu stitution. We hope that the present results will help to de-

lation of x" as a combination of two contributions. The first velop further theoretical and experimental investigations to
arises from the subsystem of itinerant charge carriers. The P P 9

second corresponds to the localized spins subsystem with o9ress i_n the understanding of the superconducting prop-
short range AF correlations related to two spinon spectra‘?rtles of highT; cuprates.

function. In the_pure system the respective evolutions of ACKNOWLEDGMENTS
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