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Comment on “Using Ni Substitution and 70 NMR 5
to Probe the Susceptibility y'(q) in Cuprates”
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In a recent letter, Bobrofét al. [1] presented novel’O

NMR measurements for YB&Cu;—Ni,)3O¢+,. They =4

observed a strond’-dependent broadening of théo z [

NMR lines which they attributed to the oscillatory electron <

spin polarization induced by Ni impurities. Their experi- “%’”2 i

ment offers a new probe of the momentum dependence of
. . [ o <o

the static spin susceptibility’(q), complementary to the 1 (b)

NMR observation of the Gaussian component of the trans-

verse relaxation timel,¢, of planar Cu [2]. ol . . . . .

To understand the stronfj dependence of the NMR 0 1 2 - 3 4 5
linewidth Av(T), Bobroff et al. performed calcula-
tions to simulate the NMR line shape by assumingFIG. 1. The'’O linewidth A» as a function of. Curve(a)

a Gaussian form for the electron spin susceptibilityFho","sf,tthe{ﬁsgﬂt folT) i%ONgizd?}gin%andC’ Z 0. Thedszlid

X/G(q) N 477’\/*52 exd—(q — Q)zfz] with Q = (. ). clgfnless Io\r,1vc|1I toc V=_0 5. 2 and 4%/0 Ni dgr\ilr?S(rg's(ce)(’:t?vnel( f);md

They found that thé’O linewidth Av is independent of P e ping, resp v,
C'/C = 0.25. The inset represents the results fidi(q) with

the antiferromagnetic correlation leng¢h For the over-  curves(e) x = 2% and( f) x = 4% Ni doping.
doped sampléy = 1), whereAv = y*f(£) is only very

we_akly T dependent, they conclude that is basically | 5rentzian formyi.(q), Av(€) ~ &3/, in agreement with
T independent. However, for the underdoped sampleg,, numerical results (see solid line in Fig. 1).

(y = 0.6) they find that the strong-depindence oAw Taking theT,g data from [5] (corrected fof; contribu-
can be explainednly with aT-dependeny ™. E:lomblrllng tions [6]) andTAv for the underdoped sample from [1],
these results with ther-dependence off,g ~ x"¢,  we computed the produ@bgTAv, which is independent
they pointed out that this implies @-independent{ ¢ ¥*, andwhich for any form ofy/(q) depends solely on
for the underdoped samples. *Tzhey also remagkzthat 2. In contrast to [1] we find that this product is strongly
Lorentzian modelx1(q) = 47 x*¢7/[1 + (@ — Q)°¢"] 7 dependent, dropping by more than a factor of 2 be-
gives similar results. This is in contradiction to the spinyyeen 100 and 200 K. For a Gaussian this implies that
fluctuation scenario of cuprate superconductors [3], whicl jcreases a# increases, an unreasonable result. For a
is based on the Lorentzian f.OWL(‘I)- Lorentzian,¢ increases with increasiri. We, therefore,
Stimulated by their experiment we also performed calyygjieve that a Gaussian form #f(q) is unlikely.
culations to simulate th€’O NMR line shape. For the  This work has been supported by STCS under NSF
Gaussian susceptibility;(q), we obtain the same results Grant No. DMR91-20000, the U.S. DOE Division of Ma-
as Bobroffet al. However, we obtain a strong depen-  terigls Research under Grant No. DEFG02-91ER45439

dence of the'’O linewidth with the Lorentzian form of (C.P.S. and R.S.), and the Deutsche Forschungsgemein-
x1.(q). Ourresults usingf (q) are shown in Fig. 1, where gcnaft J.S.).

we plot the ¢ dependence oAv. Because of thd /T

dependence of the Ni magnetic momety — 1) corre-  D.K. Morr, J. Schmalian, R. Stern, and C.P. Slichter
sponds td"Aviy,, in Ref. [1]. The inset shows our results  University of Illinois at Urbana-Champaign

for x5(q). Our results obtained witly{ (q) [curve (a)] Loomis Laboratory of Physics

demonstrate that the experimental results of Bobebfil. 1110 West Green

are clearly compatible with @-dependent [3]. Further- Urbana, lllinois 61801

more, including in addition to the nearest-neighbor Cu-O

hyperfine coupling” a next-nearest-neighbor couplid  Received 23 October 1997 [S0031-9007(98)05826-8]

[4] [curves (b), (c), and(d )] we obtain a flattening of PACS numbers: 74.25.Nf, 74.62.Dh
Av(¢) for ¢ = 1-2. This provides a possible explanation

for the different behavior of overdopéd = 1-2) and un-  [1] J. Bobroffetal., Phys. Rev. Lett79, 2117 (1997).
derdoped ¢ = 2—4) systems. [2] C.H. Pennington and C.P. Slichter, Phys. Rev. L66.

, 381 (1991).
3
_Because of the location of th€O between two”Cu 31 1 "pires™ 7 Phys. B103 129 (1997), and references
sites, the local field at th€O site behaves asa y(r)/dr, therein.

where ¥(r) is the envelope of the real space suscepti- (4] y. zha, V. Barzykin, and D. Pines, Phys. Rev58, 7561
bility (see Fig. 4 in Ref. [1]). Our analytical computa- (1996).

tions show that for the Gaussian foryk(q), Av(¢) is [5] M. Takigawa, Phys. Rev. B9, 4158 (1994).
approximately constant for a realistic rangefof For the [6] N. Curroet al., Phys. Rev. B56, 877 (1997).
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