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Alexandrov, Liang, and Zavaritsky Reply: Contrary to by two different energy (or length) scales (i.e., by slow
the Comment [1] we believe that (#.,(T) determined and fast variables [6]). The above estimate shows that
by us [2] corresponds to the appearance ofeatended the zero temperature coherence length in Higltuprates
stationary order parameter being therefore the uppeiis of the same order as the wavelength of holes which
critical field by definition, and our theory iexactin the  makes both scales to be indistinguishable and prohibits
thermodynamic limit(N,V — «,N/V = cons) for the the application of the fluctuation theory no matter how
short coherence-length superconductors, (b) the canonicalany Landau levels contribute. This conclusion is well
fluctuation approach based on the Ginzburg-Landau fresupported by the experimental results on the resistive upper
energy functional as suggested in the Comment cannot hgitical field in low-T. cuprates measured down to the
applied to high#. cuprates, (c) the observation of somemillikelvin scale [7] where one should not expect any
diamagnetism above the resistitle,(T') as well as the in- role of thermal fluctuations. Nevertheless, the divergent
plane resistivity data are consistent with our result, and (d{.,(T) is observed whichguantitativelyagrees with the
a genuine zero-field-normal-state resistiviRy (7)) was charged Bose-liquid theory [5].
measured in our Letter. Let us spell out these arguments In addition to our results [2] there is now a growing
in simple terms. body of evidence for the non-Fermi-liquid normal and
Our definition of the normal stat®y (7T) is based on the non-BCS superconducting state of higjhcuprates. In
observation of a zero (negligible in practice) magnetic-particular, the normal state gap is observed with mag-
field effect on thec-axis resistivity well abovel.(H). netic, kinetic, thermodynamic, and now with the ARPES
Because there is no magnetic-field dependence of the ermaeasurements. It clearly manifests pairing of carriers into
trapolatedRy(T) [Fig. 1(a) [2]] it is reasonable to regard bipolaronic states above. as discussed by us [5]. These
Ry(T) as the appropriate description of the normal statesinglet bosons can provide a diamagnetic response well
in the absence of superconductivity, as also suggested @pove the resistivél.,(T) which could be due to a sam-
other authors (in Ref. [3] this conclusion is verified up tople inhomogeneity as well. Our data show the same up-
60 T). Therefore the resistivity peak in the magnetic fieldward H.,(T) determined with the in-plane resistivity as
should be explained by the semiconductinglike temperawith the c-axis resistivity even if one takes into account a
ture dependence of the normal state resistivity [4] rathelarge broadening of the in-plane transition.
than by fluctuations as claimed in the Comment. When Therefore there is strong evidence, both theoretical
the coherence volume becomes comparable with the voand experimental [5], that cuprates belong to the same
ume occupied by one carrier the ground state is a chargedniversality” class of superfluids as Heto which the
2e Bose liquid [5] rather than a BCS-Fermi liquid. In GL (or BCS) theory cannot be applied.
that case the linearized stationary Schrodinger equation
for the condensate wave function [Eq. (2) of our Letter]A.S. Alexandrov, W.Y. Liang; and V.N. Zavaritsky
is derived microscopically [5] taking into accountall 'Department of Physics, Loughborough University
quantum and thermal fluctuations. In contrast with the ,Loughborough LE11 3TU, United Kingdom
mean-field Ginzburg-Landau (GL) theory this equation is 'RC In Superconductivity, University of Cambridge
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exact as long as the total number of particlésjs macro- *Kapitza Institute for Physical Problems

scopically large. It differs from GL one in the micro- Moscow 117334. Russia
scopic origin, so instead of the mean-field GL coefficient '
a ~ T — T, there is the chemical potential, with @  Received 19 July 1996 [S0031-9007(96)02045-5]

nonlineartemperature dependence determined by the SUBRACS numbers: 74.60.Ec, 74.25.Ha

rule, Eqg. (3) [2]. The theoreticall .,(T) corresponds to

the appearance ofraal extended superfluid and, as a con-

sequence, to a resistivity drop. Therefore, our theoretical[1] A.V. Nikulov, preceding Comment, Phys. Rev. Lefs,

and experimental definitions &f.,(T) are identical. The 981 (1997).

parameter-free fit (Fig. 3 [2]) confirms this conclusion.  [2] A.S. Alexandrovet al, Phys. Rev. Lett76, 983 (1996).
On the other hand, applying the canonical GL fluctuation [3] Y. Ando et al, Phys. Rev. Lett75, 4662 (1995).

theory [1], one arrives at a quite meaningless value of [4] The semiconductinglike-axis resistivity can be explained

H.»(0) (250 T)and-dHc2/dT = 2.7 T/K. The number by the single polaron contribution to theaxis transport

of Cooper pairsN, sharing the area occupied by one as suggested by A.S. Alexandrov, V.V. Kabanov, and

pair is N, = hex/32ea’H»(0), wherex is the number N.F. Mott, Phys. Rev. Leti77, 4796 (1996).
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is the in-plane lattice constant. Then by the use of the .., Superfluid¢ Taylor and Francis, London, 1994).

GL value of H(0) [1] we obtain N, = 0.5, which is  [g] v.N. Popov,Path Integrals in Quantum Field Theory and
not a reasonable result within the canonical fluctuation ~ statistical PhysicgAtomizdat, Moscow, 1976), pp. 180—

theory based on the GL free energy functional. The latter 189 (in Russian).
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