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Comment on “Pseudogap Precursor of the L A B -
Superconducting Gap in Under- and Overdoped
Bile‘zCaCl.l203+5"
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In arecent Letter Renner et al. [1] reported scanning tun-
neling spectroscopy on B$rCaCuyO0g. s claiming sev-
eral new results: The order parameter symmetry is doping
independent, the pseudogap persists into the strongly over-
doped region, and the pseudogap evolves continuously into
the superconducting gap. They conclude that “the pseudo-
gap is directly related to superconductivity and shows
either the presence of important superconducting fluctu- v
ations or preformed pairs abo¢e.” 0-_%00 100 0o 100 200
With their first point we concur SR studies of impurity
scattering show!-wave symmetry to be preserved across V (mV)
the under- and overdoped re_:giorjs -[2]' We do .not have IG. 1. Calculated tunnelin spectra for underdoped
consensus, however, on their principal conclusion. NM i,SHCaCuOs, 5 within the co?npeti%g pseudogap model Por

and heat capacity [3—5] both show the pseudogap and sy-= (, 21, 43, 64, 84, 104, 124, 154, 204, and 254 K. Arrow
perconductivity to bendependenand competing. Their  indicates increasing temperature.

respective gap energiés, and A, have different magni-  ag 4 highly local and surface probe, STM is probably
tudes and doping dependences, with the former falling 1,4t f,|ly representative of the bulk and affected by either
zero in the lightly overdoped region [4]; there is an iS0-jnhomogeneity or the fact that the probed area is compara-
tope effect in the latter but not in the former [5]; and thep o 1o 4 pair size and separation. The STM gap is found
shear magnitude ok, exceeding 1000 K at low doping 5 pe the samé~40 meV) on the underdoped and over-
must surely preclude precursor pairing. We wish to argUejoned sides (Figs. 2 and 4 of [1]) and the fact that the
here that the smooth evolution of tunneling spectra fro"bverdoped normal-state gap extends only as high as 90 K
the pseudogap into superconductivity does not necessarip,q maximunt’,) would suggest that this is just the super-
imply the pse_udogap is a short-range pairing state with th onducting gap exposed bel@W.n.x by inhomogeneity or
same mean-field gap energy as superconductivity. averaging of the surface and bulk. In contrast, in under-
We adopt the Fermi liquid model of Loraet al. [3] re-  ggped, optimal [7], andightly overdoped [7] samples the
ferring the reader to justification elsewhere [6], partlcuIarlypseudogc,ﬁp spectra extend to 300 K or more. We are not
in the light of th_e issue of incoherer_lt states near the zongyvinced that, contrary to bulk NMR and heat capacity
boundary. In this model the total anisotropic gagT’. k), yegylts, the pseudogap persists deep into overdoping and

dI/dV (Arb Units)
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o

is expressed as scales with the superconducting gap. Indeed in Fig. 2 of
Renneret al. the pseudogap features move out from 40 to
2 __ 2 2
[A(T,k))" = [A'(T) cod26)]" + [E,| cod20)IT, 100 meV at highr. The underdoped data certainly show

pseudogap features, but the overdoped STM features may

where A’ is the order parameter, arfg, is found to be yq| pe superconducting contributions belG@W,,,, in an
essentiallyT independent and assumed thus. The BCthomogeneous system.

gap equation is solved within this model and the density

of states (DOS) is expressed as a tunneling conductance &t Tallon and G.V.M. Williams

different temperatures in Fig. 1, where the DOS has been New Zealand Institute for Industrial Research
thermally broadened. The adopted valuks:= 44 meV P.O. Box 31310, Lower Hutt, New Zealand

is taken from Renneet al. [1] for the underdoped sample Received 17 February 1998 [S0031-9007(99)08829-8]

with T, = 83 K, and E, = 34 meV is a reasonable es- ooy mbers: 74.50.+r, 74.25.Dw, 74.25.Jb, 74.72.Hs
timate based on other cuprates. The key result is that

the simulated spectra evolve smoothly with no percepti-
ble change af,. but in no way imply that the pseudogap is [1] Ch. Rennert al., Phys. Rev. Lett80, 149 (1998).
precursor superconductivity. The small displacement of [g] ?'V\E/;e[”hardet all-’?hés' Rev. 'a‘;ttz’sze’l%‘gilg%)'
the peak to lower energy ned is due to the fact that 3] J-W. Loramet al., J. Supercondz, 243 (1994).

A hile th ward t at higHEris d [4] J.L. Tallonet al., Physica (Amsterdam35-240C 1821
E, < Ao, while the outward movement at highens due (1994); Phys. Rev. LetZ5, 4114 (1995).
to thermal broadening. These effects may be too small to[5] G.V. M. Williams et al., Phys. Rev. Lett78, 721 (1997):
discern in the more broadened spectra of Reenat. [1] 80, 377 (1998). ’ ' '
but the inward movement of the peaks n&arshould be  [6] G.Vv.M. Williams, E.M. Haines, and J.L. Tallon, Phys.
visible in the spectra for the optimally doped sample, where ~ Rev. B57, 146 (1998).
E, should be substantially less thag. [7]1 A. Matsuda, S. Sugita, and T. Watanabe (to be published).
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