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SUPERCONDUCTIVITY FROM VALENCE FLUCTUATIONS WITH FINITE U

B. H. Brandow

Theoretical Division. Los Alagnvs National Laboratory, Los Alamos, NN 87545 USA

The finite-U pairing mechanisi of Newns is found to be opposed by a magnetic tendency arising from Gutzwiller
renormalization of the hybridization. This competition restricts superconductivity to the parameter regime A <
U. and this also reproduces the parabolic rise and fall of T¢ in Laz_SrzCu(Qq with increasing x. Re-analysis of
the photoemission data for CuQ reveals that indeed A R U for this compound, contrary to previous work.

Most of this study has been reported elewliere in
more detail.! We shall outline the main features, and
then dexcribe the main result of a new analysis of pho-
toemission data for CuQ. Contrary to previous analyses,
this indicates that cuprate materials have parameters
favorable for the present theory.

The conceptunl picture of valence fluctuations or
“heavy fertnions” his i prjorj appeal, for a non-phononic
theoary of superconductivity, for two reasous, First, a
viriety of evidence suggests that oxygen 2p orbitals are
somehow playing an nnportant role, in addition to the
copper 3d orbitals. This leads to a model Hamilto-
ninn of the Anderson Iattice form, which is the stan-
dird starting point for valence Huctuation (VF) the-
ary. The other reason is that the VF picture imme-
dintely provides a normal Fermi liquid, with Landau
qaninarticle states.? This permits much of the DCS
thev:ry to be taken over directly, and it may also serve
to explain the normal state tenasport properties. Thia
pictare nlvo provides some "heaviness™ r enhancement
of state density at <p, which seeins to be required for &
Fermi-liquid explanation of the maguetic suseeptibility
above T..

[ the presumned VE phinse of the superrondnet
g cuptates whove L'y, the 2p eleetrons provide Kondo
sereeniing of the copper loeal moments, theteby enabling,
the existeuee of A normad {ronmngnetic) Fermi lignid.
Thiv wle of the 2p eleetione i so ditferent from thie

a1 the Matt jnsadnting “parent™  compound,

and in the azsociated lightly-doped materinls, that we
vxpect these contrasting plinses to be separated by a
first order transition. This tramsition is presumably
masked by sample inhomogeneitien, leading to a range
of doping with both phases present.

Pairing mechanisms within the framework of VF
theory have been recognized from some time at the
(1/N)! and (1/N)? urders of the 1/N expamsion (which
generally presumes that U = 0o); these mechnnisms lead
to p or d-wave pairing. We are focusing instead on
the “two-hole revonance” mechanism of Newns,d which
arives alresddy at the (1/N)° or “mean fleld” stoge of
approximation, and which given s-wave pairing. This
mnechanist requires that U be fnite (U < %), and we

note that it has =
|

simple  dingrnmmatic

interpretation,

Our wethod of aunlysiv ditfers from that of Newns,
We have extended our previous vaniational treatment?
to the cove of finite U, Dy anndytic nud mmmerical meth-
udn all of our variational parasneters are lly optimised,
i.e., they are fully self consintent. Onr ealenlations thegn
fore do not require any of the Huniltouing parameters,
or combinations of paemneters, to be sinadls the ealenln
tinns remnin sennible throughout adl of the Hamltonian
parnneter space.,

Our theory also differs physically in one pingor e
speet from that of Newns.d At the “wean tiekl™ or (1N
level of npproximation, it is well known that the Lan

dnn qunatpirticles nte desentbed by nosimple offective



hybridization model.” in which the 2p-3d hybridiza

tion internetion Vy is renormaliced ina Vo Wy \ T
Newns and co-workers have used the so-cailed mean
ficklieeipe. oy, p = 1 np, where ug refers to the f-electron
vccenpation number for a VF cetium compouwnd. (For a
cuprate, this uy becomes the 3d hole mumber per Cu
ion.) However, we have recently become couvineed thit
the Guezwiller form, «q¢; = (1-ugi/il-ng, ). is more cor-
reet. { This conclusion is based on a variety of evidenee:
exnctly -olvable rest enses, combiuatorie analysis, din
grommatic annlysis, and the requirement of correct e-
Lhavior iw U -+ 0.3 We therefore use the Gutzwiller form,
suitably generalized for the finite-U case,!

This ditfecence in the renormalization has major
consequences,  The explicit spin dependenee of the
Gutzwiller  causmes n strong tendeney towards mag-
netiam, and this effect opposes the Newns pairing mech-
anism. One resnldt is that we do not find supercondie-
tivity unless ATz Ecd'L) - E(d¥)l, the charge-transfer
energy parmneter of Sawatzky? is made consicerably
lnrger than the imerical values ty pically obtiined from
anadyses of photoemission datn.”® Instead of A « U,
ax typically found, this theory requires thae A 2 U, or
im other words that EGl®) o ErdL) < E(d!YL?). We
recognize, of conrse, that thiv configuration-energy or-
dering may be considered heresy. Nevertbheless, there is
a further rewnad for this nssumption. When we incrense
the doping level x of Lag. ,Sr,Cul)y, we tind that T,
first increnses, and then deeremses ad terminates, qual-
itatively following an inverted paraboln, in qualitative
agreement with the dota of Torrwee et al? Thin be
hinviror results here from the competition between the
poiving nond magnetie tendegicied,  We connider this a
significnnt suceens for the present theory.

Motivated by the foregoing, nnd by other aguments
i Ref. 1, we linve now earefully re annlyzed the Cn0)
photoctiission dutn of Sawntzky and eo workers.® We
have hngieally followed their wethad of nonlysis, but
with severnl differences of derail. In porticalnr, we have
enrefully enlenlnted the intensity distribunion for oxygen

M eleetyon removal, e ndshition to the 3dvetmoval spee

irumt. This additional information demonstrates quite
clearly that indeed A U, as outicipated 1o Ref. L
Besiden supporting the present theory, this resule has
a munber of implications which we shall diseuss else-
where, together with the details of this analysis. One
of these implieations is to refute the ecnnoon assertion
that the holes resulring from doping nre necommadired
almost entirely in oxygen 2p orbitals. We tind! that
these doping hioles are shared between the 2p and 3d

orbitals with quite similar probabilities.
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