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HIGH Tc SUPERCONDUCTOR AS A STRONGLY CORRELATED STATE* 

Vladimir Z. Kresin 
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Lawrence Berkeley Laboratory 
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Berkeley, California 94720 

LBL-24091 

1. Large values of Tc and the energy gap mean the 
presence of the strong electron-electron correlation in new 
materials. Several phenomena due to this strong effect are 
discussed. A small value of the carrier's concentration 
along with high Tc lead to a small value of the coherence 
length F;°=20A. It leads to a unique possibil ity to 
observe a multigap structure. A problem of the lattice 
stability as well as a change of the phonon dispersion law 
in the presence of such strong electron-electron correlation 
will be di scussed . These properties do not depend on the 
specific mechanisms of high Tc superconductivity. 

2. Speaking of mechanisms of high Tc , the importance 
of low dimensionality and a mixed valence state is stressed. 
The appearance of the strong electron-phonon coupling and the 
20 plasmons exchange are studied. 

*This work was supported by the U.S. Office of Naval Research 
Contract No. NOOOI4-86-FOOI5 and carried out at the Lawrence 
Berkeley Laboratory under Contract No. DE-AC03-76SF00098. 
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A small value of the coherence length and the Fermi energy allows one to 
consider a new high Tc superconductor as a strongly correlated state. 
An analysis of the experimental data leads to the conclusion that high 
Tc is provided by the coexistence of the phonon and non-phonon (plasmon) 
mechanisms of superconductivity. 

1. INTRODUCTION 
This paper is concerned with 

properties of new superconducting 
oxides discovered in [1,2J and 
with mechanisms of high Tc 
superconductivity. At present, 
there are many experimental data 
which allow us to conclude that we 
are dealing with very unusual 
systems (Sec. II). 

The present author has proposed 
a concept of the coexistence of 
the phonon and non-phonon 
mechanisms of superconductivity 
[3-4J (see also ref. 5). Recent 
experimental data show that this 
concept is getting an experimental 
support (Sec. III). We think that 
an exchange by two dimensional (20) 
plasmons [3,4,6J is a most favor
able non-phonon mechanism of high 
Tc superconductivity (Sec. IV). 

II. EXOTIC PROPERTIES OF NEW 
SUPERCONDUCTORS 
The evaluation of the main 

parameters of the oxides has been 
carried out by the present author 
and S. Wolf in [7J. We have 
developed a method allowing one to 

use heat capacity data [S] in order 
to calculate the main parameters 
of the system. A reduced dimen
sional ity was taken into 
account in a consistent way. We 
think that the heat capacity 
measurements are the most reliable 
source of information, because 
these data are not sensitive to 
mutual orientation of single 
crystals in a polycrystalline 
sample. As a result, we obtain 
the following values for 
La1.sSrO.2Cu04: m*=4 me, 
€~=O.12 eV, ~o=23.5A (m*, EF' 
ahd ~o are the effective mass, 
the Fermi energy and the coherence 
length, correspondingly). For 
YI Ba2Cu307 the value EF appears 
to be even smaller: € =0.07 eVe 
We would like to stres~ two inter
related features of the systems 
allowing one to consider them as a 
strongly correlated state. First 
of all, the value of the parameter 
a=€(O)/E F (E(O) is the energy 
gap at T=OK; the parameter a is 
negligibly small for conventional 
superconductors) appears to be 
large. This means that a large 



fraction of carriers is paired 
In.this ~ense the new high Tc • 
oX1des d1ffer in a striking way 
from the usual superconductors. 

Secondly, the coherence length 
is small. Such a small value ~ 
allows one to meet the Anderson

o 

criterion ~o « 1, 1 is a mean 
free path and observes a multigap 
structure [9J. The two-band model 
was proposed in [10J and developed 
afterwards in [llJ. 

III. COEXISTENCE OF THE PHONON AND 
NON-PHONON MECHANISMS 

A concept of such coexistence 
for new high Te materials was 
proposed by the. present author in 
[3,4J. This concept is getting a 
serious support (see below) from 
the recent experimental data. We 
focus here on La1.sSrO.2Cu04 
because the experimental investi
gation of this material looks more 
reliable and complete. At the 
same time it is natural to assume 
that the superconductivity in 
Y-Ba-Cu-O system is caused by 
similar mechanisms, although their 
relative contribution may be 
different. 

The observation of the isotope 
effect [12J for La-Sr-Cu-O compound 
means that the eJectron-phonon 
interaction (EPI) contributes to 
superconducting state. However, 
one ~an show th~t.the strength of 
EPI 1S not suff1c1ent enough in 
order to provide such a high Tc 
(-40K) • Indeed 1 et us assume that 
the superconducting state of the 
system is due to EPI only. 
According to neutron data obtained 
in [13J, the phonon density of 
states F(n) is peaked in the 
region n-100-150K. For the 
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followi~g analysis one can use the 
express10n 

obtained by the present author 
[14J; this expression is valid for 
any value of EPI constant A. 
~ere Aeff = (A-~*)(1+2~*+A~*t(A))-1, 
n = <nz>172, the function t(A) 
is defined in [14J, ~*=0.1. 
Function a 2(n) describing the 
coupling, is unknown, but the 
sharply peaked structure of F(n) 
allows one to assume that Q-150K. 
Eq. (1) leads to A h=4.5-5. 
Hence, we come to ~he conclusion 
t~at EPI may, in principle, provide 
h1gh Tc , but it corresponds to a 
very strong coupling; namely, A h 
should be very large. p 

The value of A can be obtained 
from tunneling spectroscopy data 
(see, e.g., ref. 15), but a small 
value of ~o make such experiment 
~iffiCul~. But the necessary 
1nformat10n can be obtained also 
~rom the ratio 6 = 2€(O)/Tc, €(O) 
1S the energy gap at T=OK. In a 
weak coupling approximation 6 = 
66CS = 3.52. The dependence 
6{A) was discussed by the present 
author in [9J. 

Intermediate value of A-1.5-2 
corresponds to 6-4-5 (see refs. 15 
and 16). For example, 6Pb=4.3 
(A=1.5), 6Hg=4.5 (A=1.6) 
6pb-Bi = 5 (A=2). 

There are many experimental 
measurements of 6 for La-Sr-Cu-O 
system. Various methods (different 
types of tunneling, infrared 
spectroscopy) have been used. At 
present, one can state that a large 
majority of data (see e.g., ref. 
17) is converged in the region c· 



6-4-5. This value of 6 corresponds 
to intermediate (Aph=I.5-2), but 
not a very strong coupling (see 
above) • 

Hence, our assumption that 
high Tc is provided by EPI only 
leads to the contradiction. The 
presence of the isotope effect 
shows that EPI contributes to the 
~uperconducting state, but Aph 
1S not large enough and there is a 
need for an additional mechanism. 

Hence, high Tc is provided 
by an action of phonon and non
phonon mechanisms. 

IV. 20 PLASMONS. COEXISTENCE OF 
EPI AND NON-PHONON (PLASMON) 
MECHANISMS 
We think that the exchange of 

20 plasmons is an additional 
mechanism in the high 1c oxides 
[3,4,6J. Here I would like to 
stress several important features 
of this mechanism. 

1. Low demensionality and a 
small carrier concentration makes 
the contribution of 20 plasmons 
very favorable. Reduced dimen
sionality along with presence of 
the overlapping energy bands leads 
to an appearance of two plasmon 
branches: 1) the branch 
w(q)-ql/2(q~0), which is specific 
for 20 system [19J. Note that in 
the short-wave region which is 
important for the pairing, the 
interlayer interaction is not 
essential; 2) acoustic branch (see 
e.g., ref. 19) w-q, which is due to 
the presence of the several bands. 

2. The presence of 20 plasmons 
is not an assumption. They exist 
and in the presence of the EPI th~y 
can provide an additional contribu
tion to the pairing. 
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Note that 20 plasmons in lay
ered systems similar to La-Sr-Cu-O 
have been observed experimentally 
in [20J. 

3. A hybridization of 
plasmons and phonons leads to an 
opportunity to observe a peak in 
the reflectance (see ref. 6). 

4. Electron-plasmon coupling 
APt increases with decreasing of 
carrieri concentration n: 
APt-Vf- -n-1/2 • 

Tc in the presence of both, 
phonon and plasmon mechanisms is 
described by the expression [3,4J: 

T =T ph(- IT ph)r (2) 
c c wpt c 

where.r = Apt(Aph+A 2)-1, Tc
Ph is 

descr1bed by Eq. (1~. I would like 
to emphasize that large value of 
wt1t/Tc ph, that is a large scale 
of the plasmon mechanism, leads to 
a noticeable c~ange of Tc with 
respect to Tc P even for relatively 
small AP.t. I~deed if Aph=2, Q=150K, 
we obtaln Tc P = 21K (see Eq. (1) 
and the following di~cussion). 
Placi~g then ;'P2/Tc P =20 and 
aS~~lng Ap =0.5, we obtain Tc=1.8x 
Tc -38K. Hence, the coexistence 
of the phonon and plasmon contribu
tions may provide the observed 
high Tc of La-Sr-Cu-O system. 

CONCLUSION 
Unusual properties of a new 

high Tc superconductor allows 
one to consider it as a strongly 
correlated state. The analysis of 
the experimental data indicates 
that the superconducting state in 
new hig~ Tc oxides is caused by 
the actlon of two coexisting 
mechanisms: phonon and non-phonon, 
namely by the exchange of 20 
plasmons. 
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