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(Outline]

e High-T, superconductivity in Cgg

e Fullerenes: low carrier density; small Fermi energy

e Electron-phonon: breakdown of adiabatic hypbthesis

e Nonadiabatic superconductivity

e Nonadiabatic Fermi liquid



(Ceo Fullerene)

Molecular structure




(Electronic band structure)
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(Phase diagram)
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(Field Effect Transistor doping)
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Critical temperature T_ (K)
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I[FET results]
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(Superconductivity in fullerenes)

o TV =117 K! (sofar ... )
[BCS empirical limit T < 20 — 25 K]

e Strong electron-electron rebulsion
[Cooper pairing disfavoured]

e Small density of carriers
[poor metal]

—> Superconductivity in fullerides
in spite of
these negative features 72777

—> Unconventional superconductivity:
new context in which
these negative features favour pairing



(Common metals)

(a) Few atoms in unit cell

(b) Close packed unit cells




(Electronic states)

(a) High energy spaced atomic levels

(b) Strong hybridization = large bands

atomic crystal
levels bands

(eVs)

E‘at

—> Large carrier density

—> Large Fermi energy Er



(Fullerenes]

OK.
&C
Ok

e Large cluster unit block
e Weak hybridization

molecular crystal
levels bands
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—> Small carrier density
—> Narrow bands

—> Small Fermi energy Eg

10



[Ba nd structure C60}
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Narrow bandwidths W ~ 0.5 — 0.6 eV

Small Fermi energies EF ~ 0.2 — 0.3 eV
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(Nonadiabaticity)

e Phonon frequencies wpp ~ 80 — 200 meV

INTERBY

A.F. Hebard et al., Phys. Today (1992)

e Fermi energies Eg ~ 0.25 — 0.35 eV
O wph/E,:g 0.4 —-0.8

The adiabatic principle
(Born-Oppenheimer)
breaks down

Nonadiabatic metal

i



(Adiabatic phase diagram)]
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Data collected by LDA calculations:

Schluter et al., Journ. Phys. Chem. Sol., 1992
Schiuter et al., Phys. Rev. Lett., 1992

Varma et al., Science, 1991

Faulhaber et al., Phys. Rev. B, 1993
Antropov et al., Phys. Rev. B, 1993

Breda et al., Chem. Phys. Lett., 1998

Onida et al., Europhys. Lett., 1992
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(Adiabatic hypothesis)

e Vertex function

Migdal's theorem

P Yeph

EF
© Conventional ME superconductors (wpn < EF):
PL1 =5 A=1

© Fullerenes (wph ~ Ef)
P~1 = =11 F
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(Vertex interferences)
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(Beyond Migdal's theorem)

e Vertex function

Expansion parameter: P = Awpn/EF
e Migdal-Eliashberg: nonperturbative in A

e Nonadiabatic theory: nonperturbative in A,
perturbative in Awph/EFr
= counting of vertex diagrams

First order in vertex
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(Nonadiabatic channels)

e Self-energy

[ =

e Superconducting Cooper pairing
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(Nonadiabatic metal para h’}etersﬂ

e Not a parameter renormalization
Es.: Electronic mass m*(A)/— m*(\')

m*(A) — m*(\,wpn/EF)
tﬂ()k) —F t(:(/\,wph/EF) |:t::-—j[

xp — xp(A wph/EF)

e Different nonadiabatic effects
on different physical quantities

18



(Key element: vertex function]

I a

xG(K + q,l + n)GK,1).

Smooth dependence on the external electronic
momenta-frequencies k-w,,

Complex structure in the exchanged phonon
momenta-frequencies q-w,
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(Sign of vertex corrections]
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e Static Iimitq -0, w=20

e Dynamic limit w =0, q=20

im P >0
w—0,q=0

Grabowski and Sham 1984: limy=c¢c P <0
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(Electronic correlation)

e Metals: long range el-el interaction screened;
short-range (on-site)?

Simplest (Hubbard) model

H = Z E(k)CLan,a s ok ) Z ni4Mi,]
k.o T

» Competition between propagating [e(k)]
and local [U] terms

e Half-filling (one electron per site) for U > Ef:
no propagation (strong correlation)

e At low density n; < 1.
weak correlation no matter U/Eg
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(Strongly correlated systems]

e Textbook example

low high
density | density
UKL EE
U> FEF v
e More complex structures
kg K 2—?; kg ~ %TE
large bEg
small Ee v
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Electron-phonon interaction
in strongly correlated metals

e Narrow bands = Eg~ U
= strong correlation
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(High Tt in nonadiabatic metals)

Low charge carrier density

U

small Eg

4

nonadiabatic regime
(+ strong correlation)

4

enhancement of superconducting pairing
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(Superconductivity Rb3Cg)

Inconsistency of ME theory
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(Nonadiabatic analysis)
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(Nonadiabatic characteristic features]

Experimental tests of nonadiabatic effects:
anomalous features not expected in conventional theory

In general, isotope effects provide important informations
about nonadiabatic interaction

© Isotope effect on quantities expected not to have it
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|[Effective mass m*)

™M
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m* _ mZ(iwn:}
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In Migdal-Eliashberg: m*/m =1+ A

= no isotope effect

No more true in the nonadiabatic theory
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(Nonadiabatic effective mass m*)

o m*(A) — m*(\,wpn/EF)

Finite isotope effect
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(Pauli spin susceptibility x)
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errEF

= x = p3N(Er) (uEN(Er)/(1 + I)]

e no el-ph renormalization of x

e Migdal-Eliashberg
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e No isotope effect on spin susceptibility
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(Nonadiabatic Pauli susceptibility)
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again:
o x — x{(A, wpn/EF)
= Electron-phonon renormalization

= Finite isotope effect
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Dependence

of y on A and
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Temperature dependence of x

In Migdal-Eliashberg: x = u3N(EF) constant in temper-
ature T' < Ep

Finite bandwidth effects: decrease of x with temperature

Non monotonic temperature dependence in nonadiabatic
theory

1.0 . ,

0.9 A=0.7 -

1T /% (T=0)
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(Conclusions)

Fullerenes: molecular crystal

Small Fermi energies

New physics (nonadiabaticity)
Anomalous metal properties
Anomalous superconductivity (high-T.)

New perspectives (material engineering)

34



