Intrinsic Superconductivity
In graphene ?

Electron-phonon mechanisms
(Raman scattering)

Pure Coulomb mechanisms
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“The theoretical oriented scientist cannot be envied, because nature, i.e. the
experiment, is a relentless and not very friendly judge of his work. In the best
case scenario it only says "maybe” to a theory, but never “yes” and in most
cases "'no”“. If an experiment agrees with theory it means “perhaps” for the
latter. If it does not agree it means "no“. Almost any theory will experience
a "no“ at one point in time — most theories very soon after they have been

developed.”

— Albert Einstein, Theoretische Bemerkungen zur Supraleitung der Metalle
[Einstein, 1922].



A Personal Note

Free non-relativistic electrons in a box
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What would be the effective theory for
superconductivity in graphene ?
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Dirac Fermion pairing

AHCN, Phys. Rev. Lett. 86, 4382 (2001)
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GAP

Superconducting
State

A (T, 2)| = 2T cosh™Ycosh[27rvrvy/(Tg,)]
X e—(z’?TUFvo/Tg)]

and ¢, = 472 Jurvg/A. At T = 0 we have
|As(0, g)| = drvrve(l/g. — 1/g),

The quantum theory is critical
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Electron-phonon coupling
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A proposal




The Idea: start with the non-interacting problem
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And add Coulomb interactions
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All interactions are repulsive !



Graphene Effective Interaction (RPA)
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The interaction can be strongly attractive close
to the zeros of the dielectric function
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where electrons resonate with
plasmons !

plasmon

Frohlich, H.
J. Phys. C 1, 544-548 (1968)



Dielectric function
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metal continuum
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The screened mode will exist if it is not overdamped by
the electronic particle-hole continuum:

€oUo
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If x is the fraction of electrons per metallic atom that
migrates to graphene in the compound, ¢ A
m n

this condition is equivalent to

r < 0.12(m/n)

. 5

Superconductivity is favored for a sufficiently
diluted coverage of the metal (large n) !



Carbon Superconductivity

Fullerenes

Cqo Is an insulator but

CqoK; Is a superconductor (18 K)
Hebard et al., Nature 352, 223 (1991)

Cybuckyball

but C,,K, is an insulator indicating that
superconductivity happens with metal dilution



Intercalated Graphite
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Graphite intercalated compounds (GIC)
Yb

I M K

Czanyi et al., Nat. Phys. 1, 42 (2005)
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Graphite intercalated compounds (GIC)
C.Yb Yb Graphite
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Graphite intercalated compounds (GIC)
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Mazin et al., cond-mat/0606404



Graphite intercalated compounds (GIC )
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Graphite intercalated compounds (GIC)

+ non-superconductors
al 4+ superconductors
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Interlayer band energy, Eib—E ; [eV]
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2 band model model superconductivity?




Conclusions

We showed that superconductivity is possible
In graphene using a purely electronic mechanism

A reliable estimation of T_ requires the inclusion
of retardation in the interaction (strong coupling
theory)

Graphene has has a new superconducting phase
with p+ip wave pairing in the singlet channel.



