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Symmetries and Dualites from Supergravity to Graphene
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(Centro Fermi Roma and Politecnico di Torino)

Aim: Study of the geometrical structure of quantum gravity,

in particular of extended supergravity theories, in view of of an

application to concrete physical models.

Method: Implementation of dualities, such as electric magnetic

duality and holography, as symmetries of the theory.

Rationale:

• Dualities are features of the theory that allow to access non

perturbative sectors of the theory, e.g. strong/weak coupling

duality;

• Extended supergravity means that there is more supersym-

metry, which is more restrictive and hence more predictive;

• AdS/CFT and AdS/CMT can provide information about

condensed matter systems (graphene/ Weyl semimetals)

Supergraphity: supergravity in a pencil

based on L. Andrianopoli, BLC, R. D’Auria, M. Trigiante, JHEP04(2018)007,

arXiv:1801.08081; L. Andrianopoli, BLC, P.A. Grassi, M. Trigiante, JHEP

(2019) 2019:36, arXiv:1903.04431; L.Andrianopoli, BLC, R. Noris, M. Tri-

giante, work in progress

Supergravity      → Graphene

The AdS/CFT duality [J. M. Maldacena, Adv. Theor. Math. Phys.

2 (1998) 231, hep-th/9711200] provides important insights into the
properties of strongly coupled non-gravitational models from a
classical supergravity theory in one dimension higher. It implies
a one-to-one correspondence between quantum operators in the
boundary CFT and fields of the bulk supergravity.

The powerful methods of the relativistic theories turn out to be a
very useful tool for exploring the special properties of graphene
on a two-dimensional spatially curved surface [A. Cortijo, M. A.

H. Vozmediano, Eur. Phys. J. ST 148, 83 (2007), condmat/0612623;

Nucl. Phys. B 763, 293 (2007) [Nucl. Phys. B 807, 659 (2009)], cond-

mat/0612374], including topologically non trivial cases [M. Cvetič,

G.W. Gibbons, Annals Phys. 327 (2012) 2617, arXiv:1202.2938 [hep-th]].

Viceversa, graphene has been proposed as a simple laboratory to
check gravitational cosmic phenomena like Hawking-Unruh radia-
tion [A. Iorio, G. Lambiase, Phys. Lett. B 716, 334 (2012), arXiv:1108.2340

[cond-mat.mtrlsci]], or wormholes in bilayer graphene [J. Gonzalez,

J. Herrero, Nucl.Phys. B825 (2010) 426-443, arXiv:0909.3057 [cond-mat.

mes-hall]].

Graphene and the Dirac equation

The graphene honeycomb lattice

Graphene is a two-dimensional layer of carbon atoms (one single

layer of graphite).

The carbon atoms in graphene form a honeycomb lattice with a

hexagonal structure, due to the sp2 orbital hybridization.

It is a bipartite lattice composed by two triangular sublattices

(sites A and sites B).

=⇒ Belonging to site A or B defines a

spin-like quantum number: Pseudospin,

an additional quantum number on top

of the actual spin, where pseudospin up

means belonging to sublattice A and

down to sublattice B .

The graphene Dirac cone

The Electron Band Structure of graphene

At the Dirac points (for a range of 1eV) the spectrum is linear:

Dirac cone: Ek = ±~c|k|
=⇒ Electrons in graphene obey the same type of equations as

relativistic Dirac massless particles with

c→ vF = 106m

s
=

c

300
Fermi velocity

“Analogue” relativity in condensed matter

Relativistic energy: Ek = ±
√

(~ck)2 + (mc2)2

If m finite
bare mass effective mass

m =⇒ m∗

Due to the interaction of the electrons with the lattice atoms,

usually m∗ ≤ m. In graphene it actually vanishes.

Graphene

Massless case:

Ek = ~|k|vF →
Ek = −~|k|vF →

Light speed Fermi velocity
c =⇒ vF

Main results

• We have found an AdS3-slicing of AdS4 (black string), which
in a suitable (ultraspinning) limit [M.M. Caldarelli, R. Emparan, M.J. Ro-

driguez, JHEP 0811 (2008) 011, arXiv:0806.1954] reproduces the AVZ model
[P.D. Alvarez, M. Valenzuela, J. Zanelli, JHEP 1204 (2012) 058] for graphene at
the AdS3 boundary, starting from N = 2 pure supergravity
theory in the AdS4 bulk. The propagating fermion originates
from the radial component of the gravitino.

• This top-down approach to graphene is more predictive than
the more common bottom-up one, because it is constrained
from the properties of the D = 3 + 1 supergravity theory.

• BRST quantization: We have explained the relation between
the propagating spinor in the AVZ model and the supersym-
metry parameter as a particular unconventional gauge-fixing
of a Chern-Simons theory in the framework of a BRST quan-
tization. Indeed, supergravity in D = 3 is topological, and co-
incides with difference of two Chern-Simons theories [Achucarro,

Townsend, Phys.Lett.B 180 (1986) 89]. We are analyzing the inequiva-
lence of this gauge fixing with the standard one, interpreting
it as a twist as in [Kapustin, Saulina, Nucl.Phys.B823 (2009) 403].

• Topological properties of the D = 2 + 1 theory: We have

studied the topological properties of the theory in D=2+1,

particularly at the boundary of a 1 + 1 interface (boundary

currents), identifying the topological index as the difference

of the occupation numbers in the two triangular sublattices

=⇒ Holographic interpretation in terms of the D = 3 + 1

supergravity theory?

• N > 2 Extension of the Unconventional Supersymmetry: The

AVZ model features a OSp(2|2)× SO(2,1) symmetry, cor-

responding to N = 2 supersymmetry. We have constructed

the extension to a generic OSp(p|2)× OSp(q|2) symmetry,

with generic N = p + q supersymmetry, along the lines of

Achucarro-Townsend model for supergravity. This opens the

possibility to a non-Abelian gauge group and to a study of

the spin-orbit interaction.

The reciprocal lattice of graphene

is also a honeycomb lattice, featur-

ing two inequivalent types of Dirac

points: K and K′.

The corresponding Dirac equations are mapped to each other

by parity: around the K-point the pseudospin directions are just

opposite to the K′-point. For p = q this could be reproduced by

a parity mapping the two supergravity Chern-Simons theories of

the Achucarro-Townsend formulation into each other.

New M2-branes solutions with non constant fluxes and PSL(2,7)
symmetry
based on BLC, P. Fré, Mario Trigiante, Fortschr. Phys. (2019) 1900020,

arXiv:1812.11049

We have considered M2 branes with fluxes in the framework
of D = 11 supergravity. By studying a self-duality condition
in the D = 8= 4+4 internal space transverse to the brane,
we have been able to find new solutions, even in the presence
of non constant fluxes, by starting from a solution of 11-dim.
supergravity including 7-dim. Englert fluxes found in [P. Fré, Fortsch.

Phys. (2016), 64, 425, arXiv:1601.02253].

These solutions have discrete symmetry group PSL(2,7), and
the construction takes advantage of the application of the latter
as automorphisms group of the Fano plane and its deep relation
with the Weyl group of the exceptional Lie group E7. General
solutions can be obtained as combinations of these seed solu-
tions.

The different degree of supersymmetry has been related with the
residual point group symmetry of the solution.
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1 G21 21 

2 Dih3 6 

3 Z3 3 

4 Z3 ⊂ T12 3 

5 Z3 3 

6 Z3 ⊂ Dih3 3 

 


