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GRAPHENE AND 2DM VIRTUAL CONFERENCE & EXPO
GRAPHENE AND SUPERSYMMETRY
ANTONIO GALLERATI
GRAPHENE: suitable framework to study what is believed to Target: write down a D=4 gravity model whose D=3
be, as close as possible, a quantum field in a curved space- boundary features an effective theory for a spin -
time: fermion defined on a curved geometry.
» consistent description of its electronic properties In  Check if the spin 2 fermion can be identified with
terms of Dirac pseudoparticles; Dirac electronic charge carriers).
° quaSi-relatiViStiC partiC|e behavior observed at SUb-Ilght e Look at the possib|e mechanisms to describe a mass
speed regime; gap.

« possibility of new, direct observation of quantum
behavior in the curved background of a solid state

system.
AVZ MODEL [2,3]
Construct a N-extended supersymmetric gravity model
Open mass gaps: Haldane model [1] with AdS, vacuum supergroup OSp(p,2)+ X 0Sp(q,2)-_
with p+qg =N :
H = Hét'b') + t 2 et ® %ij Cl-T Cj + € Mz CiT Cj - « the boundary is reached in the r —» o limit, where the
(L,J)2 i

leading term of the D=4 vielbein E! is written in terms of

—2 \/i g
» Second-neighbor hopping terms with unimodular phase the D=3 V|elbe|ne1. -

+1
factor, the phase sign depending on the ‘chirality’ of the EFl = 4+ — (_) Q) et + ... ;
electron path. - 2 \¢

* Parity breaking terms spoiling sublattices equivalence. e the torsion can be written as
» Different fermion masses in the two inequivalent valleys: TJ_ir = Dge' = Be' + T4 gtk ej \ ey
mK=M—3\/§tzsing0, mK,=M+3\/§tzsin<p with Ti:f$2£-

{ )

* the Dirac equation has the form:

3 3

Pre=—5iTe fx = My=57T4

HOLOGRAPHIC CORRESPONDENCE
If we describe the single electron wave function of

Infer properties of a strongly — graphene in terms of a two-component Dirac spinor:

coupled D-1 dimensional
gquantum model defined at the
boundary from a classical D
dimensional (AdS) gravity theory
living in the bulk.

* the fermions of the theory may describe charge carriers
in graphene at the Dirac points K, K’;

* fermion masses depend on the geometry (torsion) of the
3

three-dimensional spacetime: my = -1,

* At low energy there is a one-to-one correspondence
between quantum operators at the boundary and fields
of the bulk gravity theory;

* well-established top-down approach, in that the D=3
effective theory derived at the boundary originates from

a well-defined effective supergravity in the bulk;

* Boundary conditions for gravity fields in D dimensions
act as sources for operators of the D-1 dimensional * it Is possible to generate Semenoff and Haldane-type
quantum conformal field theory. effective masses:

3 3 _ —
7 mi=zri=zr+3§ = mK,Kr=M+3\/§tzsinga

CONTACT PERSON REFERENCES

1] F. D. M. Haldane, Phys. Rev. Lett. 61 (1988) 2015 - 0 ' - ' -

A

antonio.gallerati@polito.it | o Avarez Valenzuela, Zanelli JHEP 04 (2012) 058 -
21 Aivarez, Valenzuela, Zanel JHEP 01 (2012 058 _ zonlineN ZUZL
] Andrianopoli, Cerchiai, D'Auria, Gallerati, Noris, Trigiante , Zanelli, JHEP 01 (2020) 084




