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We discuss coherent electronic phases and collectieegptena in graphene
and graphene based nanostructures, in particular pé@giaconnected with
graphene interesting electronic properties similar tcandlativistic physics.The
collective properties of different types of quasipartigtes graphene is considered:
2D spatially indirect magnetoexcitons in two-layer gexply magnetoexcitonic
polaritons (magnetopolaritons) in a graphene layeibesltled in an optical
microcavity in a strong magnetic field and 2D indiregnetobiexcitons in a slab
of superlattice of graphene layers. We predict Bose-&imstondensation (BEC)
and superfluidity of indirect magnetoexcitons, indirect negbiexcitons and BEC
of magnetoexcitonic polaritons in a strong magneticdfiebtrongly correlated
phases of of magnetoexcitons in bilayer graphene isqgbeedi

Besides BCS regime strong coupling regime is discussed Hfompairing in
bilayer separately biased graphene layers without ntiadiedd. The suppression of
superfluid density and Kosterlitz-Thouless transitiongerature by impurities is
considered. The e-h condensation in coupled graphenes stexetbe observed
through Josephson-like phenomena etc. and can be used dissipative
nanolectronic element.

Phonons and possible superconductivity in strongly doped graplaee
analyzed.

The effective Hamiltonian of the gas of cavity polargdn a graphene layer in
high magnetic field are obtained and the BEC temperats functions of magnetic
field is calculated. A 2D gas of magnetopolaritons is iclamed in a harmonic
potential trap and possible physical realization$isfare discussed.

Plasma oscillations, plasmon polaritons and instasliin graphene and
graphene array are discussed.

Quantum dots, nanotransistors and new type of nanoelebas#d on graphene
are discussed.

The method of calculations of nanoelements based aphgne by generalized
density functional approach for system with “ultrarigiatic” electronic spectra are
developed. Possible NEMS based on graphene are analyzed.

Refer ences

[1] O. L. Berman, Yu. E. Lozovik, G. GumbBose-Einstein condensation and
superfluidity of magnetoexcitons in bilayer graphene, Phys. Rev. B77, 155433
(2008).

[2] O. L. Berman, R. Ya. Kezerashvili, and Yu. E. Lozovik)lective properties of
magnetobiexcitons in quantum wells and graphene superlattices, Phys. Rev. B8,
035135 (2008)

107



[3]O. L. Berman, R. Ya. Kezerashvili, and Yu. E. LozoviBpse-Einstein
condensation of trapped polaritons in two-dimensional electron-hole systems in a
high magnetic field, Phys. RevB 80, 115302 (2009).

[4] Yu.E.Lozovik, A.A.Sokolik, Electron-hole pair condensation in graphene
bilayer, JETP Lett., 87, 55(2008); Collective electron phenomena in graphene,
Physics-UspekhBl, No.7, pp. 727-748 (2008).

[5] O.L.Berman, G.Gumbs, Yu.E.Lozoviklagnetoplasmons in layered graphene
structures, Phys.Rev.,B8, No.8, 085401 (2008 ).

[6] O.L. Berman, Yu.E. Lozovik, D.W. SnokeTheory of Bose-Eingein
condensation and superfluidity of two-dimensional polaritons in an in-plane
harmonic potential, Phys. Rev. B’7, No.15, 155317 (2008).

[7] Yu.E. Lozovik, A.A. Sokolik, M. WillanderCoherent phases and
magnetoexcitonsin graphene, Physica Status Solidi A 206, 927-930 (2009).

[8] Yu.E. Lozovik, S.L. Ogarkov, A.A. Sokolikiheory of superconductivity of
Dirac electronsin graphene, ZhETF, 137, (2010). In print

[9] Yu.E. Lozovik, A.A. Sokolik,Multi-band pairing of ultrarelativistic el ectrons
and holesin graphene bilayer, Phys. Lett. A374, 326-330(2009).

[10] Yu.E.Lozovik,Srong correlations and new phasesin a system of excitons
and polaritons, Physics-UspekhB2, 286 (2009).

[11] Yu.E. Lozovik, A.A. SokolikMulti-band pairing of ultrarelativistic
electrons and holesin graphene bilayer, Phys. Lett. A374, 326-330(2009).

[12] O. L. Berman, R. Ya. Kezerashvili, Yu. E. LozoviBgse-Einstein
condensation of quasiparticlesin graphene, Nanotechnology, (2010). In print.

108



