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The chiral symmetry inherent in graphene’s honeycomb lattice is intimately related to the peculiar
physics of graphene. The symmetry guarantees the existence of the doubled Dirac cones [1] (∼
Nielsen-Ninomiya theorem), while in a magnetic field a δ-function-like n = 0 Landau level (LL)
becomes topologically protected as long as the disorder preserves the chiral symmetry [2]. The
n = 0 LL should also be important from a viewpoint of the many-body effect, since the gap
opening in the LL for strong magnetic field [3] is considered to be triggered by electron-electron
interactions. In particular, recent experiments indicate a spin-unpolarized nature of the ν = 0
state. Theoretically, spin-unpolarized scenarios for the ν = 0 states have been investigated so
far [4], but the many-body problem in the n = 0 LL is yet to be fully understood.
Here we theoretically study a many-body ν = 0 state with a special emphasis on the chiral
symmetry [5]. In a subspace projected to the n = 0 LL, where on-site repulsion as well as
antiferromagnetic exchange interaction are taken into account, exact diagonalization of the many-
body problem reveals that the ground state is indeed spin-unpolarized. Moreover, the many-body
gap on the ground state grows approximately linearly with the magnetic field. These features
are in qualitative agreement with the experiments. The properties are retained even when the
exchange coupling is made anisotropic, where the ground state in the Ising limit is exactly shown
to be a doubly-degenerate chiral condensate, i.e., up-spins in the zero mode form a chiral condensate
with chirality + while down-spins a chiral condensate with chirality −. Thus the many-body state
is both spin-unpolarized and chirality-unpolarized, in sharp contrast to the spinless case, where
the ground state is a chiral condensate with fully polarized chirality [6,7]. We also discuss the
edge states appearing near zigzag or armchair edges, which reflect a topological aspect of the
spin-selective chiral condensate.
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