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TWISTED BILAYER GRAPHENE

Magic-angle twisted bilayer graphene is a system with a very reach phase diagram, reflecting
strong correlations at integer fillings
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At the charge neutrality point, there may be several phases arising from the breakdown 
of symmetry in the charge sector
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We study the dynamical symmetry breaking by means
of a self-consistent Hartree-Fock approximation in real 
space, starting from a tight-binding approach.

The noninteracting Hamiltonian  H0 can be represented in the form

The interacting part of the Hamiltonian  Hint has in general two different contributions

But one may also ask about the possibility of having 
magnetic instabilities for sufficiently strong on-site 
(Hubbard) repulsion.
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The Hartree-Fock approximation proceeds by assuming that the full electron propagator  G
has a similar representation

The noninteracting Hamiltonian  H0 admits in general a matrix representation in terms of 
its eigenvalues and eigenvectors

The noninteracting electron propagator  G0 becomes in the zero-frequency (static) limit

The diagrammatics dictates the expression of the self-energy  in the equation

which is given by



The condensation of different order parameters can be studied through the matrix elements 
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Chiral symmetry breaking and antiferromagnetic order can be characterized by the staggered 
order in sublattices A and B

and time-reversal symmetry breaking, with currents along nearest neighbors i1 , i2 , i3 of each site

J. G. and T. Stauber, 
arXiv:2103.09015

charge neutrality point
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Chiral symmetry breaking and antiferromagnetic order can be characterized by the staggered 
order in sublattices A and B

and time-reversal symmetry breaking, with currents along nearest neighbors i1 , i2 , i3 of each site
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Therefore, at the charge neutrality point,
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the value of the on-site repulsion  U  is a relevant scale which dictates whether there is 
antiferromagnetic order or not at weak coupling of the extended Coulomb interaction
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At half-filling of the lowest valence band,
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the value of the on-site repulsion  U  is a relevant scale which dictates whether there is 
ferromagnetic order or not at weak coupling of the extended Coulomb interaction

J. G. and T. Stauber, 
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Those magnetic phases should lead to clear experimental signatures, since  the spin density 
would be concentrated on the regions with stacking AA, in the antiferromagnetic state at the 
charge neutrality point (A) as well as in the ferromagnetic state at half-filling of the lowest 
valence band (B) 
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arXiv:2103.09015 



TIME-REVERSAL SYMMETRY BREAKING VS SPIN-POLARIZED PHASE

In conclusion, for sufficiently strong on-site (Hubbard) repulsion   U  and depending on 
the dielectric screening,

 an antiferromagnetic state may appear at the charge neutrality point

 a ferromagnetic state may arise at half-filling of the lowest valence or conduction band

These states should lead to clear experimental signatures, since  the spin density would be 
concentrated on the regions with stacking AA, giving rise to a kind of “magnetic lattice”.


