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Graphene

Image source: Figure 1 from A. H. Castro Neto, F. Guinea, N. M. R. Peres, K. S. Novoselov, and A. K. Geim. The electronic properties of graphene. 
https://journals.aps.org/rmp/abstract/10. 1103/RevModPhys.81.109, 2009.



Recent work on ABC trilayer graphene

Figure 1e from Zhao, H. et al. Superconductivity in 
rhombohedral trilayer graphene. arXiv:2106.07640v1 [cond-
mat.mes-hall] (2021)

ABC trilayer graphene structure                                            Superconductivity                        

Figure 1a from Zhao, H. et al. Superconductivity in 
rhombohedral trilayer graphene. arXiv:2106.07640v1 [cond-
mat.mes-hall] (2021)



Similarity of AB BLG and ABC TLG

● Goal of the project: use theoretical models to explain experimental 
observations for ferromagnetism in bilayer graphene



What is ferromagnetism?

● A ferromagnetic material is one that reacts strongly to a magnetic field

ferromagnetic paramagnetic



Origin of ferromagnetism



Bilayer Graphene

● Structure of AB stacked bilayer graphene:

● Tight binding model:

Image source: Figure 9 from A. H. Castro Neto, F. Guinea, N. M. R. Peres, K. S. Novoselov, and A. K. Geim. The electronic properties of graphene. 
https://journals.aps.org/rmp/abstract/10. 1103/RevModPhys.81.109, 2009.



Band structure

● Band structure - allowed energy levels of the system



Density of states



Stoner model
Electron spin:

Kinetic energy:

Coulomb interaction energy:

Grand potential per area:



Phase transition





Phase Diagrams

Stoner criterion for ferromagnetism:



Electron valley



4 flavor Stoner model











Next...

● Remove noise from phase transition (flipping constantly between phases with 
a region is not physical)
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Resistance and phase transition

Conductivity:

Image source: Figure 2g from Zhao, H. et al. Half and quarter metals in rhombohedral trilayer graphene. arXiv:2104.00653v3 [cond-mat.mes-hall] (2021)

Fermi surface:
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