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We investigate electron-hole asymmetry in monolayer graphene using a minimal t-band tight-binding model that adds Next-Nearest-Neighbor (NNN) hopping to the standard nearest-neighbor (NN) Hamiltonian. While NN hopping alone yields particle-hole symmetry and a Dirac
crossing at charge neutrality, a finite NNN term preserves the gapless crossing but shifts the neutrality point and skews band curvatures across the Brillouin zone. We quantify these effects with two complementary outputs: (i) band overlays along [ -K-M-[" that show the Dirac
crossing moving rigidly with the NNN term and the loss of spectral mirror symmetry; and (ii) a Brillouin-zone “asymmetry map,’.
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The asymmetry field A(k) Definition (centered at the Dirac energy): A(k) =
F_.+ FE_.
. Graphepe Structure.: Siﬁgle layer of carbon atoms in a two-dimensional hon- A(k) = (toa + tag) [g(k) +3]. (3)
eycomb lattice. e Bonding in Graphene: Strong covalent bonds between carbon (Incomplete but correct)
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Tight binding band structure of
graphene considering just nearest-neighbor NNN Symmetry field A(k). ¢, = 0 Next-nearest-neighbor asymmetry field A(k) for opposite signs of ¢, (fixed color
p (NN) (£2 = 0). Perfect symmetric conduction and valence scale shared by both panels).
The (Minimal) Band Structure of Graphene band \ )
Final Results
Solving the Schrodinger Equation with NNN and 7 orbitals, we obtain a solvable
222 matrix. With a possible sublattice offset A (set A = 0 for graphene), the two Global energy shift (hot doping) If £t > 0 the whole spectrum moves downward
bands are by 37.52;.|f to < 0 |t.mc?v.es upward by 3\@\. This looks like changmg the Fermi level, Regions where A(k) ~ 0 indicate nearly perfect electron-hole symmetry:
7ok A (toa + top) " A (toa — top) " - aK)2 (1) E:th 'Sdnft dOhP'”g- mgn ungopedé Eoﬁted shetet H;E Fe(rém I[e)yel EEF stay)s at expect equal slopes and nearly equal curvatures of the two branches.
+(k) = §+ 5 g(k) + {§+ 5 glk)| + ¢ |y(k)] = RANUIOUEING, SO £p = Lp aht DO MOVE LOEEINEN L&D Hifat ENETEY). Regions with large |A(k)| flag where electron and hole effective masses will
differ most strongly at matched energy distances from the Dirac energy; this
E.(k)=tygk) £ t|y(k) (2) Energy (eV) Energy (eV) influences mobility, guantum capacitance, and the position of van Hove

; ol features.
e Parameters: ¢t and ¢, represents the NN and NNN parameters respectively. e ol |
Adjusting the last parameter allows observation of changes in the band structure. | i | KA
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