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Hard Core Lattice Gases 

(HCLG)(HCLG)

A regular grid
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Particles can be
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k-NN Model 

First k next-nearest neighbors ofFirst k next-nearest neighbors of
a particle are excluded froma particle are excluded from
being occupied by anotherbeing occupied by another
particle.particle.

On the square lattice, the model has been
studied for k < 12
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k-NN Model on  Triangular Lattice

Jaleel et.al., Phys. Rev. E, 106: 044136 , 2022.
Jaleel et.al., J. Chem. Phys. 155, 224101, 2021



Monte Carlo algorithm

Strip Cluster Wang-Strip Cluster Wang-
Landau algorithm (SCWL)Landau algorithm (SCWL)

Jaleel et.al., Phys. Rev. E, 106: 044136 , 2022.
Jaleel et.al., Phys. Rev. E, 104:045310, 2021.
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Benchmark

Hard Hexagon Model

Critical parameters

Single continuous
phase transition

1-NN1-NN

Three-state Potts model universality class.
Baxter, J. Phys. A: Math. Gen. 13, L61 (1980).

Baxter, Exactly Solved Models in Statistical Mechanics



2-NN2-NN
Benchmark

Single continuous
phase transition

Four-state Potts model



3-NN3-NN

Two transitions?
First from a low density fluid phase to 
an intermediate density hexatic
phase and second from a hexatic
phase to a high density solid-like
sublattice phase

S. Darjani et. al. J. Chem. Phys. 151, 104702 (2019)

Jaleel et.al., J. Chem. Phys. 155, 224101, 2021



Non convexityNon convexity
in Entropyin Entropy

The non-convex part of the entropy and the
corresponding convex envelope construction
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Honeycomb lattice

Ongoing workOngoing work
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