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Liquid crystals

e Orientational order and positional disorder.
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Heilmann-Lieb model

[Heilmann, Lieb, 1979]
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Heilmann-Lieb model

e Grand-canonical Gibbs measure:
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» A: finite box.

» ,(A): non-overlapping dimer configurations sat-
isfying the boundary condition.

» 2z > 0: fugacity.
» J > 0: interaction strength.

» 14.s indicator that dimers are adjacent and aligned.
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Boundary condition

e Fix length ¢ := e%‘]\/},
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Heilmann-Lieb conjecture

e [Heilmann, Lieb, 1979]: proved orientational order
using reflection positivity.

e HL Conjecture: absence of positional order.

o [loffe, Velenik, Zahradnik, 2006], [Disertori, Giuliani,
2013]: nematic liquid crystal phase in systems of hard
rods on Z2.

o [Alberici, 2016]: different fugacities for horizontal and
vertical dimers.

e [Papanikolaou, Charrier, Fradkin, 2014]: numerics.
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Theorem

For 1 <z < J, [[(z,y)|[nL == J]z| + e_%Jz—%\yL

e Given two vertical edges ey, fv, (Le,), is independent
of e, and

(L), = (1 +0(e727272))

<ﬂevﬂfv>v - <]]'ev>v <]lfv>v == O(e_c diStHL(e\”fV))

e Given two horizontal edges ey, fi, (Le,), is indepen-
dent of ey and

(L), = O0(e™37)

<ﬂehﬂfv>v - <]leh>v <]]'fh>v f— O(€_3J—C diStHL(ev,fv))
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1D system

e Only vertical dimers: integrable.

e Given two vertical edges ey, fy, (1, ), is independent

of e, and
(Le,)y = (1 4+ O(e™37272))

(Le,Ly,), — (Le,)y (L), = O(e® Botnlevdv))

. _3y _1
with [[(z,y)lhp := e”27272[y].
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Loop model

e Weight of a loop of length |I|: ezl
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Difficulty: loops interact

e Correlated dimers induce an interaction between lloops,

which decays exponentially with a rate ¢33,

e Vertical-to-horizontal boundaries and horizontal-to-
vertical ones have different geometries.
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