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I-N quench

Domains & phase transition:

i) continuous symmetry breaking  

ii) causality

Signature : Goldstone mode

I-N phase transition : 

i) continuous symmetry breaking  of 
orientational ordering,

ii) growth of non-conserved order parameter 



I-N quench: qualitatively different regimes 

• early regime -> exponential S(t) growth

• domain regime –> domains are visible

• late-stage regime -> defects are visible
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Kibble – Zurek mechanism ?
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? How "universal" is this behavior?



MODEL

Molecules in the lattice  interact via the modified 
induced dipole-induced dipole coupling.
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Molecular  Brownian Dynamics.
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In the molecelar eigen frame (x',y',z')

Developed by Zlatko Bradac for his PhD



Determination of ξd

i) Geometrical approach
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Equlibrium behavior
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Finite size scaling
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Quench dynamics
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Main result
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Bradac&Kralj&Zumer, submitted

Application ?



Late regime : annihilation of defects

Introduction: Andre Sonnet's lecture on 
Monday
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Equilibrium domain (?) structure of 
weakly perturbed nematic phase

Known analogies and open problems:

Imry-Ma argument (PRL 1975) -> domains exist (?)

• Coarsening dynamics and pinning? 

• Single ξd? 

• Thermal&static fluctuations?

• Phase (i.e.,  LC – "impurities") separation?



Imry-Ma argument and domains

System:

• magnetic spins, tend to order homogeneously

• pure phase exhibits Goldstone mode 
(continuous sym. breaking)

• an uncorrelated quenched disorder of 
strength W is acting on them (field conjugated 
to the order parameter)

Phase structure (Imry&Ma 1975):

• predicts the size ξd of ordered domains in 3d 

• Short Range Order 
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Simple MFA for nematics

Disorder and ξd

Random Anisotropy Nematic model (Sluckin, 93),

surface field enforces random orientations:   
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Within an average domain:



Typical competition:
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Disorder induced 1st order phase transition!

Similar: fluctuation induced 1st order PT in SmA,

Halperin-Lubensky-Ma effect

Fourier expansion of θ, equipartitition theorem:
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Phase separation and disorder
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Random field contribution:
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Random field weakens phase separation
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Conclusions

Domain patterns in nematic phaseDomain patterns in nematic phase

Quench dynamics:

Semi-microscopic description & Brownian 
molecular dynamics

• Early<->domain regime: Kibble-Zurek 
mechanism seems to work

• potential application: quench rate driven 
surface biaxiality for degenerate planar 
anchoring 

• Late regime: annihilation of defects, 
reasonable modelling 



Conclusions

Domain patterns in nematic phaseDomain patterns in nematic phase

Static patterns stabilized by "impurities":

Simple mean-field modelling

• important "by-product": relatively weak 
uncorrelated quenched disorder converts 
continuous PT into discontinuous one

• random field seems to suppress LC-
impurity phase separation 



Main question

If ξf < ∆x=average separation between 
impurities:

Static domain pattern ∼ bulk domain pattern  
stabilized at SINGLE  ξd∼ ∆x? 
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