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What is phase locking ?
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Very large arrays (NN coupling)

M. Nixon et. al., PRL 110, 184102 (2013)
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Is it a true “ground state”?

M. Nixon et. al., PRL 110, 184102 (2013)



No φ phase ordering !
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Second harmonics doubles the phase

C. Tradensky et. al., 
submitted



External “magnetic field”
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E. Ronen et. al., unpublished



External Field for 1D

Near field spiral Far field

E. Ronen et. al., unpublished
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Effects of finite “temperature”



Long range coupling
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Sharp phase transitions and “spin glasses”

G. Barach et. al.
unpublished



Adding disorder
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Adding disorder
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Long Vs. short range coupling
scaling system size 
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Long Vs. short range coupling
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Phase locking of 25 fiber lasers
System with “infinite” disorder

M. Fridman et. al., Opt. Lett. 35, 1434 (2010)



M. Fridman et. al., PRE R85, 020101 (2012)

Power fluctuations
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M. Fridman et. al., PRE R85, 020101 (2012)
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Lasing through a pinhole
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Lasing through a Diffuser
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Lasing through a Diffuser
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Coupled laser on “small world networks”

random 

R. Shriki et. al., unpublished





Beyond Kuramoto: how to avoid getting “stuck”

Experiment

Kuramoto

T.C. = 0
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Full laser rate equations



Beyond Kuramoto: how to avoid getting “stuck”

Relation to Kibble-Zurek mechanism

Tamp > Tphase

T.C. > 0

Tamp < Tphase

T.C. = 0



Beyond Kuramoto: Intensity (chaos) synchronization

timetime

Uncoupled lasers Coupled  lasers

C. Tradensky et. al., unpublished



Long range coupling of polaritons ?



Summary
Phase lock >2000 laser with arbitrary 

coupling strength, range and sign

Geometric frustration (and its removal)

x80 better focussing for intra-cavity 

Diffuser (also biological tissue)

faster than 600 nsec

High brightness laser illumination

for speckle-free imaging.

Extreme Value Statistics
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