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Deformed microcavities
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Why deformed microcavity?
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Openness of Dielectric Microcavities
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Chaotic dynamics openness
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Goos-Hanchen shift and Fresnel filtering effect
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Solid line: Gaussian incident beam at planar interface



Scarred optical modes

Scarred eigenfunctions in billiards  Heller Phys. Rev. Lett. 53, 1515 (1984).
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Scarred optical modes

Incident Husimi functions for scarred resonances
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Quasiscarred optical modes
Lee et al., PRL 93, 164102 (2004)

No corresponding periodic orbit!
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Quasiscarred optical modes

Resonance patterns (n=2)

Critical angle
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Quasi-scarred optical modes
Resonance patterns (n=3)

Critical angle
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Incident angle of star modes




Avoided resonance crossing
Lee et al., PRA 78, 015805 (2008)
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Exceptional point (EP)

Lee et al., PRA 78, 015805 (2008)
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Energy traces around an EP
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EP is a square root branch point and the two eigenvalues are the
values of one analytic function on different Riemann sheets.



Branching by EP
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EP is a branching center
at which one mode group is branching into two mode groups.



Geometrical phase near an EP

EP in microwave cavity

Dembowski et al. PRL 86 (2001)
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Geometrical phase

Lee , PRA 82, 064101 (2010)
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Question

Quasiscarred modes have been found in a spiral-shaped microcavity.

Is the existence of quasiscarred modes exceptional or common?



Quadrupole-deformed microcavities

r(4) = R (1+&cos 2¢)
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Quasiscarred mode in quadrupole microcavity
Ryu and Lee, PRA 83, 015103(R) (2011)
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Quasiscarred mode at small deformation
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Short time ray dynam
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Re(kR)
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Mode evolution with deformation
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Enhanced mode-mode interaction by chaotic ray dynamics



Im [kR]
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Mode evolution with deformation

1. Classified into two branches
2. Singular-like behavior of some traces
(A2,C2) and (As,Bs)

0.00



Im [kR]

NMAAa natterns

0.9

0.9+

i i
- L b
D

Bs mode at ¢=0.12

.............

----------------




©

QS mode

&

Diamond mode )




Im [KR]

A, £=012

QS-1

02 mode at £=0.12

0.0 + ,

0.1 JB

0.2 4

0.3 T T 1 1 ' T '+ T T 1
0.00 0.02 0.04 0.06 0.08 010 012 0.14 0.16
&




EP ‘s In (n,e) parameter space

(ngp,epp) = (1.4164,0.050)
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Question

e =0.05 for A, and B,

e =0.073 for A, and C,



Exceptional point (EP) in open system

W, — 1y, A
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Position of EP

_ o Y1~ 7>
A={A22) gt Ep 2
A
>
&
When the coupling strength increases rapidly,
we can expect EP
(@) - .
0.751 8=0.02A £ =0.04 £ =0.06 A A%
o - - A -
0.70 = v <> = — 1 = A
o v B
0.651 O | v 6
A

22 24 26 28 30 3222 24 26 28 30 3222 24 26 28 30 302

S

S

S



IM[KR]

Stadium microcavity
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Summary

. We show that quasiscarred modes exist in typically deformed
microcavities.

. The mode pattern of quasiscarred modes can be understood
by short time ray dynamics near the critical line.

. As deformation increases, quasiscarred modes at a low deformation
show a branching behavior into robust branch modes at an
exceptional point.



