Accurately calculation high quality factor of whispering-gallery modes
with boundary element method
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: Introduction:

: The boundary element method (BEM) could efficiently solve L

= optical modes in deformed microcavity[1], but limited to calculate : a

= quality (Q) factors with Q=-Re(kR)/2Im(kR) for high Q modes[2]. : S e ]
- Here, we introduced the Poyting Vector method to accurately : g ]
= calculate the Q factor of ultra-high Q whispering gallery modes.  : g
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: Method: S eel ]
» Take the circular cavity as an example, one analytically solved §
: high Q mode is: TMsg1 with kR = 42.665 - 7.307*107i, w .

: Q=2.92*10". We can not calculate the Q by BEM in our personal O 200 400 600 800 1000 1200 1400
computer with 2G memory. However, we found that the field N
distribution by BEM is very similar to the exact mode field. In i - The error of field overlap E=1-F v.s. the boundary
: order to compare them, we introduced the normalized field elements number on quarter of circle N.

overlap integral: :
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where the y, is analytical result and y is numerical result jot] = Humerical ]

by BEM, and we can defined the error of field distribution as
E=1-F, which is presented in left figure. For even N=100, the
differences is smaller than 0.001. :

The quality factor of a resonator could be derived as Q=-o ;g; p
The energy of the mode 1 = [[wdo could be obtained by integrating :
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the energy density w=¢|E[ /2. And the energy loss |sd'(t) 43” wdl | N % 4 45 S0 85 e e 7o 75 80
could be obtained by integrating the Poyting Vectorp=ExH on the kR
boundary. Finally, we got Compare the calculation of Q factor of TM mode of
H”zlEl dQ : © circle cavity with the analytical result, with N=600.
Q=k? m for TM modes, and i E..............................................................--:

IﬂﬂH‘ a0 for TE modes.

- [2] Arnd Bécker et. al. Phys. Rev. A 79, 063804 (2009) : é compares to the Finite Element Method.
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where, 0, =VeV is the normal derivative on the boundary. 5 :
I i T
: Result: st = :
We calculated the Q factor of WGMs in circle and quadrupole : = g :
: cavity, and compared with the analytical and Finite Element : : :
: Method (FEM) respectively. In conclusion, we can accurately : : :
: calculate the high Q factor of whispering gallery modes in : : i :
microcavities. : 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 :
- € :
Reference: The Q factor of TM WGMs in Quadrupole cavity :
- [1] J. Wiersig, J. Opt. A: Pure Appl. Opt. 5, 53-60 (2003) : & calculated by the numerical Poyting Vector method *
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