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1. Novel scheme of sensitive resonance shift measurement 
 

2. Spectrum analysis of WGM-LSP(Local Surface Plasmon) 
interactions 
 

3. Classical oscillator model and observation of coupling 
mediated by a WGM mode 
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Setup 

� SEM image of a Toroid microresonator � AuNR(Gold nanorod) 

Replaced by Au nanorod 

Ref. Kevin Heylman’s PhD Thesis 

Q factor = 107 
mode volume= ~300 µm3  
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Setup 

 

Two lasers 
1) Pump laser 
2) Probe laser 
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Scheme 1. Overall Detection Procedure 

  

Step 1. Pumping AuNR 

Step 2. Relaxation->heat dissipation 

Step 3. Local temperature increases 

Step 4. Photothermal shift of WGM mode freq  

Step 5. Detection of shift using probe laser 

COMSOL FEM 
simulation 𝜎𝜎abs =

𝑞𝑞heat
𝐼𝐼  

Step 6. Computing 𝜎𝜎abs from shift. 
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Scheme 1. Overall Detection Procedure 

  

Overlap image of shift and microresonator 

1 µm 

10 µm 

Δ𝜔𝜔𝑚𝑚 =
𝜔𝜔𝑚𝑚
𝑛𝑛
𝑑𝑑𝑛𝑛
𝑑𝑑𝑑𝑑 ΔT 

spatial resolution : 1.38 µm 
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Scheme 2. PDH Locking technique 

How to measure the small frequency shift  

1. Everytime Lorentzian fitting 

2. Pound-Drever-Hall(PDH) locking technique 
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Scheme 2. PDH Locking technique 

Receiving error 
signal  and 
feedback  

Generating sideband 
for facilitating phase 

locking 

Extracting component 
directly related to 

detuning 

polarization controller 

evanescent coupling 

Isolating DC 
component(error 

signal) 

related to calibration 
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How sensitive 

• Resonance shift : >84 Hz (=> Δ𝑑𝑑 ≈ 100 nK, Δ𝜆𝜆 = 1 am) 
 

• Thermal power detection limit : 20 pW (single dye molecule’s 
: 1 nW) 
 

※Double modulation 

acute amp modulation(~0.1 Hz) +PDH locking phase 
modulation  -> very sensitive 
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Representative spectroscopic measurement 

• Pump and probe are decoupled.->unaffected probing. 

LSP peak: 
center=0.93 eV 
linewidth=68 meV  polarization dependence 
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Asymmetry of Fano resonance 

-Signature of WGM-LSP interaction. 

-Degree of asymmetry 𝑞𝑞F = 𝜔𝜔1
𝛾𝛾0
− 𝜔𝜔0

2

𝜔𝜔1𝛾𝛾0
≈ 2

𝛾𝛾0
(𝜔𝜔1 − 𝜔𝜔0) 
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Classical coupled oscillator model 

1) For LSP in single AuNR(𝑝𝑝0,𝜔𝜔0, 𝛾𝛾0), 
 
 

2) For WGM modes(𝑝𝑝𝑚𝑚,𝜔𝜔𝑚𝑚) 
 
 
𝑔𝑔𝑚𝑚 : coupling between mth WGM and LSP 
𝜔𝜔 : driving laser frequency 
𝑉𝑉0 : mode volume 
 

𝑝𝑝0̈ + 𝛾𝛾0𝑝𝑝0̇ + 𝜔𝜔0
2𝑝𝑝0 + �𝑔𝑔𝑚𝑚2 𝜔𝜔02𝑝𝑝𝑚𝑚 = 𝜔𝜔02 𝑉𝑉0𝐸𝐸0𝑒𝑒−𝑖𝑖𝜔𝜔𝑖𝑖

𝑚𝑚

 

𝑝𝑝𝑚̈𝑚 + 𝜔𝜔𝑚𝑚2 𝑝𝑝𝑚𝑚 + 𝑔𝑔𝑚𝑚2 𝜔𝜔𝑚𝑚2 𝑝𝑝0 = 0 
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Classical coupled oscillator model 

Theoretical absorption cross section 
 
 
𝛺𝛺,𝛤𝛤 : Spectral location and linewidth of Fano resonance. 
 

𝜎𝜎abs 𝜔𝜔 = 𝜎𝜎0 𝜔𝜔
𝜔𝜔𝛤𝛤𝑞𝑞F + 𝜔𝜔2 − 𝛺𝛺2

𝜔𝜔2 − 𝛺𝛺2 + 𝑖𝑖𝜔𝜔𝛤𝛤

2
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Classical coupled oscillator model 

1) Interaction between single AuNR and single WGM mode 
 
 
 
 
 

 
cons des des des des cons 
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Classical coupled oscillator model 

2)   Coupling effect on spectrum location 
 

 
 
 
 

 

~1 meV shift 
-> negligible 

dominantly depend on 
microresonator 
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Classical coupled oscillator model 

3)   Interaction between many AuNR  and many WGM modes of 
same microresonator 

 

 
 
 
 

 

Theory for many AuNRs 
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Classical coupled oscillator model 

 
 
 
 
 
 
 
 
-From this observation, classical coupled oscillator model was 
verified. 
-Unexpected long range interaction? 

 

 
 
 
 

 

Theory for single AuNR Theory for two AuNRs 
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Question 

• Any Question? 
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