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Using Resonant Cavities to Modify Emission
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𝑃௩௔௖௨௨௠𝑃௖௔௩௜௧௬

Resonant cavities modify the spontaneous emission rate of sources inside them
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Pick, A., Lin, Z., Jin, W., & Rodriguez, A. W. (2017). Enhanced nonlinear frequency conversion 
and Purcell enhancement at exceptional points. Physical Review. B./Physical Review. B, 96(22)



Using Resonant Cavities to Modify Emission
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𝑃௖௔௩௜௧௬

What about multiple modes?
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Exceptional Point Degeneracies (EPDs)
Non-Hermitian Degeneracies
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Newton-Puiseux Series:   

𝛿𝜔 = ෍ 𝑐௡𝜀௡/ெ

௡ୀଵ

𝑴 ≤ order of degeneracy

Newton-Puiseux Series:   

𝛿𝜔 = ෍ 𝑐௡𝜀௡/ெ

௡ୀଵ

𝑴 ≤ order of degeneracy

Expansion around degeneracy:

Coupling, 𝜿

Loss coefficients, 𝚪𝟏,𝟐
(𝟎)

Eigenvalues: DEGENERATE
Eigenvectors: DEGENERATE

Typical expansion at an EPD-N:
𝜹𝝎 = 𝒄𝟏𝜺𝟏/𝑵 + 𝓞 𝜺𝟐/𝑵

EPD-2 Condition:
 𝜿𝑬𝑷 = |𝚪𝟏 − 𝚪𝟐|/𝟐



Riemann Surface of Eigenfrequencies: EPD-3
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Demange, G., & Graefe, E.-M. (2011). Signatures of three coalescing eigenfunctions. Journal of Physics. A, Mathematical and Theoretical, 45(2), 025303

𝜹𝝎 = 𝒂𝟏𝜺𝟏/𝟐 + 𝓞(𝜺) 𝜹𝝎 = 𝒃𝟏𝜺𝟏/𝟑 + 𝓞(𝜺𝟐/𝟑)

Square Root Expansion (SRE) Cubic Root Expansion (CRE)



Relation Between Total Power and LDOS
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LDOS: ξ௡ 𝜔 = −
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Transmittance: 𝑇௝௡ = 4𝛾௘Γ௝ 𝐺௝௡
ଶ

= 𝑃௝௡/𝑃௜௡௣௨௧

 𝑇௧௢௧௔௟ = 4𝜋𝛾௘(𝜉௡ 𝜔 −
ଵ

గ
(Γ௡+𝛾௘) 𝐺௡௡
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Γ௡ + 𝛾௘ ≪ Γ௝, j ≠ 𝑛    𝑇௧௢௧௔௟≈ 4𝜋𝛾௘𝜉௡ 𝜔

We connect with a scattering framework:



LDOS at an EPD-2
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Loss Coefficients 𝚪𝟏,𝟐

𝜋𝜉ଵ,ா௉ 𝜔 ≡ −ℑ(𝐺ଵଵ 𝜔; 𝜅ா௉ ) =
୻ഥమ(୻మି୻భ)

  ఠିఠబ
మା୻ഥమ మ +

୻భ

ఠିఠబ
మା୻ഥమ

Lorentzian-squared Lorentzian

  𝑻𝒕𝒐𝒕𝒂𝒍≈ 𝟒𝝅𝜸𝒆𝝃𝟏 𝝎

EPD-2 ~4x enhancement

Normalized LDOS in Passive Dimer with EPD-2

Theoretical bound: 4x enhancement



LDOS at an EPD-3
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𝜋𝜉ଷ,ா௉ 𝜔 ≡ ℑ(𝐺ଷଷ 𝜔; 𝜅ଵ,ா௉; 𝜅ଶ,ா௉ ) =
𝑓 Γଵ, Γଶ
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ଶ + Γതଶ ଶ

+
Γଷ

𝜔 − 𝜔଴
ଶ + Γതଶ

Lorentzian-cubed Lorentzian-squared Lorentzian

Square Root Expansion (SRE) Cubic Root Expansion (CRE)
Loss Coefficients 𝚪𝟏,𝟐,𝟑

Loss Coefficients 𝚪𝟏,𝟐,𝟑
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  𝑻𝒕𝒐𝒕𝒂𝒍≈ 𝟒𝝅𝜸𝒆𝝃𝟑 𝝎



Non-Purcell Emission Enhancement (EPD-3)
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→ Non-Purcell Enhancement Factor:  𝓕 ≡
𝑷𝒕𝒐𝒕𝒂𝒍 𝝎𝟎;𝜿𝑬𝑷 /𝑸𝑬𝑷

𝑷𝒕𝒐𝒕𝒂𝒍 𝝎𝒎𝒂𝒙;𝜿ಮ /𝑸ಮ
=

𝝃 𝝎𝟎;𝜿𝑬𝑷

𝝃 𝝎𝒎𝒂𝒙;𝜿ಮ
⋅

𝑸ಮ

𝑸𝑬𝑷

Normalized Non-Purcell Emission Enhancement (EPD-3)

Purcell Enhancement Factor: 𝐹௣ ∝ 𝑄



Dimer Experimental Results
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EPD-2 ~3.3x enhancement



Trimer Experimental Results (SRE)
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EPD-3 ~4.2x enhancement

Fix 𝜿𝟏 = 𝜿𝟐



Conclusions
• EPDs enhance emission beyond the typical Purcell enhancement

• Both the order of the EPD and the fractional power expansion determine the 
non-Purcell enhancement

• We confirm our results via experiments with RLC electronic circuits
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