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Applications
• Stepping stone towards Quantum 

technology, specifically Quantum 
Computing. 

• Development of an emitter of 
indistinguishable Photons 

• Photon Entanglement:
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(Schmidt Decomposition)



Elements of Cavity-QED
• Fabry-Perot, the simplest model of 

a cavity

• Intensity peaks at cavity 
resonance modes



Two-State within a Cavity
• For a two state system within a 

cavity our parameters are:

• ∆𝜔 ~ Lindewidth (FWHM)

• 𝑄 ~ Quality factor =
𝜔

∆𝜔

• 𝐾 ~ Photon Decay Rate =
𝑤

𝑄

• 𝛾 ~ Non-Resonant Decay

• 𝛾∗~ Pure Dephasing

• 𝑔 ~ Coupling coefficient

• 𝑉𝑒𝑓𝑓~ Cavity Mode Volume



Indistinguishable 
Particles from 
Cavities 

• Bare Quantum Emitters:

𝐼 =
𝛾

𝛾 + 𝛾∗

• Increased indistinguishability and 
efficiency as compared to spectral 
filtering.

• Promising performance at room 
temperature

• Increased Performance with 
coupled cavities



Theory of Coupled Cavities

• Two Coupled cavities increase 
indistinguishability

• Increased degrees of freedom to 
optimize

• Given 𝑒, 𝑐1, 𝑐2 creation and 
annihilation operators 

• 𝑔, 𝐽 , coupling coefficients

𝑯 = 𝝎𝒆𝒆
†𝒆 + 𝝎𝒄𝟏

𝒄𝟏
†𝒄𝟏 + 𝝎𝒄𝟐

𝒄𝟐
†𝒄𝟐 + 𝒈 𝒆†𝒄𝟏 + 𝒆𝒄𝟏

† + 𝑱 𝒄𝟏
†𝒄𝟐 + 𝒄𝟏𝒄𝟐

†



Degrees of Freedom
• Our cavities are designed with 

Q(k), and 𝑉𝑒𝑓𝑓

• need the largest possible coupling 
since

𝑔 ∝
1

𝑉𝑒𝑓𝑓

• 𝑉𝑒𝑓𝑓 of our first cavity is designed 

as small as possible. 

• Our only degrees of Freedom are, 
𝑄2 𝑘2 and 𝐽.

• General improvement of I and B 
as we increase 𝑅1. 𝑅1 =

4𝑔2

𝛾 + 𝛾∗ + 𝜅1
, 𝑅2 =

4𝐽2

𝑅1 + 𝜅1 + 𝜅2



Simulated 
Results (𝑸𝟐)

𝑅1 =
4𝑔2

𝛾 + 𝛾∗ + 𝜅1
, 𝑅2 =

4𝐽2

𝑅1 + 𝜅1 + 𝜅2

• Limit for unidirectional flow as

𝑅2 ≤ 𝐾2 , 𝑅1 ≤ 𝑘1 + 𝑅2

• Because 𝑅2 ∝
1

𝑅1
, Efficiency 

depends non-monotomically on 

𝑉𝑒𝑓𝑓, unlike 1 cavity 

𝑄1 = 6 𝑥 104, 𝐽 = 2.1𝛾

𝒌𝟐 > 𝒌𝟏 𝒌𝟏 > 𝒌𝟐



Simulated 
Results (J)
𝑄1 = 6 𝑥 104, 𝑄2= 2 𝑥 106

𝑹𝟐 < 𝒌𝟐 𝑹𝟐 > 𝒌𝟐

𝑅1 =
4𝑔2

𝛾 + 𝛾∗ + 𝜅1
, 𝑅2 =

4𝐽2

𝑅1 + 𝜅1 + 𝜅2

• In region 1, 𝑹𝟐 < 𝒌𝟐, indistinguishability 

unaffected by J, acting as Region 1 in previous plot.

• In region 2, I drops as photons go back and forth 

between cavities

• Efficiency increases with 𝑅2, limited by 𝑅1, 

• No longer affected by 𝑉𝑒𝑓𝑓



Optimization
• System optimized for 𝛽 𝑎𝑛𝑑 𝐼 with high 𝑄2,

• moderate J just above 𝛾.

• Additionally optical mode volume:

0.1
𝜆

𝑛

2

≤ 𝑉𝑒𝑓𝑓 ≤ 1
𝜆

𝑛

2



Experimental Design
• Proposal of a feasible 

experimental design using 
Colloidal Quantum Dots (CdS). 

• We use a SiN nanobeam cavity to 
achieve a high 𝑄1 and small 
enough 𝑉𝑒𝑓𝑓.

• Our second cavity has no 
limitations of 𝑉𝑒𝑓𝑓, so we use a 
ring resonator

• J controlled by distance between 
cavities



Parameters
• For our Colloidal QDs our emission are:

𝜆 = 630𝑛𝑚,

• And our SiN nanobeam gives us: 

𝑄1 = 6 𝑥104, 𝑉𝑒𝑓𝑓 ~ 1.2 (
𝜆

𝑛
)3

• And Likewise:

𝐽 = 2.1𝛾
𝑄2 = 2 𝑥 106



Comparison
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