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Setup 
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Setup 

1030𝑛𝑚 

845.5𝑛𝑚 



Your Occasion       May 26, 2015     6 

       Seoul National University Quantum Field Laser Laboratory 

Result 

two atoms one atom no atom 
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Oscillator model 

𝑠𝑖𝑛𝜃 ≈ 1 

𝑬𝒓𝒂𝒅 𝑹, 𝜽 ≈
𝒌𝟐𝒔𝒊𝒏𝜽

𝟒𝝅𝝐𝟎
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𝑅 

𝜃 

𝐸𝐿 
𝜔𝐿 

𝑥 + Γ𝜔𝑥 + 𝜔0
2𝑥 = −𝑒𝐸𝐿(𝑡)/𝑚𝑒 

𝑝 = 𝛼𝐸𝐿 

𝑝 : dipole moment 

𝛼 : polarizability 

𝛼 = 6𝜋𝜖0𝑐
3
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2
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2 Γ
≈
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3

𝜔𝐿
2 𝐿[Δ] 

Δ ≡ 𝜔𝐿 − 𝜔0 ≪ 𝜔0  

𝑤ℎ𝑒𝑟𝑒  𝐿 Δ = −2ΔΓ + 𝑖Γ2 / Γ2 + 4Δ2  

𝐿 Δ  : atomic line function 



Your Occasion       May 26, 2015     8 

       Seoul National University Quantum Field Laser Laboratory 

Scattering into cavity mode 

𝑒𝑀 𝜌, 𝑧 =
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𝑧 ≫ 𝑧𝑅 

𝑤 = 𝑤 1 + 𝑧/𝑧𝑅 2 ≈ 𝑤𝑧/𝑧𝑅 

𝐸𝑀 𝜌, 𝑧 = 𝑒𝑀 𝜌, 𝑧 𝜀𝑀/ 𝜖0𝑐 

𝜀M = 𝜖0𝑐∫ 𝑒𝑀
∗ 𝐸𝑟𝑎𝑑2𝜋𝜌𝑑𝜌 

𝑅 𝑧 = 𝑧 1 +
𝑧0
𝑧
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𝜁 𝑧 = tan−1
𝑧
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𝑤ℎ𝑒𝑟𝑒  𝛽 =
𝑘
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𝛼
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𝜀M : mode amplitude 

∴  𝑬𝑴 = 𝒊𝜷𝑬𝑳 

Gaussian beam 

𝐸𝐿 

𝐸𝑟𝑎𝑑 
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Cavity field 

1 + 𝑟2 + 𝑟4 +⋯ 𝐸𝑀𝑒
𝑖𝑘𝑧𝑒−𝑖𝜙𝑧  
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−𝑖𝑘𝑧𝑒𝑖𝜙𝑧  

𝑧 

1 + 𝑟2 + 𝑟4 +⋯ 𝐸𝑀𝑒
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Cavity field 

𝐸𝑀 = 𝑖𝛽𝐸𝐿 

𝐸𝑀 = 𝑖𝛽(𝐸𝐿𝑒
𝑖𝜙𝑦 + 𝐸𝐶𝑒

𝑖𝜙𝑧 + 𝐸𝐶𝑒
−𝑖𝜙𝑧) 

𝐸𝑀 = 𝑖𝛽 𝐸𝐿𝑒
𝑖𝜙𝑦 + 2𝐸𝐶 cos 𝜙𝑧  

𝐺 ≡
1

𝑁
1 + exp 𝑖𝜙𝑦 cos 𝜙𝑧  

𝐻 ≡
1

𝑁
(1 + cos2 𝜙𝑧 ) 

𝐶 ≡
𝑔2

𝜅Γ
 

𝜅 → ∞ 

𝜅 → 0 

𝐸𝑐
2 ∝ 𝑁2 

𝐸𝑐
2                     𝑁 

freespace limit 

perfect cavity limit 

𝐸𝐶 = 2𝐸𝑀/ 1 − 𝑟2 cos (𝜙𝑧) 

𝑔 ≡ 2𝜋Γ𝑐/(2𝑘𝐿
2𝑉) 

∴  𝑬𝑪= −
𝑬𝑳
𝟐

𝑵𝑮

𝒊
𝟐𝑪𝑳 𝚫

+ 𝑵𝑯
 

(1 − 𝑟2)𝐸𝐶/2 = 𝑖𝛽 𝐸𝐿𝑒
𝑖𝜙𝑦cos (𝜙𝑧) + 2𝐸𝐶 cos

2 𝜙𝑧  

(1 − 𝑟2)𝐸𝐶/2 = 𝑖𝛽 𝐸𝐿 1 + 𝑒𝑖𝜙𝑦 cos 𝜙𝑧 + 2𝐸𝐶(1 + cos2 𝜙𝑧 )  

is indep of 
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Intracavity photon number 


