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𝒈𝟏 No “real” Dark States:
All eigenstates have a  
photonic weight 𝑃𝑊𝑖
= | yi|1𝑐𝑎𝑣; 01, … , 0𝑁 |²
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Frequency-inhomogeneous CQED Can we measure
photonic weight distribution ? 
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Tunable inhomogeneous frequency in a cold atom CQED system
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Fiber Fabry-Perot Cavity
Single atom 

Cooperativity: C ≈ 𝟔𝟎

145 µm

10 to 800 87Rb atoms: 
Tunable collective coupling
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distribution widths: 
Δω = 100s MHz  1 
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Relative atom losses

Trapped atoms: 
• U0 =    310 µK

Free atoms

• U0 = 1 400 µK
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Photonic weight distribution in a CQED spectral measurement
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Cavity transmission spectrum

Frequency

𝑺 = 𝟎. 𝟓

Frequency

𝑺 = 𝟎

The coherence is preserved if the photonic excitation is carried

by only two eigenstates: 𝑺 = 𝟏 − (𝑷𝑾𝐦𝐚𝐱 𝟏 + 𝑷𝑾𝐦𝐚𝐱 𝟐).

𝑺 → 𝟎:High coherence

Experimentally: cannot distinguish peaks because of photon 

shot-noise  Fraction 𝑭 of photon counts far from peak:

𝑭 = 𝟏 −
𝒄𝒐𝒖𝒏𝒕𝒔 𝒊𝒏

𝒄𝒐𝒖𝒏𝒕𝒔 𝒕𝒐𝒕𝒂𝒍

𝑭 → 𝟎:High coherence



Cavity protection
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𝑭𝑺 Protection 
by the Cavity:
Ω ≫ Δω

• R. Houdré et al., 
PRA 53(4) (1996) 

• Z. Kurucz et al., PRA 
83, 053852 (2011)

• I. Diniz et al., PRA 
84, 063810 (2011)
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Coherent interaction despite
large inhomogeneities if: Ω ≫ Δω

δω /𝟐π =
𝟓𝟎𝐌𝐇𝐳Δω /𝟐π =

𝟑𝟎𝟎 𝐌𝐇𝐳

Δω

δω
= 6

See also previous in solid state CQED:
S. Putz et al., Nat. Phys., 10(10) (2014)
T. Zhong et al., Nat. Commun., 8, 14107 (2017)



Frequency modulated polaritons

Control of atomic qubit frequency

Itrap(t)

t

𝝎𝒂[Itrap(t)] =
𝝎𝒂,𝟎 + 𝜷𝝎𝒎 𝒄𝒐𝒔(𝝎𝒎𝒕)

D. M. Lukin et al., Quan. Inf. 6, 1 (2020)
I. Craiciu et al., Optica 8, 114 (2021)

Spectral Shaping
of Polaritons

δ𝝎 ≪ 𝝎𝒎 ≪ Ω

𝝎𝒎 2𝜴

𝒇(𝜷)
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Cavity-Protected Polaritons with multiple frequencies !


