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Introduction



Group introduction



Superradiance, Subradiance

Nature Physics Volume: 11, 14–15 (2015)



Previous work on subradiance

• System of two particles

PRL, 76 2049 (1996)



Subradiance by a large number of 
particles

• Dilute gas of atoms

• Consider long range dipole-dipole interaction (neglect near field effect ,or Van 
der Waals dephasing)

• Coupled-dipole model

At low intensity limit

| ⟩𝐺𝐺 : ground state

| ⟩𝑖𝑖 : singly- excited state

(| ⟩𝑔𝑔… . .𝑔𝑔 )

(| ⟩𝑔𝑔… 𝑒𝑒𝑖𝑖 . .𝑔𝑔 )



Predictions of coupled dipole 
model

supplement

PRL 108, 123602 (2012)

• In dilute atom system, dipole 
interaction gives rise to super- and 
subradiant effect

• Subradiant time constant is 
proportional to on-resonant optical 
depth 𝑏𝑏0

𝑇𝑇 𝑥𝑥,𝑦𝑦 = exp[−𝑏𝑏′ 𝑥𝑥, 𝑦𝑦 ]

(𝑇𝑇 𝑥𝑥, 𝑦𝑦 : probe transmission)

𝑏𝑏′ 𝑥𝑥, 𝑦𝑦 = 𝐶𝐶
𝑏𝑏0(𝑥𝑥,𝑦𝑦)
1 + 4𝛿𝛿2

(𝛿𝛿: detuning)



Experimental setup

• 87Rb Magneto-optical trap (N≈109)
• Hybrid Photo-multiplier (Hamamatsu R10467U-50) for detection
• Multi channel scalier (ComTec MCS6A) for signal recording
• Laser pulse created by two AOMs (30μs duration, 1ms separation)

~35o



Procedure

1. Load MOT from a background vapor (50ms)
2. MOT compression for smoothing spatial density (30ms) 
3. Turn off MOT and 3ms free expansion (pump the atom to F=2 

ground state)
4. Apply 12 pulses of probe beam
5. Repeat the cycle (~500000 times)



results

• On-resonant optical depth



results

• detuning



Results

• Scaling parameter



Conclusion

• First diect signatures of subradiance in a 
large system

• Subradiant decay time is governed by on 
resonant optical depth
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