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Intermittent fluorescence due to quantum jumps

Quantization of the atomic system is enough; no field quantization

off-state

Th. Basché et al., Nature 373, 132 (1995)
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Interaction Hamiltonian

Rabi frequency: 
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Interaction via electric dipole:

(rotating-wave approximation)
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Bloch sphere & atomic decay processes

12 = 3- - − 3, -

14 + 516 = 23,. 3-
∗

Pure dephasing

Population decay

8% = 3, 1% + 3-|2%

Figs. 9.9 & 9.10  from ‘Quantum optics’ by M. Fox
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Rabi oscillations in strongly driven system

Rabi oscillations do not require optical field quantization 

Fig. 9.6 from ‘Quantum optics’ by M. Fox

Selfinduced

transparency
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Mollow triplet observed in resonant fluorescence

|8%= |1, : + 1% ± |2, :% /√2Dressed states:

Fig. 9.7 from ‘Quantum optics’ by M. Fox
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Resonant fluorescence & time correlation

Wrigge et. Al, Nature physics 4, 80 (2008)
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Intermittent fluorescence due to quantum jumps

Quantization of the atomic system is enough; no field quantization

off-state

Th. Basché et al., Nature 373, 132 (1995)
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Nobel prize in Chemistry 2014
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Eric Betzig: Super-resolved fluorescence microscopy

A. Diffraction limit

B-D.  

Single-molecule 

imaging

PALM = Photo-activated localization microscopy

STORM = Stochastic optical reconstruction microscopy
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Nonlinear interaction can require field quantization

Experiment: place neutral density filter in pump or pair beam



12 of 22

Second-harmonic generation with entangled photons
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Interaction with discrete optical modes

Claim: Field quantization is only needed to describe interaction 

with discrete modes of the optical field (= field in a cavity)

Three rates: - Decay atomic coherence

- Decay optical field

- Interaction (vacuum Rabi)

?

@
A = Ω.

Fig. 10.4 from ‘Quantum optics’ by M. Fox
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Three regimes of coupling

• Weak coupling:

• Intermediate coupling:                            Cooperativity: 

• Strong coupling:

(Dressed states)

atom             field

A ≪ ?, @

A > ?, @

? < A < @ E = A-/@?
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Transmission spectra of optical cavity with N>>1 Na atoms

Na atoms falling through optical cavity

on average 20 < N < 600 atoms in cavity

Transmission: T(ω)
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• Empty cavity 

Cooperativity C=0

• C = 36

• C=4.7

Transmission spectra of optical cavity with N>>1 Na atoms

Normal mode splitting ∝ √N ∝ √C
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Jaynes-Cummings ladder of dressed states

A = A. : + 1 F
n = number of photons

N = number of atoms

ℋ����������� = ℏA. �� 2%&1 + �� 1%&2 (single atom)
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Classical explanation for vacuum Rabi splitting

Transmission: T(ω)

Medium: absorption + dispersion

> 	 =>./ 1 + 5 	 − 	. /?

Optical phase delay ε(ω) upon cavity roundtrip
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Nobel prize in Physics 2012
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Experiment of Haroche



21 of 22

Haroche: observation of quantum jumps in the field!

Example of measurement of quantum jumps in the optical field:
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Conclusion: When do we need quantum optics?

• Optics in free space: classical field suffices (practically always)

– Quantum description of medium: 

• Bloch sphere, Rabi oscillations & Mollow triplet 

– Special: non-linear optics with 

quantum-entangled photon pairs

• Optics in cavity: classical description gets you a long way

– Dressed states in strong-coupling regime

– Classical description: optical dispersion!

– Special: heroic cavity QED experiments


