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2 Aim 

•  model non Markovian evolutions due to: 
•  imperfections in the stimulating laser 
•  a feedback loop based on the detection of the fluorescence light 

•  compute the homodyne spectrum of the fluorescence light in order to 
control: 

•  the atom itself (phase dacay rates) 
•  its fluorescence light (squeezing) 

For the prototype case of a two-level atom stimulated by a laser, show how 
the stochastic Schrödinger equation with stochastic coefficients allows to 

•  model measurements in continuous time combined with measurement based 
feedback (including delay) 
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3 Trapped two-level atom  
stimulated by a coherent monochromatic laser 

resonance frequency 

coherent monochromatic laser wave 

Rabi frequency laser frequency 

natural line width of the atom 
thermal effects intensity 

Markovian evolution allowing for Markovian unravelling 
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4 Linear stochastic Schrödinger equation 

Wiener processes 

Poisson processes of rates 
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5 Linear stochastic Schrödinger equation 

SSE = unravelling of ME 
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6 Linear stochastic Schrödinger equation 

•  Unravelling non unique 

e.g. B1, B2, N1 unravel photo emission, N2, N3 unravel thermal effects  

•  Noise terms can get a physical interpretation by continuous 
measurements performed on the environment after the interaction 
(indirect measurements on the atom) 
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7 Linear stochastic Schrödinger equation 

homodyne detection 

select field 
quadrature 

(square root of) efficiency 
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8 Linear stochastic master equation 
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9 

a priori state 

Instruments, a posteriori states & output 
processes 

For all t define the instrument on 

non normalized a posteriori state 

normalized a posteriori state 

distribution of the outputs White noise 

Markov process 
satisfying  

non linear SME 
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10 Imperfect laser & feedback 

independent Brownian motion modelling non perfectly monochromatic laser 

non Markovian feedback 
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11 Imperfect laser & feedback 

adapted stochastic processes 

a posteriori state 

a priori state 
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12 Homodyne spectrum (on the left) 
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13 Homodyne spectrum (on the left) 

by Heisenberg type relations 

squeezed light in the detector 
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14 Control of the squeezing of the fluorescence light 
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15 Effect of the Heisenberg uncertainty 
on the homodyne spectrum 
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16 Conclusions 

•  Linear SSE and/or SME with stochastic coefficients allow to model 
continuous measurements also in the case of non Markovian noise and 
measurement based feedback, in agreement with axiomatic structure of QM 

(a) distribution of the outputs 
(b) non Markovian a posteriori evolution 
(c) non Markovian a priori evolution 

•  Introduce and compute the spectrum of the homodyne detection, in 
agreement with the probability theory of stochastic processes 

•  Study the effects on the homodyne spectrum of the feedback and of the 
other control parameters, in presence of non perfect efficiency, detuning, 
thermal effects, non perfectly monochromatic laser. 
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