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[Murch et al., Nature 2013 (Berkeley)] 
[Weber et al., Nature 2014 (Berkeley)]
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3D transmon

fc = 7.5 GHz fq = 6.3 GHzIn cavity,

Hc = hfc(a†a + 1
2) Hq = hfq

2 ‡z

drive measure

[Paik et al., Yale Group, PRL 2011 ]
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Fluorescence with a photodiode



Fluorescence heterodyne measurement

(Yale, 2010)
(ENS Paris, 2012)
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phase preserving ampl with eft eta. can be seen as a split channel half half  o 2 detectors homo 



Mean fluorescence signal
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[Campagne-Ibarcq et al., ENS 
Paris, PRL 2014] [Houck et al., Yale Nature 2007]

[Astafiev et al., RIKEN & NEC, 
Science 2010 and PRL 2011]
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Signal to Noise Ratio

dI

dQ

Strong measurement if integrated on T
strong
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weak continuous and destructive 
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T1 = 4 µs

destructive in the sense that it ends up in g

⌘ = 24%
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Fquantum filter

{dI· }0<·<t

{dQ· }0<·<t

fl(0)

Fluorescence of a single quantum jump
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D[L]fl = LflL† ≠ 1
2(L†Lfl + flL†L)

unconditional evolution (Lindblad)

if        is knownfl(t)

Stochastic Master Equation
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5 Quantum trajectories
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Trajectory as a function of detector

fluorescence photocounter
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cavity transmission heterodyne



Trajectories vs tomography

up to know we considered math object-> lets see if they 

(xtraj, ytraj, ztraj)

g

e

tomographyrecordprepare

±(0.02, 0.02, 0.02)



Trajectories vs tomography

same record-> trop dur -> record qui mènent au meme 
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Trajectories vs tomography
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Trajectory distribution

t = 1 µs
T1 = 4 µs



Trajectory distribution
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- noise gradient



Trajectory distribution

T1 = 4 µs
t = 2 µs



Trajectory distribution

T1 = 4 µs
t = 4 µs



Trajectory distribution

T1 = 4 µs
t = 4 µs

- noise gradient



Trajectory distribution



Trajectory distribution starting from equator



Trajectory distribution starting from equator

Measuring the field emitted during relaxation  
can increase the proba to be in     .



Measurement based feedback
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[Vijay et al., Berkeley, Nature (2012)] 

[Ristè et al., Delft, PRL (2012)] 

[Campagne-Ibarcq et al., Paris, PRX (2013)] 
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Markovian feedback

[A. Chia and H. M. Wiseman, PRA (2011)] 
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Markovian feedback

[A. Chia and H. M. Wiseman, PRA (2011)] 
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Generalization
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Stabilizing any state
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w =

Ú
“1
8

cos◊ ˙I



~
ac-Stark shift

Drive

g

e

u =
Ú

“1
8 (1 + sin◊)Q̇ + u0

v = ≠
Ú

“1
8 (1 + sin◊)İ

w =

Ú
“1
8

cos◊ ˙I

GÕ(◊)
Stabilizing any state



Stabilized states
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Conclusion
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Efficiently monitor 
relaxation channel Validated by tomography Unravel relax events

Statistical study

t = 2 µs t = 4 µs

Markovian feedback



Mazyar  
Mirrahimi

Pierre  
Rouchon

Emmanuel 
Flurin 

(Berkeley)

Philippe  
Campagne-Ibarcq

Landry  
Bretheau 

(MIT)

Danijela 
Markovic

François 
Mallet

Pierre  
Six

Alain  
Sarlette

Joachim  
Cohen

Sébastien 
Jezouin

Nathanaël 
Cottet

Michel Devoret 
(Yale University)

Quentin  
Ficheux

Rémi  
Azouit

Quantic - Theory

Alexia Auffèves 
(Grenoble)

Quantic - Experiments


