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Quantum physics with a bathQuantum physics with a bath  

• Reasonable (?) understanding of isolated systems 

• Many systems are subjected to an external bath 

 

• How is the physics modified ?  



  

 

  

 

 

Equilibrium bathsEquilibrium baths  



  

 

  

 

 

QuasiQuasi--one dimensional systemsone dimensional systems  
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Out of equilibrium bathsOut of equilibrium baths  



  

 

  

 

 

Noisy Josephson junctionNoisy Josephson junction  



  

 

  

 

 

Trapped ions Trapped ions   

Noise on the 
electrodes: 1/f 
noise  

Disspative bath: 
laser cooling 



  

 

  

 

 

Polar molecules Polar molecules   

 

Noise: EM waves 

Bath ? : [immersion in a condensate] 



  

 

  

 

 

QuestionsQuestions  

• Time dependent noise: out of equilibrium bath 

• Can critical states be preserved ?  

• Can phase transitions be preserved ?  

• Does the bath acts as a “simple” temperature ? 

• Physical consequences of out of equ. Physics ?  



  

 

  

 

 

Noisy Josephson junctionNoisy Josephson junction  

Offset charge: 1/f noise 

h N(ω) N*(ω) i = F0/|ω| 

Resistance : ohmic bath 



  

 

  

 

 

Equilibrium bath (T → 0) 

No dissipation for N : No FDT theorem !  

Noise keep a scale invariant state !  



  

 

  

 

 

Josephson coupling Josephson coupling   
((Keldysh Keldysh + + dualityduality) )   

• Weak coupling (EJ ¿ EC)  

 Josephson coupling term : cos(θ) 

 Relevant when 1- (1+F0/´)/2π´ > 0 

• Strong coupling (EC ¿ EJ)  

 Phase slip term: cos(φ) 



  

 

  

 

 

Phase transition with Phase transition with 11//f noisef noise  



  

 

  

 

 

One dimension chain of One dimension chain of 
moleculesmolecules//ionsions  

 

Without noise: Luttinger liquid 

Powerlaw decay of correlations (K) 

πΠ = ∇θ 



  

 

  

 

 

NoiseNoise  

Long wavelength 

• Dissipative bath needed  Time scale 1/´ 

• Limit F0 → 0, ´ → 0, F0/´ =Cste 



  

 

  

 

 

CorrelationsCorrelations  

Change of the exponent 

Not just a shift of K; no duality K → 1/K 

Phase correlations suppressed too  



  

 

  

 

 

ResponseResponse  

Bragg spectroscopy (coupling to density) 

± q =  
q – 2π ρ0 



  

 

  

 

 

F0/´ = 4 π2  



  

 

  

 

 

Out of equilibrium Out of equilibrium   

Im χ < 0 !! ; negative energy dissipated ! 

1/f noise plays the role of a pump 



  

 

  

 

 

NonNon--equequ. . phase transitionsphase transitions  

Periodic potential (Mott transition) 

Equilibrium : transition at Kc = 2 

Out of equilibrium:  



  

 

  

 

 

ConclusionsConclusions  

• Quantum systems in presence of 1/f noise 

• Noise does not act a simple temperature  

• Modification of the exponents 

• Phase transitions in the presence of an out of    
equilibrium noise 

• Experimental test in trapped ions  


