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equilibrium 
 



Motivation 

Thermal equilibrium  

Non-equilibrium  

state 

Quench: 



Motivation 

Thermal equilibrium  

(total loss of memory) 
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Non-equilibrium dynamics of 

closed quantum system 
 

Recurrent unitary evolution? 

Relaxation on a single timescale? 

Multiple timescales? 

Thermalization? 

 



Experimental system: 1D Bose gas 

1D Bose gas on an atom chip: 

 

Á Precise control over system parameters 

Á Near perfect isolation from the environment 

Á Direct probes through absorption imaging 

 

Experimental parameters: 

 

Á Weakly interacting regime 

Á 2000 ï 10 000 atoms of Rb87 

Á Temperature of 20 ï 100 nK 

Á Trap frequencies 



Experimental scheme 

Start with a single, phase fluctuating 

1D quasi-condensate 



Experimental scheme 

split it via RF dressed state potentials 

Start with a single, phase fluctuating 

1D quasi-condensate 



t = 0 ms 

Experimental scheme 

 

 

 

 

 

 

 

 

 

relative phase 

Quench by coherent splitting 
 



t = 0 ms 

Experimental scheme 

 

 

 

 

 

 

 

 

 

common modes: 
high energy (thermal noise) 

relative modes: 
low energy (quantum noise)  

relative phase 



t = 0 ms 

Experimental scheme 

 

 

 

 

 

 

 

 

 

t > 0 ms 

relative phase 

? 

How does this state evolve in time? 
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Experimental scheme 

 

 

 

 

 

 

 

 

 

t > 0 ms 

relative phase 

Probe the system 

using matter-wave 

interference: 



t = 0 ms 

Experimental scheme 

 

 

 

 

 

 

 

 

 

t > 0 ms 

relative phase 

Probe the system 

using matter-wave 

interference: direct access to the 

relative phase field! 



Questions to answer 

ÁDoes the system relax? 
 

ÁHow does this relaxation happen? 
 

ÁCan we describe the relaxed state in terms of 

statistical ensembles? 
 

ÁDoes the system eventually thermalize? 
 

ÁHow can evaporative cooling work in these 

systems? 
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Does the system relax? 

initial state 



Does the system relax? 

initial state 

relaxed state 

Rapid emergence of a steady state with 
thermal correlations! 

Extracted temperature 
an order of magnitude 
smaller than initial one.  

e.g.:  Teff = 11nK 
 Tin = 100nK 
 



Does the system relax? 

initial state 

relaxed state 

Rapid emergence of a steady state with 
thermal correlations! 

Science, 337, 1318 (2012) 

Extracted temperature 
an order of magnitude 
smaller than initial one.  

e.g.:  Teff = 11nK 
 Tin = 100nK 
 

two in thermal equilibrium, where Trel = 
Tcom shows: relaxed state is not thermal 
equilibrium 

Relaxation through dephasing of the 
initial quantum fluctuations  

 Ƃ Prethermalization 
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Relaxation dynamics 

 

 

 

 

 
 

initial state prethermalized state 

time 

How are the initial correlations lost? 
 

What do we see if we look at the 
local dynamics? 



Relaxation dynamics 
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Relaxation dynamics 

tim
e
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