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CONTEXT

Homogeneous  1D Bose gas  with  contact repulsive  interactions :

Å Lieb Liniger Hamiltonian  

Integrable  system: the eigenstates  of     are the Bethe Anzatz  states                          labelled  by N 

numbers                           called  the rapidities .

Rapidities  distribution         :                  is the  number  of rapidities  in 

the                  range.  

                  is conserved  during  the out -of -equilibrium  dynamics  of 

the system

The relaxed  state is described  by the rapidities  distribution        ! 



CONTEXT

Rapidities  distribution can be  measured : after  a 1D longitudinal 

expansion of the cloud, the profile density  converges towards  the 

rapidities  distribution.

« Generalized  hydrodynamics  in strongly  interacting  1d Bose gases », 

Malvania , N. & co , Science 373(6559)

Density profile:

Rapidities  distribution:    



OBJECTIVES

Local Density Approximation (Euler scale ):
A spatially resolved rapiditiy distribution                           

can be defined.

Local Density Approximation :

Objective : 
Measuring experimentally the spatially 
resolved  rapidity distribution



OUTLINE

Asymptotic  regime  of a 

1D expansion

ÅPreparing  initial 

conditions

Å1D expansion 

Domain Wall Dynamics

ÅDomain Wall 

Dynamics protocol

ÅDomain Wall 

Dynamics 

reconstruction

Hydrodynamics  for 

integrable  systems

ÅGeneralized  

HydroDynamics

ÅDynamics of 1D 

expansion



PREPARING INITIAL CONDITIONS

Transverse Energies states

Ground state

Excited  

states

How to reach the 1D regime?

If , the 

gas is frozen in the 

transverse direction !
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PREPARING INITIAL CONDITIONS

Atoms  used  : Rubidium 87 in the                            

atomic  state.

How do we produce a 1D Bose gas ?

Atom chip experiment : the atoms  magnetically  

trapped  thanks  to micro -wires deposited  on a 

chip.

Properties  :

- Independent control of 

the longitudinal coupling  

and the transverse one

- Longitunal  trapping :

Density profile of the cloud in the 

harmonic trap before the 

selection

Assumption : system described by 

a Gibbs ensemble



PREPARING INITIAL CONDITIONS

Objective: measure the spatially resolved 

rapidities distribution

Å Implementation  of a selection  spatial 

tool

Å Use of the radiation pressure

Implementation  of a DMD to shape  the 

beam .

Features

Å 1024 x 768 mirrors

Å 1 mirror : 14 µm x 14 µm 

DMD 
Digital Micromirrors  

Device



Vacuum 

chamber

Trapped  atoms

Atom chip

CCD

DMD

Beam splitter 

90/10

Optical system

Optical fiber

Experimental setup to obtain a homogeneous 1D gas 

before imaging it: 
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PREPARING INITIAL CONDITIONS

Vacuum 

chamber

Trapped  atoms

Atom chip

CCD

DMD

Beam splitter 

90/10

Optical system

Optical fiber

Experimental setup to obtain a homogeneous 1D gas 

before imaging it: 

High-resolution  

objective



1D EXPANSION

Density profile of a 1D gas after different times of 

expansion:

- The longitudinal confinement is 

removed,

- The transverse one is maintained 
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1D EXPANSION

Rescaled  profile denstity : 

- We look at the profile densities  after  50 ms of expansion

- Profiles rescaled  with  the time 

An asymptotic  regime  seems to be  reached , it corresponds to the rapidities  distribution



Conclusion:

Å Differences  between  the datas and the rapidities  distriution  : Non thermal distribution?

Å Do we  reach  an asymptotic  regime   ? Look at the dynamics

1D EXPANSION

Rapidities  distribution   obtained  

with  



GENERALISED HYDRODYNAMICS (GHD)

Hydrodynamic  approach  : continuum of 

locally  homogeneous  cells of fluid  of size      

with                               where  

Å   is the microscopic  length  scale

Å   is the macroscopic  one

 



GENERALISED HYDRODYNAMICS (GHD)

Classical  HydroDynamics  (CHD) : a non integrable  

system can locally  be  described  by a Gibbs state 

with             ,                      and           .  

Å Conservation of the atom  number  :

Å Conservation of total momentum  :

Å Conservation of total energy  :

Atomic 
density

Hydrodynamic  velocity  

momentum Pressure 

Energy per atom

Classical  Hydrodynamics  :

 



General HydroDynamics  (GHD) : an integrable  

system can locally  be  described  by the spatially  

resolved  rapidity  distribution                 .  

Å Conservation of the rapidity  distribution on a      

slice: 

with  

and 

GENERALISED HYDRODYNAMICS (GHD)

Classical  Hydrodynamics  :

 

General Hydrodynamics  :

 
is conserved

Bertini et al. (2016), Castro -Alvaredo  et al. (2016)



DYNAMICS OF 1D EXPANSION

Å Equation invariant to

                                                                     

ÅWith 

Generalised  HydroDynamics  Equation :

For different  initial sizes: the dynamics 

must be the same to within       .



DYNAMICS OF 1D EXPANSION

Superimposition of profiles for different initial 

sizes      but with the same           ratio.

Å Equation invariant to

                                                                     

ÅWith 

Generalised  HydroDynamics  Equation :

For different  initial sizes: the dynamics 

must be the same to within       .



DYNAMICS OF 1D EXPANSION

Comparison between experimental profiles for different times and dynamics obtained by Generalised HydroDynamics :



DYNAMICS OF 1D EXPANSION

Comparison between experimental profiles for different times and dynamics obtained by Generalised HydroDynamics :

The asymptotic  regime  almost  but 

not completely  reached .



DOMAIN  WALL DYNAMICS PROTOCOL

Domain Wall Dynamics : edge deformation 

dynamics of an initially homogeneous, semi -

infinite gas

GHD theory  was developed  to solve the 

problem  of Domain Wall Dynamics. Bertini et al. (2016), Castro -Alvaredo  et al. (2016)



DOMAIN  WALL DYNAMICS PROTOCOL

Generalised  HydroDynamics  Equation :

For different  initial sizes: the dynamics 

must be the same to within       .

Domain Wall Dynamics : edge deformation 

dynamics of an initially homogeneous, semi -

infinite gas

GHD theory  was developed  to solve the 

problem  of Domain Wall Dynamics.

The edge  profile is a function  of            

Bertini et al. (2016), Castro -Alvaredo  et al. (2016)

Translation -invariant system along  z-axis



DOMAIN  WALL DYNAMICS

Then :

- The longitudinal quartic confinement is removed,

- The transverse one is maintained 

Experimentally  : The atoms are trapped in a quartic 

potential so that the quasi -homogeneous zone is large 

enough.

Dynamics of the edge :



DOMAIN  WALL DYNAMICS

Conclusion : after         , a ballistic dynamics well described 

the dynamics of the edge.

Dynamics of the edge :



DOMAIN  WALL DYNAMICS RECONSTRUCTION

Reconstruction of the rapidities  distribution :  

In first approximation we  suppose that  we  

have a thermic  cloud

       Fit with  a Gibbs ensemble: the 

temperature      and the chemical  potential      

are the fit parameters .  

Edge profile after                     

Fitting parameters :



CONCLUSION

- Implementation of a spatial selection tool

- Longitudinal expansion of a homogeneous gas :

o Asymptotic regime is almost reached

o Expansion agrees with Generalized Hydrodynamics

- Domain wall dynamics protocol :

o Ballistic evolution well observed

o Extraction of rapidities distribution 
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DYNAMICS OF 1D EXPANSION

is also a solution of the GHD equation .

With 

Generalised  HydroDynamics  Equation :

Let                                                                    a 

solution of the GHD equation
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DYNAMICS OF 1D EXPANSION

Comparison between experimental profiles for different times and the dynamics obtained by Generalised

HydroDynamics :



DYNAMICS OF 1D EXPANSION

Comparison between experimental profiles for different times and the dynamics obtained by Generalised

HydroDynamics :

The asymptotic  regime  is not 

completely  reached .
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Pushing away  the atoms  with  radiation 

pressure: 
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RADIATION PRESSURE

Pushing away  the atoms  with  radiation 

pressure: 

Å For one photon absorbed,                   .   

Å

photons.                        

Cloud

Chip

Cloud

Measure  of            with  fluorescence imaging :

What  is the minimum power needed  to remove  all 

the atoms  ?



Reconstruction of the rapidities  distribution :  

In first approximation we  suppose that  we  

have a thermic  cloud

       Fit with  a Gibbs ensemble: the 

temperature      and the chemical  potential      

are the fit parameters .  

DOMAIN  WALL DYNAMICS RECONSTRUCTION

Edge profile after                     



RADIATION PRESSURE

Experimental parameters :                             , 

Fluorescence measurement :                               

scattered photons / atoms

Pushing away  the atoms  with  radiation 

pressure: 

Å For one photon absorbed,                   .   

Å

photons.                        

Cloud

Chip

Cloud

Measure  of            with  fluorescence imaging :



RADIATION PRESSURE

Experimental parameters :                             , 

Fluorescence measurement :                               

scattered photons / atoms

Measure  of            with  fluorescence imaging :

Experimentally  :

Take into  account  the level  structure, the 

magnetic  field  and the beam  

polarisation ,                   with  



LIMITATIONS

What  do we  see :Limitations :

Å Image of an edge is not perfect
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