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Laser cooling forces

1) Induced light pressure force

[Ashkin, PRL (1970)]

2) Shadow effect or absorption force

[Dalibard, Opt.Commun. (1988)]

3) Repulsive effect or radiation

trapping force [Sesko et al.,

JOSA B (1990)]



Competing effect: repulsive force dominates over shadow effect
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Atomic repulsion results from radiation pressure of the

scattered radiation (Iscatt ~1 / r2 )



From the Wave Equation ...

Schrödinger equation
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... to Wave Kinetic equation

Wigner matrix
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Wigner-Moyal equation
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Collective forces in cold atom gas

Wave kinetic equation in the quasi-classical limit
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Equilibrium   
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Dispersion relation for cold atom gas

(infinite geometry)

  

! 

1+
Q

Mk
2

r 
k " #W

0
/#

r 
v 

($ %
r 
k "

r 
v )

d
r 
v = 0&



Mono-kinetic distribution
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electrostatic waves in a plasma
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Two distinct mono-kinetic distributions
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Dynamical analogue to CARL

Similar to beam-plasma instability

Atomic beam instability
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Fluid description
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Plasma-acoustic hybrid mode

Dispersion relation

! 

"
r

2

="
P

2
+ k

2
u
s

2
+
3

4
#

  

! 

˜ n ,"
r 
F #exp(i

r 
k $

r 
r % i&t),Perturbation analysis

Complex frequency

! 

" ="
r

+ i#

! 

" 2
="

P

2
+ k

2
u
s

2

Damping rate

! 

" =# /2

Limit of small viscosity



Centre of mass oscillations

Centre of mass position
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Volume oscillations

Experiments by G. Labeyrie et al., PRL (2006)
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Tonks-Dattner resonances

Internal oscillations in a

Nonuniform cold gas
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b) Cylindrical geometry

(plasma)
Parker, Nickel and Gould, PoF (1964)

c) Spherical geometry

(neutral cold atom gas) Mendonça et al., PRA (2008).



Internal structure of the hybrid modes

in a sphere of ultra-cold neutral gas



Nonlinear coupling between dipole and

plasma (or TD) resonances

Terças, Mendonça and Kaiser (2008)
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Stability range

Feedback stabilization



Coulomb-like explosions
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Atom cooling results from cloud expansion

Question: can collective effects lead to new cooling processes?

Similar but slower than

Coulomb explosion in plasmas



Atomic Landau damping

Non dissipative wave damping
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Diffusion in velocity space

Quasi-linear theory for a

broad spectrum of fluctuations   
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Waves and solitons in

cylindrical geometry

H. Terças, J.T. Mendonça and P.K. Shukla, PoP (2008).
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Rydberg Plasmas

b. Spontaneous evolution of a

Rydberg could Xe gas, into a

plasma

M.P. Robinson et al., PRL (2000)

Creation of very could plasmas

(an apparent contradiction)

Ti ~ 30 µK, Te < 100 mK

(instead of 1-10 eV)

a. Creation of ultracold plasmas by photoionization of

laser cooled Xe atoms [T.C. Killian et al., PRL (1999)]



Possible explanation

Existence of a small fraction of hot

atoms (1% at room temperature)

Or maybe not [T. Pohl et al. PRA (2003)]



Ambipolar diffusion model

for plasma expansion

Expanding ion bubble
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Conclusions

 

• The neutral cold atom gas can behave like a plasma;  

• Collective effects are due to shadow-repulsive forces;

• Plasma-like oscillations and plasma-acoustic hybrid mode;

• SCARI dynamical instability (analogue to CARL);

• Dipole oscillations and Tonks-Dattner resonances;

• Trivelpiece-Gould solitons in a cylindrical atomic cloud;

• New areas of atomic physics can be explored.

•New experiments are being performed.


