Lecture 2. Part 1. Subrecoil colling and Lévy statistics

1. VSCPT in a nustshell

e Physical idea: trapping state, velocity selective if counter propagating lasers
e Inhomogeneous random walk in p space; accumulation around p=0; Maxwell demon.
e Necessity to quantize motion : closed family of states F(p), under interaction with the
lasers; random walk in the space of families; accumulation in the family p=0.
Open questions:
e What is the width of the peak around p=0 ?
e How does it evolve with time?
e Steady state?
e How many atoms are accumulated?
A hand waving argument: rate of fluorescence as p?;, op o<1/ JO with @interaction time. Can
we be more quantitative?
Yes:
e Generalized optical Bloch equations
e Quantum Monte Carlo
e Lévy statistics

2. Generalized Optical Bloch Equations

2.1 Optical Bloch equations

Hamiltonian evolution plus relaxation
2.2 GOBE

Hamiltonian evolution within each family

Redistribution between various families due to spontaneous emission
2.3 Results

Width decreases as o p o<1/ Jo as expected.

Efficiency quite good.
But saturates the power of computer because long calculation, and discretization finer and
finer.

3. Quantum Monte-Carlo and delay function
A more efficient way of doing numerics.
Confirms the width decrease as o p «c1/ JO as well as the efficiency.

Confirms the picture of atoms trapped a long time close to p = 0.
Suggests to look at the statistics of the trapping times.

4. A Lévy flights approach

Law of probability of trapping times, for a uniform sprinkling: long tails

Non standard statistics; no average of trapping time; long trapping times play an important
role

In a sum of trapping times, Lévy sum: non ergodic; increases faster than the number of
events; the reason is that when one tries more, there is more chance to have one event with



a longer trapping time; in fact, in a given interval, the sum is dplinated by the onger
trapping time.

Allows complete calculation. In agreement with quantum optics, in the asymptotic regime.
Gives predictions in a regime where quantum optics cannot give results: asymptotic;
higher dimensions.

For instance, role of friction force, important in 2D and crucial in 3D. Role of the power
law.

Has allowed to improve Raman cooling in 1D; to design experiments for cooling in 2D
and 3D. Checked experimentally. Spectacular results.

5. Conclusion

It has been possible to break a whole series of limits:
e Doppler limit
e Recoil limits
e Optical Earnshaw theorem

Going beyond the traditional methods (Optical Bloch Equations, density matrix approach) is
very fruitful. Quantum Monte Carlo yields an image, and images lead to different points of
views and insights. Using statistical methods has allowed us to answer questions without a
solution in standard quantum optics.
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