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Introduction



Single-colour photoassociation
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Single-colour photoassociation

Closed-channel bound state ¢, coupled to
open channel by (detuned) laser light.
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Experiment:

Rate limits?

Single color PA of 23Na (NIST).
[C. McKenzie, et al., PRL 88, 120403 (2002)]

GPE time evolution:
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Microscopic Quantum
Dynamics Approach



Cumulant Approach

e Dynamic equations for correlation functions:
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Cumulant Approach

e Dynamic equations for correlation functions:
0
zha(’l,b(x)ﬁ = ([¥(x), H])¢
ih S @()$ () = ()9, H)

e Resummation in terms of cumulants (connected Green’s functions):

($(x))§ = ($(0))e
(G@YE)F = @WE)$): — (B (V)
BT Y)PE))E = BTE)PE)): — (T ())s (W)

e Systematically truncate system of dynamic equations for the cumulants.

= Few-body dynamics enters through T-matrices.
= Energy & number conservation.
= Positivity of mode occupations.



Mean Field Dynamics
beyond Gross-Pitaevskii
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Mean Field Dynamics
beyond Gross-Pitaevskii

e Dynamic equation for mean field ¥(x,t) = (¢ (x)): (@ = (Y)?)
ih%\IJ(x, t) = [—%A n Vtrap(x)] U (x, t)

+ / dy V(x = y, )0 (y, ) | B(x,¥, 1) + ¥(x, ) ¥(y, t)]

e Non-Markovian Nonlinear Schrodinger Equation:

(%, 1) = [ 2 A Virap ()] R0, ) + 7, 8) | 7 g1, 7) 92, 7)

e Coupling function :

g(t,7) = (2mh)*(0| V(£)[d(t — 7) + G2s(t, 7)V(7)] |0)

e Markovian limit: T-matrix!
— Gross-Pitaevskii dynamics:

Amh?a

0 2
iha\Il(x, t) = —ﬁ—mA + Virap(x) | ¥(x,t) + | (x,t)|?P(x,t)
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Previous applications of the

Microscopic Quantum Dynamics Approach

Atom-molecule oscillations (JILA)
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Previous applications of the

Microscopic Quantum Dynamics Approach

Atom-molecule oscillations (JILA)
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Previous applications of the

Microscopic Quantum Dynamics Approach
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Atom-molecule oscillations (JILA
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Photoassociation

Rate limits



Photoassociation in 23Na condensate:

Is the loss rate limited?
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Photoassociation in 23Na condensate:

Is the loss rate limited?
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Photoassociation in 23Na condensate:

Is the loss rate limited?
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Photoassociation in 23Na condensate:

Is the loss rate limited?
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Photoassociation in 23Na condensate:

Is the molecule formation rate limited?

Fraction of condensate atoms lost after
t = 100 us (red squares).

=—a condensate loss, NMNL SE (trap calc.)
-- condensate loss, GPE (local density calc.)
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Photoassociation in 23Na condensate:

Is the molecule formation rate limited?
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Two-body dressed states



Saturation of loss rates due to

Long range nature of dressed states
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Population of

Background channel dressed state component
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Photoassociation in 23Na condensate:

Is the molecule formation rate limited?

Fractions of condensate (---) and total (—
-) atom no. loss, as a function of time, for
different intensities.
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Open Questions

Outlook

e Photoassociation:
— heteronuclear PA, STIRAP, ...
— Alkaline earth elements: small decay width -, large scattering lengths

(— metrology)
— non-universal observables (many-body frequency shifts)

e Fermionic and mixed systems:
— Molecular BEC
— BCS pairing

e Improved truncation schemes on the basis of the 2P1 effective action
I[¥,G] = S[¥] + tTrIn(G~! + G5 1 (¥)G) + I'1[¥, G]

[G. Aarts, et al., PRD 66, 045008 (2002)]

e Condensates in microtraps: far-from-equilibrium dynamics in (quasi) one-
dimensional regime

e Long-time evolution (damping, drifting, thermalization)
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