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Outline:

e Phase retrieval algorithm
e Retrieval of a condensate phase from a TOF image

e Example: reconstruction of space domains in optical lattice
systems



Phase retrieval algorithm

How to retrieve an object ¥(r) ?
Assume that in 2D:
e modulus of the Fourier transform M = |¢)(k)| is known,
e phase in the k space is lost,

e support S of the object in the r space can be estimated.

How to retrieve the object v (r) ?
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Phase retrieval algorithm

Original object 9(r)  The support S and ‘ﬁ(k)’ are known only.

e we start with random phases

e inverse Fourier transform and projection on the
support S,

e Fourier transform and exchange ‘G(l)(k)‘ —

&(k)\.
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BEC in an optical lattice in 2D
Time-Of-Flight images (in the far field limit):
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We need to retrieve ¢(r).




BEC in an optical lattice in 2D
Time-Of-Flight images (in the far field limit):

i

2

K mr

1(r) o< [ (k)[? o

)

~ htrof

We need to retrieve ¢(r).
At low temperature one can estimate:

[0(n))? ~ |ore(n)? Z lwo(r — 1)) [>.

Then, the projection on the density |1)(r)|? can substitute for the
projection on the support S.
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In the near field [F. Gerbier et al., PRL 101, 155303 (2008)]:
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BEC in a triangular optical lattice with negative tunneling
amplitudes

Dispersion relation
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Analysis of the Hamburg experiment results
J. Struck, C. Olschléger, R. Le Targat, P. Soltan-Panahi, A. Eckardt, M. Lewenstein, P.
Windpassinger, K. Sengstock, Science 333, 996 (2011).
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Conclusions

e Knowledge of a TOF image and estimate of the initial atomic
density in an optical lattice potential are sufficient to retrieve phase
of a BEC wave-function.

o Condensate phase microscopy is very useful when the order
parameter of an ultra-cold atomic gas is complex, e.g., in the
presence of artificial gauge potentials or in a multi-orbital superfluid
phase in optical lattices.

e An example has been analyzed where the phase microscopy allows
for reconstruction of a domain structure of a BEC in a triangular
optical lattice.
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