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Loading procedure of a 1D horizontal lattice

Lattice depth

Rubidium-87 Adiabatic loading Time of flight Time
BEC Production
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Phase control of the optical lattice
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Renormalization of the lattice depth

0(t) = Oy sin(wt) W =>> Wy

* .ency of modulation >> frequency of the micromotion

(V(x,t)) = —sEr (1 4+ Jo(26p) cos(krz))

where j0(2(90) Bessel function order 0
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Initial state preparation: sudden phase shift

1 1
o 08 o 08
o o
2 6y = 20° 2
= 06 = 06
2, 2,
5) 5)
3, 2,
L 04 L 04
= =
= <
& 02 & o2
O 1 1 1 1 0
1 2 3 4 5 6 1 2 3 4 5 6
Band number Band number
1 1
g 0.8 g 0.8
= 0y = 40° Z 0y = 50°
= =
2, 2,
5 5)
3, 2,
g g
= =
= <
() 5]
- —

1 2 3 4 5 6
Band number Band number



Calibration of the optical lattice depth
Kapitza Dirac
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Interpretation of the intrasite dynamics
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The two-phonon transition is coupled to the intrasite center of mass motion.
This is the reason why the frequency of the dipole mode does not
depend on the initial offset angle neither on interactions.



E i tal dat
Time-of-flight xperimental data
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PRL 107, 010401 (2016)



Tunneling time

Electron (strong field ionization process)

Mass Barrier thickness Tunneling time

1030 kg 101 m 1016 s { > N

Atoms in optical lattice

Mass Barrier thickness Tunneling time } O G

1.45 10>° kg 107 m 107 s
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Experimental data
Oy =20° 6Oy =25° 0y=30° 6y=40° 6y =>50°

Time-of-flight
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Beam splitter
|D> — COS gp‘p0> - 2 81N 90‘ o p0> PRL 107, 010401 (2016)



Optical source
Time-of-flight Q

Beam

Information in velocity space splitter
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Beam Sp|ll'ter D Detector

Mirror
First beam splitter

| D) = cos p|po) +isinp| — pp)
Mach-Zehnder Second beam splitter
Constructive |F> = COS go(COS g0|p0> + 72 8In gp| — p0>)

interference + i sin (cos | — po) + i sin p|pp))
= cos(2¢)|po) + isin(2¢)| — po)
i| =po) for p=m/4

Mirror

PRL 107, 010401 (2016)



Spectroscopy as a probe of interactions

(numerical results)
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Spectroscopy as a probe of interactions
(Experimental results)
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Renormalization of the tunnel rate (chu, Arimondo, Oberthaler, Sengstock)

Frequency of modulation (2 kHz)gO(t) = ©o Sin(wt) < frequency of the micromotion (10 kHz)

k = 2n/d
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J > JJ() 12

Qualitative picture
Eo(k) = —2Jeg cos(kd)

Spontaneous degenerate
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Bogolubov spectrum
(hw)? = 4J(1 — cos kd)(J(1 — cos kd) + nU)

dependence in tunnel rate, J, and in the density




Nucleation of staggered states (1)
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Nucleation of staggered states (2)
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Comparison with theory

The traditional approach consists in using the Gross-Pitaevskii
equation to account for the dynamics of Bose-Einstein condensates.
This corresponds to a mean field approach.
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The nucleation process cannot be captlfn/é(d by such an approach.
We are obliged to use beyond mean field approaches.

We setup a collaboration with the group of Peter Schlagheck
(université de Liege) to develop such simulations within the
Truncated Wigner approach.
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Comparison with theory
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Conclusion

Renormalization of the potential
Tunneling time delay
Phase modulation == Mach-Zehnder interferometer

\ Quantum phase transition triggered by interactions

In situ probing of interactions ?

What about amplitude modulation ?

1 Chaos assisted CBS-CFS The Kapitza pendulum
Tunneling regime G. Lemarié revisited (D/ (Do
G. Lemarie C. Muller D. Shepelyansky
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