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* Quantum optics with matter waves  * multi-species quantum gases
* Spinor dynamics in 2D * phases in tuneable mixtures

* Faraday detection * bosonic polaron physics
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Mix - Multi Species Quantum Gases
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HiRes - High Resolution Experiment

Ion getter pump

Angled Valve

Titanium sublimation
pump

Ton getter gump
g gumyj Angled valve

3D MOT
chamber

Titanium
sublimationl
pump

NEG ion
pump

Gate valve

2D MOT chamber

Cube chamber

Final chamber |

Romain Robert
Mueller Heck

PostDocs: Mark Bason,
Wenzhuo Zhang,
Mario Napolitano

25/6-2014
6



/ AARHUS
¥ UNIVERSITET

Laboratory visits:

Thursday (tomorrow) at 13:00 !

We will leave together from AIAS.
The labs are within walking
distance.
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Precision Measurements in Physics
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Atom interferometry

Relative phase 6

Phase estimation uncertainty:

1 Tore T3
2= peep & 11
0 on T

25/6-2014
10



/ AARHUS
¥ UNIVERSITET

Solution: Sub-shot-noise Interferometry
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87Rb BEC in a dipole trap
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Absorption detection
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Simplified model for spin dynamics

Effective potential for mF=+/-1 atoms
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Simplified model for spin dynamics

Effective potential for mF=+/-1 atoms
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Multiresonant spinor dynamics in a Bose-Einstein condensate, 25/6-2014
Phys. Rev. Lett. 103, 195302 (2009) 17
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Optical lattices
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J. Ye group, Nature 506, 71-75 (2014)
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8/Rb atoms in a dipole trap,
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External modes in 2D
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External modes in 2D

10 il

-600

il

-500 -400

TR A
| hr.n' f'j‘Iu

R
u| Il .u” Lill l"l'

-300

q (Hz)

-200 -100

w
o

Instab. rate (Hz)
N
o

-400
q (Hz)

-399

0.35

o
w

0.25¢

o
(N

Relative population in mF=i1
o
= N
- o

(c)

-600 -500 -400 -300 -200 -100

q (Hz)

0

25/6-2014
23



/v

AARHUS
UNIVERSITET

Observation of “correlated rings” in TOF
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Understanding “correlated rings”™ in TOF
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Spin dynamics in a two dimensional quantum gas, Phys. Rev. A 89 (2014), 051603(R) 25
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Two possibilities for triggering:

1) classical seed
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the spatial mode of the
initial BEC

2) vacuum fluctuations

—_——

No atoms present in mg==+1
In the excited spatial mode

Parametric amplification of vacuum fluctuations in a spinor condensate,

Phys. Rev. Lett. 104, 195303 (2010).
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Dicke states

|deally, spin dynamics produces a Dicke state with the
following properties: 3

AJ,=0 A

<JX> = <Jy> =0

v
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Interferometry with a Dicke state

Probability

Observable: o(J,)

Probability
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Standard deviation after rotation
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Licke et al., Science 334, 773 (2011) 30
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Spin squeezing parameter
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X projection noise in spectroscopy, Phys. Rev. A 50, 67—88 (1994)

Generalized squeezing parameter
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Fluctuations in J,

Generalized squeezing parameter
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Fluctuations in J
/ Generalized squeezing parameter
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Generalized spin squeezing

Generalized squeezing parameter
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Entanglement depth
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Measurement of the entanglement depth
Total number N = 8000.
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Detecting multiparticle entanglement of Dicke states 25/6-2014
Bernd Liicke et al., Phys. Rev. Lett. 112, 155304 (2014) 38
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Conclusion

—+— Creation of correlated states

- External mode control

2D correlated spinor gasses
« oObservation in single planes
 EPR state preparation
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Multi-particle entanglement
interferometry with heralded Fock states

deterministic preparation of Dicke states
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