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single versus many particle§

single particle interferometer

external internal

o} " T8} W e a)
w 1!'&‘; . ‘ a> + e"”\ b}
w @




7
/,/"/:‘,"‘—l_"?\-\
A N
/o o
e w
\\' - l_

., .. / o B
S \¥’,/ p 7 T
/ H
/ i

[ ] _\\_\\
/2 pulse} tz\j\jﬂf W OW W W W e
C ) " ;/__/

/2 pulse}




single versus many particle§

single particle interferometer

external internal "T*\

many particle interferometer

N two mode atoms

collective spin



optimal squeezing

initial state final state: ¢=mn/2

AJ =h

population difference n

~N/2

0
aquired relative phase ¢

final state: ¢=n
AJ =h

J.~ %cos )

theory: Kitagawa & Ueda, PRA 47, 5138 (1993)
Wineland et al., PRA 50, 67 (1994)



experimental setup introduction
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state-of-the-art absorption imaging
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state-of-the-art absorption imaging
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Lipkin-Meshkov-Glick Hamiltonian




number difference fluctuationQ _

no interaction with interaction

= 1
I

H =M _ K(ath+ b2
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conjugate variable — ,phasg




atomic coherent spin states )

Nature 455, 1216 (2008)

Number squeezing !;NE (dB)
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internal system

L Feshbach resonance -loss Feshbach resonance E,
F=2 — 3
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one axis twisting internal

M. Kitagawa, M. Ueda PRA 47, 5138 (1993)

Sorensen, et al. Nature 409, 63 (2001) \
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one axis twisting internal
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one axis twisting internal

Nature 464, 1165 (2010)

See also BEC on atomchip: Munich/Basel Nature 464, 1170 (2010)
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vapor cells: Hald et al., PRL 83, 1319 (1999)
Kuzmich et al., PRL 85, 1594 (2000)  Cold thermal atoms + cavity: Leroux et al., PRL 104 073602 (2010)
cold atoms: Appel et al., PNAS 106, 10960 (2009) BEC on atomchip: Munich, Philipp Treutlein group Nature 464, 1170 (2010)



entanglement internal

Nature 464, 1165 (2010)

® Many body entanglement: p# Z Ploi®p; ®..0 p®...0 p)
k non-separable!
@ Possible entanglement witness: f% < 1 implies entanglement o0
s Segrensen et al., Nature 409, 63 (2001
@ Depth of entanglement: O = Z B(p}("m ® p/’("”"zm .. ,p/:V_m“"/V
k

2 block size of the largest non-separable part: m
Sgrensen & Mglmer, PRL 86, 4431 (2001)
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Latest squeezing - use unstable fixpoint
Not yet published
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A.l. Lvovsky, J. Opt. B: Quantum Semiclass. Opt. 6 S556 (2004)

Ideal Theory Theory Experimental
including noise sources reconstruction
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Quantum optics paradigme system) latest
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Spin changing collisions ) latest

F=2 /\f\ ™
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two mode squeezed vacuum
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|latest

classical mixing pulse
homodyning technique

measurement
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Nonlinear interferometry
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