Quantum State Tomography c
1000 Bosons:
Reduced Density Matrices

Michael Walter
In collaboration with
Matthias Christand| (ETH),
Roman Schmied, Philipp Treutlein (Basel)

N
\I/\I/
/ |\/ { |\

BBBBB




Motivation

BEC experiment measurement guantum state

> Ny, Ny ?’ PN

N ! 1000 various directions,
two-leve|l systems several times
Bose statistics



Motivation

BEC experiment measurement quantum state

N ! 1000 various directions,

several times

two-level systems
Bose statistics




Motivation

BEC experiment measurement guantum state

> Ny, Ny ?’ PN

N ! 1000 various directions,
two-leve|l systems several times
Bose statistics

A
& D




Angular Momentu

Wigner Function

4 )
: CIMM Clebsch-
Pk,q — IJaM‘/ON‘Jle tk:q’ <
M Gordan
23 ) coeflcien
. : \_ J
Wi (1) = "kaq Ykq ()

k=049 - .
spherical
harmonic




Angular Momentu

Wigner Function -

PK,g — !JaM‘ION‘JaM!"ti:I(\q/I’M |
M,M !
1201
Wi (1) = "kaq Ykq ()
k=0 (@
- convglution |
P-representation Q-representation

o = [a B, (DY Q)= Ny




coherent state coherent mixture
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Reduced Density
Matrix

Pn — TrN—n(pN)
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Properties

e asymptotically correct
e numerically stable

e for low k&, Insensitive to [Suctuations ih M
(do not need state resolution)
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Results

pseudo-spin squeezed state of N = 1250(45kiedeket al,

. Nat 2010
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Positivity

reconstructed (reduced) density matrix can have
negativeeigenvalues

n = kmax
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n-bosondensity matrices




N-Extendibility

N-boson density:matrices
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SemidepPnite Prograr
for N-Extendibility
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Results

pseudo-spin squeezed state, N = 1250(45
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Conclusion

Work In progress: MLE for moments, error bars



