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Motivation

Decoherence » Paradigm models

M - Harmonic oscillators

- Spin baths
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The setup
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A two-level system(the quantum system) 1s coupled
to a single spin of a one-dimensional spin-1/2 chain
(the environment).




Physical realizations - JJAs

D. Hawiland's group




hysical realizations -

optical lattices
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Optical lattices as simulators
of Interacting spin systems
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The Model

H=Hrr + Hg + Hin
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Ising chain in a transverse field
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Exact solution - free fermions
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Ising chain environment




Ising chain environment

A < 1 oscillations

A > ] constant




Ising chain environment )\ S )\ C

*.I\Illl T T T TTTT

.
[ ]
S,
N

50 100 500 1000 2000 N
II 1

IIII L L L L1111
10° 10"




Ising chain - correlations in the bath

If the chain 1s not at the eritical point, the decay of the
coherences 1s independent of the number of spins in the bath
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Ising chain environment -

Universality
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XY chain environment
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Decoherence
Vs

interaction & entanglement in

the bath

see the suggestion of




How to measure entanglement?

- Entanglement between two spins in the
network

- Multipartite entanglement
- Block entropy

- Localizable entanglement




Bipartite entanglement

The state of the two selected spins 1s mixed




Measure of mixed state entanglement for two

spin-1/2 states




- construct

= the concurrence iS deﬁned as
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where \s are the eigenvalues of R mn ascending order




Decoherence vs entanglement in the bath




Heisenberg chain environment - tDMRG
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Coupling to m spins i1n the environment
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Strong dependence on

the number of couplings




Conclusions

Optical lattices to simulate quantum baths

Exact solution for an Interacting baths

Numerical t-DMRG for Heisenberg bath




