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Quantum Information Theory

Information is physical
needs a physical carrier

IT How quantum info is
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Measurements Porn projection operator valued
measure
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Multipartite quantumsystems

Loco classical communication
local operators
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Entanglement theory
Informal def

Quantum Entanglement nonclassical correlations

between subsystems A Aj
But what are classical correlations

Loco can Not create entanglement

Entanglement is a resource
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For bipartite pure state there's
a complete entanglement theory

von Neumann entropy Entanglemententropy
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is the ultimate measure of entanglement

More then bipartite Entanglement

theory is too complex Art



RelativisticQuanti

InfooRelativiseic
particles as subsystems

Relativity sets constraints on info dynamics

Speedof signal propagation f c

Non relativistic physics
space x time

frame 1Relativistic physics
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States depend on the frame

measurements operations occur

at points in spacetime
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Tim evolution

depends on Lorentz frame
Lorentz transf
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Spin momentum

the reduced state on spin depends on
the Lorenta frame

massive spin K particle
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Entanglemententropy of Pspin
SPsni try If

depends on the frame

Orthogonal States in Alice's frame

might not be orthogonal i

Bob's frame

Relativistic Entanglement

For a pair of particles we

can choose the center of moss

frame But this does not

generalize to multiple particles



why fields
Two paradigms from wave particleduality

1 Fundamental building blocks are particles

Statistical
thermodynamic many particles manybodyphysics

limit volume a

of particles a
density fixed

2 Fundamental building blocks are fields

functions in spacetime

But fields are more fundamental

Field theory is intrinsicallymanybody

Is Field theory allows for paincreation

Quantum Mechanics Special Relativity

yet particle number is not conserved
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Consequences for quant info
particles can NOT be localized
measurements a NOT s

t

Quantum Info in QFT

Particles fields

quasi particle sometimes

at strong coupling just
a quantum soup
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Entanglement entropy of local regions

frame independent

Infinite a non renormalizable

too finegrained

Momentum space Entanglement

In free QFT the Hilbert space
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me can define low momenta density
matrix
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study entanglement in
momentum

space in perturbation they



Summary

Relativity sets a constraint on

the propagation of quarto info
and entanglement

Defining the reduced status of

spin d of or a few particles

i QFT is tricky

Entanglement in QFT is often

studied for all d o f
reduced

to subregions of spacetime



Entanglement entropy in free RFT

First approach
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1g
split the sites into two groups

Inside if IEA

outside 40 if i A

some def we trace over outside modes
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matigneian The entanglement entropy

is SCA Tfa Sfa
to compute it we first need to
diagonalize A
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