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OUTLINE

o Entanglement

o Identical and indistinguishable particles

o Entanglement of indistinguishable particles
o Random states
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How to know if a given bipartite state is
entangled or not?

Product States

o Schmidt decomposition R ' A
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How to quantify entanglement ?

LOCC = Local Operations and  Classical Communication
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IDENTICAL AND INDISTINGUISHABLE PARTICLES

Symmetrization postulate

Fermions, Half —integer spin,

: . Bosons, integer spin,
anti-symmetric states

symmetric states
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IDENTICAL AND INDISTINGUISHABLE PARTICLES

H, =H, = C"

T No (obvious) tensor product
Symmetrization postulate =) giructure for the composite

system

Distinguishable Fermions Bosons
particles
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INDISTINGUISHABLE PARTICLES
ENTANGLEMENT OF PARTICLES-1
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R.Paskauskas, L..You. PR1L.A 64, 042310 (2001)
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ENTANGLEMENT OF PARTICLES-1
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INDISTINGUISHABLE PARTICLES
ENTANGLEMENT OF PARTICLES-I
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BIPARTITE RANDOM STATES OF FERMIONIC AND
BOSONIC SYSTEMS

Why random states?

 Entanglement is an useful resource for quantum
computation and randomness 1s a way to create it.

e Useful in super dense coding, remote state
preparation, data hiding protocols.

* They provide a natural benchmark for assessing:
schemes to distinguish quantum states.




BIPARTITE RANDOM STATES OF FERMIONIC
AND BOSONIC SYSTEMS

The systems of our interest:

Distinguishable Particles (2Q-bits) Hs=C> H=Hs@Hs Dim(H )=4

2 Fermions 4 Levels each He=C* H=A(Hs@Hs) Dim(H )=6

2 Bosons 2 Levels each Hs=C> H=S(Hs@Hs) Dim(H )=3




HOW DO WE QUANTIFY INDISTINGUISHABLE
PARTICLES ENTANGLEMENT?

CONCURRENCE:

Distinguishable particles
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K.Eckert, et al. Annals of Physics 299, 88-127(2002)




BIPARTITE RANDOM STATES OF FERMIONIC AND
BOSONIC SYSTEMS

Which distribution of states?

Distribution for [hb)] Z |WU |2
fermions —

Distribution for P W) = ( Z la; |2)

bosons




PDF FOR FERMIONS CONCURRENCE

s Theoretical distribution P[C] = 5C(1 — 62)3/ 2
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PDF FOR BOSONS CONCURRENCE

Moment of the Theoretical Numerical
distribution value Value

Numerical distribution

0.2

0.4

0.6

0.8

1.0

m, = 4H3J’(Cosz(2m)+Szn2(2m)F2(ﬂl, Q, ) Sznz(Zm)dmdﬂldﬂz




PDF FOR DISTINGUISHABLE PARTICLES,
FERMIONS AND BOSONS
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CONCLUSIONS AND OUTLOOK

How 1s the behavior of the distributions for higher
dimensions?

What happens for multi-particle systems? (E.g
Inequivalent Entanglement properties W ,GHZ states)

Is the LOCC paradigm 1important for quantum
correlations in systems of identical particles?
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