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qubit

Hilbert space: (<
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a b
P:(C d>: Znﬂam
p=0

Observables: 4 dim linear space
States: 4 dim cone
Pure states: Boundary



Alice & Bob

16 dimensional



Separable states

A B
ps = pjp; ®p;, pj>0
Entangled states= Unseparable

Example: Bell or EPR states
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Separable states: (in) significance
Prob(p,A) = Tr(pA)
p=p"®p”
P(A® B;pa ® pp) = Pa(pa)Pp(pB)
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Local operations and classical communication



Witnesses ~ ¥ %
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Tr(psW) >0 ‘ e

Example: or why Bell is entangled

ElY) @ |o) = |¢) ® |9)
Tr(psE) = [(9[)|2 >0 ps < |) ® |o)

But

E|Bell) = — |Bell), |Bell) =|1)®|0)—|0)®]|1)



Geometric characterization
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Local equivalence

A® B~ (UAU") ® (VBV*), U,V € SU(2)

15- (3+3)= 9



Horodeckies

States with maximally mixed subsystems

Trop =Tryp =1

15-(3+3)-(3+3)=3



Local equivalence

A® B~ (UAU*) ® (VBV*), U,V c SL(2,C)
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15- (6+6)= 3



Lorentz geometry

det(a - o) = aya”
G(a-0)G" = (Aga) -0, Ge&SL(2,C)

Mixed state are time-like
Pure states are light-like



CANONICAL FORM

Suppose A maps the forward light-cone into itself
then there are a pair of Lorentz transformations
that bring A into a diagonal form.
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Spec(W) = a
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Peres test is iff

(A B p [ A B~
F=-p ¢ |'~£ T LB /C

If transform has negative eigenvalue state is entangled
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