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Received May 7, 1981 talking about a spin-one-half lattice. 
The question is, if we wrote a Hamiltonian which involved only these 

operators, locally coupled to corresponding operators on the other space-time 
points, could we imitate every quantum mechanical system which is discrete 
and has a finite number of degrees of freedom? I know, almost certainly, 
that we could do that for any quantum mechanical system which involves 
Bose particles. I 'm not sure whether Fermi particles could be described by 
such a system. So I leave that open. Well, that's an example of what I mean t  
by a general quantum mechanical simulator. I 'm not sure that it's sufficient, 
because I 'm not sure that it takes care of Fermi particles. 
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What do we map?
Where does SSR come from?
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• States, effects and maps in terms of       and

• States of N-LFMs: density matrixes on the Fock space        

•  

• Transformations      linear Hermitian preserving maps: KRAUS FORM

G. M. D’Ariano, F. Manessi, P. Perinotti and A. Tosini, IJMPA (2014)

ϕ†
iϕi

si = ±1

FN ∼ C2N

⊂

Prob(ρ, a) := Tr[aρ]

T (ρ) =
�

i

siKiρK†
i

ρ =
�

st

ρst

N�

i=1

ϕ†
i
siϕiϕ

†
iϕi

ti ρst ∈ C
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Assumptions on maps

• Maps with single Kraus      ,     or               are maps of the theory

• Maps with Kraus operators involving only      ,     with           are LOCAL on 
the LFMs in

ϕ†
iϕi

χ
i ∈ χ

ϕi ϕ†
i ϕi + ϕ†

i

LOCAL in the operational sense

=

G. M. D’Ariano, F. Manessi, P. Perinotti and A. Tosini, IJMPA (2014)
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Proposition. No map can have Kraus that are combination of even and odd                                     
products of fields.

T
ρ a

N
= 0then

M

N
∀ρ ∈ St(NM), ∀a ∈ Eff(NM)

T (ρ) =
�

i

siKiρKi

for some iif Ki = Ei + Oi

Proof.

even number of field operators

odd  number of field operators

Ei

Oi



Derivation of parity SSR

G. M. D’Ariano, F. Manessi, P. Perinotti and A. Tosini, IJMPA (2014)

Corollary. States must be combination of even products of field operators.

ρ =

�
pρe 0
0 (1− p)ρo

�
F = Fe ⊕Fo

ρ = peρe + poρo po + pe = 1



Derivation of parity SSR

∼=

StR(NF) = Herm(C2N−1
)⊕Herm(C2N−1

)

N-1 qubit state spaces

Set of States of N-LFMs
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• Local tomography:

L. Hardy and W. K. Wootters, Foundations of Physics 42, 454 (2012)

DAB > DADB

• Bilocal tomography: I need local and bilocal effects for state tomography 

DABC � f(DA, DB, DC, DAB, DAC, DBC)
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StR(NF) = Herm(C2N−1
)⊕Herm(C2N−1

)

N-LFMs

DNF = 22N−1 =
1
2
DNQ

Fermionic Quantum theory

bilocal tomographiclocal tomographic

StR(NQ) = Herm(C2N

)

N-qubits
Quantum theory

DNQ = 22N
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Oper. prob. theory: 1) provide a notion of entanglement
2) amount of entanglement quantified in operational terms

1)Proposition. Non-separability as the unique notion of fermionic entanglement

2)Entanglement cost: resource under LOCC operations

|Ψ�res
⊗N

ρ⊗MLOCC

N of “resource states” 
          (ebits)

M copies of ρ
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Quantum entanglement of formation

W. K. Wootters, Quantum Information & Computation 1, 27 (2001)
S. Popescu and D. Rohrlich, Phys. Rev. A 56, R3319 (1997)

Asymptotical operational meaning: 

E(ρ) = lim
M→∞

N(M)
M|Ψ�res

⊗N
ρ⊗MLOCC Dρ

mixed states

E(|Ψ�) = S(TrA|Ψ��Ψ|))

E(ρ) := min
Dρ

�

i

piE(|Ψi�)

pure states

maximally entangledE(ρ) = 1 ρ⇔
separableE(ρ) = 0 ρ⇔
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Fermionic: 2-LFMs

Maximally entangled sets*

{α |00� + β |11� , α, β > 0}

not unique bipartite state 
LOCC convertible to any other 
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M.-C. Ban ̃uls, J. I. Cirac and M. M. Wolf, Phys. Rev. A 76, 022311 (Aug 2007)

|Ψ�res
⊗N

ρ⊗M
DF

ρloccF
EF(ρ) = lim

M→∞

N(M)
M

Proposition. ẼF(ρ) � EF(ρ)

peρe + poρo

ẼF(ρ) = peE(ρe) + poE(ρo)
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