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1. Are fermions systems of the usual quantum theory?

Simulating Physics with Computers

Richard P. Feynman
Department of Physics, California Institute of Technology, Pasadena, California 91107

Received May 7, 1981

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 quantyss al system which involves
Bose particles. I'm not sure whethe ould be described by
such a system. So I leave that open. example of what I meant

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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2 Warnings: \Where does parity superselection come from?

What do | map via the Jordan-Wigner map?

S. B. Bravyi and A. Y. Kitaev, Annals of Physics 298, 210 (2002)
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Quantum theory Fermionic quantum theory
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Local tomography

Dap = DaDg

Bilocal tomography L. Hardy and W. K. Wootters, Foundations
of Physics 42, 454 (2012)
D AB > D ADB

Dapc' < f(Da,Dg, D¢, Dag, Dac, Dpc)

N\

NOTICE: this bound is saturated

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



3. Informational features: fermionic entanglement

1) Fix a notion of entanglement: non-separability
2) Quantify amount of entanglement in operational terms: we choose Entanglement of formation

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



3. Informational features: fermionic entanglement

1) Fix a notion of entanglement: non-separability
2) Quantify amount of entanglement in operational terms: we choose Entanglement of formation

How much entanglementin O 7

Quantum entanglement of formation Fermionic entanglement of formation

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



3. Informational features: fermionic entanglement

1) Fix a notion of entanglement: non-separability

2) Quantify amount of entanglement in operational terms: we choose Entanglement of formation

How much entanglementin O 7

Quantum entanglement of formation

D) N LOCC ,0®M

N resource states M copies of O
N (M)
E(p) = 1
() Meboo M

Fermionic entanglement of formation

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



3. Informational features: fermionic entanglement

1) Fix a notion of entanglement: non-separability

2) Quantify amount of entanglement in operational terms: we choose Entanglement of formation

How much entanglementin O 7

Quantum entanglement of formation

D) N LOCC ,0®M

N resource states M copies of P
N (M)
E(p) = 1i
(p) = Hm —-

E(p) =0 < P separable
) =1 < P maximally entangled

Fermionic entanglement of formation

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



3. Informational features: fermionic entanglement

1) Fix a notion of entanglement: non-separability
2) Quantify amount of entanglement in operational terms: we choose Entanglement of formation

How much entanglementin O 7

Quantum entanglement of formation Fermionic entanglement of formation
’\Ij>res®N LOCC p®M ’\I;>T€S®N Ferm. LOCC | p®M
N resource states M copies of P Frp (,0) — lim N(M)
M — o0 M
N (M)
E(p) = 1

E(p) =0 < P separable
) =1 < P maximally entangled

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



3. Informational features: fermionic entanglement

1) Fix a notion of entanglement: non-separability

2) Quantify amount of entanglement in operational terms: we choose Entanglement of formation

How much entanglementin O 7

Quantum entanglement of formation

D) N LOCC ,0®M

res <

N resource states M copies of P

_ o N(M)
Elp) = Jm_ =7

(p) =0 < P separable
) =1 < P maximally entangled

Fermionic entanglement of formation

]\IJ) QN Ferm. LOCC) QM
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N (M)
E = I
Proposition:
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N\
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G. M. D’Ariano, F. Manessi, P. Perinotti and A. Tosini, IJMPA (2014)
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Quantum entanglement is monogamous
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Fermionic entanglement is not monogamous
Quantum entanglement is monogamous <Max. Ent>
3-qubits: |\IJ>ABC — ‘\IJ>AB & ’\P>C =

ONO)
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Quantum entanglement is monogamous R Max. Ent
@De) < >
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1 0 ©®

V. Coffman, J. Kundu and W. K. Wootters, Phys. Rev. A 61, 052306 (2000)
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Superselection-holism tradeoff
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Open question: how does the tomography
of the theory change after superselection?
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Superselection-holism tradeoff

The intuition

Open question: how does the tomography
of the theory change after superselection?

Question:

© local tomographic 9, tomography of © 2 less tradeoff less locall
states measures

T

Lemma: number of constraints on composite systems L(U, A, B) < VXB < U(O, A, B)

Proposition: If O satisfies local tomography then

1) minimal SSR VXB — L(U, A7 B) > (:) bilocal tomographic
i) maximal SSR VXB — U(O’, A, B) => 0

local tomographic
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Fermionic and Real quantum theory

Extend minimally
Rebit to composite systems

/\

1 linear constraint Real

O Ir [,OO'y] — () quantum theory

Extend minimally
to composite systems

bit | |
2 linear constraints _\

M. [ 1 Fermionic
POyl = 0 quantum theory

. Tr|po,] =0

Real and Fermionic quantum theory are

(the only two) | | - -
minimal SSR Of QT G. M. D’Ariano, F. Manessi, P. Perinotti and A. Tosini, IJMPA (2014)

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

minimal SSR => bilocal tomography
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Quantum Theory has been proved to be an operational theory of information processing

Hardy, L. quant-ph/0101012 (2001) CPD. Phys. Rev. A 84, 012311 (2011)
Masanes, L., Muller, M.P. New J. Phys. 13(6), 063001 (2011) Dakic, B., Brukner, C. In: Halvorson, H. (ed.) Deep Beauty pp. 365-392 CUP (2011)
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Question: extend the operational informational framework to Quantum Field Theory

Spacetime?

Dynamical guantities?
Equation of their evolution?
“mechanical” side”

Alternative to Algebraic Quantum Field theory  Haag, R., Local quantum physics, volume 2,
Springer Berlin, 1996.



