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Quantum Theory

Unit vectors are associated with states of the system

The Hilbert space of a composite system is the tensor product 
of the state spaces associated with the component systems

Physical observables are represented by self adjoint operators

Each physical system is associated with a Hilbert space

Von Neumann, 1932

The probabilities of the outcomes are given by the Born rule

http://en.wikipedia.org/wiki/Quantum_state
http://en.wikipedia.org/wiki/Hilbert_space


systems

Reconstruction of Quantum Theory

G. Ludwig, Foundations of Quantum Mechanics (Springer, New York, 1985). 
L. Hardy, e-print arXiv:quant-ph/0101012.
G. Chiribella, G. M. D’Ariano, P. Perinotti, Phys. Rev. A 84, 012311 (2011)
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Reconstruction of Quantum Theory

Dynamics?
Energy?

Space?
Time?

G. Ludwig, Foundations of Quantum Mechanics (Springer, New York, 1985). 
L. Hardy, e-print arXiv:quant-ph/0101012.
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Can a Quantum Computer  
exactly simulate physical systems?
Replace physical laws  
with quantum algorithms

Simulating Physics  
with Computers 

R. P. Feynman, Int. J. Theo. Phys. 21, 467 (1982)
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Quantum Field Theory

Quantum computational theory of dynamics
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Quantum Circuit

B. Schumacher, R.F. Werner  
e-print arXiv:0405174.
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Linear evolution Quantum Walk

The group     must be virtually abelianG We restrict to the abelian case 

 Minimize the number of degrees of freedom: s = 1, 2
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Isotropy: the evolution must be covariant under a group of graph automorphisms

G. M. D’Ariano, P. Perinotti, Phys. Rev. A 90, 062106 (2014).
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Fourier U =
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Weyl Quantum Walk

Towards free Quantum Field Theory

G. M. D’Ariano, P. Perinotti, N. Mosco,  
A. Tosini Entropy  18, 228 (2016).
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AB, G. M. D’Ariano, A. Tosini, Annals of Physics 354, 244 (2015).

G. M. D’Ariano, P. Perinotti, Phys. Rev. A 90, 062106 (2014).

Futher generalization to 3+1 dimensions and  
to free Maxwell’s equations is possible AB, G. M. D’Ariano, P. Perinotti, Annals of Physics 368, 177 (2016).
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m, k ! 0Quantum Cellular Automata Free Quantum Field Theory
Lorentz invariant equations

1D Dirac QW dispersion relation

non Lorentz invariant

✓
!0

k0

◆
= �

✓
1 ��
�� 1

◆✓
!
k

◆

� :=
1p

1� �2

Lorentz transformation

cos

2
(!) = (1�m2

) cos

2
(k)

classical kinematics
emergent from the automaton

Lorentz invarianceViolations of
ultra-relativistic scalesat

ordifferent
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reference frame

Relativity
The observer is the same!
Boosted observer?
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G. Amelino-Camelia, Physics Letters B 510, 255 (2001).
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Dirac QW dispersion relation
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AB, G. M. D’Ariano, P. Perinotti, Phys. Rev. A 94, 042120 (2016). 
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AB, G. M. D’Ariano, P. Perinotti, Phys. Rev. A 94, 042120 (2016). 

A. Bibeau-Delisle, AB, G. M. D’Ariano, P. Perinotti, A. Tosini, EPL 109, 50003 (2015). 
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Deformed relativity and QW: 3 spatial dimensions

AB, G. M. D’Ariano, P. Perinotti, Phil. Trans. R. Soc. A 374 20150232 (2016). 
AB, G. M. D’Ariano, P. Perinotti, Phys. Rev. A 94, 042120 (2016). 
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A. Bibeau-Delisle, AB, G. M. D’Ariano, P. Perinotti, A. Tosini, EPL 109, 50003 (2015). 

AB, G. M. D’Ariano, P. Perinotti, Phil. Trans. R. Soc. A 374 20150232 (2016). 
AB, G. M. D’Ariano, P. Perinotti, Phys. Rev. A 94, 042120 (2016). 



Relative locality Observer-dependent spacetime

Deformed relativity in position space

“before”
spacetime
“objective arena”

S
“after”

no canonical projection that 
gives a description of 
processes in spacetimeS

M
phase space

T ⇤SP =

flat momentum space M
phase space

T ⇤SP 6=

R. Schutzhold, W. G. Unruh, JETP Lett. 78, 431 (2003).
G. Amelino-Camelia, L. Freidel, J. Kowalski-Glikman, L. Smolin, Phys. Rev. D 84, 084010 (2011).

A. Bibeau-Delisle, AB, G. M. D’Ariano, P. Perinotti, A. Tosini, EPL 109, 50003 (2015). 

AB, G. M. D’Ariano, P. Perinotti, Phil. Trans. R. Soc. A 374 20150232 (2016). 
AB, G. M. D’Ariano, P. Perinotti, Phys. Rev. A 94, 042120 (2016). 
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