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Quantum Theory

Von Neumann, 1932

Each physical system is associated with a Hilbert space

Unit vectors are associated with states of the system

Physical observables are represented by self adjoint operators

The Hilbert space of a composite system is the tensor product

of the state spaces associated with the component systems

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
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Reconstruction of Quantum Field Theory

Quantum Theory

/ Simulating Physics \
@ ( Quantum computation ) with Computers
R. P. Feynman, Int. J. Theo. Phys. 21, 467 (1982)
p(i|j) = Tr[p; Pj] J Can a Quantum Computer
‘ exactly simulate physical systems?
Information T(p) = Probabilistic Replace physical laws

structure \Wlth quantum algorithms J
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What kind of computer?

like Conway’s game of life...
Quantum Circuit

:
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B. Schumacher, R.F. Werner
e-print arXiv:0405174.

...but quantum!

Rules of the game <— axioms

“l...] everything that happens in a finite volume of space and time would have to
be exactly analyzable with a finite numbers of logical operations” R. Feynman
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Reversible Quantum Computation: unitary evolution
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http://arxiv.org/abs/quant-ph/0405174
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“|...] everything that happens in a finite volume of space and time would have to
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Reversible Quantum Computation: unitary evolution
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G. M. D’Ariano, P. Perinotti, Phys. Rev. A 90, 062106 (2014)

AB, G. M. D’Ariano, P. Perinotti, A. Tosini, Found. Phys. 45, 1137 (2015)
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Towards free Quantum Field Theory

Cayley graph quasi-isometrically embeddable in flat space

U

The group G must be virtually abelian ——> We restrict to the abelian case 73

Linear evolution UwSUT p— US T’(?D < Quantum Walk
[sotropy: the evolution must be covariant under a group of graph automorphisms

Minimize the number of degrees of freedom: s = 1, 2

~__
Weyl Quantum Walk

UZZTh®Uh
hes

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




Towards free Quantum Field Theory

0 200 400
0

200

y

400 400

0 200 400

G. M. D\’Ariano, P. Perinotti, N. Mosco,
Weyl Quantum Walk A. Tosini Entropy 18, 228 (2016).

U=Y T,oU, Fuic_ y_ / 43k [K) (k| ® U(K)
hes B




Towards free Quantum Field Theory

0 200 400
0

200

y

400 400

0 200 400

G. M. D\’Ariano, P. Perinotti, N. Mosco,
Weyl Quantum Walk A. Tosini Entropy 18, 228 (2016).

U=) T,oU, e, y= /d3k k) (k| ® U(k)
B

hes N .
/ translations /
generators Brillouin zone

Momentum cutoff




Towards free Quantum Field Theory

0 200 400
0

200

y

400 400

0 200 400

G. M. D\’Ariano, P. Perinotti, N. Mosco,
Weyl Quantum Walk A. Tosini Entropy 18, 228 (2016).

U=Y T,oU, Fuic_ y_ / 43k [K) (k| ® U(K)
hes B

k<1
' > O"uk/ﬂﬂ = Weyl equation




Towards free Quantum Field Theory
Weyl Quantum Walk

U= T,oU, lus, y-= / 43k k) (k| ® U(k)
hes B

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

(141)-dimensional Dirac Quantum Walk
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Futher generalization to 3+1 dimensions and AB, G. M. D’Ariano, A. Tosini, Annals of Physics 354, 244 (2015).
to free Maxwell’s equations is possible AB, G. M. D’Ariano, P. Perinotti, Annals of Physics 368, 177 (2016).
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(Quantum Cellular Automata] | m,k — O> Free Quantum Field Theory

Lorentz invariant equations
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The observer is the same! X
Boosted observer? [Relativity]

1D Dirac QW dispersion relation
lassical ki t]
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Detormed relativity

A simple speculation

from Quantum Gravity

In whose reference frame is the Planck
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(

Preserve relativity principle
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G. Amelino-Camelia, Physics Letters B 510, 255 (2001).
J. Magueijo, L. Smolin, Phys. Rev. Lett. 88, 190403 (2002).
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Deformed relativity and QW

4 )
Dirac QW dispersion relation
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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).
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Detformed relativity and QW: 3 spatial dimensions

Weyl QW dispersion relation

n,(k)otp(k) =0

sin w ( ki )
Cc; = COS
SxCyCy + CxSyS2

n(k) :=
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0.05
% 0.00
-0.05
-0.10

ks, 0.4

AB, G. M. D’Ariano, P. Perinotti, Foundations of Physics, 47, 8,1065(2017).

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).



Deformed relativity in position space

The model is defined in

? (Transformations in the position space?
the momentum space C

Operational toy model of spacet

coincidence of wavepackets

-

,0,"""'
SRR
2255057

%
2%%%

point in spacetime

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).



Deformed relativity in position space

The model is defined in

? (Transformations in the position space? )
the momentum space C

Operational toy model of spacetime

ki~ —1.2

(coincidence of wavepackets ) o
1~

-
o
ks ~ /5
_
—“
)
.
—“
—“
_
)
.
)
_
‘—’ —
,
9

(point in spacetime)

transformation of the (t"\ _ [—0,/k
- 8w/w

. . . /
coincidence points: x

[ momentum-dependent spacetime

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).



Deformed relativity in position space

(Relative localityj == (Observer—dependent SpacetimeJ
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G. Amelino-Camelia, L. Freidel, J. Kowalski-Glikman, L. Smolin, Phys. Rev. D 84, 084010 (2011).
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