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Slower speed = periodic change of dircweme g4
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an imaginary constant
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= (spinless) Dirac equation!
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8t _ | = . ~ _ No need of imposing
¢ — W —C@x _¢ i relativistic invariance!
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THE NETWORK BECOMES
QUANTUM: QCA




MASS-DEPENDENT
REFRACTION INDEX OF VACUUM

The coupling between left and right
fields leads to a renormalization of the:
field speed due to unitariety.

_}ch, =)
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0.4
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| o =1 (57)
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Information
halt at the
Planck mass
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PHYSICS EMERGING FROM
THE COMPUTATION




EMERGENT HAMILT ()NIAN

J Diracin1+1d J

By = [H, b,] A A
B
A A
B

g . . @ W e

rH — — Z ¢LHloc¢n Hioe = L(Uf o Ulj)

2kT

n

Hermiticity is a consequence of the imiversality of the physical law.




FIELDS REPLACED BY QUBITS
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Jordan-Wigner construction
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FIELDS REPLACED BY QUBITS

S et & Jordan-Wigner construction I P
n—1
— 4T 2 _ f
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FIELDS REPLACED BY QUBITS

ST & Jordan-Wigner construction [
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FIELDS REPLACED BY QUBITS

* * * K &

A = exp {if [¢,)Td,

Commuting

armonic oscillator

Diracin1+1d

Anticommuting

E * ok ok Kk

Fields are eliminated!

Jordan-Wigner

ag,al] = o

+ — z b
b = Oy, O2k1+102k

k=—00

¢;7,|_ = Q2n, @, = A2p41

TT— 1

= T 2z 2z
¢n = CorEEeh H Ok

k=—o0

— exp [

>

= exp
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FIELDS REPLACED BY QUBITS
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“k Jordan-Wigner
transformation for d+1>2
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“k Jordan-Wigner
transformation for d+1>2




FIELDS REPLACED BY QUBITS
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FIELDS REPLACED BY QUBITS
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“k Jordan-Wigner
transformation for d+1>2

% Possible solution: add a |
Majorana field! ,
- ‘ Dirac field




FIELDS REPLACED BY QUBITS

J Diracin> 1+1 d!! J

* Kk ok k& * Kk ok ok
Majorana fermions
“¢ Jordan-Wigner \
i & n e & ™
transformation for d+1>2 b

% Possible solution: add a
Majorana field!

e &

Dirac field

Verstraete and Cirac, J. Stat. Mech. g 12 (2005)

fields
T

qubits

~Y

T y Yy 141 ~
Vi 1 Tk, 141 T Vi 1417k, (0%, 10k, 141 +Uk,l‘7k,l+1)( )" 0.0y, 141

“‘ "‘ L L
Vied V41,0 T Va1 Vk,l (Ok,lak—l—l,l Ok 19k41.1
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FIELDS REPLACED BY QUBIT S

J Diracin> 1+1 d!! J

* % kX X * Xk kX X
) Majorana fermions v
¢ Jordan-Wigner \
' VI
transformaton for d+1>2 .

% Possible solution: add a
Majorana field!

Dirac field

Verstraete and Cirac, J. Stat. Mech. g 12 (2005)

fields qubits
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Vet Veod+1 T Vg1 Vel (TkiTkis1 051051400 (5) 05105 14
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EMERGENCE OF SPACE-TIME FROM CN

| |

——— HIGHER-DIMENSION CONUNDRUM —

PHYSICAL REVIEW D VOLUME 49, NUMBER 12 15 JUNE 1994

Weyl, Dirac, and Maxwell equations on a lattice as unitary cellular automata

Iwo Bialynicki-Birula
Centrum Fizyki Teoretycznej, Polska Akademia Nauk, Lotnikéw 32/46, 02-668 Warsaw, Poland”
and Institut fir Theoretische Physik, Johann Wolfgang Goethe- Universitit,
Robert-Mayer-Strasse 8-10, Frankfurt am Main, Germany
(Received 27 September 1993; revised manuscript received 27 December 1993)

Very simple unitary cellular automata on a

time evolution of the wave functions for spinn II. WEYL EQUATION ON A LATTICE

value of the wave function at a given site dep

discretized evolution is also unitary and preserv . ) .
is studied in detail, and it is shown that ever 1 Shall start with a lattice description of the wave equa-

under some natural assumptions, leads in the cc tion for a massless spin-1/2 particle and extend it later
histories is evaluated and is shown to reproduc to massive particles and to higher spins. In my quan-
Generalizations to include massive particles (D! gy cellular automaton the two-component wave func-
higher-spin particles are also described. tion ¢(i,j,k,t) is defined on a cubic lattice and it is up-
PACS number(s): 03.65.Pm, 02.70.—c, 11.15.H; dated at each time increment At according to the local

S —— algorithm

¢(i7j7k’t + At) = W+++¢(i + l,j + lak + 17t)
Wi o(i+1,7+Lk—-1,¢) + -
+W___¢(i—1,5-1,k—1,t), (1)
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Weyl, Dirac, and Maxwell equations on a lattice as unitary cellular automata

Iwo Bialynicki-Birula
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and Institut fir Theoretische Physik, Johann Wolfgang Goethe- Universitit,
Robert-Mayer-Strasse 8-10, Frankfurt am Main, Germany
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Very simple unitary cellular automata on a
time evolution of the wave functions for spinn II. WEYL EQUATION ON A LATTICE
value of the wave function at a given site dep
discretized evolution is also unitary and preserv
is studied in detail, and it is shown that ever

I shall start with a lattice description of the wave equa-
' aassless spin-1/2 particle and extend it later
)articles and to higher spins. In my quan-
automaton the two-component wave func-
t) is defined on a cubic lattice and it is up-
h time increment At according to the local

generic evolution operator Ua introduced before. The
exact evolution operator in the continuum limit is re-
covered from the Lie-Trotter product formula (cf., for

example, Ref. [39]), when N = t/At tends to infinity,

Jim [exp(ac,.) exp(ac,d,) exp(ac,d. )]

At) =Wy d(i+1,5+1,k+1,¢)
Wi o(i+1,7+Lk—-1,¢) + -
AW___p(i—1,7-1,k—1,t), (1)

= exp(co-V At). (18)
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FIELDS REPLACED BY QUBITS
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' CLASSICALIZATION vs QUANTIZATION |

locally interacting
qubits

l Jordan Wigner '

Locally interacting
quantum fields

'emergent Hamiltonian l

classical
fields

* ok ok Kk
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| CLASSICALIZATION vs QUANTIZATION
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Dirac QCA: First Quantization

Single particle state
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Dirac QCA: First Quantization
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Dirac QCA: First Quantization

Single particle state




-irst Quantization: two-particle states
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-irst Quantization: two-particle states




IS REALITY QUANTUM-DIGITAL?

|SOME INTERESTING POINTS FOR DISCUSSION

PACES S * ok ok Kk

Emergent physics: Violations:

Minkowski space-time Lorentz covariance,

< Hamiltonian dispersion relations ...

mertial mass
Planck constant
. classical mechanics

quantization/dequantization

gravitaton...
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Emergent physics: Violations:

Minkowski space-time Lorentz covariance,
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