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2 The principles for the QCA
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3 Emergent spacetime
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4 QCAs on Abelian groups and the small
wave-vector limit

G

L

Zd

Rd

g ∈ Zd

Zd

ℓ2(Zd)

Th|g⟩ = |g − h⟩.

A k

A =

∫

B

3 k|k⟩⟨k|⊗Ak, Ak :=
∑

h∈S

− k·hAh,

B R3

k
Ak

k ∈ B |k⟩ G

|k⟩ := 1√
|B|

∑

g∈G

− k·g|g⟩.

{ − ω(i)
k } Ak

ω(i)
k

k

k

ω(i)
k /|k|

k
k0 k0

ω(i)
k k0



|k| ≪
1

|k| ≪ 1

|k| ≪ 1

k ∼ 10−8

Ak HA(k)

− HA
I (k) = Ak.

HA
I (k)

HA
I (k)

|k|

HA
I (k) = HA(k) +O(|k|2),

∂tψ(k, t) = HA(k)ψ(k, t),

ψ(k, t) k0

|k0| ≪ 1

Ak

HA
I (k) Uk = − HA(k)

k

pe

5 The Weyl automaton
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6 The Dirac automaton
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7 QCA for free electrodynamics
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W ∗
k = σyWkσy
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8 Future perspectives: Interacting QCAs and
gravity
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