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Evolution of spin networks
generates a “‘spacetime network”, or Spin Foam.

ASmSo) =Y Y ] dimiy [T 4o (GGD)

I' labelson I f€' vel

= Z Z H A (event)

histories labels events

A spin foam I is 2 2-dimensional complex with faces labeled by irreducible
representations of the group and edges labeled by intertwiners.
Spacelike cuts through spin foams are spin networks.
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A dynamical quantum system is
a Quantum Information Processing System

Unnecessary references to geometry can be eliminated using the
. language of quantum information processing.
. Low energy limit: what we see is what nature encoded

| What is an encoded system and when do we have a flat |
spacetime?

Can we find the class of microscopic dynamics that has the
desired low energy properties?

—

To recover QFT in the low energy limit, we need to
coarse-grain x 10°?and be left with a unitary theory.
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The quantum information processing system

.é; ¢ is a quantum channel:
s

| \/ linear ¢ : B(H;) — B(H,) such that
| /\ / H, idx®¢: My ®B(H,) — Mi ® B(H,)

| is positive for all £ > 1 and trace-preserving. |
|

: |
| Operator-sum representation of CP maps: Choi&Kraus |

. For every CP map ¢, there is a set of operators { E,} C B(H;, H>)
" such that

| #(p) =) E.pEl forall pe B(H;)

I
]
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Special case of a QIP: quantum geometry

Asi—rs; = Z che

F:si—PSI ecl’

' = causal set, spin foam complex
| H, = intertwiner spaces
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Special case of a QIP: string networks

|
|

Pagl 11/29




Special case of a Q|P: quantum geometry

As.——*s; = Z H(pbe

[:si—s; el

I' = causal set, spin foam complex |
H;: = intertwiner spaces

| |
e a i




Special case of a QIP: string networks
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Low energy physics as error correction/encoding
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w/ D.fakin

What is an appropriate notion of low-energy limit for a QIP?

s H,
6\ 2

/ 2 He low energy limit
/N
Iplanck = 107°°m QFT ~ 107 "°m

We need to coarse-grain x 10°**and remain unitary.

What we see is what nature encoded.




Example of S . :
quantum error ® ® o > H™ = Z Sa @ E,
correction E > > ry
L =
Sﬁ — -
Symmetric Hs =C?*®C%Q C? ; 2
under S5 9 A 5 a=zy,z2
o ( < 2) 2 su(2) rotations

Evolution acts identically on the two 1.
l can choose basis |s:, \), o il ) 0 1

% -2 f'
nois rotected | |
i Hs ~ (Hé@?‘(};g)@?‘f% |

Sa ™ 0(a) ® Ins |

Noiseless subsystem

HNs behaves as a “free particle” (coherent degree of freedom). (
|

L
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noiseless for ¢ if

| Vo Vo8B Ir4 - (_35(0"4 ®c’)=11'® 08

. Bis conserved under evolution, evolves unitarily. Itis a
. propagating coherent degree of freedom.

In quantum computing, ¢ = { E, } are the errors (noise).

Noiseless subsystems is the fundamental passive technique for

error correction.

Knill, Laflamme &Viola
Nojseless Subsystems Holbrook, Kribs & Laflamme

Let 6beachannelon Hand H = (HA® HB) & K. Bis

For us, @ = { E, } is simply the microscopic Planckian evolution.

Zanardi &Rasetti_l
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