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Outline of the TALK

I)The Quest for a Quantum Computer

III) Topological Color Codes

II) Externally Protected Quantum Computer

IV) Mapping to Statistical Models
V) Tricolored Lattice Gauge Theory

VI) Simulations and Threshold
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II) Externally Protected Quantum Computer



III.Quantum Error Correction

A Critical Ghost
All papers on quantum computing should carry a

footnote: “This proposal, like all proposals for
quantum computation, relies on speculative

technology, does not in its current form take into
account all possible sources of noise, unreliability

and manufacturing error, and probably will not work.”

Rolf Landauer 
IBM

Nature abhors a quantum computer?

Get around Landauer’s objections by finding
systems which naturally enact quantum
error correction.



III.Quantum Error Correction
Classical Error Correction

Noisy Cell Phone
Hello?  Hello?
Hello? Hello?

I have a flat tire.  I said, I
have a flat tire!  A flat tire.
No, I’m not trying to flatter
you..No, you’re not getting

fatter.  I have a flat tire!

Communication over a noisy CHANNEL can be overcome via

ENCODING

“Hello?” = “Hello?  Hello?  Hello?  Hello?”  [using redundancy to 
  encode “Hello”]



III.Quantum Error Correction
Simple Repetition Code
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Quantum Error Correction

Encoding one logical qubit into several
physical qubits

    Encoded qubit

…………...
1 2 n

Quantum Error Correction must face major problems:
• Quantum Redundacy is not possible due to No-Cloning Theorem
(and even if we overcome this)
•There exist Quantum Errors with no classical analog:
 1) Bit-Flip Errors  Classical counterpart
 2) Phase Errors Really Quantum
• We are not allowed to read the state of the qubit, which leads to 
  decoherence. The location and the type of error must be acquired
  without acquiring the knowledge of the qubit state.



Challenges for New States of Matter…

EXTERNALLY PROTECTED QUANTUM COMPUTER
Yet to produce NEW PHYSICS

ACTIVE ERROR CORRECTION = MEDICINE

Error Correction Medicine

Disease

Error Detection
(syndrome)

Diagnose
(syndrome)

Medicines

Rethink in more Familiar Terms

Errors

Correction
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but Quantum Theory is magical … and tricky

We have tricks at our disposal Ancilla Qubits
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Problem: we cannot touch the quantum state to do Error Detection

We need more than Medicine ……
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Threshold Theorem

Fault Tolerant Quantum Computing is Possible!

Threshold Theorem:

Error Rate

QC

Quantum Computation is NOT Analog Computation

If the error rate (typical number of operations per decoherence 
time/ accuracy in quantum evolution / measurement error rate) 
is smaller than a certain value (the threshold), then quantum 
computation to arbitrary accuracy can be efficiently enacted.

Challenges for New States of Matter…



•Good News: Fault-Tolerant Qomputation
 is possible

•Bad News: the threshold is very small

Caution: the proof is constructive, there could be better thresholds
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III) Topological Color Codes

















































IV) Mapping to Statistical Models



Challenges for New States of Matter…

EXTERNALLY PROTECTED QUANTUM COMPUTER
Good Candidate: TOPOLOGICAL QUANTUM
                               COMPUTER

Higgs

Confinement



PHASE DIAGRAM: RANDOM 3-BODY ISING MODEL

FUNDAMENTAL RESULT

ENHANCING QUANTUM CAPABILITIES WITHOUT LOWERING RESISTANCE TO NOISE

ORDERED
PHASE

DISORDERED
PHASE

TOPOLOGICAL COLOR CODES

NISHIMORI LINE

3-BODY ISING

Z[J, τ ] :=
�

σ

eJ
P

�ijk� τijkσiσjσk

exp(−2J) :=
p

1− p



FUNDAMENTAL RESULT

TRIANGULAR LATTICE

UNION-JACK LATTICE

(a)

(b)

CLASSICAL SPIN σi

QUENCHED DISORDER

τ� = τijk

P (τijk) := p δ(τijk + 1) + (1− p) δ(τijk − 1)















































Esto es un ejemplo donde un ordenador 
clasico ayuda a saber si un cierto tipo de 
QC es posible en realidad



V) Tricolored Lattice Gauge Theory



IV) Fault-Tolerant Quantum Computer

Measurement Errors
in addition to
Qubit Errors



Add Measurement Errors ...
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Mapping
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VI) Simulations and Threshold
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THE END


