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What a
Quantumful
World
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Outline

® WHY quantum information &
computation!?

e HOW to make it work!?

® WHAT can we learn?
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10:20 PM

addition to station carge runs, Orbital
Sciences has a separate contract to launch
a NASA moon probe aboard a Minotaur 5

rocket from Wallops in August

(Reporting by Irene Kiotz in Cape Canavera

Florda; Editing by Enc Beech)
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Binary string

System state

Phase space
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...and physics is quantum
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RH,.

Qubit ‘string’

Pure state

Hilbert space
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® How is QI&C different?

Cryptography, exponential speed-up...
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Abstract

Task oriented

computation, communication, cryptography

Resource theory
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Does it catch
mice?
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Simulating physics
with computers
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Analog computers
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Analog quantum computers




Quantum computers

VNN NN VN
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® \Want: isolation + control

® Have: decoherence + imprecision

® Need: error correction
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Error correction

® Errors are local
® Encode in collective degrees of freedom
® Good news: it works!

® Bad news: sort of
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Roadmap

- Fault-tolerant quantum computation
Algorithms on multiple logical qubits
\.

2 Operations on single logical qubits

bt

@

g ?’.} Logical memory with longer lifetime than physical qubits

Q

-l QND measuremenlts for error correclion and control 4
-

Algorithms on multiple physical qubits
Operations on single physical qubits ,

v

Time

Pirsa: 14010109 Page 23/32



# physical qubits ~ cnst # logical qubits
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Deformation robustness

® Energy gap
® (S degeneracy

® | ocal indistinguishability
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Thermal robustness

® Free energy wall

® High D needed?

irsa: 14010109 Page 26/32



Thermal robustness

® Free energy wall

® High D needed?
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® How do we verify a QC?
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Entanglement

“the characteristic trait of quantum mechanics”
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@
® VWhat can entanglement tell
about many-body systems!?

log, N < O(LP~?) '
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Tensor networks
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® VWhat is the ultimate
computer?




