Urs Schreiber:

Rethinking
Topological Quantum

via Flux Quantization

Can we protect Quantum Al
from Decoherence?
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(May 2025) find these slides and more at: [ncatlab.org/schreiber/show/Rethinking+Topological+Quantumn|


https://ncatlab.org/nlab/show/Urs+Schreiber
https://ncatlab.org/schreiber/show/Rethinking+Topological+Quantum+Logic
https://ncatlab.org/schreiber/show/Flux+Quantization
https://ncatlab.org/nlab/show/machine+learning#ReferencesQuantumMachineLearning
https://ncatlab.org/nlab/show/quantum+decoherence
https://ncatlab.org/nlab/show/Center+for+Quantum+and+Topological+Systems
https://nyuad.nyu.edu/en/research/faculty-labs-and-projects/cqts/urs-schreiber.html
https://ncatlab.org/schreiber/show/Rethinking+Topological+Quantum

quantum computers are
excessively more powerful
than classical computers

(for certain tasks)

possible dramatic enhancement
..g. for machine learning algorithms



https://ncatlab.org/nlab/show/quantum+mechanics
https://ncatlab.org/nlab/show/quantum+computation
https://ncatlab.org/nlab/show/quantum+advantage
https://ncatlab.org/nlab/show/quantum+advantage#ReferencesQuantumAdvantageInMachineLearning



https://ncatlab.org/nlab/show/quantum+mechanics
https://ncatlab.org/nlab/show/quantum+computation
https://ncatlab.org/nlab/show/quantum+advantage
https://ncatlab.org/nlab/show/quantum+advantage#ReferencesQuantumAdvantageInMachineLearning

The practical Problem:
Yo,

| quant.um.ls e, >
immensely noise intolerant

|

existing quantum computers are puny

MIT
TeChmlogy Featured Topics Newsletters Events Audio
Review

OPINION

Quantum computing has a hype

Quantum computing startups are all the rage, but it's unclear if they'll be able to
produce anything of use in the near future.

By Sankar Das Sarma March 28, 2022


https://ncatlab.org/nlab/show/quantum+decoherence
https://ncatlab.org/nlab/show/quantum+computation#ReferencesNISQ
https://ncatlab.org/nlab/show/quantum+decoherence
https://www.technologyreview.com/2022/03/28/1048355/quantum-computing-has-a-hype-problem/

popular hope:

live with the noise and
keep fighting it by software:

“Quantum Error Correction”

Syndrome measurement outputs

i Classical computer

Quantum computer ] ] ]
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https://ncatlab.org/nlab/show/quantum+error+correction
https://arxiv.org/pdf/2312.17570#page=5

more profound approach:
prevent errors
already on hardware

by fundamental physical effects!

“Quantum Error Protection’
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& tantalizing candidate:
@pological quantum effects

.. store information
Y like knots in a rope!
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https://ncatlab.org/nlab/show/algebraic+topology
https://ncatlab.org/nlab/show/topological+quantum+computation
https://ncatlab.org/nlab/show/braid+group+statistics

. . 006%%%/76/
theoretical understanding /Vemgej:/f?// Effogy,

. , ;
remains superficial §7. T b,
-,

VSte ry

& experimental claims
remain dubious


https://ncatlab.org/nlab/show/quantum+Hall+effect#HalperinJain20
https://arxiv.org/pdf/2011.13488#page=2
https://physics.aps.org/articles/v18/68

because topological quantum
is “non-perturbative physics”:

a $1M “Millennium Problem”

(prize offered by Clay Mathematics Institute)
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https://ncatlab.org/nlab/show/non-perturbative+quantum+field+theory
https://ncatlab.org/nlab/show/Yang-Mills+mass+gap#ReferencesMassGapProblem
https://www.claymath.org/millennium-problems/
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https://ncatlab.org/schreiber/show/Anyons+on+M5-Probes+of+Seifert+3-Orbifolds
https://ncatlab.org/schreiber/show/Flux+Quantization
https://ncatlab.org/schreiber/show/Flux+Quantization
https://ncatlab.org/schreiber/show/Flux+Quantization

in established experiments
“fractional Quantum Hall (FQH) systems”

the topological objects are
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but state of the art of
magnetic flux quantization
was 18 century old:

| Quantised Singularities in the Electromagnetic Field. |

By P. A. M. Dirac, F.R.S., St. John’s College, Cambridge.

(Received May 29, 1931.)

& incompatible with
FQH phenomenology

What gives?


https://ncatlab.org/nlab/show/Dirac+charge+quantization#Dirac31
https://arxiv.org/pdf/2501.17927#page=5

New mathematics:

Theorem: 4 exotic lux quantization
laws for non-linear flux

i\';;‘_'r"i.;*ﬁ Encyclopedia of Mathematical K

Physics (Second Edition) -

Volume 4, 2025, Pages 281-324

Flux Quantization *
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https://doi.org/10.1142/13422 | September 2023



https://ncatlab.org/schreiber/show/Flux+Quantization
https://ncatlab.org/schreiber/show/The+Character+Map+in+Non-Abelian+Cohomology

Quantum

= New physics:

exotic lux quantization
classified by 2-sphere

explains FQH topology!

" 2-sphere 52

Flux Quémtization
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predicts new pathways to

topological quantum hardware


https://arxiv.org/pdf/2501.17927#page=31
https://ncatlab.org/nlab/show/quantum+Hall+effect#CompositeParticlePicture

FQH topological
quantum hardware

Quantum
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error-protected
quantum computers

non-perturbative
FQH flux theory 7
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discussing laboratory realizations

so please excuse my jet lag.

& Thanks for your attention!


https://wp.nyu.edu/shabanilab/

