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Topological Quantum Hardware Emerges
From Fractional Anomalous Hall Effect
Physics.

Jduly 2, 2025
BY QUANTUM NEWS

The pursuit of robust quantum computation necessitates the identification and control of exotic states of
matter exhibiting topological order, where information is encoded not in local degrees of freedom but in the
global properties of the system. Recent observations of fractional anomalous Hall (FQAH) states,
characterised by fractionalised quantum Hall effects in the absence of an external magnetic field, present a
promising avenue for realising such topological hardware. However, confirming the existence of the crucial
anyonic excitations, quasiparticles obeying non-Abelian statistics essential for guantum computation, remains
a significant challenge.
opological Systems at New York University Abu Dhabi, address this issue in their work, “ldentifying Anyonic
[o]els]lels ][I N0l TN r=lad [« L EINSE (Vs W:Nalelna EI s IVER EIBSS =1l Their research establishes a link between
the fragile topology of these systems and the identification of anyons within momentum space, utilising a
theorem from algebraic topology dating back to 1980, and providing a framework for understanding
symmetry-protected topological order in FQAH systems through computations in equivariant cohomotopy.




Fractional Quantum Hall systems.
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Fractional Quantum

Hall systems.

in recent years, these FQH anyons

are experimentally observed

[Nakamura et al.

[Nakamura et al.

nature
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Welcome anyons! Physicists find
best evidence yet for long-sought
2D structures

The ‘quasiparticles’ defy the categories of ordinary particles and herald a potential way
to build quantum computers.

By Davide Castelvecchi
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Fractional Quantum Anomalous Hall systems.

Very recently also observed:
2D crystals, exhibiting “dual” FQH, where

Berry curvature over momentum space T?
plays the role of flux in position space

Hall effect
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Fractional Quantum Anomalous Hall systems.

Very recently also observed:

2D crystals, exhibiting “dual” FQH, where
Berry curvature over momentum space T?
plays the role of flux in position space
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Answer — in general:

Given:
crystal symmetry group G
Bloch Hamiltonian Space A QQ.XXQ) LD equivariant
connecte 4 @fbo ol 0?\ Y extraordinary
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Familiar example — FQH systems:
parameters = configurations of anyons in plane
monodromy = braiding of their worldlines
irrep = braid representation = anyon statistics
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Answer — in general:

Given:
crystal symmetry group G
Bloch Hamiltonian space A

Then:
topological phase: C & WO(Map (fQ, .A)G) = H}, (fz; QA)

topological order: H € ﬂl(Map (T\Q, A)g)—lrrRep

more precisely, the ground state TQFT is generally covariant
= band topologies differing by diffeos are equivalent to the TQFT:

topological phase: €' = 7T0( Map (f 2, A)G // Difer(YAﬁ)G )

N

as seen by band tﬂ)ology dhiffos

topological order: H & 7'('1( Map (fz, A)G // Diﬂ‘*(f 2)G ,C’) -IrrRep
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Answer — for FQAH: 1.) Bloch Hamiltonian space

2-band systems

= Bloch Hamiltonian expanded in Pauli o

f2 ﬂ Matgxg((C) . il
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— — Bloch Hamiltonian
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Answer — for FQAH: 2.) topological phases

= valence bundle is pullback of tautological /universal line bundle

valence tautological complex universal complex
bundle line bundle line bundle
) . L . EU(1) x C
| o l (bb) l u(1)
o H/|H| U ~
2 2 CO N U(1+4c) .
" =57 = U(1)xU(1) ’ UNU(l)XU(C) » BU(1),
fragile ¢ stable
band topology band topology

= topological phases CharZacterized by an integ%r
C:=|H/|H|| € m Map(f2, S?) =~ m Map(f2, BU(1)) =~

winding Chern
number number

= fragile = stable, for topological phases

but not so for topological order...



{Answer — for FQAH: 3.) topological order J

the stable band monodromy is
m (Map(T2, BU()),.) ~ (A, B)/(AB = BA) ~ 72

Maxwell Wilson loop observables

{

have 1-dim irreps = no topological order

bU't Sati & S. 2025, using
{ Larmore & Thomas 1980, ]
. . Kallel 2001,
the f?"ag’&le band mOHOdI'OIl’ly 1S going back to Hansen 1974

Wl(Map(T\2, S?)C) - <A,B, % > / (AB:§2BA)

central

Chern-Simons Wilson loop observables!
irreps are the anyonic
topological order on the torus!

= solitonic anyons localized in momentum space

so far this assumed all symmetries broken
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Answer — for FQAH: 4.) crystal symmetry }

fragile crystalline Chern phases

(apparently not computed before)

Example: crystalline p3 symmetry Zg

topological phase: (C,c) € 3Z x [4]
Chern number is multiple of 3 & adjoined by 4 sectorfs

labeled by how
the 3 fixed /high symmetry points
map to either fixed pole on the sphere




Answer — for FQAH: 4.) crystal symmetry J
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fragile crystalline Chern phases

(apparently not computed before)

Example: crystalline p3 symmetry Zg

v
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topological phase: (C,c) € 3Z x [4]
Chern number is multiple of 3 & adjoined by 4 sectors

topological order: H € ( 7> % Sym(3) )—IrrRep
nonabelian! @f% 4

. . J/Jblb@;%fee
high symmetry points as defect para-anyons! s, .

standard Sym(3) irrep implements Z-and rotation-gate R, (27/3)
| Sati & S 2025, Prop. 3.61 |
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{ Conclusion.

FQAH topological order theoretically seen in
monodromy of fragile band topology

= clear predictions via equivariant (co)homotopy theory

band topology is maps to Bloch Hamiltonian space A
topological phases is components

topological order is monodromy

For FQAH Chern insulators: A = S? (2-Cohomotopy)
all symmetry broken = solitonic anyons in momentum space!
p3 symmetry Zs = defect para-anyons in momentum space!

= tantalizing targets for experiment




Urs Schreiber on joint work with ~ Hisham Sati:

irveying our preprint: [arXiv:2507.00138]

bogaiccljg My A cnola
NYU |ABU DHABI

9 CENTER FOR
QUANTUM &
Q

TOPOLOGICAL
6 SYSTEMS

(September 2025) find these slides at: [ncatlab.org/schreiber/show/QMATH16]


https://ncatlab.org/nlab/show/Urs+Schreiber
https://nyuad.nyu.edu/en/academics/divisions/science/faculty/hisham-sati.html
https://ncatlab.org/schreiber/show/FQAH+Anyons
https://ncatlab.org/schreiber/show/QMATH16
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/QMATH16

