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Abstract:

Fuzzy sphere models conjecturally realize 3d CFTs in small systems of spinful fermions,
understood. Their Hamiltonians are built from electron density operators projected to th
discuss the algebra generated by these density modes, which forms a spin-enri
Girvin MacDonald Platzman (GMP) algebra and is closely related to the matrix algebr
noncommutative field theory. |I will then describe two natural thermodynamic limits of
planar limit, high angular-momentum modes reproduce the planar GMP algebra. In the
govern the low-energy subspace of critical fuzzy sphere Hamiltonians, the low angular-m
This talk is based on joint work with Zhenghan Wang (https://arxiv.org/abs/2602.15025).
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What this talk is about

Fuzzy sphere models for 3d CFTs are built from electron density operators
projected to the lowest Landau level.

a electrons on S  project to LLL é |
: » £~ 3 Landau orbitals
' magnetic monopole Ta——
N—

These density modes satisfy a spherical analogue of the GMP algebra.

This talk: the algebra itself, and its thermodynamic limits.
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Outline

1. Motivation: Anyon chains and 2d CFTS
2. Review of fuzzy sphere models realizing 3d CFTs

3. Algebra of projected density modes

4. Two limiting regimes: planar GMP algebra and semi-classical algebra
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Motivation: Anyon chains
realizing 2d CFTs
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141d anyon chains and Temperley-Lieb algebra

Anyon chain from su(2)x fusion category: [Feiguin et al. '07, Gils et al. "13]

e Hilbert space spanned by fusion
trees |xi,...,x.) with

| k 1
Xj € 0:2113"'32 ’ Xi+1€Xi®§

Xi—1 X; Xi+1

e Hamiltonian H=—)_. P,-(O) P;(O) X1, .0 x) =

%
2

e Local terms ¢, = d P,-(O) generate e,-2 =d ¢, ejej116 = €;
Temperley—Lieb algebra d=2 Cos(kiu)
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Anyon chains realize 2d CFTs

Conjecture:

For the antiferromagnetic su(2), anyon chain, the scaling limit is the unitary

minimal model M(k 4+ 2, k + 1), with central charge c =1 — (k+1ﬁk+2).

e k = 2: 1+1d transverse field Ising model — 2d Ising CFT
mathematically rigorous scaling limit. [Zini & Wang '17]

e k=3,4,...: strong numerical evidence, with analytic control from

Temperley Lieb structure and Bethe ansatz
[Koo & Saleur '93, Feiguin et al. '07, Gils et al. '13, Zini & Wang '17]
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Scaling limit of anyon chains

[Koo & Saleur '93; Zini & Wang '17, Grans-Samuelsson, Jacobsen, Saleur '21]

Scaling limit of states: Fix a low-energy window E(L) < E - Take L — 00
first, then E.tof — 00. The low-energy scaling states correspond to CFT fields.

Scaling limit of operators in low-energy subspace:

Fourier transforms of TL generators n ——  Virasoro generators

2n—1
H = _Zjil €
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Higher-dimensional analogue?

Dream: controlled scaling limits from 2 4 1d lattice models to 3d CFTs

A Reality:

3d CFTs

e no infinite-dimensional Virasoro
algebra

e only finite-dimensional
conformal algebra so(3,2)
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2 + 1d lattice models

2-+1d generalization of the
anyon chain realizing 3d CFTs?

no Temperley—Lieb algebra /
quantum group symmetry

no integrability
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Fusion surface models as analogues of anyon chains in 2+1d

Structurally similar construction in one dimension higher:
[Inamura & Ohmori '23, LE & Fendley 24, LE '25]

fusion 1-category C fusion 2-category €

(braided fusjon 1-category B) ‘!_iq:;é_ﬁ
14+1d anyon chain 2+1d fusion surface model e s T
categorical symmetry C higher categorical symmetry €

model, string-nets

Take-away: Fusion surface models are good for realizing (chiral) topological
order, but not an obvious route to 3d CFTs.

Pirsa: 26030089 Page 10/32



Fuzzy sphere models review
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Fuzzy sphere models: Hilbert space

[Zhu, Han, Huffman, Hofmann, He '22]

. s :
L g £ - :
& spin-5 electrons on $° project to LLL A=\ 25+ 1 Landau orbitals

>
S
' monopole flux 47s — T ST S T, (R
choose R? =2s+1 g

Fermion field projected to LLL:

wU(Q R Z Y(S) CJ,m7 g :Ta \L) { gma CJ’,m’} = 60,0’5m,m’;

m—=—s

with monopole harmonics Ys(,s,,),(Q).
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Why “fuzzy sphere”?

After LLL projection, the geometry becomes noncommutative:
[Hofmann, Goth, Zhu, He, Huffman '23; Zhou '25]

IR 5 R

(Y @) YE,(@)

(S — /dQ Xi(52) = R mip,mp = —s,...,S

Early work on non-commutative field theory: [Madore '92; Grosse, Presnajder '94,. . .|

LLL projection also modifies fermion anti-commutation relations:

S

(@), 8@} = o5 3 (VEU@)) YEAR)

m=-—s
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Fuzzy sphere Hamiltonian

Projected electron density fields:

) AMNUA(R),  Alis 2X2 matrix.

Fuzzy sphere model for 3d Ising CFT: [Zhu, Han, Huffmann, Hofmann, He '22]

H= / d9 ( D U,(nO(Q)v-?’nO(Q) - nZ(Q)v2’nZ(Q)) - hnX(Q)).
/1=0,1

Ising Ferromagnet Paramagnet

Quantum Hall ferromagnet separated from
paramagnet by 3d Ising CFT transition

I I 1 I I
20 22 24 26 28 30
h
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Exact SO(3) symmetry of fuzzy sphere models

State-operator correspondence:
energy levels of Hamiltonian on 5% <— scaling dimensions of CFT fields

Fuzzy sphere models Spin models on platonic solids “
Exact SO(3) symmetry discrete subgroup of SO(3)

E - -
= better accuracy of
!’ y

“——7 CFT scaling dimensions

Rotation generators J,,, act on LLL orbitals as the spin-s irrep of SO(3).

s

s
L= m(chicmr+eh Cmi), Je=> VEFmstm+1)(chiiremt+clug Cmt)-
] X 5 i

m=—s m=—s

14
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