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K =1 Integer quantum Hall
K =3  Fractional guantum Hall
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( ; \ * Ground state degeneracy 3" exponential
K— 3 in heightin z
3 * Quasi-particles move in xy planes only —
\ ) planons
* Entanglement has a sub-leading term
Z A . : L
/ v=1/3 linear in height in z
/ Trivial type of Fracton
? Anything more nontrivial?
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Planon Fusion . = _ )N % (2N 7
group
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Ground state degeneracy ~ 22V

Vijay, Haah, Fu, 16
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Compare to X-cube

Foliation
Smooth
deformation
LoxL,xL, > L x L x(LAD)

Exact exponential scaling of ground state degeneracy
Finite order of planons

Short range (no tail) statistics

K(131) is not foliated

Shirley, Slagle, Wang, Chen, 18
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= Beyond exactly solvable models

= For foliated models
* |dentify examples
* Calculate properties

* Study equivalence up to foliation using K matrix
formulation

" For non-foliated models
* |dentify examples
* Calculate properties
* How to interpret their structure?
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But first

Question:

* Do they represent local 3D model?
* Are they gapped or gapless?

* form of string operator

Answer:

* In terms of Laughlin wave function (Qiu, Joynt, MacDonald, 1990;
Naud, Pryadko, Sondhi, 2000)

* For quasi-diagonal K matrix
 Lattice realization
* String operator
e Spectrum (field theory calculation)
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String operator

Charge vector (1,0,0,...)
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matter field
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Spectrum

-5 ST g Z K" A0, Al

Gap is proportional to smallest |eigenva|ues of K |A2

Gapped: K (131), K(141), K(151)
Gapless: K (101), K(111), K(121)

Instability?
Gapless spin liquid?
Gapless fracton?
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Summary

= Lattice construction for all quasi-local K matrices

" Local models, string operator
= Gapped / Gapless

" Examples of gapped foliated, gapped non-foliated,
and gapless
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Open questions

= Conditions for gapped foliated / gapped non-foliated

= Equivalence classes of foliated models (as equivalence
class of K matrices)

= General properties of gapped non-foliated models
(degeneracy, fusion group, statistics, RG, etc.)

= What do gapless K matrices represent?

= What about non-quasi-diagonal ones (e.g. for X-cube)?



