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Motivation
Fracton: They are fractional point-like excitations which cannot move freely in three dimensional space.
Fracton models: The gapped models having fractons as excitations are said to have fracton topological order. They have ground state degeneracy depending on lattice size on the 3-torus.
Higher rank U(1) gauge theories: A modified Gauss’s law can lead to the conservation of not only the total charge, but also the conservation of dipole moment, quadrupole moment, etc,
leading to constraint on the mobility of the gapped charge excitations.
Questions: Any relation between gapped fracton model and higher rank gauge theory with gapless modes?
Beyond exact solvable models, 1s there any other theoretical description for the fracton topological order?
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Higgs Mechanism Partial Confinement Transition

(Monopole condensation)
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Rank-2 Z5 Scalar Charge Theory
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Hollow U(1) Scalar Charge Theory
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Higgs Mechanism

4 Copies of Toric Codes: 4 point charges and 4 flux loops.

Checkerboard Model

Higgsing the higher rank U(1) gauge theories increases the mobility of the charges. _
X Cube Model H.,p = — Z H X; — Z H Z,
Described by rank-2 Z, hollow G ico o e
scalar charge theory | |
The charge on every lattice plane is Xy = exp(imF, ) Ly = exp(im Ay, )
separately conserved 0 FE,, E.. 0 Ay, Ag ]
o 0o 0 E,.=1| E,;, 0 0 Ao=1 44,z O 0
Partial Confinement Transition Hx_cupe = ~K Y Fu—ud G SO = R A I T
(Dimension Reduction -- flux loop condensation) B I r
I‘;I/ " ; r 2 ,uzaizy z o Ko L-:L ----- . ] .,
. v v S h
Red loops: condensate ’ / :
@ Gl ©) F.. ©
1d excitations
ractons e b) e
—e— B [P REEEREuRER AAE,. 4 AyALE,. = n, AAEL A ANE, =ne A2 A+ )
o ,@3 oSy 000 comiFRMm e AT
— — # g A rank-2 7, gauge theory with two different
: L S v v Gauss’ laws at different vertices of the cubic
- _ _ _/'_____ log, GSD = 6L — lattice. Non-uniform Gauss law in space!
- _tlll /
References
1. The point charge excitations can no longer move. ‘1] Michael Pretko, arXiv:1604.05329 (2016).
2. bound states of two charges can propagate freely by string operators which 1s a product of 2 Michael Pretko, arXiv:1606.08857 (2016). arXiv:1802.10108
off-diagonal Z operators. 3] Cenke Xu, Physical Review B 74, 224433 (2006).
3. Loop excitations reduce to two 1d excitations. 4] Cenke Xu and Congjun Wu, arXiv:0801.0744 (2008).
5] Sagar Vijay, Jeongwan Haah, and Liang Fu, arXiv:1603.04442 (2016).




