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Features of flatland: fixed points ...

% Can we produce a map showing the conformal and mass-gapped IR phases of
fermionic gauge theories?

% How to understand the conformality in non-compact QED3 at small number of
flavors?

... and topology

% How to formulate topological CS theories on lattice? Are there non-trivial
examples doable by Monte-Carlo?

¥ How to quantify the relevance of topological defects (monopoles, vortices, etc)
at IR fixed points?

% Can we study consequences of particle-vortex dualities by Monte-Carlo
simulations?



Parity-invariant QED and QCD in 2+1 dimensions

Field content: V = 2n flavors of two -component Dirac fermions coupled to gauge-
field through Dirac operator in a 3 box
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Continuum limit at Gaussian FP: Keep ¢2¢ fixed and take g2a — ()

Finite-size scaling/thermodynamic limit by changing 92€

IR limit: |x| — oo for correlators <(’)(O)O(aﬁ)>
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Why large-N infrared fixed point exists
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Fermion-induced conformal gauge-action gets dominant
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Characterizing the UV-to-IR flow
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Lattice Regularization using massless overlap fermions

L3 lattice sites

e Regulate the theory on physical ¢3 torus using L3 lattice

Non-compact: U(1) with no monopoles —» Flux— Utop(1)
e S :
9 Abelian

conserved
\ Compact: U(1) with monopoles

Non-Abelian > SU(Nc) Wilson action




Lattice Regularization using massless overlap fermions
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Distinguishing conformal and scale-broken theories

Look at the microscopic eigenvalues of the Dirac operator in a finite-volume

G vy =1\,

At fixed finite volume, take the continuum limit

ANl = lim A;L

L— o0

Look at the finite-size scaling of eigenvalues:
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Distinguishing conformal and scale-broken theories
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Mapping the IR phase diagram of 2+1d massless QCD
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Mapping the IR phase diagram of 2+1d massless QCD
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Mapping the IR phase diagram of 2+1d massless QCD
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Self-duality of QEDs3: a prediction from particle-vortex duality
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Capturing IR of noncompact QEDs by a quadratic
conformal induced gauge action

UV-FP
‘ (Gaussian) Large-N
IR-FP
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“bare” UV gauge-action 2\ 32

Systematic 1/N expansion using this action:
Giombi et al '16; Chester, Pufu '16, ...



Capturing IR of noncompact QEDs by a quadratic
conformal induced gauge action
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Systematic 1/N expansion using this action:
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Study a conformal lattice gauge theory coupled to fermion sources

Charge g is the dimensionless parameter
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Study a conformal lattice gauge theory coupled to fermion sources

Charge g is the dimensionless parameter
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Proposal:

N-flavor QED3:
determine infrared CFT data

nonperturbatively
Test for other agreements

' between QED3 and model at
matched g

Approximate q-N map by
matching scaling dimensions

Charge-q lattice model:
determine CFT data in fermionic
observables
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QEDs3 Dirac eigenvalue distribution
matches better with a CFT than RMT
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1) A nice system to use lattice to obtain CFT data in 3-pt functions
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2) What are the scaling dimensions of flavor-singlet parity-even 4-fermi operators as
function of 9?  (fermion line disconnected pieces)

3) Extension of non-compact CFT model to include monopoles?



Scaling dimension of topological defects



Compact QEDs3 *Monopoles occur in the U(1) path-integral

Pure compact lattice theory: confining but no lines of constant physics

Problem: how to define compact QED3 as a QFT with a good UV completion?
Perhaps as a limit of SU(2) Georgi-Glashow model

Indirect approach: find RG relevance of monopole operators Mq at non-compact QED3
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Results for N = 2,4,12 QED3: QQ pair separated by //4 as box-size / is
Increased.

Y U 1908.05500
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A(N = 12) = 3.2(2) = marginal A1(N =2) =0.82(2) > 0.5 (unitarity min)
N =1242



Doing more with monopoles: particle-vortex dualities
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How to study gauge theories coupled to Chern-Simons term?
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Level-1 Chern-Simons as induced
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Lattice-continuum dictionary is very simple
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Some examples of phases of overlap fermion determinant
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Son’s composite fermion theory for half-filled FQHE on lattice

also a toy-model for 4d chiral gauge theory on lattice!
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Summary

*Can we produce a map showing the conformal and mass-gapped IR phases of
fermionic gauge theories? If QEDS3 is conformal for all N, why so?

N>0 parity-invariant QED3 appears to be conformal, and N>4 for SU(2) QCDS.
We can understand conformality in QEDS3 for any N from a simple quadratic
iInduced gauge action.

¥ How to quantify the relevance of topological defects (monopoles, vortices, etc)
at IR fixed points?

FSS of monopole BF is feasible on lattice. It would be interesting to use it to test
sign-problem free duality conjectures.

¥Can we study consequences of particle-vortex dualities by Monte-Carlo
simulations?

Demonstrated some duality predictions in QEDs. Approximate modeling of
fermion-induced conformal gauge field dynamics could be a practical direction to
study 2+1 d theories. For example: self-duality of QED3

% How about TQFTs?
CS on lattice via fermion determinant. Sign-problem for an actual study.



