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Abstract: | describe recent progress in classifying 5d N=1 field theories with interacting UV superconformal fixed points (i.e. 5d SCFTSs). In thi
part of the talk, | review a newly proposed catalog of candidate (simple) gauge theories which captures theories missed by prior field th
classification efforts. In the second part of the talk, | discuss a classification program for rank 1 and 2 5d SCFTs in terms of Calabi-Yau 3
along with prospects for its extension to arbitrary rank. This geometric classification program refines the field theoretic approach by incorpc
non-perturbative physics, predicts a number of dualities between 5d gauge theories, and supports the idea that all 5d SCFTs can be obt
compactifying 6d (1,0) SCFTs on a circle.
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Introduction

The subject of this talk is recent progress in classifying 5d N’ =1 SCFTs
in the Coulomb phase

Based primarily on:
» 1705.05836 (PJ, H.C. Kim, C. Vafa, G. Zafrir)
» 1801.04036 (PJ, S. Katz, H.C. Kim, C. Vafa)
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Introduction

Part of larger effort to classify d > 4 SCFTS using SUSY & geometric
singularities in string theory. Inspiration:

» 6d (2,0) SCFTs = ADE singularities [witten '95]

» 6d (1,0) SCFTs = 7-branes wrapping collapsing configs of P!'s in
F—theory [Heckman-Morrison-Vafa ‘13] [Bhardwaj ‘'15] [Heckman-Morrison-Rudelius-Vafa
15]

String theory/geometry instrumental for understanding UV completions

5d is a natural next step, related to many (possibly all?) 6d theories via
KK compactification
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Status of 5d classification problem

A bit of history

Systematic investigation of 5d N = 1 theories initiated by series of
papers from ‘96-'98  [Seiberg] [Morrison-Seiberg] [Douglas-Katz-Vafal
[Ganor-Morrison-Seiberg] [Intriligator-Morrison-Seiberg (IMS)] [Diaconescu-Entin]

Used interplay of geometric engineering, brane constructions and SUSY
to identify theories with nontrivial interacting UV fixed points

Two (partial) classifications were proposed:
» Geometric: Rank one theories = contracting del Pezzo surfaces
dPn<s
» Gauge theoretic: bounds on matter hypermultiplet representation R
and topological data k for given (simple) gauge algebra g
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Status of 5d classification problem

However, both seem to be incomplete.

Geometric classification for theories of arbitrary rank has not been
pursued

Moreover, stringy counterexamples to gauge theory (IMS) classification
have been studied:

» Quiver gauge theories
» 5d theories exceeding IMS bounds

How can we explain this?

IMS criteria are too restrictive (sufficient, but not necessary). Possible to
relax IMS criteria to necessary (but perhaps not sufficient) criteria,
leading to catalog of candidate gauge theories with interacting UV fixed
points
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Status of 5d classification problem

What approach should be taken to classify 5d fixed points?

Only surefire way to argue existence is to carefully account for
non-perturbative physics

UV completions are indispensable, i.e. 5-brane configurations (type |I1B)

or geometric singularities (M-theory), which exhibit non-perturbative
physics

However, geometric classification is difficult compared to gauge
theory. . . is this a reasonable strategy?
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Goal and outline of talk

| hope to convince you of the following:

» Classification of 5d N =1 SCFTs (including non-Lag theories) is
incomplete

» Gauge theory classification is still an open problem

» Classification of geometric singularities has a hope of being a viable
solution

Plan for talk

1. Gauge theory

1.1 Review of 5d N' = 1 gauge theories
1.2 (Simple) gauge theory classification

2. Geometry

2.1 M-theory compactifications on CY 3-fold
2.2 Geometric classification
2.3 Future directions
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Review of 5d V' = 1 gauge theories

N =1 SUSY algebra in 5d consists of 8 supercharges

5d superconformal algebra has bosonic subalgebra so(4,1) x su(2)g

Massless fields:

{vector multiplet (A, ¢; A) in adjoint of gauge algebra g

hypermultiplet (g7 v) in rep R = @®¢R¢ (w/ g? an su(2)g doublet)

Moduli space of vacua:

» Higgs branch My parametrized by vevs of hypermultiplet scalars

» Coulomb branch M¢ parametrized by vevs of vector multiplet
scalars ¢

The focus of this talk will be on Mc
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Review of 5d V' = 1 gauge theories

Coulomb branch

At a generic point ¢ € Mc, ¢ takes values in the Cartan subalgebra
t C g, breaking the gauge group G to the stabilizer U(1)="(¢) C G

Consequently, Mc is a subset of the (dual) fundamental Weyl chamber
R/ W,

SUSY protected data: spectrum of massive BPS states:
» Electric particles/gauge instantons, central charge

Ze =Y, 09" + 3 seme + somo
» Magnetic strings, central charge Z, =), n.g;)(bDi

Gauge instantons charged under U(1) current j = xtr F A F, instanton
number sy (can carry gauge charges as well)
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Review of 5d V' = 1 gauge theories

What does SUSY buy us?

Constraints of SUSY imply low energy EFT characterized by prepotential
which is at most cubic in ¢:

F(9) =5 mohys' + kddldio*

2

b | S ool =30 3 16, we) + mel

acadj F wrERf

Perturbatively, F is 1-loop exact
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Review of 5d V' = 1 gauge theories

Phase structure of M

For ¢ € Mc, BPS spectrum generically massive; however, states can
become massless/tensionless for special values ¢,

Particle masses are linear in ¢, mf = hypermultiplets states massless on
interior hyperplanes (“walls") of M ¢; monopole strings tensionless at
boundaries of M ¢

Walls denote sharp phase transitions, characterized by singular behavior
(e.g. kijk jump discontinuously); this is evident from absolute values

(@, we) + me| CF

Conformal limit at the origin ¢ = ms = 0,1/g2 — 0, characterized by
interacting massless/tensionless states
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Review of 5d V' = 1 gauge theories

Phase structure of Mc, cont ...

M has the structure of a fan consisting of several cones

\/‘
&
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