Generalized Symmetry
Constraints on Deformed 4d (S)CFTs

Craig Lawrie (DESY)

Based on: 2408.14532 w/ M.J. Kang, K-H. Lee, and J. Song

Eurostrings ‘24 05-09-2024



Motivation

what are symmetries good for?



Motivation

what are symmetries good for (in 4d gauge theories)?



Motivation

what are (generalized) symmetries good for (in 4d gauge theories)?



Motivation

what are (generalized) symmetries good for (in 4d gauge theories)?

symmetries can have anomalies; ’t Hooft anomaly matching

)Y theory<—-\\\\\\\.

anomalies here

must match

anomalies here

IR theory«——”//////



Motivation

what are (generalized) symmetries good for (in 4d gauge theories)?

symmetries can have anomalies; ’t Hooft anomaly matching

(weakly-coupled) UV theor‘y‘\

anomalies here

must match

anomalies here

(strongly-coupled) TR theor‘y/



Motivation

what are (generalized) symmetries good for (in 4d gauge theories)?

symmetries can have anomalies; ’t Hooft anomaly matching

(weakly-coupled) UV theor‘y‘\

anomalles here 1) unique gapless vacuum (CFT/massless dof)
must match 2) unique gapped vacuum (topological dof)
anomalies here 3) spontaneous symmetry breaking

(strongly-coupled) TR theor‘y/
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Mixed Zero-form/One-form Anomaly

a 4d QFT can have a mixed anomaly between a
zero-form symmetry and a one-form symmetry

fpure & =1 SU(N) super-Yang—Mills

| pure SU(N) Yang—Mills at 0=rnx |

zero-form: 7, time reversal zero-form: Z,, axial symmetry
ohe-form: 27, onhe-form: Z,
mixed anomaly —> SSB of zZ, mixed anomaly —> SSB of Z,y— 7,
-> 2 degenerate vacua -> N degenerate vacua [Witten]

adding matter often leads to an SCFT in the IR
folklore: any anomaly can be saturated by a CFT

construct more examples where there is a mixed anomaly and no IR SCFT
—> deformation
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Creating Non-CFT Examples: Strategy

start with supersymmetric gauge theory which flows to an IR SCFT with mixed anomaly
—> deform such that the mixed anomaly 1s preserved but U(1), R-symmetry 1s broken

V=1 susy & U(1), 1is part of the superconformal algebra

i 3 —> necessary for SCFT
3 ]gauge 1

i IR
1 TY ;] W= X0
SCFT. U(1)r breaking

> 7C£ﬁdnned

Tir
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What are the 4d N = 1 Lagrangian theories with a simply-connected simple gauge
group (and trivial superpotential) that flow in the infrared to an interacting SCEF'T’ with
a nontrivial one-form symmetry?

if R is such that the one-loop p-function is asymptotically free/conformal with at least
one exactly marginal operator, and there is a well-defined superconformal R-symmetry
such that, up to decoupling along the RG flow, all chiral operators satisfy the
unitarity bound and at Tleast one chiral operator does not decouple, then we expect the
gauge theory (G,R) to flow to an interacting SCFT in the infrared
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Gauge Theories with One-form Symmetry

/\smple and simply-connected e "irreps

consider G gauge theory with matter in representation: R = nR

(\\\\‘ =1
there exist codimension-two topological Gukov—Witten operators
one-to-one w/ elements of the center of G, zG) [Gukov, Witten]

if these topological operators are non-trivial,

they are one-form symmetry generators
[Gaiotto, Kapustin, Seiberg, Willett]

GW-operators can link with Wilson 1lines; they are non-trivial only
if the linking number is zero with all Wilson lines which end

<::::f;—Q;I;;; line in irrep r ends if there

exists a local operators also 1h 1irrep r



[Kang, CL, Lee, Song ’24]

Gauge Theories with One-form Symmetry

‘,f“‘~51mple and simply-connected e *1rreps

consider G gauge theory with matter in representation: R = nR

=1

‘/f'—‘~n—ality of irrep R,

27T,
let (k) = exp( Y, lk) be the character of the irrep of Z(G) associated with irrep R,

-

['=(keZ(G)|yk)=1foralli=1,---,5) < Z(G)

assume center of G is 7,

x\\\\\~elements k € Z(G) corresponding to Gukov—Witten operators that cannot be unlinked from

Wilson lines ending on local operators
= 1FS generators



CFTs with 1FS
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Mixed Anomaly
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in [Kang, CL, Lee, Song '24]



What are the 4d N = 1 Lagrangian theories with a simply-connected simple gauge group

(and trivial superpotential) that satisfy Question 1 and have a nontrivial one-form and

zero-form mixed anomaly?
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focus on SUW) gauge theory with z, one-form symmetry and Z,, axial zero-form symmetry

ABJ anhomaly —”:>

breaks a classical U(1)
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focus on SUW) gauge theory with z, one-form symmetry and Z,, axial zero-form symmetry
turn on background two-form gauge field B for the Z, one-form symmetry

under a Z,, axial rotation, with parameter #, the partition function picks up a phase

Z|B| — exp (ta(2L)vyst) Z|B]

27l o / < 1

Q:E Vinst = —— FANF

72 A)

recall: instanton number can be & Z when B 1s turned on [Witten]

= ahomaly
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focus on SUW) gauge theory with z, one-form symmetry and Z,, axial zero-form symmetry
turn on background two-form gauge field B for the Z, one-form symmetry

under a Z,, axial rotation, with parameter #, the partition function picks up a phase

working out the instanton number 1n this background: see also: [Gaiotto, Kapustin, Komargodski, Seiberg]
[Argurio, Vandepopeliere]
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focus on SUW) gauge theory with z, one-form symmetry and Z,, axial zero-form symmetry
turn on background two-form gauge field B for the Z, one-form symmetry

under a Z,, axial rotation, with parameter #, the partition function picks up a phase

working out the instanton number 1n this background: see also: [Gaiotto, Kapustin, Komargodski, Seiberg]
[Argurio, Vandepopeliere]

Z|B] — exp (mz ad (gp; 2 /X P(B)) Z|B]

N(N —1)
2p?

P(B) =0 mod 1
. — arbitrary spacetime

over which the theory is defined

therefore, a mixed anomaly is absent only if:
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the same analysis can be done for S0/USp gauge groups

Mixed Anomaly
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Mixed Axial-Electric Anomaly Kang. O Lo, Song 24

the same analysis can be done for S0/USp gauge groups

Mixed Anomaly

G I . . ,
Spin Non-Spin notice: anomaly depends
vVifptM Xif (MZ—M) c 27, only on G and I'y, hot L>0
SU(pM) Lo, D

Xitp| M v' otherwise

. . apply this to all the SCFTs
USp(2N) T Vif2tN Vit4tN solving Question 1; find which

Xit2|N Xit4|N SCFTs have axial-electric anomaly

Spin(2M + 1) Zis X v
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pin( ) 7, Y Y
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v if21 M v if41 M

Spin(4M) 7k
Xif2| M Xifd4| M concerns: 1) counterterms

7 X v 2) axial-gauge overlap
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What are the theories that solve Question 2 and preserve one-form and zero-form mixed
anomaly upon (supersymmetric or non-supersymmetric) relevant deformations?
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Mixed-anomaly-preserving Deformations

[Kang, CL, Lee, Song ’24]

Question 3

What are the theories that solve Question 2 and preserve one-form and zero-form mixed
anomaly upon (supersymmetric or non-supersymmetric) relevant deformations?

Les: SU(N 2adj M~ TI(Q@)Q mesonic deformations
many examples: (N) w/ 2ad) /" breaks U(1),
SU(2N) w/ S?@ S> mixed anomaly depends on g and N

N+1
o o [ o gZ
infinite series Spin(ZN) W/ » \ ged(g,2N + 2)

Spin(2N) w/ S* @ adj B = detQ?* > baryonic deformations
does not break U®1),

sporadics SU(8) w/ A4 =170 further deformation needed
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[Kang, CL, Lee, Song ’24]

Spin(12) gauge theory + chiral multiplet Q 1n 77 representation
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Example: Spin(12) w/ Symmetric Matter

[Kang, CL, Lee, Song ’24]

Spin(12) gauge theory + chiral multiplet Q 1n 77 representation

p)
R[Q] == AlO] =1

28

gauge anomaly cancellation

note: Q% must be flipped

the symmetric doesh’t screen any of the center = Z,xZ, one-form symmetry

mixed Zer‘O—fOY‘m/One—fOY‘m anOma_Ly: Z[BL,BR] — EeXP (2#26% /(M -+~ ].)P(BL -} BR) — P(BL) — P(BR)> Z[BL, BR]

when ¢ is odd (and on a spin-manifold)
the axial transformation is anomalous
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Example: Spin(12) w/ Symmetric Matter

[Kang, CL, Lee, Song ’24]

Spin(12) gauge theory + chiral multiplet Q 1n 77 representation

relevant operators of the infrared SCFT are: Q?’, Q4, Q5> (Q3)2> Q6, XQ2
Zl Z4 Zl Zz Zz

\/

| subgroup generated by ¢ even
| = no mixed-anomaly

superpotential deformation by operator 0 breaks: Zgg — Zgcq(aj0)28)



Example: Spin(12) w/ Symmetric Matter

[Kang, CL, Lee, Song ’24]
Spin(12) gauge theory + chiral multiplet Q 1n 77 representation

l W= 10" _
IR SCFT — 7 deformed
7 deformed l

what’s going on here?



Example: Spin(12) w/ Symmetric Matter

[Kang, CL, Lee, Song ’24]

Spin(12) gauge theory + chiral multiplet Q 1n 77 representation

l W= 10" _
IR SCFT 7 deformed

l what’s going on here?

ggyIFa<—________—_—__———’,,///

1) mixed axilal-electric anomaly; = no trivially-gapped vacuum
2) no evident U(l),; indicates IR 1s not conformal/a unique gapless vacuum
3) [Cordova, Ohmori] 1ndicates IR 18 not topological/a unique gapped vacuum

4) anomaly can be saturated by SSB; minimal requirement: 7, — Z, with two confining
degenerate vacua
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Extensions

1) Stongly-coupled matter: gauge SCFTs instead of chiral multiplets [Kang, CL, Lee, Song '24]

\\\‘-——+»same analysis of mixed axial-electric anomaly; varilegated relevant deformations; dualities

novel dualities from gauged Argyres—Douglas theories,
generalizing the &4 =4 SUSY-enhancing duality studied in [Kang, CL, Lee, Song 23]

\\“-———b matching zero-form/one-form anomalies across duality

D3(SU(2) —(SUR)— Ds(SU(2)) SU(2) +2ad)

same IR SCFT
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2) An analogous nhon-supersymmetric question: [Kang, CL, Lee, Song '24]

Question 4

What are the 4d N = 0 theories with gauge group G, a simple and simply-connected
group, and massless chiral fermions in a (possibly reducible) representation R of G that
have a nontrivial one-form symmetry, a one-form and zero-form mixed anomaly, and a
non-positive one-loop [B-function? What can be said about their infrared fate?
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What are the 4d N' = 0 theories with gauge group G, a simple and simply-connected
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the enumeration of such gauge theories appears in [Kang, CL, Lee, Song '24]

mixed anomaly + unique gapped vacuum ruled out via inconsistent AnomTFT, cf [Cordova, Ohmori]

three-1loop p-function —> mixed anomaly may be satisfied by Banks—Zaks CFT



Extensions

2) An analogous nhon-supersymmetric question: [Kang, CL, Lee, Song '24]

" Question 4

What are the 4d N' = 0 theories with gauge group G, a simple and simply-connected
group, and massless chiral fermions in a (possibly reducible) representation R of G that
have a nontrivial one-form symmetry, a one-form and zero-form mixed anomaly, and a
non-positive one-loop S-function?” What can be said about their infrared fate?

the enumeration of such gauge theories appears in [Kang, CL, Lee, Song '24]

mixed anomaly + unique gapped vacuum ruled out via inconsistent AnomTFT, cf [Cordova, Ohmori]

three-Tloop p-function —> mixed anomaly may be satisfied by Banks—Zaks CFT

fthe mixed ©0-form/1-form anomaly is part of a holistic approach to constraining the infrared of 4d gauge theories !



Thank you!



