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A General Setup in Particle Physics

New Physics
Sector

Known Sector

e.g. Standard Model

e.g. dark sector,
hidden sector

In all the cases considered so far,
New Physics Sector described by a local QFT

new particles + new interactions
= new/novel dynamics
= solutions to problems in particle physics
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In this talk,

New Physics
Sector

Known Sector

Local QFT
Topological

QFT

Generalized Global Symmetries
provides an extremely powerful tool.

(Q1) Implications of TQFT-couplings
(Q2) Observable consequences (even in principle)

(Q3) show that TQFT-couplings can exist rather ubiquitously.
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Generalized Global Symmetries!
Most Symmetries in particle physics act on local operators

P(x) - e 1 (x) €,

Recently, concept of symmetry has gone through explosive
generalizations!

"Generalized Global Symmetries (GGS)"



Generalized Global Symmetries!

|. Higher-form symmetries

Various extended objects appear in broad class of theories.

°
p &
Local operator  Line operator Surface operator Volume operator
e.g. particle  e.g. Wilson loop e.g. Cosmic string e.g. Domain Wall
0-form 't Hooft loop 2-form symmetry 3-form symmetry
symmetry 1-form

symmetry



Generalized Global Symmetries!

Il. Non-Invertible Symmetries
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Axion-Maxwell Theory

f da N+ da +f—F/\ x F —f——F/\F

¢ This very familiar theory enjoys a large set of GGS:
o 0-form axion shift
o 2-form axion winding
o 1-form electric
o 1-form magnetic
#* 3-group
#* Non-invertible symmetries (Cordova, Ohmori '22)
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. TQFT-CoupIIng 1: Axion-Portal to a Zn TQFT [Brennan,Hong,Wang '23]
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(Q1) Can there be any IR-Universal (local) observable effect?

(Q2) Is this very exotic / pure academic setup?
Or can this arise as IR-EFT of some standard UV QFT
relevant for particle physics?
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(Q1) Can there be any IR-Universal (local) observable effect?

(Q2) Is this very exotic / pure academic setup?
Or can this arise as IR-EFT of some standard UV QFT
relevant for particle physics?

v lllustrate importance of studying carefully the effects of
remnant TQFT-couplings (GGS = essential tools)
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IR-Universal Observables from TQFT-Coupling

* Anomaly Inflow : W/O TQFT-CoupIIng [Callan and Harvey '85]

1K, a

87T2fFA N Fy
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=f§da/\*da+ FFA/\*FA f

o Consistency with U(1) 4 invariance :
Ay - Ay +dA

OSD—fda/\Al/\FA
l
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IR-Universal Observables from TQFT-Coupling

* Anomaly Inflow : W/O TQFT-CoupIIng [Callan and Harvey '85]

LKy .
Sawfda/\Al/\FA =i fAl/\*jl

K
O*]1=ﬁda/\FA

K
o d * J; (bulk) = ﬁ Fy A 8@ (M5Y)
0J; ~VaxE (Hall-like current)

o 2d chiral fermions {a; (z,t)}

d+Jy(2d) = =2 F,




IR-Universal Observables from TQFT-Coupling

* Anomaly Inflow : With TQFT-CoupIIng [Brennan,Hong,Wang '23]
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IR-Universal Observables from TQFT-Coupling

* Anomaly Inflow : With TQFT-CoupIIng [Brennan,Hong,Wang '23]
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IR-Universal Observables from TQFT-Coupling

* Anomaly Inflow : With TQFT-CoupIIng [Brennan,Hong,Wang '23]
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IR-Universal Observables from TQFT-Coupling

* Anomaly Inflow : With TQFT-CoupIIng [Brennan,Hong,Wang '23]
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IR-Universal Observables from TQFT-Coupling

W/O TQFT-Coupling With TQFT-Coupling

P Axion strings: Global strings » Axion strings: Global strings

» BF strings: W, (2,,¥) = et b, B2
Local or (Quasi) Aharonov-Bohm

» Coaxial Hybrid strings ?




Extended KSVZ with TQFT-Coupling [Brennan,Hong,Wang '23]
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Il. TQFT-Coupling 2: Gauging Discrete Subgroup (srennan,Hongwang 23]

(i) Recall : O-form axion shift

0 . 0 +
u = — - C
f

"EoM(a): d*da=0 - d=*j, =0, =*j,=1if xda

= With coupling: d(if * da) = L FAF - [U(l)(o) - ZK(O)]

812

= ABJ-anomaly free : ZK(O)

* We can gauge a subgroup : Z,,'" c Z,®



Il. TQFT-Coupling 2: Gauging Discrete Subgroup (srennan,Hongwang 23]
(ii) Gauging a discrete group = Coupling to a TQFT

S 3 —i [ Ay Ax]y =5 [(da = fAy) A+ (da = fA)

BGF

Global Symmetry

J(a)



Il. TQFT-Coupling 2: Gauging Discrete Subgroup (srennan,Hongwang 23]
(ii) Gauging a discrete group = Coupling to a TQFT

S 5 —i[ Ay Axy =5 [(da— fA;) A (da = fA,)
U

S o2 [(da—fAy) A (da = fAL) + [ By AdA,

Gauge Theory

iM
%fBz/\daql




lIl. TQFT-Coupling 2: Gauging Discrete Subgroup [srennanHong,wang '23]

(iii) Physical effects of discrete gauging?

a 2T
M

o Gauge redundancy: i % + 27 - +

a .z
ff
o Project out local operators:

Local operators charged under 0-form Zy axion shift: I(x) = etaa(x)/f
i2mq

Under gauged Zy: I(x) > e M I(x) —» I(x), q € MZ projected out
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(iii) Physical effects of discrete gauging?

2T

a
M

o Gauge redundancy: i % + 27 - +

a .z
ff
o Project out local operators:

Local operators charged under 0-form Zy axion shift: I(x) = etaa(x)/f
i2mq
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o Add cosmic strings with "fractional” winding number: fz “e—7
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(iii) Physical effects of discrete gauging?

a 2T
M

o Gauge redundancy: i % + 27 - +

a .z
ff
o Project out local operators:

Local operators charged under 0-form Zy axion shift: I(x) = etaa(x)/f
i2mq

Under gauged Zy: I(x) > e M I(x) —» I(x), q € MZ projected out

o Add cosmic strings with "fractional" winding number: |. daely

Zi12nf M
String Tension A\ After Gauging
29 BT 12 M-l
(CI)BF ) (XX N e00 00 e00 00 o066 f M’M""’ v,

(P5g) @ o a 0

Winding Number
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(iii) Physical effects of discrete gauging?

2T

a
M

o Gauge redundancy: i % + 27 - +

a .z
ff
o Project out local operators:

Local operators charged under 0-form Zy axion shift: I(x) = etaa(x)/f
i2mq

Under gauged Zy: I(x) > e M I(x) —» I(x), q € MZ projected out

o . . - d 1
o Add cosmic strings with "fractional” winding number: fz ﬁ €2
1

o Breaks electric 1-form symmetry: seen from 3-group structure.

o 3-group analysis = systematic classification of all possible TQFT-
couplings via discrete gauging and associated physical effects



Thank you!



