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Topological operators

Suppose a theory has conserved (p+ 1)-form current

∂µj
µν1...νp = 0 (1)

Can define a charge operator

Q(Σd−p−1) =

∫
∗jp+1 (2)

that measures ’units of charge’ within Σd−p−1.

Can define topological operators that generate a p-form
symmetry G[p]:

Uα(Σd−p−1) := eiαQ(Σ) (3)

that acts on p-dimensional charged defects.
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’t Hooft Anomalies

Consider QFT Z in d-dim with a p-form symmetry G[p].

Gauging G[p] ↭ add gauge field B ∈ Hp+1(Md;G):

Zgauged =
∑
B

Z[B] =
∑
B

Z · ei
∫
B∧J (4)

Symmetry has an ’t Hooft anomaly if

Z[B + dλ] = e
i
∫
Md

A[B,λ]Z[B] (5)

Trying to gauge symmetry with ’t Hooft anomaly kills the
path integral:

Zgauged = 0 (6)
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The anomaly theory

Can cancel anomaly by defining the anomaly theory:
(d+ 1)-dim TQFT Â on Nd+1 with ∂Nd+1 = Md:∫

N
Â[B + dλ] =

∫
N
Â[B]−

∫
M

A[B, λ] (7)

Constructs anomaly-free path integral:

Ẑ[B] := ei
∫
N Â[B] · Z[B] (8)

which gives Ẑgauged ̸= 0.
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SymTFTs

Extend idea to the Symmetry TFT (SymTFT) ξ
[Pulmann, Severa, Valach ‘19; Ji, Wen ‘19; Gaiotto, Kulp ‘20; Apruzzi, Bonetti,

Garćıa-Etxebarria, Hosseini, Schäfer-Nameki ‘21; Freed, Moore, Teleman ‘22;...], by
gauging Â[B] and adding ‘kinetic’/BF terms:

ξ :=
∑
B

∫
B ∧ dB̃ + Â[B] (9)

We choose Nd+1 = Md × [0, L], so there are 2 boundaries:

OR

Imposing different boundary conditions on the second
boundary changes the global form of the boundary theory.
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QFTs from strings

Instead of using string theory on Md ×X10−d to study
d-dim quantum gravity, where X10−d is a compact
Calabi-Yau, we can make X10−d non-compact - can then
study d-dim QFTs.

∂X10−d = L9−d determines the possible symmetries of the
QFT

Wrapping p-branes of string theory around cycles
D ∈ Hk(L9−d;Z) give D̂[p−k] symmetries, where

Ẑ = U(1), ẐN = ZN (10)
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SymTFTs from strings

Can obtain the anomaly theory of the QFT by
dimensionally reducing the CS terms of string theory on
L9−d: [Apruzzi, Bonetti, Garćıa-Etxebarria, Hosseini, Schäfer-Nameki ‘21]∫

Nd+1×L9−d

C ∧H ∧ F =
∑
B,...

∫
Nd+1

Â[B, . . . ] (11)

Obtaining the BF terms of the SymTFT had to be inferred
separately:∫

Nd+1×L9−d

F ∧ ∗F ̸=
∑
B,...

∫
Nd+1

B ∧ dB̃ + . . . (12)

How do we obtain all terms in one procedure?
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The symmetry descent mechanism

Solution was posed in [Garćıa-Etxebarria, Hosseini ‘24]: write the
string theory action as a boundary theory of an 11d
TQFT on Qd+2 × L9−d, where ∂Qd+2 = Nd+1:∫

Q×L
F∧dF̃+F∧H∧G =

∑
B,...

∫
Q
dB∧dB̃+dÂ[B, . . . ] (13)

Going to the boundary ∂Qd+2 = Nd+1, we obtain the
SymTFT Lagrangian:

ξ =
∑
B,...

∫
N
B ∧ dB̃ + Â[B, . . . ] (14)
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[Garćıa-Etxebarria, Hosseini ‘24] assumed G = ZN . [FG, Garćıa-Etxebarria

‘24] extended to G = U(1), found SymTFT agreed with
[Antinucci, Benini ‘24; Brennan, Sun ‘24].

⋄ SymTFTs we obtained had bulk EM duality →
boundary QFTs can have different local dynamics!

? Interesting problem: SymTFT of [Antinucci, Benini ‘24; Brennan,

Sun ‘24] suggests certain boundary conditions for U(1)
SymTFT give R symmetries - we did not find these:

? Swampland conjectures forbid non-compact gauge groups
in quantum gravity; does geometric engineering then
forbid global R symmetries in this class of QFTs?
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Thanks for listening!
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