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Generalized symmetries

Global symmetries are useful for characterizing QFTs

The notion has been generalized to

Higher-form symmetries
Higher-group symmetries
Non-invertible/categorical symmetries

Modern formulation in terms of topological operators/defects
[Gaiotto-Kapustin-Seiberg-Willett ’14]
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Symmetries in holography

Symmetry structure of a QFT is encoded in its topological sector

Symmetry Topological Field Theory (SymTFT) [Ji-Wen ’19, Gaiotto-Kulp ’20,

Apruzzi-Bonetti-Garćıa Etxebarria-Hosseini-Schäfer-Nameki ’21, Freed-Moore-Teleman ’22]

A d-dim QFT can be resolved into a (d + 1)-dim bulk TQFT
sandwiched by a gapped boundary and a gapless boundary
Isolate symmetry data from complicated dynamics

AdS/CFT correspondence is a playground to examine these ideas

QFT on the conformal boundary dual to some string/M-theory
background
Boundary global symmetry dual to bulk gauge symmetry
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Symmetries in holography (cont’d)

Tremendous success in modeling the holographic duals of symmetry
generators and charged operators as D-branes
[Apruzzi-Bah-Bonetti-Schäfer-Nameki ’22, Garćıa Etxebarria ’22, Heckman-Hübner-Torres-Zhang ’22, . . . ]

Symmetry generators lie on the boundary
Charged operators end on the boundary

Works well for finite symmetries, both invertible and non-invertible

Captures field theory results using brane dynamics [Bah-EL-Waddleton ’23]
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From finite to continuous

The categorical language inherent in the SymTFT construction fails
when the symmetry is not finite

Several proposals to extend to continuous symmetries [Brennan-Sun ’24,

Antinucci-Benini ’24, Bonetti-Del Zotto-Minasian ’24 ’25, Antinucci-Benini-Rizi ’24, Arbalestrier-Argurio-Tizzano ’25,

Jia-Luo-Tian-Wang-Zhang ’25, Apruzzi-Dondi-Garćıa Etxebarria-Lam-Schäfer-Nameki ’25]

A precise mathematical description is still lacking

More subtle regularization issues, especially if gravity is turned on
[Bah-Jefferson-Roumpedakis-Waddleton ’24, Calvo-Mignosa-Rodriguez-Gomez ’25]

String theory and holography may give us hints on how to tackle
these problems!
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Low-energy gauged supergravity

Study 0-form continuous G symmetries in a d-dim QFT

G is a compact connected, and possibly non-Abelian, Lie group

Some AdSd+1 × X solution in Type IIB string theory or M-theory

Seff ⊃
∫
AdSd+1

[
− 1

2
τIJF

I ∧ ∗F J + CSd+1(A)

]

AI = (Ai ,Aα) is a collective notation

Ai from isometries of X , with i = 1, . . . , dimGiso

Aα from homological cycles of X , with α = 1, . . . , nBetti
E.g. reduce C4 or C3 in IIB/M-theory over 3-cycles/2-cycles

For now, focus on low-energy theory; top-down perspective later
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Wilson lines

Key players: charged operators and symmetry generators

The former are bulk Wilson lines ending on the boundary

Formal expression (R is an irrep of G = Giso × U(1)nBetti):

WR(M
1) = TrRPexp

(
i

∫
M1

A

)

Use the following quantum mechanical model (see, e.g. [Tong-Wong ’14])

SWL =

∫
M1

⟨q, χ−1dAχ⟩

q constant parameter valued in g∗
metric∼= g

χ dynamical scalar field valued in G
χ−1dAχ = χ−1(d + A)χ valued in g
⟨−,−⟩ pairing between g∗ and g
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Wilson lines (cont’d)

SWL =

∫
M1

⟨q, χ−1dAχ⟩

Quantization condition: q is a (dominant) analytically integral weight
(cf. [Bah-Bonetti-Chitoto-EL ’26])

Theorem of the highest weight tells us that the parameter q is in
1-to-1 correspondence with the irrep R labeling the Wilson line

Determining R amounts to measuring q

Advantage: q arises geometrically from the internal space X
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Example: G = SO(n + 1) for n ≥ 2

SWL =
1

2

∫
M1

qab(χ
−1dAχ)ab , qab =



0 q1
−q1 0

0 q2
−q2 0

0 q3
−q3 0

· · ·



a, b = 1, . . . , n + 1 and q1, . . . , qk ∈ Z with k = ⌊n+1
2 ⌋

From isometry of Sn ⊂ X , parametrized by ya with yaya = 1

Wrap a brane on M1 × Sn−2, where Sn−2 ⊂ Sn by setting, say,
y c1 = y c2 = 0 for some c1 and c2

Sbrane ⊃ 2π

∫
N2×Sn−2

P[Gn] , Gn ⊃ #ϵab1...bn−2c1c2y
aDyb1 . . .Dybn−2F c1c2

Pullback P[Gn] induces dependence on real worldvolume scalars χa
b

Describe rotation of brane while preserving a maximal Sn−2 ⊂ Sn
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Example: G = SO(n + 1) for n ≥ 2 (cont’d)

With some algebra, one finds (with M1 = ∂N2)

Sbrane =
1

2
Nw

∫
M1

nab(χ
−1dAχ)

ab

Identify qab = Nwnab to obtain SO(n + 1) Wilson lines

N some integer flux number
w winding number around Sn−2

nab encodes choice of y a = yb = 0 defining maximal Sn−2 ⊂ Sn

In Type IIB on AdS5 × S5, these correspond to giant gravitons [Myers ’99,

McGreevy-Susskind-Toumbas ’00]
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Other examples

G = U(1)

From isometry of S1 ⊂ X , or some cycle in H∗(X ;R)
worldvolume scalar χ decouples
SWL = q

∫
M1 A with q ∈ Z

q ∝ wrapping number of brane around the cycle

G = Spin(n + 1)

Double cover of SO(n + 1)
Follows previous discussion except that q1, . . . , qk ∈ Z or Z+ 1

2
Latter corresponds to spin representations

G = SU(n + 1)

From isometry of CPn ⊂ X
Brane wraps some CPn−1 ⊂ CPn

Pullback of supergravity flux induces complex worldvolume scalars

Compatible with exceptional isomorphisms

E.g. SO(3) ∼= Spin(3)/Z2
∼= SU(2)/Z2

pt+ ⊔ pt− ∼= S0 ⊂ S2 vs. pt ∼= CP0 ⊂ CP1
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Gauss’ law constraints

Need symmetry generators to measure the charge q of Wilson lines

Recall Seff ⊃
∫
AdSd+1

[
− 1

2τIJF
I ∧ ∗F J + CSd+1(A)

]
Gauss’ law constraint:

GI = τIJD ∗ F J + GCS
I

!
= 0

D ∗ F I = d ∗ F I − fJK
IAJ ∧ ∗FK

Generates bulk gauge transformations

Dirichlet b.c. AI = 0 realizes global symmetry in the dual CFT

GI |boundary = τIJd ∗ F J = 0

Näıve symmetry generator: Uθ(M
d−1) = exp

(
iθI

∫
Md−1 τIJ ∗ F J

)
θI valued in g, and τIJ ∗ F J valued in g∗
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Need for regularization

Ward identity in QFT takes the form

⟨∂µjµ(x)ϕ(x1) . . . ⟩ =
∑
i

qiδ(x − xi )⟨ϕ(x1) . . . ⟩

Inserting the defect U = exp
(
iθ
∫
Md−1 ∗ j

)
in correlator yields powers

of delta functions which are not well-behaved

Regularize by thickening [Bah-Jefferson-Roumpedakis-Waddleton ’24]

Ureg = exp

[ ∫
dd−1x dy

(
iθf ′ϵ (y) jy + h.o.t.

)]
, lim

ϵ→0
fϵ(y) = Θ(y)
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1
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Need for regularization

Ward identity in QFT takes the form

⟨∂µjµ(x)ϕ(x1) . . . ⟩ =
∑
i

qiδ(x − xi )⟨ϕ(x1) . . . ⟩

Inserting the defect U = exp
(
iθ
∫
Md−1 ∗ j

)
in correlator yields powers

of delta functions which are not well-behaved
Regularize by thickening [Bah-Jefferson-Roumpedakis-Waddleton ’24]

Ureg = exp

[ ∫
dd−1x dy

(
iθf ′ϵ (y) jy + h.o.t.

)]
, lim

ϵ→0
fϵ(y) = Θ(y)

<latexit sha1_base64="TDZ5kXVcRihTN/44IH5FtXDuleA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfFwXWvdFnGU4QzO4RI8aEIL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEXGo5K</latexit>

ω

<latexit sha1_base64="TDZ5kXVcRihTN/44IH5FtXDuleA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfFwXWvdFnGU4QzO4RI8aEIL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEXGo5K</latexit>

ω

<latexit sha1_base64="TDZ5kXVcRihTN/44IH5FtXDuleA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfFwXWvdFnGU4QzO4RI8aEIL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEXGo5K</latexit>

ω
<latexit sha1_base64="w9hvxVEtH0CwHtdl/UDboK03PwY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6WGiuYhlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7vlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jwZcIXMiIkllClubyVsRBVlxkZUsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQwEPMMrvDmPzovz7nwsWgtOPnMMf+B8/gBQY5Ar</latexit>ω<latexit sha1_base64="BkoaWaG/r/0cIgdN3gnj4rgjAvs=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBC8GHZFosegF48RzEOSJcxOepMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0eh26reeQBum5IMdJxAKMpAsZpRYJz2edyExjCvZK5X9ij8DXiZBTsooR71X+ur2FU0FSEs5MaYT+IkNM6ItoxwmxW5qICF0RAbQcVQSASbMZgdP8KlT+jhW2pW0eKb+nsiIMGYsItcpiB2aRW8q/ud1UhtfhxmTSWpB0vmiOOXYKjz9HveZBmr52BFCNXO3YjokmlDrMiq6EILFl5dJ86ISVCvV+8ty7SaPo4CO0Qk6QwG6QjV0h+qogSgS6Bm9ojdPey/eu/cxb13x8pkj9Afe5w+68ZBi</latexit>→ω

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y

<latexit sha1_base64="zb3HUx65V2flCodkGMtEUUKzyjs=">AAAB9HicbVBNSwMxEM36WetX1aOXYBHqpeyKVI9FLx4r2A9ol5JNZ9vQbLIm2cKy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777aytb2xubRd2irt7+weHpaPjlpaJotCkkkvVCYgGzgQ0DTMcOrECEgUc2sH4bua3J6A0k+LRpDH4ERkKFjJKjJX8sN+DWDMuRSW96JfKbtWdA68SLydllKPRL331BpImEQhDOdG667mx8TOiDKMcpsVeoiEmdEyG0LVUkAi0n82PnuJzqwxwKJUtYfBc/T2RkUjrNApsZ0TMSC97M/E/r5uY8MbPmIgTA4IuFoUJx0biWQJ4wBRQw1NLCFXM3orpiChCjc2paEPwll9eJa3Lqler1h6uyvXbPI4COkVnqII8dI3q6B41UBNR9ISe0St6cybOi/PufCxa15x85gT9gfP5A3nCkew=</latexit>

fω(y)

<latexit sha1_base64="gfDDG5HdC2uj59mXU+2xx3lABwE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfi+MwA==</latexit>

1
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Charge measurement

Observe a1 = θf ′ϵ (y)dy can be viewed as a flat connection

More generally, Ureg = exp
(
i
∫
[−ϵ,ϵ]×Md−1 a1 ∧ ∗ j

)
with da1 = 0

Dragging defect Ureg past local operator ϕ produces a phase

ϕ′(x , y) = exp

(
i

∫ y

−ϵ
a1

)
ϕ(x , y)

<latexit sha1_base64="TDZ5kXVcRihTN/44IH5FtXDuleA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfFwXWvdFnGU4QzO4RI8aEIL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEXGo5K</latexit>

ω

<latexit sha1_base64="TDZ5kXVcRihTN/44IH5FtXDuleA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfFwXWvdFnGU4QzO4RI8aEIL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEXGo5K</latexit>

ω

<latexit sha1_base64="TDZ5kXVcRihTN/44IH5FtXDuleA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfFwXWvdFnGU4QzO4RI8aEIL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEXGo5K</latexit>

ω

<latexit sha1_base64="5bCyd0gYv8CeZMXZW/avxKBuZUk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9XDEkPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VJKYmSCbXzt1z6wycCOlbUl05+rviYzExkzi0HbGBEdm2ZuJ/3ndFKPrIOMySZFJulgUpcJF5c5edwdcM4piYgmhmttbXToimlC0AZVsCP7yy6ukdVH1a9Xa/WWlfpPHUYQTOIVz8OEK6nAHDWgChUd4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/p4mPMw==</latexit>

ω

<latexit sha1_base64="w9hvxVEtH0CwHtdl/UDboK03PwY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6WGiuYhlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7vlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jwZcIXMiIkllClubyVsRBVlxkZUsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQwEPMMrvDmPzovz7nwsWgtOPnMMf+B8/gBQY5Ar</latexit>ω<latexit sha1_base64="BkoaWaG/r/0cIgdN3gnj4rgjAvs=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBC8GHZFosegF48RzEOSJcxOepMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0eh26reeQBum5IMdJxAKMpAsZpRYJz2edyExjCvZK5X9ij8DXiZBTsooR71X+ur2FU0FSEs5MaYT+IkNM6ItoxwmxW5qICF0RAbQcVQSASbMZgdP8KlT+jhW2pW0eKb+nsiIMGYsItcpiB2aRW8q/ud1UhtfhxmTSWpB0vmiOOXYKjz9HveZBmr52BFCNXO3YjokmlDrMiq6EILFl5dJ86ISVCvV+8ty7SaPo4CO0Qk6QwG6QjV0h+qogSgS6Bm9ojdPey/eu/cxb13x8pkj9Afe5w+68ZBi</latexit>→ω
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y

<latexit sha1_base64="zb3HUx65V2flCodkGMtEUUKzyjs=">AAAB9HicbVBNSwMxEM36WetX1aOXYBHqpeyKVI9FLx4r2A9ol5JNZ9vQbLIm2cKy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777aytb2xubRd2irt7+weHpaPjlpaJotCkkkvVCYgGzgQ0DTMcOrECEgUc2sH4bua3J6A0k+LRpDH4ERkKFjJKjJX8sN+DWDMuRSW96JfKbtWdA68SLydllKPRL331BpImEQhDOdG667mx8TOiDKMcpsVeoiEmdEyG0LVUkAi0n82PnuJzqwxwKJUtYfBc/T2RkUjrNApsZ0TMSC97M/E/r5uY8MbPmIgTA4IuFoUJx0biWQJ4wBRQw1NLCFXM3orpiChCjc2paEPwll9eJa3Lqler1h6uyvXbPI4COkVnqII8dI3q6B41UBNR9ISe0St6cybOi/PufCxa15x85gT9gfP5A3nCkew=</latexit>

fω(y)
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Hanging branes in holography

What objects in the supergravity bulk can mimic this behavior?

Consider hanging brane with effective action

Shanging =

∫
γ1×Md−1

a1 ∧ nI τIJ ∗ F J

γ1 an arc with endpoints on conformal boundary
a1 flat worldvolume U(1) gauge field with Dirichlet b.c.
nI encodes wrapping number of internal submanifold in X

Identify θI = αnI

α =
∫
γ1 a1 encodes “magnitude,” nI encodes “direction” of θ ∈ g

Operator labeled by g = exp(θ) ∈ G where exp : g → G
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Hanany-Witten transition

Hanging geometry as brane and anti-brane recombining in bulk
[Calvo-Mignosa-Rodriguez-Gomez ’25]

Dynamically stable (cf. [Bah-Bonetti-Chitoto-EL ’26])

(Partial) charge measurement ↔ Hanany-Witten transition

x
<latexit sha1_base64="rQIhgS/ykGN6tY+hrya2KZz6sw8=">AAAB8nicbVBNTwIxFHyLX4hfqEcvjcTEE9nlgB6JXjxiImACG9ItBRq67aZ9a0IIP8OLB43x6q/x5r+xC3tQcJImk5k36XsTJVJY9P1vr7CxubW9U9wt7e0fHB6Vj0/aVqeG8RbTUpvHiFouheItFCj5Y2I4jSPJO9HkNvM7T9xYodUDThMexnSkxFAwik7qdoS0WpEs3S9X/Kq/AFknQU4qkKPZL3/1BpqlMVfIJLW2G/gJhjNqUDDJ56VeanlC2YSOeNdRRWNuw9li5Tm5cMqADLVxTyFZqL8TMxpbO40jNxlTHNtVLxP/87opDq/DmVBJilyx5UfDVBLUJLufDIThDOXUEcqMcLsSNqaGMnQtlVwJwerJ66Rdqwb1av2+Vmnc5HUU4QzO4RICuIIG3EETWsBAwzO8wpuH3ov37n0sRwtenjmFP/A+fwAxdZE1</latexit>

Wilson line

<latexit sha1_base64="YZ/kliGIaY8b6dgFRFuV6iI45ck=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEoiUl1W3bisaB/QhjCZTNuhkwczE7GE/IobF4q49Ufc+TdO2iy09cCFwzn3ztx7vJgzqSzr2yitrK6tb5Q3K1vbO7t75n61I6NEENomEY9Ez8OSchbStmKK014sKA48Trve5Cb3u49USBaFD2oaUyfAo5ANGcFKS65ZHcRYKIY5uvLv3dQ/tTPXrFl1awa0TOyC1KBAyzW/Bn5EkoCGinAsZd+2YuWk+buE06wySCSNMZngEe1rGuKASied7Z6hY634aBgJXaFCM/X3RIoDKaeBpzsDrMZy0cvF/7x+ooaXTsrCOFE0JPOPhglHKkJ5EMhnghLFp5pgIpjeFZExFpgoHVdFh2AvnrxMOmd1u1Fv3J3XmtdFHGU4hCM4ARsuoAm30II2EHiCZ3iFNyMzXox342PeWjKKmQP4A+PzByhek+I=</latexit>

ωAdSd+1

<latexit sha1_base64="LrQ4XUg/XycPMggZD5InVsyHK4s=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe5SRMugjWUEkwjJEeY2c5cle3vn7l4gHPkdNhaK2Ppj7Pw3bj4KTXww8Hhvhpl5QSq4Nq777RQ2Nre2d4q7pb39g8Oj8vFJWyeZYthiiUjUYwAaBZfYMtwIfEwVQhwI7ASj25nfGaPSPJEPZpKiH0MkecgZGCv5Q5ARlxENFEjslytu1Z2DrhNvSSpkiWa//NUbJCyLURomQOuu56bGz0EZzgROS71MYwpsBBF2LZUQo/bz+dFTemGVAQ0TZUsaOld/T+QQaz2JA9sZgxnqVW8m/ud1MxNe+zmXaWZQssWiMBPUJHSWAB1whcyIiSXAFLe3UjYEBczYnEo2BG/15XXSrlW9erV+X6s0bpZxFMkZOSeXxCNXpEHuSJO0CCNP5Jm8kjdn7Lw4787HorXgLGdOyR84nz+nbpIJ</latexit>

hanging brane
<latexit sha1_base64="9Jlg9poN+eG7W5aK/3zCgy2YHL8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FgSkeqy6MaNUME+oEnLZDJph85MwsxEKCEbf8WNC0Xc+hnu/BunbRbaeuDC4Zx7ufeeIGFUacf5tpaWV1bX1ksb5c2t7Z1de2+/peJUYtLEMYtlJ0CKMCpIU1PNSCeRBPGAkXYwupn47UciFY3Fgx4nxOdoIGhEMdJG6tuH3gBxjnou9DTlRMG7XhaeuXnfrjhVZwq4SNyCVECBRt/+8sIYp5wIjRlSqus6ifYzJDXFjORlL1UkQXiEBqRrqEBmmZ9NH8jhiVFCGMXSlNBwqv6eyBBXaswD08mRHqp5byL+53VTHV35GRVJqonAs0VRyqCO4SQNGFJJsGZjQxCW1NwK8RBJhLXJrGxCcOdfXiSt86pbq9buLyr16yKOEjgCx+AUuOAS1MEtaIAmwCAHz+AVvFlP1ov1bn3MWpesYuYA/IH1+QNvf5Wt</latexit>

ω1 → Md→1

<latexit sha1_base64="YZ/kliGIaY8b6dgFRFuV6iI45ck=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEoiUl1W3bisaB/QhjCZTNuhkwczE7GE/IobF4q49Ufc+TdO2iy09cCFwzn3ztx7vJgzqSzr2yitrK6tb5Q3K1vbO7t75n61I6NEENomEY9Ez8OSchbStmKK014sKA48Trve5Cb3u49USBaFD2oaUyfAo5ANGcFKS65ZHcRYKIY5uvLv3dQ/tTPXrFl1awa0TOyC1KBAyzW/Bn5EkoCGinAsZd+2YuWk+buE06wySCSNMZngEe1rGuKASied7Z6hY634aBgJXaFCM/X3RIoDKaeBpzsDrMZy0cvF/7x+ooaXTsrCOFE0JPOPhglHKkJ5EMhnghLFp5pgIpjeFZExFpgoHVdFh2AvnrxMOmd1u1Fv3J3XmtdFHGU4hCM4ARsuoAm30II2EHiCZ3iFNyMzXox342PeWjKKmQP4A+PzByhek+I=</latexit>

ωAdSd+1

<latexit sha1_base64="0hr1eV/EoTygXizjnjGamCgoqVs=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZK0pnVX7MZlBfuAJpbJdNIOnUzCzEQoob/hxoUibv0Zd/6Nk7aCih4YOJxzL/fMCRJGpbKsD6Owtr6xuVXcLu3s7u0flA+PujJOBSYdHLNY9AMkCaOcdBRVjPQTQVAUMNILpq3c790TIWnMb9UsIX6ExpyGFCOlJc+LkJpgxGDrzh6WK5Z52XCdCwdapmXVnaqbE6dec6rQ1kqOClihPSy/e6MYpxHhCjMk5cC2EuVnSCiKGZmXvFSSBOEpGpOBphxFRPrZIvMcnmllBMNY6McVXKjfNzIUSTmLAj2ZZ5S/vVz8yxukKmz4GeVJqgjHy0NhyqCKYV4AHFFBsGIzTRAWVGeFeIIEwkrXVNIlfP0U/k+6jmm7pntTqzSvVnUUwQk4BefABnXQBNegDToAgwQ8gCfwbKTGo/FivC5HC8Zq5xj8gPH2CZNokWk=</latexit>

C1

Zero-width limit?

Tachyon condensation ⇒ non-BPS brane localized on boundary
[Bergman-Garcia-Valdecasas-Mignosa-Rodriguez-Gomez ’24, Calvo-Mignosa-Rodriguez-Gomez ’25]

Incompatible with gravity turned on; must have finite width and
tension [Bah-Jefferson-Roumpedakis-Waddleton ’24]
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Hanany-Witten transition

Hanging geometry as brane and anti-brane recombining in bulk
[Calvo-Mignosa-Rodriguez-Gomez ’25]

Dynamically stable (cf. [Bah-Bonetti-Chitoto-EL ’26])

(Partial) charge measurement ↔ Hanany-Witten transition

x
<latexit sha1_base64="rQIhgS/ykGN6tY+hrya2KZz6sw8=">AAAB8nicbVBNTwIxFHyLX4hfqEcvjcTEE9nlgB6JXjxiImACG9ItBRq67aZ9a0IIP8OLB43x6q/x5r+xC3tQcJImk5k36XsTJVJY9P1vr7CxubW9U9wt7e0fHB6Vj0/aVqeG8RbTUpvHiFouheItFCj5Y2I4jSPJO9HkNvM7T9xYodUDThMexnSkxFAwik7qdoS0WpEs3S9X/Kq/AFknQU4qkKPZL3/1BpqlMVfIJLW2G/gJhjNqUDDJ56VeanlC2YSOeNdRRWNuw9li5Tm5cMqADLVxTyFZqL8TMxpbO40jNxlTHNtVLxP/87opDq/DmVBJilyx5UfDVBLUJLufDIThDOXUEcqMcLsSNqaGMnQtlVwJwerJ66Rdqwb1av2+Vmnc5HUU4QzO4RICuIIG3EETWsBAwzO8wpuH3ov37n0sRwtenjmFP/A+fwAxdZE1</latexit>

Wilson line

<latexit sha1_base64="YZ/kliGIaY8b6dgFRFuV6iI45ck=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEoiUl1W3bisaB/QhjCZTNuhkwczE7GE/IobF4q49Ufc+TdO2iy09cCFwzn3ztx7vJgzqSzr2yitrK6tb5Q3K1vbO7t75n61I6NEENomEY9Ez8OSchbStmKK014sKA48Trve5Cb3u49USBaFD2oaUyfAo5ANGcFKS65ZHcRYKIY5uvLv3dQ/tTPXrFl1awa0TOyC1KBAyzW/Bn5EkoCGinAsZd+2YuWk+buE06wySCSNMZngEe1rGuKASied7Z6hY634aBgJXaFCM/X3RIoDKaeBpzsDrMZy0cvF/7x+ooaXTsrCOFE0JPOPhglHKkJ5EMhnghLFp5pgIpjeFZExFpgoHVdFh2AvnrxMOmd1u1Fv3J3XmtdFHGU4hCM4ARsuoAm30II2EHiCZ3iFNyMzXox342PeWjKKmQP4A+PzByhek+I=</latexit>

ωAdSd+1

<latexit sha1_base64="LrQ4XUg/XycPMggZD5InVsyHK4s=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe5SRMugjWUEkwjJEeY2c5cle3vn7l4gHPkdNhaK2Ppj7Pw3bj4KTXww8Hhvhpl5QSq4Nq777RQ2Nre2d4q7pb39g8Oj8vFJWyeZYthiiUjUYwAaBZfYMtwIfEwVQhwI7ASj25nfGaPSPJEPZpKiH0MkecgZGCv5Q5ARlxENFEjslytu1Z2DrhNvSSpkiWa//NUbJCyLURomQOuu56bGz0EZzgROS71MYwpsBBF2LZUQo/bz+dFTemGVAQ0TZUsaOld/T+QQaz2JA9sZgxnqVW8m/ud1MxNe+zmXaWZQssWiMBPUJHSWAB1whcyIiSXAFLe3UjYEBczYnEo2BG/15XXSrlW9erV+X6s0bpZxFMkZOSeXxCNXpEHuSJO0CCNP5Jm8kjdn7Lw4787HorXgLGdOyR84nz+nbpIJ</latexit>

hanging brane
<latexit sha1_base64="9Jlg9poN+eG7W5aK/3zCgy2YHL8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FgSkeqy6MaNUME+oEnLZDJph85MwsxEKCEbf8WNC0Xc+hnu/BunbRbaeuDC4Zx7ufeeIGFUacf5tpaWV1bX1ksb5c2t7Z1de2+/peJUYtLEMYtlJ0CKMCpIU1PNSCeRBPGAkXYwupn47UciFY3Fgx4nxOdoIGhEMdJG6tuH3gBxjnou9DTlRMG7XhaeuXnfrjhVZwq4SNyCVECBRt/+8sIYp5wIjRlSqus6ifYzJDXFjORlL1UkQXiEBqRrqEBmmZ9NH8jhiVFCGMXSlNBwqv6eyBBXaswD08mRHqp5byL+53VTHV35GRVJqonAs0VRyqCO4SQNGFJJsGZjQxCW1NwK8RBJhLXJrGxCcOdfXiSt86pbq9buLyr16yKOEjgCx+AUuOAS1MEtaIAmwCAHz+AVvFlP1ov1bn3MWpesYuYA/IH1+QNvf5Wt</latexit>

ω1 → Md→1

<latexit sha1_base64="YZ/kliGIaY8b6dgFRFuV6iI45ck=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEoiUl1W3bisaB/QhjCZTNuhkwczE7GE/IobF4q49Ufc+TdO2iy09cCFwzn3ztx7vJgzqSzr2yitrK6tb5Q3K1vbO7t75n61I6NEENomEY9Ez8OSchbStmKK014sKA48Trve5Cb3u49USBaFD2oaUyfAo5ANGcFKS65ZHcRYKIY5uvLv3dQ/tTPXrFl1awa0TOyC1KBAyzW/Bn5EkoCGinAsZd+2YuWk+buE06wySCSNMZngEe1rGuKASied7Z6hY634aBgJXaFCM/X3RIoDKaeBpzsDrMZy0cvF/7x+ooaXTsrCOFE0JPOPhglHKkJ5EMhnghLFp5pgIpjeFZExFpgoHVdFh2AvnrxMOmd1u1Fv3J3XmtdFHGU4hCM4ARsuoAm30II2EHiCZ3iFNyMzXox342PeWjKKmQP4A+PzByhek+I=</latexit>

ωAdSd+1

<latexit sha1_base64="0hr1eV/EoTygXizjnjGamCgoqVs=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZK0pnVX7MZlBfuAJpbJdNIOnUzCzEQoob/hxoUibv0Zd/6Nk7aCih4YOJxzL/fMCRJGpbKsD6Owtr6xuVXcLu3s7u0flA+PujJOBSYdHLNY9AMkCaOcdBRVjPQTQVAUMNILpq3c790TIWnMb9UsIX6ExpyGFCOlJc+LkJpgxGDrzh6WK5Z52XCdCwdapmXVnaqbE6dec6rQ1kqOClihPSy/e6MYpxHhCjMk5cC2EuVnSCiKGZmXvFSSBOEpGpOBphxFRPrZIvMcnmllBMNY6McVXKjfNzIUSTmLAj2ZZ5S/vVz8yxukKmz4GeVJqgjHy0NhyqCKYV4AHFFBsGIzTRAWVGeFeIIEwkrXVNIlfP0U/k+6jmm7pntTqzSvVnUUwQk4BefABnXQBNegDToAgwQ8gCfwbKTGo/FivC5HC8Zq5xj8gPH2CZNokWk=</latexit>

C1

Zero-width limit?

Tachyon condensation ⇒ non-BPS brane localized on boundary
[Bergman-Garcia-Valdecasas-Mignosa-Rodriguez-Gomez ’24, Calvo-Mignosa-Rodriguez-Gomez ’25]

Incompatible with gravity turned on; must have finite width and
tension [Bah-Jefferson-Roumpedakis-Waddleton ’24]

Enoch Leung (MPI MiS) Continuous Symmetries in Holography Murcia workshop 16 / 28



Hanging brane fusion

BCH formula gives non-commutative fusion

Uθ ⊗ Uθ′ = exp

(
i
(
θ + θ′ + 1

2
[θ, θ′] + . . .

)I ∫
Md−1

τIJ ∗ F J

)
If [θ, θ′] = 0, brane recombination:

If [θ, θ′] ̸= 0, non-trivial rearrangement of internal geometries
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Outline

1 Motivation

2 Wilson lines in holography

3 Charge measurement and regularization

4 Top-down constructions
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AdS5 × S5 in Type IIB

SO(6) isometry ↔ R-symmetry in 4d N = 4 SU(N) YM theory

Seff =

∫
AdS5

[
− 1

4
τFab ∧ ∗F ab − kCS5(A)

]
τ = τflux + τEH = N2

8π2L , k = N2 − 1

Wilson line: D3-brane wrapping some maximal S3 ⊂ S5

Useful to treat as Hopf fibration S1 ↪→ S3 → S2 ⊂ CP2 ∼= S5/S1
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AdS5 × S5 in Type IIB (cont’d)

Symmetry generator: bound state of D5-brane and KK monopole

Responsible respectively for τflux and τEH

Wrap internal 2-cycle Σ2 that intersects non-trivially with S2 ⊂ CP2

SD5 ⊃ 2π

∫
γ1×M3×Σ2

a1 ∧ P[G5]

=
αD5m

ab

2g2
flux

∫
M3

∗Fab

Worldvolume gauge field a1 identified with

Chan-Paton gauge field on D5-brane
Composite gauge field constructed out of two compact scalars φ, φ̃ on
KK monopole, i.e. a1 =

1
2 (φ̃dφ− φdφ̃)
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AdS5 × S5 in Type IIB (cont’d)

Symmetry generator: bound state of D5-brane and KK monopole

Responsible respectively for τflux and τEH

Wrap internal 2-cycle Σ2 that intersects non-trivially with S2 ⊂ CP2

SD5 ⊃ 2π

∫
γ1×M3×Σ2

a1 ∧ P[G5] =
αD5m

ab

2g2
flux

∫
M3

∗Fab

Worldvolume gauge field a1 identified with

Chan-Paton gauge field on D5-brane
Composite gauge field constructed out of two compact scalars φ, φ̃ on
KK monopole, i.e. a1 =

1
2 (φ̃dφ− φdφ̃)
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AdS5 × S5 in Type IIB (cont’d)

x
<latexit sha1_base64="rQIhgS/ykGN6tY+hrya2KZz6sw8=">AAAB8nicbVBNTwIxFHyLX4hfqEcvjcTEE9nlgB6JXjxiImACG9ItBRq67aZ9a0IIP8OLB43x6q/x5r+xC3tQcJImk5k36XsTJVJY9P1vr7CxubW9U9wt7e0fHB6Vj0/aVqeG8RbTUpvHiFouheItFCj5Y2I4jSPJO9HkNvM7T9xYodUDThMexnSkxFAwik7qdoS0WpEs3S9X/Kq/AFknQU4qkKPZL3/1BpqlMVfIJLW2G/gJhjNqUDDJ56VeanlC2YSOeNdRRWNuw9li5Tm5cMqADLVxTyFZqL8TMxpbO40jNxlTHNtVLxP/87opDq/DmVBJilyx5UfDVBLUJLufDIThDOXUEcqMcLsSNqaGMnQtlVwJwerJ66Rdqwb1av2+Vmnc5HUU4QzO4RICuIIG3EETWsBAwzO8wpuH3ov37n0sRwtenjmFP/A+fwAxdZE1</latexit>

Wilson line

<latexit sha1_base64="YZ/kliGIaY8b6dgFRFuV6iI45ck=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEoiUl1W3bisaB/QhjCZTNuhkwczE7GE/IobF4q49Ufc+TdO2iy09cCFwzn3ztx7vJgzqSzr2yitrK6tb5Q3K1vbO7t75n61I6NEENomEY9Ez8OSchbStmKK014sKA48Trve5Cb3u49USBaFD2oaUyfAo5ANGcFKS65ZHcRYKIY5uvLv3dQ/tTPXrFl1awa0TOyC1KBAyzW/Bn5EkoCGinAsZd+2YuWk+buE06wySCSNMZngEe1rGuKASied7Z6hY634aBgJXaFCM/X3RIoDKaeBpzsDrMZy0cvF/7x+ooaXTsrCOFE0JPOPhglHKkJ5EMhnghLFp5pgIpjeFZExFpgoHVdFh2AvnrxMOmd1u1Fv3J3XmtdFHGU4hCM4ARsuoAm30II2EHiCZ3iFNyMzXox342PeWjKKmQP4A+PzByhek+I=</latexit>

ωAdSd+1

<latexit sha1_base64="LrQ4XUg/XycPMggZD5InVsyHK4s=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe5SRMugjWUEkwjJEeY2c5cle3vn7l4gHPkdNhaK2Ppj7Pw3bj4KTXww8Hhvhpl5QSq4Nq777RQ2Nre2d4q7pb39g8Oj8vFJWyeZYthiiUjUYwAaBZfYMtwIfEwVQhwI7ASj25nfGaPSPJEPZpKiH0MkecgZGCv5Q5ARlxENFEjslytu1Z2DrhNvSSpkiWa//NUbJCyLURomQOuu56bGz0EZzgROS71MYwpsBBF2LZUQo/bz+dFTemGVAQ0TZUsaOld/T+QQaz2JA9sZgxnqVW8m/ud1MxNe+zmXaWZQssWiMBPUJHSWAB1whcyIiSXAFLe3UjYEBczYnEo2BG/15XXSrlW9erV+X6s0bpZxFMkZOSeXxCNXpEHuSJO0CCNP5Jm8kjdn7Lw4787HorXgLGdOyR84nz+nbpIJ</latexit>

hanging brane
<latexit sha1_base64="9Jlg9poN+eG7W5aK/3zCgy2YHL8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FgSkeqy6MaNUME+oEnLZDJph85MwsxEKCEbf8WNC0Xc+hnu/BunbRbaeuDC4Zx7ufeeIGFUacf5tpaWV1bX1ksb5c2t7Z1de2+/peJUYtLEMYtlJ0CKMCpIU1PNSCeRBPGAkXYwupn47UciFY3Fgx4nxOdoIGhEMdJG6tuH3gBxjnou9DTlRMG7XhaeuXnfrjhVZwq4SNyCVECBRt/+8sIYp5wIjRlSqus6ifYzJDXFjORlL1UkQXiEBqRrqEBmmZ9NH8jhiVFCGMXSlNBwqv6eyBBXaswD08mRHqp5byL+53VTHV35GRVJqonAs0VRyqCO4SQNGFJJsGZjQxCW1NwK8RBJhLXJrGxCcOdfXiSt86pbq9buLyr16yKOEjgCx+AUuOAS1MEtaIAmwCAHz+AVvFlP1ov1bn3MWpesYuYA/IH1+QNvf5Wt</latexit>

ω1 → Md→1

<latexit sha1_base64="YZ/kliGIaY8b6dgFRFuV6iI45ck=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEoiUl1W3bisaB/QhjCZTNuhkwczE7GE/IobF4q49Ufc+TdO2iy09cCFwzn3ztx7vJgzqSzr2yitrK6tb5Q3K1vbO7t75n61I6NEENomEY9Ez8OSchbStmKK014sKA48Trve5Cb3u49USBaFD2oaUyfAo5ANGcFKS65ZHcRYKIY5uvLv3dQ/tTPXrFl1awa0TOyC1KBAyzW/Bn5EkoCGinAsZd+2YuWk+buE06wySCSNMZngEe1rGuKASied7Z6hY634aBgJXaFCM/X3RIoDKaeBpzsDrMZy0cvF/7x+ooaXTsrCOFE0JPOPhglHKkJ5EMhnghLFp5pgIpjeFZExFpgoHVdFh2AvnrxMOmd1u1Fv3J3XmtdFHGU4hCM4ARsuoAm30II2EHiCZ3iFNyMzXox342PeWjKKmQP4A+PzByhek+I=</latexit>

ωAdSd+1

<latexit sha1_base64="0hr1eV/EoTygXizjnjGamCgoqVs=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZK0pnVX7MZlBfuAJpbJdNIOnUzCzEQoob/hxoUibv0Zd/6Nk7aCih4YOJxzL/fMCRJGpbKsD6Owtr6xuVXcLu3s7u0flA+PujJOBSYdHLNY9AMkCaOcdBRVjPQTQVAUMNILpq3c790TIWnMb9UsIX6ExpyGFCOlJc+LkJpgxGDrzh6WK5Z52XCdCwdapmXVnaqbE6dec6rQ1kqOClihPSy/e6MYpxHhCjMk5cC2EuVnSCiKGZmXvFSSBOEpGpOBphxFRPrZIvMcnmllBMNY6McVXKjfNzIUSTmLAj2ZZ5S/vVz8yxukKmz4GeVJqgjHy0NhyqCKYV4AHFFBsGIzTRAWVGeFeIIEwkrXVNIlfP0U/k+6jmm7pntTqzSvVnUUwQk4BefABnXQBNegDToAgwQ8gCfwbKTGo/FivC5HC8Zq5xj8gPH2CZNokWk=</latexit>

C1

Passing D3 through D5 leaves behind F1-strings with phase

exp

(
2πinF1

∫
γ1

a1

)
= exp

(
i 12qabθ

ab
)

nF1 intersection number of D3 and D5 within CP2

Irrep R of Wilson line can be determined by measuring qab of D3 with
multiple different D5s

Can get spin rep. in SU(4) by setting qab half-integral
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AdS5 × T 1,1 in Type IIB

Dual to 4d N = 1 SU(N)× SU(N) gauge theory [Klebanov-Witten ’98]

Hopf fibration: S1 ↪→ T 1,1 → S2
1 × S2

2

Topologically equivalent to S2 × S3

(SU(2)1×SU(2)2)/Z2×U(1)R isometry + U(1)B baryonic symmetry

SU(2)1 from CP1
1
∼= S2

1 , and SU(2)2 from CP1
2
∼= S2

2

U(1)R from Hopf fiber S1

U(1)B from reducing RR 4-form C4 over homological S3
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AdS5 × T 1,1 in Type IIB (cont’d)

Construct 3-spheres

S1 ↪→ S3
1 → CP1

1, S1 ↪→ S3
2 → CP1

2

SU(2)1 Wilson line: D3-brane wrapping CP0
1 × S3

2

SU(2)2 Wilson line: D3-brane wrapping CP0
2 × S3

1

U(1)R Wilson line: D3-brane wrapping S1 ↪→ Σ3 → PD(J)

J is the Kähler form of the base CP1
1 × CP1

2

U(1)B Wilson line: D3-brane wrapping homological S3

Symmetry generators: D5-KK bound states wrapping suitable internal
submanifolds in CP1

1 × CP1
2
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Fusion dynamics

Each hanging D5 can be viewed as a D5-D5 pair

Tachyon condensation on inner D5-D5’ gives non-BPS D4

D4 reopens into D5’-D5 with correct orientation

Viewed as a stack of two hanging D5s

(Non-Abelian) relative modes decouple [Bah-EL-Waddleton ’23]
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AdS4 × S7 in M-theory

SO(8) isometry ↔ R-symmetry in 3d N = 8 SCFT

Wilson line: M5-brane wrapping maximal S5 ⊂ S7

Useful to treat as Hopf fibration S1 ↪→ S5 → CP2 ⊂ CP3 ∼= S7/S1

Symmetry generator: bound state of M5-brane and KK monopole
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AdS4 × S7 in M-theory (cont’d)

M5 has a chiral 2-form b2 but not a 1-form like in D5, how do we get
an effective worldvolume 1-form a1 on the defect?

Take b2 ≈ a1 ∧ vol(S1)

SM5 ⊃ −2π

∫
γ1×M2×S3

b2 ∧ P[G4] = −2π

∫
γ1×M2×CP1

a1 ∧ P[G4]

Internal S3 constructed as S1 ↪→ S3 → CP1 ⊂ CP3

IIA description: D4-brane wrapping CP1; Chan-Paton field a1

KK monopole in M-theory has a 7d worldvolume, but it also has a
1-form worldvolume field

Compensate by wrapping an internal 4-manifold CP2 such that

CP1
M5 ⊂ CP2

KK ⊂ CP3
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AdS4 × S7 in M-theory (cont’d)

x
<latexit sha1_base64="rQIhgS/ykGN6tY+hrya2KZz6sw8=">AAAB8nicbVBNTwIxFHyLX4hfqEcvjcTEE9nlgB6JXjxiImACG9ItBRq67aZ9a0IIP8OLB43x6q/x5r+xC3tQcJImk5k36XsTJVJY9P1vr7CxubW9U9wt7e0fHB6Vj0/aVqeG8RbTUpvHiFouheItFCj5Y2I4jSPJO9HkNvM7T9xYodUDThMexnSkxFAwik7qdoS0WpEs3S9X/Kq/AFknQU4qkKPZL3/1BpqlMVfIJLW2G/gJhjNqUDDJ56VeanlC2YSOeNdRRWNuw9li5Tm5cMqADLVxTyFZqL8TMxpbO40jNxlTHNtVLxP/87opDq/DmVBJilyx5UfDVBLUJLufDIThDOXUEcqMcLsSNqaGMnQtlVwJwerJ66Rdqwb1av2+Vmnc5HUU4QzO4RICuIIG3EETWsBAwzO8wpuH3ov37n0sRwtenjmFP/A+fwAxdZE1</latexit>

Wilson line

<latexit sha1_base64="YZ/kliGIaY8b6dgFRFuV6iI45ck=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEoiUl1W3bisaB/QhjCZTNuhkwczE7GE/IobF4q49Ufc+TdO2iy09cCFwzn3ztx7vJgzqSzr2yitrK6tb5Q3K1vbO7t75n61I6NEENomEY9Ez8OSchbStmKK014sKA48Trve5Cb3u49USBaFD2oaUyfAo5ANGcFKS65ZHcRYKIY5uvLv3dQ/tTPXrFl1awa0TOyC1KBAyzW/Bn5EkoCGinAsZd+2YuWk+buE06wySCSNMZngEe1rGuKASied7Z6hY634aBgJXaFCM/X3RIoDKaeBpzsDrMZy0cvF/7x+ooaXTsrCOFE0JPOPhglHKkJ5EMhnghLFp5pgIpjeFZExFpgoHVdFh2AvnrxMOmd1u1Fv3J3XmtdFHGU4hCM4ARsuoAm30II2EHiCZ3iFNyMzXox342PeWjKKmQP4A+PzByhek+I=</latexit>

ωAdSd+1

<latexit sha1_base64="LrQ4XUg/XycPMggZD5InVsyHK4s=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe5SRMugjWUEkwjJEeY2c5cle3vn7l4gHPkdNhaK2Ppj7Pw3bj4KTXww8Hhvhpl5QSq4Nq777RQ2Nre2d4q7pb39g8Oj8vFJWyeZYthiiUjUYwAaBZfYMtwIfEwVQhwI7ASj25nfGaPSPJEPZpKiH0MkecgZGCv5Q5ARlxENFEjslytu1Z2DrhNvSSpkiWa//NUbJCyLURomQOuu56bGz0EZzgROS71MYwpsBBF2LZUQo/bz+dFTemGVAQ0TZUsaOld/T+QQaz2JA9sZgxnqVW8m/ud1MxNe+zmXaWZQssWiMBPUJHSWAB1whcyIiSXAFLe3UjYEBczYnEo2BG/15XXSrlW9erV+X6s0bpZxFMkZOSeXxCNXpEHuSJO0CCNP5Jm8kjdn7Lw4787HorXgLGdOyR84nz+nbpIJ</latexit>

hanging brane
<latexit sha1_base64="9Jlg9poN+eG7W5aK/3zCgy2YHL8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FgSkeqy6MaNUME+oEnLZDJph85MwsxEKCEbf8WNC0Xc+hnu/BunbRbaeuDC4Zx7ufeeIGFUacf5tpaWV1bX1ksb5c2t7Z1de2+/peJUYtLEMYtlJ0CKMCpIU1PNSCeRBPGAkXYwupn47UciFY3Fgx4nxOdoIGhEMdJG6tuH3gBxjnou9DTlRMG7XhaeuXnfrjhVZwq4SNyCVECBRt/+8sIYp5wIjRlSqus6ifYzJDXFjORlL1UkQXiEBqRrqEBmmZ9NH8jhiVFCGMXSlNBwqv6eyBBXaswD08mRHqp5byL+53VTHV35GRVJqonAs0VRyqCO4SQNGFJJsGZjQxCW1NwK8RBJhLXJrGxCcOdfXiSt86pbq9buLyr16yKOEjgCx+AUuOAS1MEtaIAmwCAHz+AVvFlP1ov1bn3MWpesYuYA/IH1+QNvf5Wt</latexit>

ω1 → Md→1

<latexit sha1_base64="YZ/kliGIaY8b6dgFRFuV6iI45ck=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBZBEEoiUl1W3bisaB/QhjCZTNuhkwczE7GE/IobF4q49Ufc+TdO2iy09cCFwzn3ztx7vJgzqSzr2yitrK6tb5Q3K1vbO7t75n61I6NEENomEY9Ez8OSchbStmKK014sKA48Trve5Cb3u49USBaFD2oaUyfAo5ANGcFKS65ZHcRYKIY5uvLv3dQ/tTPXrFl1awa0TOyC1KBAyzW/Bn5EkoCGinAsZd+2YuWk+buE06wySCSNMZngEe1rGuKASied7Z6hY634aBgJXaFCM/X3RIoDKaeBpzsDrMZy0cvF/7x+ooaXTsrCOFE0JPOPhglHKkJ5EMhnghLFp5pgIpjeFZExFpgoHVdFh2AvnrxMOmd1u1Fv3J3XmtdFHGU4hCM4ARsuoAm30II2EHiCZ3iFNyMzXox342PeWjKKmQP4A+PzByhek+I=</latexit>

ωAdSd+1

<latexit sha1_base64="0hr1eV/EoTygXizjnjGamCgoqVs=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZK0pnVX7MZlBfuAJpbJdNIOnUzCzEQoob/hxoUibv0Zd/6Nk7aCih4YOJxzL/fMCRJGpbKsD6Owtr6xuVXcLu3s7u0flA+PujJOBSYdHLNY9AMkCaOcdBRVjPQTQVAUMNILpq3c790TIWnMb9UsIX6ExpyGFCOlJc+LkJpgxGDrzh6WK5Z52XCdCwdapmXVnaqbE6dec6rQ1kqOClihPSy/e6MYpxHhCjMk5cC2EuVnSCiKGZmXvFSSBOEpGpOBphxFRPrZIvMcnmllBMNY6McVXKjfNzIUSTmLAj2ZZ5S/vVz8yxukKmz4GeVJqgjHy0NhyqCKYV4AHFFBsGIzTRAWVGeFeIIEwkrXVNIlfP0U/k+6jmm7pntTqzSvVnUUwQk4BefABnXQBNegDToAgwQ8gCfwbKTGo/FivC5HC8Zq5xj8gPH2CZNokWk=</latexit>

C1

Passing M5WL through M5sym leaves behind M2-branes with phase

exp

(
2πinM2

∫
γ1×S1

b2

)
= exp

(
2πinF1

∫
γ1

a1

)
nM2 intersection number of M5WL and M5sym within CP3

IIA description: D4-D4 Hanany-Witten transition producing F1s
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Generalizations

AdS5 × SE5 in Type IIB

S5 and T 1,1 are regular Sasaki-Einstein 5-manifolds
Generically, S1 ↪→ SE5 → B4 with Kähler-Einstein base B4

E.g. B4 = dPk del Pezzo surfaces, k = 3, . . . , 8

D3 Wilson lines & D5-KK symmetry generators

AdS4 × SE7 in M-theory

S7 is a regular Sasaki-Einstein 7-manifold
Generically, S1 ↪→ SE7 → B6 with Kähler-Einstein base B6

E.g. B6 = CP2 × CP1 or CP1 × CP1 × CP1

M5 Wilson lines & M5-KK symmetry generators
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Summary & open questions

Defining continuous symmetry operators in QFTs is surprisingly subtle

Regularization should be taken into account

String theory and holography provide natural candidates

Clear geometric interpretation of charge measurement in terms of
Hanany-Witten transitions in the bulk

Non-Sasaki-Einstein examples?

Ingredients to construct SymTFT for continuous symmetries?

Fate of global symmetries in quantum gravity?
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