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• Over the last decade there has been a revolution in our understanding of 
global symmetries in field theory and their fate upon the inclusion of 
dynamical gravity.


• It was key to realize that symmetries are associated to the existence of defect 
operators supported on submanifolds of spacetime on which they depend 
topologically

• extension to higher-form symmetries (continuous or discrete)


• possible “exotic OPEs” for defects (non-invertible symmetries)

Gaiotto, Kapustin, Seiberg & Willett’14



• It is natural to ask about the holographic avatar of these developments


• Along a different, yet related, line, it has proven useful to strip-off the notion of 
symmetry from particular realizations. This gives rise to the so-called symTFT 
paradigm. It is also natural to ask about its holographic avatar

• Make more precise the holographic dictionary


• Potential bridge to quantum gravity insights 


• Further understanding of String Theory


• …

Today: we’ll try to (partially!) address these questions 

- what is the holographic realization of 
(continuous) symmetry operators? 

- can holography accommodate the symTFT? 
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Continuous symmetries in holography and 
non-BPS D-branes

• It is very interesting to study holographic CFT’s. A natural question is what is 
the bulk avatar of global symmetries


• Let us look to continuous symmetries


• Yet it is natural to look for the holographic avatar of symmetry in terms of 
topological defects

Global symmetry in   Gauge field in QFTd ↔ AdSd+1



• First of all, let us consider 10d string theory: it has RR potentials. Associated 
to those there would higher form U(1) global symmetries…but the existence 
of dynamical branes explicitly breaks these symmetries.


• Consider a Dp brane: it sources a p+2-form RR field strength satisfying


• Alternatively, the Dp brane links with a 7-p dimensional object: it would be a 
“wrong dimension” brane. String theory contains something like this: non-
BPS branes!!!

1
2π ∫M8−p

⋆ Fp+2 = 1 .

SD̃ p = − ∫Σp+1

dp+1x e−Φ V(T) −det(Gμν + ∂μT∂νT) + ∫Σp+1

W(T) dT ∧ Cp .

Warning: not a low-energy effective theory, but rather a theory whose eom. 
reproduce the BCFT describing the unstable D-brane 

Sen ’04



• The relevant facts here are


• In the presence of RR-field strengths we should use

• 


• 


• The Dp-1 brane is a tachyon kink in the non-BPS Dp, which requires  


V(T), W(T) > 0 & lim
T→∞

V(T) ∼ lim
T→∞

W(T) ∼ e
− T

2 .

V(0) = T̃p = 2 Tp .

∫
∞

−∞
dT V(T) = ∫

∞

−∞
dT W(T) = Tp−1 .

SWZ = ∫Σp+1

Z(T) Fp+1 . : crucially, note that the above requirements leave 
an ambiguity (for a D-brane it would be a gauge 
transformation, but not here)

dZ = W dT

Similar to Cornalba, Costa & Penedones ’04



• As a consequence, after the non-BPS brane decays to its vacuum it leaves 
behind a phase .


• So if we link q Dp’s with a non-BPS D7-p we find


• Thus the non-BPS brane measures the linked charge. 


• However it is non-topological: D-branes are dynamical and the would-be 
symmetry is explicitly broken.

ei α
2π ∫ Fp+1

= eiqα



• Let us now go to AdS


• Because of the z-factor, branes pushed to the boundary are infinitely heavy 
and become non-dynamical.


• Thus, a non-BPS D-brane at the boundary of AdS is topological!

ds2 =
dz2 + d ⃗x2

z2
+ ds2

X .

Natural candidates for the holographic realization of U(1) 
symmetry defects (note the emergence of the parameter 
labelling the operator!)

(see also Cvetic, Heckman, Hubner & Torres ’23, in terms of fuxbranes)

(Waddleton’24)



• Let us see an explicit example: consider the Klebanov-Witten (conformal) field 
theory (with gauge group )


• There is a global U(1) baryonic symmetry  under which 
determinant operators are charged (baryons).


• The holographic dual is . For our purposes .


• The baryonic gauge field in  comes from . It couples to D3-branes 
wrapping the : the baryons

SU(N) × SU(N)

(Ai, Bm) → (eiθAi, e−iθBm)

AdS5 × T1,1 T1,1 ∼ S2 × S3

AdS5 C4 = A ∧ ω3
S3

W = ϵij ϵmn Ai Bm Aj Bn .

Wilson line for baryon gauge field in AdS

z

⃗x

S2

S3x

N N

Gubser & Klebanov ’98



• Such D3 produces a 5-form field strength on the transverse space: consider a 
non-BPS D4 linking with the D5…


• …so we recover the expected action of the symmetry operator.

z

⃗x

S2

S3x
z

⃗x

S2

S3x
× eiα



R-symmetries and anomalies
• Symmetries dual to isometries look more complicated: the gauge field is in the 

metric


• Natural charged objects are KK-fluctuations, a.k.a. mesons in field theory. The 
corresponding particle is a gravitational wave. 


• What about the symmetry operators? It must feel the purely geometric flux…

ds2
X = gϕϕ(dϕ + ξ)2 + ds2

B → gϕϕ(dϕ + ξ + A)2 + ds2
B , (A, ϕ) → (A + dλ, ϕ + λ) .

SGW ⊃ − ∫AdS
A .

Lozano & Janssen ’02



• Natural candidate: non-BPS KK monopole, predicted by dualities


• Its wv. action can be constructed by consistency with the KK monopole wv 
action constructed by Eyras, Janssen & Lozano in 1998

D6 NS6B KKA KKB

→ S↑↑↓ → T→↑↑↓ →
T↑↑↑↓ →

D5 NS5B KKA KKB

(2.7)

Figure 1: Sequence of dualities predicting the boxed objects. Vertical arrows stand for

decay through a tachyon kink.

It is thus natural to conjecture that a non-BPS version of the KK monopole has to be
identified with the symmetry operator linking with the GW.

The existence of non-BPS KK monopoles can be predicted by S- and T-duality as
follows. Starting in Type IIB, we have non-BPS D6 branes. A tachyon kink on their
worldvolume gives rise to a localize BPS D5 brane [19]. By S-duality, we must then have
non-BPS NS6 branes, whose tachyon kink realizes a BPS NS5B brane [37]. Upon T-
duality along one of its transverse directions, the non-BPS NS6 gets mapped into another
object in type IIA String Theory, which we denote by KKA. Since T-duality along a
transverse direction of NS5B gives Type IIA KKA monopoles, consistency requires that
KKA decays into KKA. Hence we see that KKA plays the role of a non-BPS brane for a
KK monopole, namely it describes a non-BPS KK-monopole. Consistency with T-duality
along a worldvolume direction then requires the existence in IIB of a non-BPS KKB-
monopole supporting a tachyon realizing the decay into a type IIB BPS KKB monopole.
This is the object we are interested in. We summarize in fig. 1 our chain of dualities.

To see that the KKB couples to the Hodge dual field strength of the R-symmetry field,
let us first look to the worldvolume of a BPS KKB monopole. This was constructed in [27]
and, on top of the transverse directions it wraps, it has an associated Taub-NUT direction
related to an isometry of the internal space. Its WZ action reads [27, 38]

SWZ
KK = ↑2ωTKKB

∫

M6

K6 , TKKB =
1

(2ω)5
, (2.8)

where K6 is a curvature that can be expressed in terms of the background gauge fields and
worldvolume ones, which full expression can be found in [27]. The term of interest is the
monopole coupling within K6

K6 =
ıωN
2ω

+ · · · , (2.9)

where N is a 7-form potential to which KKB couples and is defined as ıωN = B̃6 in the
corresponding T-dual type IIA background. So, analogously to standard non-BPS branes,
the non-BPS KKB monopole can be constructed as an object su!ering an instability driven
by a real tachyon T with WZ term

6

SKKB
⊃ − TKKB ∫M7

W dT ∧ ık𝒩 ∼ α TKKB ∫M7

d(ık𝒩) ∼ α∫AdS
⋆AdS dA

ık𝒩 ∼ B̃6 ⇝ d(ık𝒩) ∼ e−Φ̃ ⋆̃ H̃3



• From Cassani & Faedo’2010 we can read-off a consistent truncation including 
the baryon and the R-symmetry gauge fields. Restricting to the gauge sector 


• The operators are (we list only electric for simplicity)


• The RRR anomaly forbids N bc for R-symmetry

SSymTh =
1

2ω

∫

M5

(
→ 1

2g2R
|dAR|2 →

1

2g2B
|dAB|2 +

εR

12ω
AR ↑ dAR ↑ dAR +

εB

4ω
AR ↑ dAB ↑ dAB

)
,

(3.18)

with couplings

1

g2R
=

9N2

16ω

(
2

k

) 2
3

,
1

g2B
=

3N2

2ω

(
2

k

) 2
3

. (3.19)

From the CS level εR, εB for AR and AB we can immediately holographically read o!
the ’t Hooft anomalies of the Klebanov-Witten theory following [46, 47]

εR = ARRR =
3

2
N2 , εB = ARBB = →2N2 . (3.20)

Reassuringly, these match, at first order in the large N expansion, the field theory ex-
pectation in (3.1). Notice that the reason why kRRR is not integer is that we assigned to
the bifundamentals Ai, Bi a minimal charge of 1

2 under the R-symmetry of the Klebanov-
Witten theory. However, when discussing the topological operators of the SymTh, it will
be convenient to rescale the minimal charge by substituting AR ↓ 2AR, for the holonomies
of AR to have 2ωZ periodicity rather than 4ωZ.

3.2 Charged and topological operators

We now study the charged and topological operators of the SymTh in eq. (3.18). The action
is gauge invariant (up to total derivatives) under the following gauge transformations

AB ↓ AB + d”(0)
B , AR ↓ AR + d”(0)

R ;

∮

M1

d”(0)
B ↔ 2ωZ ,

∮

M1

d”(0)
C ↔ 2ωZ .

(3.21)
The equations of motion are

d ϑ dAB → εBg2B
2ω

dAR ↑ dAB = 0, d ϑ dAR → εRg2R
4ω

dAR ↑ dAR → εBg2R
4ω

dAB ↑ dAB = 0 ,

(3.22)

so the following operators

U (3)
B (M3) = eiωB

∮
M3

(g→2
B εdAB→ωB

2ε AR↑dAB),

U (3)
R (M ↓

3) = e
iωR

∮
M↑

3
(g→2

R εdAR→ωR
4ε AR↑dAR→ωB

4ε AB↑dAB)
,

12
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2

k
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3
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3N2

2ω

(
2

k

) 2
3

. (3.19)
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correct anomaly coefficients!

essentially the symTh
Apruzzi, Bedogna & Dondi’24
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so the following operators

U (3)
B (M3) = eiωB

∮
M3

(g→2
B εdAB→ωB

2ε AR↑dAB),

U (3)
R (M ↓

3) = e
iωR

∮
M↑

3
(g→2

R εdAR→ωR
4ε AR↑dAR→ωB

4ε AB↑dAB)
,

12

are topological and gauge invariant under AR, AB transformations provided that

ωB → Z
εB

, ωR → Z
gcd(εR,εB)

, (3.23)

due to the additional Chern-Simons terms. So, in the bulk, the theory enjoys an invertible
ZωB ↑ Zgcd(ωR,ωB) global symmetry, under which the Wilson lines

W (1)
B (M1) = einB

∮
M1

AB , W (1)
R (M →

1) = e
inR

∮
M→

1
AR , (3.24)

are charged.
This symmetry can be enlarged by attaching a TQFT to make the symmetry operators

gauge invariant for a more general set of {ωB,ωR}. Examples of these extensions were
discussed in [28, 40–44] for theories su!ering ABJ anomalies. In the following, we adopt

the strategy of [28] and we introduce a set of worldvolume scalars ϑR for U (3)
B and ϑ→R, ϑB

for U (3)
R transforming under the gauge transformations as

ϑB ↓ ϑB ↔ ”(0)
B , ϑR ↓ ϑR ↔ ”(0)

R , ϑ→R ↓ ϑ→R ↔ ”(0)
R , (3.25)

such that the dressed operators

U (3)
B (M3) = eiεB

∮
M3

g↑2
B ϑdAB

∫
DϑR e↑iεB

ωB
4ε

∮
M3

(AR+dϖR)↓dAB , (3.26)

U (3)
R (M →

3) = e
iεR

∮
M→

3
g↑2
R ϑdAR

∫
Dϑ→RDϑBe

↑iεR
∮
M→

3
(ωB

4ε (AB+dϖB)↓dAB+
ωR
4ε (AR+dϖ→R)↓dAR) ,

(3.27)

are gauge invariant for any ωB, ωR.
The drawback of this procedure is that, although the action of these operators on

W (1)
B , W (1)

R is fully invertible, they act as projectors on configurations with non-trivial
fluxes of AB and AB, AR respectively. In other words, correlation functions between these
operators and any ’t Hooft lines for AB, AR are trivial.

The Bianchi identities d2AB = d2AR = 0 can be regarded as conservation equations of
2-form currents. The corresponding topological operators

V (2)
B (M2) = eiϱB

∮
M2

dAB , V (2)
R (M →

2) = e
iϱR

∮
M→

2
dAR ,

are gauge invariant and topological for any10 ϖB, ϖR → U(1). These operators measure the
charge of the ’t Hooft lines, which can be described as holonomies of the field Hodge dual
to AB, AR. These fields CB, CR can be constructed from solving the equations of motion
as

10The parameters are compact since the flux is quantized, so ωB ↗ ωB + 2ε and similarly for ωR.
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operators and any ’t Hooft lines for AB, AR are trivial.

The Bianchi identities d2AB = d2AR = 0 can be regarded as conservation equations of
2-form currents. The corresponding topological operators

V (2)
B (M2) = eiϱB

∮
M2

dAB , V (2)
R (M →

2) = e
iϱR

∮
M→

2
dAR ,

are gauge invariant and topological for any10 ϖB, ϖR → U(1). These operators measure the
charge of the ’t Hooft lines, which can be described as holonomies of the field Hodge dual
to AB, AR. These fields CB, CR can be constructed from solving the equations of motion
as

10The parameters are compact since the flux is quantized, so ωB ↗ ωB + 2ε and similarly for ωR.
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Garcia-Extebarria & Iqbal’22
enlarge with a TQFT

non-invertible

(AB, AR) = {(D, D) : KW
(N, D) : gauging U(1)B : non − invertible symmetries



• What about branes? Take for instance the non-BPS D4. Looking to its 
worldvolume including all the fluctuations of the background AND wv scalar 
fluctuations


• What about charged states? For mesons (GW) we saw how they are charged 
under the R-symmetry. Take a baryonic D3. Including again all gauge 
fluctuations

While it is clear that the operator defined by the D4 is topological by virtue of the
equations of motion (3.13)-(3.15), (4.2) shows that it is not gauge invariant under the
gauge transformation of AR → AR+dω for arbitrary ε. Since the A gauge transformations
should be accompanied by di!eomorphism shifting ϑ → ϑ+ ω, given our D4 sits at a fixed
value of ϑ, the isometry is broken explicitly. This suggests that, in order to recover gauge-
invariance of the worldvolume action, we need to consider a generic embedding where the
transverse coordinate to the brane along the fiber is dynamical. As a consequence, there
is an extra term from the pull-back of F5. All in all, the full action on the D4 is

SWZ
D4 = ε

∫

M3

(
g→2
B ϖ dAB ↑ ϱB

2ς
(AR + dφR) ↓ dAB

)
, (4.3)

where we are choosing a convenient normalization for the transverse scalar φR such that
φR → φR ↑ ω and we reabsorbed an overall numerical coe”cients in ε.

Let us stress that φR is a worldvolume field, so the worldvolume theory of the D4 will
include a path integral over φR on the defect. This explicitly realizes the chosen dressing
of symmetry operators in section 3.2.

The operator charged under this symmetry is a D3 brane wrapping the homological non-
trivial S3 of the conifold. We can take such S3 to be spanned by ↼1,ϑ1,↽ at ↼2 = ϑ2 = 0.
From (3.8) the relevant part of F5 is

F5 ↔
2k

3
dAB↓#↓⇀↑

k

3
dAR↓J↓⇀ = ↑d

(
2k

3

sin ↼1
18

(
AB ↑ 1

2
AR

)
↓ d↽ ↓ d↼1 ↓ dϑ1

)
↗ dC4 .

Thus, the WZ term of the D3 is

SWZ
D3 =

16ς2kTD3

27

∫

M1

(
AB ↑ 1

2
AR

)
, (4.4)

being ∫

S3

# ↓ ⇀ = ↑8ς2

9
. (4.5)

Since TD3 =
1

(2ω)3 , we see that

SWZ
D3 = N

∫

M1

AB ↑ N

2

∫

M1

AR . (4.6)

Indeed, the R-charge is the expected one for the dibaryon, since B = detA1, so$[B] = N↘ 1
2

and R[A1] =
1
2 .

4.1.1 Dual magnetic symmetry

The dual magnetic 1-form symmetry obtained from gauging the baryonic symmetry is also
implemented by a D4 brane, this time wrapping the S3 of the T 1,1. The relevant terms of
the F5 contributing when pullbacked on the D4 are still
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baryons have both baryon and R-charge



• So far we have implicitly consider abelian symmetries. What about non-
abelian? Isometry symmetries are a prototypical example…in particular the 
SO(6) R-symmetry of N=4 SYM. 


• Charged states first: let’s restrict to arguably the simplest class of operators…
1/2 BPS: [0,J,0] of SO(6) and dimension=J. Their SUGRA realization is

terms of KK fluctuations of the geometry (J → N) or in terms of giant/dual giant gravitons
(J ↑ N), which are D3 branes spinning in AdS5 ↓ S

5. The KK fluctuations correspond
to fluctuations of the geometry whose associated particles are probe gravitational waves
(GW). It is well-known that multiple coincident GWs undergo a dielectric expansion into
D3 giant gravitons, thus bridging the two regimes. In section 3 we turn to the symmetry
operators. Elaborating on [33], we propose that the symmetry operators include the non-
BPS KK monopoles of [32] as well as 4-branes [33]. In section 4 we argue that, analogously
to charged states, coincident 4-branes undergo a dielectric expansion into non-BPS KK
monopoles. In section 5, we propose the symTh and symTFT for the SO(6)R R-symmetry,
which should be behind the charged and symmetry operators that we found. We conclude
in section 6 with some final comments. We compile some relevant technical details of the
S
5 metric in Appendix A.

2 Charged operators

We are interested in the SO(6)R R-symmetry of 4dN = 4 SYM with unitary gauge group
of rank N . The Cartan torus of SO(6)R is U(1)3. The theory is dual to type IIB on
AdS5 ↓ S

5 with an additional F5 flux. Geometrically, each such U(1) acts rotating three
orthogonal planes (say 12, 34 and 56) in the R6 embedding space of the S

5 parametrized
by the coordinates µI

, I = 1, ..., 6. When regarded as a N = 1 theory, the combination of
the associated conserved currents that sit in the stress-energy tensor multiplet is 2

3 of the
sum of the three conserved currents related to the three orthogonal rotations.

A very natural set of operators charged under the R-symmetry symmetry are 1
2 BPS

operators OJ made out of the scalars inside the three chiral superfields (in N = 1 language)
of the theory. These come in representations of SO(6) with Dynkin labels [0, J, 0]. The
highest weight state has charge J under a U(1) inside the Cartan torus, and saturates the
BPS bound equating dimension and R-charge ! = J . Depending on the scaling of J with
N , the operators are di”erently realized in holography, as shown in Table 1.

J →
↔
N Supergravity KK fluctuation

J ↑
↔
N Macroscopic string spinning

J ↑ N Giant/dual giant graviton

J ↑ N
2 Black hole in AdS

Table 1: Holographic description of 1
2 BPS operators depending on their dimension/charge

In particular, the dimension of the operator is also related to its mass as ! = mR with
R the radius of the S

5 sphere. In the following, we will restrict to operators not so heavy
as to change the background geometry, which is simply AdS5 ↓ S

5. The unit S
5 can be

described by embedding coordinates µ
I into R6 subject to the constraint µI

µ
I = 1. The

metric is then dµ
I
dµ

I , and explicitly shows the SO(6)R as an isometry. For later purposes,
it will be relevant to consider the gauging of the isometries. This is done standardly (see

4

the GW we discussed

giants=GW’s puffed up due to Myers effect into a 
spinning D3

but D3’s link also with 4-branes…so both 4-branes 
and non-BPS KK monopoles link??

Janssen, Lozano & D.R-G’2005

turns out that non-BPS KK 
can be regarded as a Myers 
expansion of 4-branes

details in Mignosa & D.R-G’26

GW 4-branes


giants nonBPS KK

↔

↔
?

see also Bah, Bonetti, Chitoto & Leung’25, 26



non-BPS D-branes, symmetry operators and 
brane/antibrane pairs
• Let us restrict to abelian 0-form global symmetries in QFT’s in d-dimensions. 

For continuous symmetries, Noether’s theorem ensures (barring anomalies) 
the existence of a conserved 1-form current


• The modern perspective is that associated to the symmetry there are  
symmetry operators defined on d-1 dimensional manifolds whose 
dependence on the manifold is only topological


• On a charge q operator, the symmetry operator acts as

𝒪q(x) Uα(M) = eiqα 𝒪q ↔ = eiqα



• Let us try to see this by explicit computations. Consider a free complex scalar 
in d-dimensions:


• Consider a flat defect located at  and compute, say, the correlator 
 where


• Expanding the exponential, to order 

x0 = 0
⟨ϕ(x) ϕ⋆(y)Uα⟩

α2

S = ∫ ddx |∂ϕ |2 − V( |ϕ | ) ⇝ jμ = i (ϕ⋆∂μϕ − ϕ∂μϕ⋆) , ∂μ jμ = 0 .

we will mostly consider the free case

Uα = eiα ∫ dd−1 ⃗x j0|x0=0 = eiα ∫ ddx j0 δ(x0) .

⟨ϕ(x) ϕ⋆(y)Uα⟩ = ⟨ϕ(x) ϕ⋆(y)⟩+

+iα∫ ddz δ(z0) ⟨ϕ(x) ϕ⋆(y) j0(z)⟩ −
α
2 ∫ ddz1 ∫ dz2 δz0

1) δ(z0
2) ⟨ϕ(x) ϕ⋆(y) j0(z1) j0(z2)⟩ + ⋯



• One can see that


• Also


• where S is 

∫ ddz δ(z0) ⟨ϕ(x) ϕ⋆(y) j0(z)⟩ = ⟨ϕ(x) ϕ⋆(y)⟩ (θ(x0) − θ(y0)) ↔

∫ ddz1 ∫ dz2 δ(z0
1) δ(z0

2) ⟨ϕ(x) ϕ⋆(y) j0(z1) j0(z2)⟩ = ⟨ϕ(x) ϕ⋆(y)⟩ (θ(x0) − θ(y0))2 + S ,

S = − 2 δ(0) ∫ ddz δ(z0) ⟨ϕ(x) ϕ⋆(y) ϕϕ⋆(z)⟩ ↔ +

coincidence limit



• …so the defect doesn’t quite act as expected: there is a contact term. But one can 
define a (very mildly) modified defect


• In path integral language it all conspires so that


• So with the modified correlator, we are background-gauging the global symmetry. 
The background gauge field is actually a singular gauge transformation


• but this is precisely the effect of the defect .ϕ → eiα θ(x0) ϕ(x)

̂U α = Uα e−α2 ∫ ddz δ(z)2 ϕϕ⋆(z) ⇝ ⟨ϕ(x) ϕ⋆(y) ̂U α⟩ = eiα (θ(x0)−θ(y0)) ⟨ϕ(x) ϕ⋆(y)⟩ .

⟨ϕ(x) ϕ⋆(y) ̂U α⟩ = ∫ ϕ(x) ϕ⋆(y) ei ∫ ddx |Dϕ|2
, Dμ = ∂ + i Jμ , Jμ = δ0,μ α δ(x0) .

Jμ = ∂μ(α θ(x0)) ,

Bah, Jefferson, Roumpedakis & Waddleton ’24



• In our field theory exercise we saw that to get the correct result we should 
consider a (very mild) modified defect which takes into account a contact 
term.


• The contact term came from a short distance singularity


• The two delta’s can be regularized in many ways. A particularly nice 
regularization is to regard the delta as a limit of a lorentzian

S = − 2 δ(0) ∫ ddz δ(z0) ⟨ϕ(x) ϕ⋆(y) ϕϕ⋆(z) |⟩ ↔ +

coincidence limit

Like thickening the defect
Bah, Jefferson, Roumpedakis & Waddleton ’24



• Could one see this in the stringy version?


• Related to this, a non-BPS Dp brane can be regarded as an intermediate step 
in the decay of a Dp+1/anti Dp+1 system…can our symmetry operators be 
regarded in this way?


• The action is now

Sen ’03

S = ∫ V( |T | , Y) ( G + F + |DT |2 |D5 + G + F + |DT |2 |D5 )



• The upshot is that the D5/anti D5 system looks like


• Alternatively: a U-shaped D5!


• As a comment: it is well-known that the D5 is a  
DW

SU(N) × SU(N) → SU(N) × SU(N + 1)

z

⃗x
Y

z

⃗x

D5 D5
z

⃗x
Y

“fat” non-BPS D4
T



• Take a single D5: it contains a wv. coupling . As a consequence, 

the  eom. is : 


• As the D3 is dragged across the U, a string (=electric field) is created on the D5/
antiD5


• As the U becomes smaller, these the electric field on D5/antiD5 cancel each other…
possibly up to a gauge transformation


• …but through the anomaly this generates a baryonic gauge field

∫10d
C4 ∧ da ∧ δD5

C4 d(F5 − a ∧ δD5) = 0

Green, Harvey & Moore ’96

boundary of AdS5. This D4 brane naturally links with the baryonic D3 brane and carries
a hidden parameter on its worldvolume leaving behind the expected phase for the action
of a continuous symmetry operator.

As proposed in the previous section, we may regard the (fattened) non-BPS D4 as a
D5/D5 system. We now want to argue that this o!ers further insight into the proposed D4
as a symmetry defect. To that matter, we first consider a single D5 brane in AdS5 → T 1,1

wrapping M3 in the boundary, z and the S2 in the T 1,1. Such brane produces a RR 3-
form field strength flux with one unit over the S3. As a consequence, as a baryonic D3
is dragged across the D5 it develops a worldvolume tadpole which must be cancelled by
attaching one fundamental string. This allows to interpret the D5 as a domain wall from
SU(N)→SU(N) to SU(N)→SU(N+1) [31]. The addition of the extra D5 brane brings us
back to SU(N)→SU(N), so that the combined system D5/D5 system can be regarded as
a defect which is only sensitive to the baryons: as baryonic D3 branes are dragged across,
a F1 is created filling the resulting U -shaped D5, see fig. 4.

D2 |ℝP1

D3

D5 D5
D2 |ℝP1

D3

D5 D5

Figure 4: A string is created when a D3 brane crosses the D5/D5 system.

Moreover, since the U shaped D5 is assumed to be small, kinetic terms for worldvolume
fluctuations are frozen and the system becomes topological.

We can make explicit the relation to the baryonic symmetry. Let us consider first the
case of a single D5 brane. Such brane involves a worldvolume coupling of the form

SD5 ↑ ↓T5

∫
C4 ↔ da , (3.21)

where a is the worldvolume gauge field on the D5 brane. As a consequence, in the presence
of the D5, the equation of motion for C4 fluctuations is of the form

dF5 = da ↔ ωD5 , (3.22)

where ωD5 is a 4d Dirac delta supported on the worldvolume of the D5 brane M3, z and
S2. Thus, ωD5 has components along the transverse direction x to the defect (localized
at x = 0) and the S3. This can be written as d(F5 ↓ a ↔ ωD5) = 0. This shows that C4

must transform under a gauge transformations. Integrating F5 ↓ a↔ ωD5 on the S3 we find
(omitting unimportant numerical factors)

18

Gauge-invariant under (C4, a) → (C4 + λ δD5, a + dλ)

see also Bah, Bonetti, Chitoto & Leung’25, 26



symTFT and holography?
• So far we have been successful in finding the holographic avatar of symmetry 

operators, and they followed the rules dictated by the symTh read off from the 
appropriate SUGRA


• What about the symTFT? That looks more complicated

Marolf & Ross’06
incidentally: a loophole is a gauge field with no matter…like in U(N) N=4

• kosher holography does not allow arbitrary boundary conditions in . For instance, gauge 
fields in  can only have Dirichlet boundary conditions: abelian gauge fields are IR free.


• even if we forgot that, changing boundary conditions in standard holography is tantamount to 
changing a global into a gauged symmetry, which in the symTFT is a dramatic change.

AdSd+1
AdS>4



• Let’s look to the first issue. Suppose first some CFT with a U(1) global 
symmetry. Through holography


• Here  is to be interpreted as the partition function for the CFT with 
cut-off . Note that with the cut-off, any boundary condition is allowed


• …however by construction it imposes Dirichlet boundary conditions:

ΨIR[ϕ⋆]
Λ ∼ z−1

⋆

Z = ∫ 𝒟ϕ e−Sgravity = ∫ 𝒟ϕ⋆ [∫ 𝒟ϕ
z<z⋆

e
−S[ϕ]

z<z⋆] [∫ 𝒟ϕ
z>z⋆

e
−S[ϕ]

z>z⋆] = ∫ 𝒟Φ⋆ ΨUV[ϕ⋆] ΨIR[ϕ⋆]

Heemskerk & Polchinski’10 
…

S = ∫
1
2

dAp+1 ∧ ⋆dAp+1

D : S = ∫ 1
2 dAp+1 ∧ ⋆dAp+1

N : S = ∫ 1
2 dÃd−p−2 ∧ ⋆dÃd−p−2

⨁ D − boundary conditions



• While this is OK in the IR side, in the UV side it is generically not: arbitrary 
boundary conditions yield non-normalizable fields, so if we want to allow for 
this, the UV side must be “UV completed”. This means that the gauge sector 
will be


• …so let’s simply focus on the universal gauge part


• We can say a bit more…start with the D action and implement duality a la 
Rocek&Verlinde

S = ∫ℐ

1
2

dAq ∧ ⋆ℐdAq = ∫ℐ

1
2

fd−q ∧ ⋆ℐ fd−q + ifd−q ∧ dAq
topological!

3

From this point of view, only the fd→p → ωIfd→p term
in (4) is sensitive to the slab geometry. We propose to
interpret this term as the coupling to the physical de-
grees of freedom in the symTFT sense. In turn, the
term linear in fd→p is topological, does not depend on
the geometrical details of Id+1 –which hence can be re-
garded simply as an interval Id+1– and intrinsically cap-
tures the symmetries of the theory. Thus, we propose to
drop the quadratic term and interpret the linear term as
the symTFT. Hence, for the p + 1 form case above, we
are led to write the symTFTs depending on the chosen
boundary conditions

{
D : S

symTFT
D = i

2ω

∫
Id+1

fd→p→1 → dAp+1 ,

N : S
symTFT
N = i

2ω

∫
Id+1

fp+2 → dÃd→p→2 .
(5)

We now recognize SsymTFT
D /S

symTFT
N as the symTFT for

U(1)(p)/U(1)(d→p→3) symmetries as described in [18], in
agreement with the fact that gauging a U(1)(p) symmetry
gives back a U(1)(d→p→3) symmetry. Hence, we see that
our procedure successfully maps the familiar exchange
of boundary conditions in holography to the expected
dramatic change of symTFT upon gauging.

A. A closer look at the duality

The procedure outlined above converted the tradi-
tional exchanging boundary conditions corresponding to
gauging/ungauging a global symmetry into changing ap-
propriately –and highly non-trivially– the symTFT. We
can o!er another perspective on this process. Let us
consider as the starting point the action SD. One way
to implement duality [9, 19] is through gauging the shift
symmetry Ap+1 ↑ Ap+1 + εp+1 by introducing a gauge
field Bp+2 transforming as Bp+2 ↑ Bp+2 + dεp+1 and
couple it with a d ↓ p ↓ 2 Lagrange multiplier Ãd→p→2

ensuring that Bp+2 is closed. The action is then

S =
1

2ϑ

∫
1

2
(dAp+1 ↓Bp+2) → ω(dAp+1 ↓Bp+2)+

+ i Ãd→p→2 → dBp+2 . (6)

Integrating out the field Ãd→p→2 gives then back SD. In
turn, integrating out Ap+1 leads to SN. Moreover, this
theory can be regarded as the low-energy limit4 of a the-
ory equipped with kinetic terms for Ãd→p→2 and Bp+2,

4
A quick way to argue for this is to note for instance that upon

gauge-fixing Ap+1 = 0 in (7), Bp+2 is simply a massive gauge

field with standard kinetic term. Setting it to zero leaves us with

Ŝ = 1/2
∫
dÃd→p→2 → ωdÃd→p→2, which is simply the theory in

the dual variables.

namely

Ŝ =
1

2ϑ

∫
1

2
(dAp+1 ↓Bp+2) → ω(dAp+1 ↓Bp+2)

+
1

2
dBp+2 → ωdBp+2 +

1

2
dÃd→p→2 → ωdÃd→p→2

+i Ãd→p→2 → dBp+2 . (7)

Applying our proposal to this action, we would be left
with

ŜsymTFT =
i

2ϑ

∫
hd→p→1 → dAp+1 (8)

↓hd→p→1 →Bp+2 + gd→p→2 → dBp+2

fp+2 → dÃd→p→2 + Ãd→p→2 → dBp+2 .

We now recognize the symTFT for a U(1)(p) coupled to
the symTFT of a gauge field (cf. eq. (34) in [18] for
p = 0), which explicitly reflects the gauging of the global
symmetry.

III. Case study: 1-form symmetry in 4d N = 4
SYM

Let us now focus on the specific case of 1-form symme-
tries in N = 4 SYM and apply our proposed procedure.
The relevant part of the Type IIB SUGRA action (re-
duced on the S

5) is

S =
1

2ϑ

∫
1

2
dB2 → ωdB2 +

1

2
dC2 → ωdC2 + iN C2 → dB2 .

(9)
We can essentially import verbatim the general discus-
sion regardless of the anomaly term. Thus, we are led to
conclude that the symTFT for u(N) N = 4 SYM is

S
symTFT
u(N) =

i

2ϑ

∫
h2→dB2+f2→dC2+N C2→dB2 , (10)

which recovers the proposal of [20].
Let us now imagine gauging the U(1) magnetic 1-form

symmetry of the u(N) N = 4 SYM theory. On general
grounds, we expect to land on the su(N) N = 4 SYM
theory. Based on our previous discussion, we are led to
consider the action upon dualizing C2. After dualizing
C2 into C1, we lead to

S =
1

4ϑ

∫
dB2 → ωdB2 + (dC1 +N B2)→ ω(dC1 +N B2) .

(11)
Running our procedure now, we find

S
symTFT
su(N) =

i

2ϑ

∫
h2 → dB2 + f3 → (dC1 +N B2) , (12)

3
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can o!er another perspective on this process. Let us
consider as the starting point the action SD. One way
to implement duality [9, 19] is through gauging the shift
symmetry Ap+1 ↑ Ap+1 + εp+1 by introducing a gauge
field Bp+2 transforming as Bp+2 ↑ Bp+2 + dεp+1 and
couple it with a d ↓ p ↓ 2 Lagrange multiplier Ãd→p→2

ensuring that Bp+2 is closed. The action is then

S =
1

2ϑ

∫
1

2
(dAp+1 ↓Bp+2) → ω(dAp+1 ↓Bp+2)+

+ i Ãd→p→2 → dBp+2 . (6)

Integrating out the field Ãd→p→2 gives then back SD. In
turn, integrating out Ap+1 leads to SN. Moreover, this
theory can be regarded as the low-energy limit4 of a the-
ory equipped with kinetic terms for Ãd→p→2 and Bp+2,

4
A quick way to argue for this is to note for instance that upon

gauge-fixing Ap+1 = 0 in (7), Bp+2 is simply a massive gauge

field with standard kinetic term. Setting it to zero leaves us with

Ŝ = 1/2
∫
dÃd→p→2 → ωdÃd→p→2, which is simply the theory in

the dual variables.

namely

Ŝ =
1

2ϑ

∫
1

2
(dAp+1 ↓Bp+2) → ω(dAp+1 ↓Bp+2)

+
1

2
dBp+2 → ωdBp+2 +

1

2
dÃd→p→2 → ωdÃd→p→2

+i Ãd→p→2 → dBp+2 . (7)

Applying our proposal to this action, we would be left
with

ŜsymTFT =
i

2ϑ

∫
hd→p→1 → dAp+1 (8)

↓hd→p→1 →Bp+2 + gd→p→2 → dBp+2

fp+2 → dÃd→p→2 + Ãd→p→2 → dBp+2 .

We now recognize the symTFT for a U(1)(p) coupled to
the symTFT of a gauge field (cf. eq. (34) in [18] for
p = 0), which explicitly reflects the gauging of the global
symmetry.

III. Case study: 1-form symmetry in 4d N = 4
SYM

Let us now focus on the specific case of 1-form symme-
tries in N = 4 SYM and apply our proposed procedure.
The relevant part of the Type IIB SUGRA action (re-
duced on the S

5) is

S =
1

2ϑ

∫
1

2
dB2 → ωdB2 +

1

2
dC2 → ωdC2 + iN C2 → dB2 .

(9)
We can essentially import verbatim the general discus-
sion regardless of the anomaly term. Thus, we are led to
conclude that the symTFT for u(N) N = 4 SYM is

S
symTFT
u(N) =

i

2ϑ

∫
h2→dB2+f2→dC2+N C2→dB2 , (10)

which recovers the proposal of [20].
Let us now imagine gauging the U(1) magnetic 1-form

symmetry of the u(N) N = 4 SYM theory. On general
grounds, we expect to land on the su(N) N = 4 SYM
theory. Based on our previous discussion, we are led to
consider the action upon dualizing C2. After dualizing
C2 into C1, we lead to

S =
1

4ϑ

∫
dB2 → ωdB2 + (dC1 +N B2)→ ω(dC1 +N B2) .

(11)
Running our procedure now, we find

S
symTFT
su(N) =

i

2ϑ

∫
h2 → dB2 + f3 → (dC1 +N B2) , (12)

Antinucci & Benini’24

S = ∫
1
2

(dAp+1 − Bp+2) ∧ ⋆ (dAp+1 − Bp+2) + i Ãd−p−2 ∧ dBp+2 ⇝ S = ∫
1
2

(dAp+1 − Bp+2) ∧ ⋆ (dAp+1 − Bp+2) +
1
2

dBp+2 ∧ ⋆dBp+2 +
1
2

dÃd−p−2 ∧ ⋆dÃd−p−2 + i Ãd−p−2 ∧ dBp+2

S = i∫ hd−p−1 ∧ dAp+1 − hd−p−1 ∧ Bp+2 + gd−p−2 ∧ dBp+2 + fp+2 ∧ dÃd−p−2 + Ãd−p−2 ∧ dBp+2

gauged global symmetry!
Antinucci & Benini’24



Conclusions (and open directions)
• We proposed a holographic description of global (mostly continuous) 

symmetries in terms of non-BPS branes


• They agree with the predictions of the symTh which one obtains from the 
corresponding SUGRA description


• …including anomalies and non-invertible cases


• A natural question is the relation to the symTFT. It looks like generically one 
cannot “derive” it from holography


• …yet we proposed an embedding into holography (matching, quite non-
trivially, the proposals in the literature!) 



• Yet, it is fair to say that there are many open questions

• true origin of the continuous parameter in the nonBPS brane action 


• full non-commutative structure


• the origin of the symTFT from holography


• …

(see Bah, Bonetti, Chitoto & Leung’25, 26)



Many thanks


