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Motivation

• Since gauge/ gravity duality, want to study strongly interacting QFTs
using holography.
• Confinement, symmetry breaking and a mass gap are accompanied by
a singularity in the gravity dual ⇒ supergravity breaks down at the
singularity.
• In some cases the singularities are resolved, but the UV may have
issues ⇒ we want to cure these problems
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[Maldacena ’97]
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• Generalise / extend idea of gauge/gravity duality via:
• Wrapped branes on internal cycles
• D-branes at tip of deformed conifolds.

In the IR these have no singularity, but are not well-defined in the UV.

To cure these we construct
Smooth, asymptotically AdS deformed backgrounds dual to SCFT4 (UV)
which flow to gapped & confining SQFT3 (IR) via a twisted compactification
using the soliton of Anabalon-Nastase-Oyarzo ’24.
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Plan of the talk

• Construct smooth asymptotically AdS backgrounds dual to 4d SCFT
flowing to a gapped and confining 3d QFT.

• Lots of observables can be calculated and for the different CFTs, some
observables show a universal behaviour.

• TsT procedure used to construct marginal deformations.

Based on the works
• 2506.10062, 2511.18128 [Chatzis, Hammond, Itsios, Nunez, Zoakos]
• to appear, [Hammond + Itsios]
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Anabalón-Ross 5d Soliton (2021)
• Solution to 5d minimally gauged supergravity.

ds2 = r2

l2
(
−dt2 + dw2 + dz2)+ dr2

f(r) + f(r) dϕ2︸ ︷︷ ︸
S1

f(r) = r2

l2
− µ

r2 − q2

r4 , A = q

(
1
r2 − 1

r2
∗

)
dϕ

f(r⋆) = 0 ⇒ space ends smoothly at r = r⋆
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5d SUSY soliton: A solution in 5d gauged SUGRA

Solution contains: A metric, 2 scalar fields and 3 U(1) gauge fields, [ANO ’24]

ds2
5 = r2λ2(r)

L2

(
− dt2 + dz2 + dw2 + L2F (r)

S1︷︸︸︷
dϕ2

)
+ dr2

r2λ4(r)F (r) ,

Φ1 =
√

2
3 lnλ−6(r), Φ2 = 0, ζ(r, θ) =

√
1 + εℓ2

r2 cos2 θ

A1 = A2 = Q
[
λ6(r) − λ6(r⋆)

]
L dϕ, A3 = Q

[
1

λ6(r) − 1
λ6(r⋆)

]
L dϕ,

F (r) = 1
L2 − εQ2ℓ2L2

r4

[
1 − λ−6(r)

]
, λ6(r) = r2 + εℓ2

r2 , ε = ±1.

• Cigar-like, when F (r⋆) = 0 space ends smoothly at r = r⋆, S1[ϕ] → 0.
• r → ∞, goes to AdS5.
• Preserves four supercharges.
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A quick look at the geometry

Define dimensionless quantities

ξ = r

r⋆
≥ 1, ν̂ = ε

ℓ2

r2
⋆

≥ −1 ⇒ F (ξ) =
(ξ2 − 1)

(
ξ2 − ξ2

+
) (
ξ2 − ξ2

−
)

L2ξ4(ν̂ + ξ2)

with

ξ2
± =

−(1 + ν̂) ±
√

(ν̂ + 1)(ν̂ − 3)
2

• The geometry invariants are finite but grow extremely large as ν̂ → −1+.

• The supergravity needs higher curvature corrections in the action that are as
important as R near ν̂ ≈ −1+.

Singularity when ν̂ = −1 at r = r⋆ = ℓ
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Invariants of the geometry:

ν-0.99

ν-0.97

ν-0.95

ν-0.93

ν-0.91

1.010 1.015 1.020 1.025 1.030 1.035 1.040

0

5000

10000

15000

20000

ξ
R
a
b
R
a
b

Figure: RabRab vs ξ for ν̂ ≈ −1
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Figure: RabcdRabcd vs ξ for ν̂ ≈ −1
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Deformed AdS5 × S5 in Type IIB

Dual to a deformation of N = 4 SYM4 flowing to N = 2 QFT3

ds2
10 =

deformed AdS5 [t,w,z,ϕ]︷ ︸︸ ︷
ζ(r, θ)r2

L2

[
− dt2 + dw2 + dz2 + L2F (r)dϕ2 + L2dr2

F (r)r4λ6(r)+L4dθ2
]

+ L2

ζ(r, θ)
[
cos2 θdψ2 + cos2 θ sin2 ψDϕ2

1 + cos2 θ cos2 ψDϕ2
2 + λ6(r) sin2 θDϕ2

3
]

︸ ︷︷ ︸
deformed S5 [θ,ψ,ϕ1,ϕ2,ϕ3]

,

& F5 = ⋆F5

U(1)3
R made explicit with the isometries of S1[ϕi].

"twisted compactification": Dϕi = dϕi + L−1Aiϕdϕ, i = 1, 2, 3
Mixing of U(1)R with SO(2)Poincaré, results in partial SUSY preservation.
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Interpretation in the dual QFT

r
AdS5 × M

S1
ϕ

RG flow

QFT3

Energy

QFT Gravity

r = r⋆

r = ℓ

r = 0

IR

UV

Ecoulomb

Egap

1 + ν̂

CFT4

Light fields

other (RR,NS) fields
turned on

⟨O2⟩, ⟨O3⟩ ̸= 0 Twisted
compactification
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TsT Procedure

Now I will show a TsT deformation of the type IIB background.
[Hammond + Itsios, to appear]

Where Θ1,Θ2 coordinates of the spacetime geometry,

Step 1: Perform a T-duality along Θ1.

Step 2: Implement the coordinate shift Θ2 → Θ2 + γΘ1, where γ is a real
deformation parameter.

Step 3: Perform a second T-duality along Θ1.
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Marginal Deformation [Hammond + Itsios, to appear]

Two T-dualities along ϕ1 and a shift along ϕ2.
The frame components e7 and e8 are mapped

(e7, e8) 7→ 1
W

(e7, e8) , W (r, θ, ψ) =

√
1 + γ2L4 cos4 θ cos2 ψ sin2 ψ

ζ2 .

ds2 = ζ

L2

(
r2(− dt2 + dw2 + dz2 + L2F dϕ2)+ L2 dr2

r2Fλ6 + L4dθ2
)

+ L2

ζ

(
cos2 θ dψ2 + cos2 θ sin2 ψ

W 2

(
dϕ1 + A1

L

)2
+ cos2 θ cos2 ψ

W 2

(
dϕ2 + A2

L

)2

+λ6 sin2 θ
(
dϕ3 + A3

L

)2
)
.

NS sector of the deformed solution contains a non-trivial dilaton and
two-form

Φ = − lnW , B2 = −
√
W 2 − 1 e7 ∧ e8 .
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Page Charges

• Quantised, conserved charges ⇒ integer number of branes.
• Associated to the presence of Dp branes and they are defined on a
(8 − p)-dimensional cycle Σ8−p transverse to the brane,

QDp = 1
(2π)7−p

∫
Σ8−p

F̂8−p .

F̂ := F ∧ e−B2
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Page Charges: Marginal Deformation

D3 Charge
• D3 Page charge is not affected by the TsT transformation. The RR sector of
the undeformed solution contains only the self-dual five-form.

• 5d cycle transverse to the D3 branes spanned by Σ5 = (θ, ψ, ϕ1, ϕ2, ϕ3).

• Asymptotic behaviour at large r, where the geometry approaches

AdS5 × S5:

F̂5

∣∣∣
Σ5

= −2L4 cos3 θ sin θ sin(2ψ)dθ ∧ dψ ∧ dϕ1 ∧ dϕ2 ∧ dϕ3 .

QD3 = 1
(2π)4

∫
Σ5

F̂5 = L4

4π = N ∈ N .
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Page Charge for D5 branes

• TsT generates an F3, so we have D5 and D3 branes.

D5 Charge
• D5 branes are transverse to the three-cycle spanned by Σ3 = (θ, ψ, ϕ3).

• Asymptotic behaviour of F̂3 at large r:

F̂3

∣∣∣
Σ3

= −2γL4 cos3 θ sin θ sin(2ψ)dθ ∧ dψ ∧ dϕ3 .

QD5 = 1
(2π)2

∫
Σ3

F̂3 = γ
L4

4π = γN = M ∈ N γ ∈ Q.

Note the condition enforced on γ ∈ Q the deformation parameter.

Madi Hammond SUSY AdS Solitons Durham YTF 18 / 26



Wilson loops
We embed a probe string with its endpoints representing a QQ̄ pair at r = ∞.

r = ∞

Q

Q̄

LQQ̄

r

r0

bulk

r = r(w) : SNG = 1
2π

∫
dtdw

√
−detgind = T

2π

∫ LQQ/2

−LQQ/2
dw
√

F2 + G2r′2

F = r2λ3(r)
L2 , G = 1

L
√
F (r)
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Wilson loops

[Chatzis, Hammond, Itsios, Nunez, Zoakos ’25]

The Wilson loops and some other observables have universal behaviour.

SIIB,IIA,M = N̂IIB,IIA,M ×

(∫ LQQ/2

−LQQ/2
dw
√

F2 + G2r′2

)

Even though the background is smooth (ν̂ > −1), the Wilson loop detects
higher curvature corrections needed for ν̂ ≈ −1 by the appearance of a
(non-physical) phase transition.
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Wilson loops
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’t Hooft loops in original background

We use Dp (p = 3, 5, 7) probes extended in [t, w, ϕ, . . . ] with r = r(w).
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’t Hooft Loops for the Marginal Deformations

The ’t Hooft loop calculated in the deformed backgrounds are expected to be
different, as the probe brane extends in the directions of the internal space.

SD3 = TD3

∫
d4σ e−Φ

√
− det gind.

The ’t Hooft loop of a D3 probe embedded in Σ4 = [t, w, ϕ, ϕ3],

Deformed AdS5 × S5:

SDp = N̂Dp

∫ LMM/2

−LMM/2
dw
√
r6λ6F + L2r2r′ 2.

Marginal Deformation: Not everything is universal

SD3 = TD3 L sin θ
∫

d4σ W (r, θ, ψ)
√
r6λ6F + L2r2r′ 2.
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Flow Central Charge

2506.10062, 2511.18128 [Chatzis, Hammond, Itsios, Nunez, Zoakos]

• Theory transitions from 4d → 3d, which breaks Lorentz invariance ⇒
monotonicity theorems for a,c-functions require Lorentz invariance.

• This monotonic quantity measures the number of degrees of freedom as
the system flows from CFT4 → QFT3 despite breaking Lorentz
invariance.

• Monotonic function becoming constant at the CFT fixed points.

cflow,(2+1) =

 √
f(r)

1 + rf ′(r)
6


3

× c4d SCFT. (1)
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Conclusions

• We construct smooth asymptotically AdS backgrounds dual to 4d SCFT
flowing to a gapped and confining 3d QFT.

• We calculate a range of observables and find that for the different CFTs,
they show a universal behaviour.

• We further deform the type IIB background giving some marginal
deformations and a solution dual to a non-commutative gauge theory.

arxiv
• 2506.10062, 2511.18128 [Chatzis, Hammond, Itsios, Nunez and
Zoakos]
• to appear [Hammond + Itsios]
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