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Holography

Type IIB string theory ←→ N = 4 SU(N) SYM
on AdS5 × S5 on ∂AdS5

AdS/CFT dictionary: Zgrav[g (0)] = ZCFT[g (0)],

Classical (supergravity) limit: Zgrav ∼ e−Son-shell .

Free energy: FCFT = − ln ZCFT = S(ren)
on-shell.

However, the 10D on-shell action on AdS5 × S5 contradicts the AdS/CFT
result.

Type IIB supergravity on-shll action in 10D vanishes for AdS5 × S5.
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Applications of the maximally supersymmetric AdS/CFT duality start from a
classical 5D gauged supergravity action.

This action is assumed to follow from 10D Type IIB supergravity
compactified on S5.

Its regularised on-shell value reproduces the planar part of the UV divergent
(conformal a-anomaly) term in the free energy of N = 4 SU(N) SYM on S4.
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The Problem

However, the 10D on-shell value is more fundamental: it should follow from a
properly defined quantum string path integral.

The 10D approach is therefore essential for going beyond leading order in α′

in AdS/CFT.

In addition, many physically relevant solutions of 10d supergravity do not
arise as an uplift of a lower-dimensional A(AdSd+1) solution. (for example,
bubbling geometries)
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Improving the type IIB supergravity action

Improved action 1: adding a 5-form-dependent “topological” term makes the
refined 10D on-shell action matches the 5D one, restoring holography.

The original work did not consider a general treatment of the problem.

We extend this refinement to a broader class of Type IIB backgrounds via a
generalised topological correction.

Holography must work beyond AdS5 × S5 — this is crucial and indispensable.
1 hep-th/2206.14522, S.A. Kurlyand, A.A. Tseytlin
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Type IIB Supergravity

Type IIB bosonic field content: (gµν , B2, ϕ, C0, C2, C4).

H3 = dB2 , Fn+1 = dCn , F̃3 = F3 − C0H3 ,

F̃5 ≡ F5 + X5 = F5 − 1
2 C2 ∧ H3 + 1

2 B2 ∧ F3 .

The “pseudo” Euclidean type IIB action for the bosonic sector:

SIIB = − 1
2κ2

∫ (
∗R − 1

2dϕ ∧ ∗dϕ− 1
2e−ϕH3 ∧ ∗H3

)
+ 1

4κ2

∫ (
e2ϕF1 ∧ ∗F1 + eϕF̃3 ∧ ∗F̃3 + 1

2 F̃5 ∧ ∗F̃5

)
+ i

4κ2

∫
C4 ∧ H3 ∧ F3 .

Add a suitable topological term to the type IIB supergravity action.
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Topology and Holography

In the prototypical Maldacena’s AdS/CFT conjecture, one starts with N
D3-branes.
These D3 branes are electric sources for F5.
By Gauss’s law, the flux through the S5 sphere surrounding these branes
gives the charge.
In the near-horizon, we get now AdS5 × S5.
In this limit, the flux through the S5 survives even though the sources of the
charge, the “branes” have “dissolved”.
The non-trivial cohomology, H5 ̸= 0, is what provides a home for a charge
that has no enclosing-surface interpretation anymore.
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The Topological Term

The non-trivial cohomology, H5 ̸= 0, tells that there exist a non-trivial
non-exact cloed form inside F5.
We have:

F5 = F5E + F5NE ,

where F5E is a globally well-defined exact form and F5NE is closed but not
globally exact.
With this, we propose the following topological term:

Stop = − i
4κ2

10

∫ (
F5E ∧ F5NE + d(X5 ∧ C4)

)
.

Hence, we get:

SOn-Shell
Final ≡ SOn-Shell

Bulk + S(top),1 + S(top),2 + SGHY
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The Mechanism Behind: Pasti–Sorokin–Tonin Formalism

1 Boundary terms are needed:
1 to constitute a well-defined variational principle. This leads to the

Gibbons-Hawking-York boundary term.
2 To restore the underlying gauge invariance even in the presence of a boundary.

2 The above boundary term is obtained in the formulation developed by P.
Pasti, D. Sorokin, and M. Tonin.

3 The self-duality constraint is derived from the equations of motion and using
the gauge fixing freedom.

4 The boundary term we added restores the above gauge invariance.
5 For details of the construction, see Junho’s talk.
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Type IIB Supergravity On-shell Action

We evaluate the improved PST action for 10d Type IIB supergravity on shell
for three distinct holographic backgrounds – EAdS5 × S5, the
Lunin-Maldacena (LM) background, and the AdS4 S-fold solution.

The latter two examples play a particularly important role, as they provide
non-trivial tests of our proposal.

In particular,
although the LM background is topologically equivalent to EAdS5 × S5, it
involves non-trivial 2-form potentials,

the S-fold solution features external and internal manifolds of different
dimensions,
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Lunin–Maldacena Solution: S5-deformation and non-trivial
2-forms

The Lunin–Maldacena (LM) background6:

ds2 = G−1/4 [
ds2

EAdS5
+ Σi

(
dµ2

i + Gµ2
i dϕ2

i
)

+ 9(γ2 + σ2) G µ2
1µ

2
2µ

2
3 dψ2]

,

e−ϕ = G−1/2H−1 , χ = γ σ g0,E H−1,

B2 = γG w2 − 12σw1 ∧ dψ ,
C2 = −σG w2 − 12 γ w1 ∧ dψ ,

F̃5 = −4
(
i ωEAdS5 + G dw1 ∧ dϕ1 ∧ dϕ2 ∧ dϕ3

)
,

where

G−1 = 1 + (γ2 + σ2) g0,E , H = 1 + σ2 g0,E , g0,E = µ2
1µ

2
2 + µ2

2µ
2
3 + µ2

3µ
2
1 ,

dw1 = µ1µ2µ3 ∗21 ,
w2 = µ2

1µ
2
2 dϕ1 ∧ dϕ2 + µ2

2µ
2
3 dϕ2 ∧ dϕ3 + µ2

3µ
2
1 dϕ3 ∧ dϕ1 .

6 hep-th/0502086, O. Lunin, J. Maldacena
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On-Shell Action for the LM Solution

Son-shell
IIB = 4

κ2
10

VolEAdS5

∫
S̃5
µ1µ2µ3 d5θ .

The deformation parameter does not play any role in the on-shell action
for the Lunin–Maldacena solution.
Going on-shell in 5D on EAdS5:

Son-shell
5 = 4A

2κ2
10

Vol(EAdS5) .

with

A =
∫

d5θ (µ1µ2µ3) .

For more details, see Junho’s talk.
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EAdS4 × S5 × S1 S-Fold Solution

EAdS4 × S5 × S1 S-fold solution (1612.05123, 2112.11966, 2204.09993):

ds2
10 = 1

∆

(
1
2 ds2

EAdS4
+ dη2 + dα2 + cos2 α

2 + cos(2α) dΩ2
1 + sin2 α

2− cos(2α) dΩ2
2

)
,

eΦ =
√

2 e−2η 2− cos(2α)
7− cos(4α) , C0 = 0 ,

B2 = −2
√

2 e−η cos3 α

2 + cos(2α) VolΩ1 ,

C2 = −2
√

2 eη sin3 α

2− cos(2α) VolΩ2 ,

C4 = 3
2 ω3 ∧

(
dη + 2

3 sin(2α) dα
)
− 1

2 f (α) dα ∧ (A1 ∧ VolΩ2 + VolΩ1 ∧ A2),
∆−4 = 4− cos2(2α) , dω3 = −i VolEAdS4 , Ai = − cos θi dφ′

i ,

dΩ2
i = dθ2

i + sin2 θi dφ′2
i , dφ′

i = dφi + χi dη ,

f (α) = sin2(2α) cos(4α)− 55
(7− cos(4α))2 .
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On-Shell Action for the EAdS4 × S5 × S1 S-Fold Solution

The on-shell action is

Son-shell
IIB = 3π2

16κ2
10

VolS2
1

VolS2
2

VolEAdS4 .

Going on-shell in 4D on EAdS4:

Son-shell
4 = 3π2

16κ2
10

VolS2
1

VolS2
2

VolEAdS4 .

For more details, see Junho’s talk.
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Future Directions

Beyond current assumptions on IIB backgrounds: Relax factorisation: allow
external/internal fibrations (e.g. AdS black holes). Work in progress

Parallel issue with the on-shell action of 11d supergravity. Derive topological
terms intrinsically, not from holographic matching. Work in progress
To test holography in Sen’s SFT-motivated type IIB supergravity formulation.
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