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Statement of Problem Previous Resolution Our Improvement Summary & Outlook

Problem: Holographic dictionary for the path integral

• AdS/CFT: concrete arena for quantum gravity [Maldacena ’97] [Witten ’98]

[Gubser,Klebanov,Polyakov ’98]

• Central holographic identity at the level of path integrals:

Z
∂(susy alEAdS)
SCFT = Zstring/M-theory

∣∣
susy alEAdS⋉Y

• RHS: via saddle point approximation around a semi-classical saddle

Zstring/M-theory
∣∣
susy alEAdS⋉Y

= e−Ssugra, on-shell + · · ·

• LHS: via supersymmetric localization [Pestun ’07]
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Problem: From parent theory to lower-dim gauged sugra

Z
∂(susy alEAdS)
SCFT = Zstring/M-theory

∣∣
susy alEAdS⋉Y

= e−Ssugra, on-shell + · · ·

• RHS sugra on-shell action commonly evaluated in lower-dim gauged sugra,
arising from consistent truncation of the 10/11d parent on Y :

- Type IIB on S5 → 5d SO(6) gauged sugra [Baguet,Hohm,Samtleben ’15]

- 11d sugra on S7 → 4d N = 8 gauged sugra [Nikolai,Pilch ’11] [Varela ’15]

• Holographic match: lower-dim on-shell action ↔ SCFT free energy (F = − logZ)

- 5d gauged sugra ↔ N = 4 SU(N) SYM on S4 [Henningson,Skenderis ’98]

S5d gg sugra
∣∣
EAdS5

⊇ # log ϵ ↔ F
S4 (a-anomaly of N = 4 SYM)

- 4d gauged sugra ↔ ABJM on S3 [Drukker,Mariño,Putrov ’10]

S4d gg sugra
∣∣
EAdS4

=
L2

2G
(4)
N

=
π
√
2

3
k
1/2

N
3/2

= F
S3
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Problem: Parent 10/11d theory vs. lower-dim sugra

Z
∂(susy alEAdS)
SCFT = Zstring/M-theory

∣∣
susy alEAdS⋉Y

= e−Ssugra, on-shell + · · ·

• Holographic match: lower-dim on-shell action ↔ SCFT free energy (F = − logZ)

But is this the right comparison?

• Truncation keeps only a finite KK subsector, while no scale separation...

Note. 1
4
logN term in ABJM S3 FE reproduced by 11d sugra 1-loop

[Bhattacharyya,Grassi,Mariño,Sen ’12]

but not by 4d gauged sugra alone... [David,Godet,Liu,Pando Zayas ’21]

full KK tower required (∵ no scale separation) [Bobev,David,JH,Reys,Zhang ’23]

F
S3 =

π
√

2

3
k
1/2

N
3/2

+ · · ·+
1

4
logN + · · · ⊂ − logZ11d sugra (✓)

̸⊂ − logZ4d gauged sugra (✗)

• First-principles holographic comparison?

→ RHS sugra on-shell action directly from the parent 10/11d theory!

• Focus today: N = 4 SU(N) SYM ↔ Type IIB strings on AdS5 × S5
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Problem: Vanishing pseudo-action of Type IIB

ZS4

N=4 SYM
?
= e
−SIIB|EAdS5×S5 (∂(EAdS5) = S4)

• Bosonic Type IIB pseudo-action (Euclidean, Einstein frame)

SIIB =−
1

2κ2

∫ (
∗ R−

1

2
dϕ ∧ ∗dϕ−

1

2
e
−ϕ

H3 ∧ ∗H3

)
+

1

4κ2

∫ (
e
2ϕ

F1 ∧ ∗F1 + e
ϕ
F̃3 ∧ ∗F̃3 +

1

2
F̃5 ∧ ∗F̃5

)
+

i

4κ2

∫
C4 ∧H3 ∧ F3

“pseudo”: self-duality ∗F̃5 = iF̃5 imposed by hand at the eom level

Note. F̃5 = dC4 − 1
2
C2 ∧ dB2 + 1

2
dB2 ∧ dC2 ̸= F5 = dC4

• Evaluated on EAdS5 × S5: SIIB
∣∣
EAdS5×S5 = 0

• Yet 5d gauged sugra gives non-zero result matching N = 4 SYM FE
[Henningson,Skenderis ’98]

S5d gg sugra
∣∣
EAdS5

=
VolEAdS5

2πG
(5)
N

=
4

κ2
VolEAdS5Vol

S5 ⊇ # log ϵ captures the a-anomaly of N = 4 SYM

• Puzzle: First-principles 10d holographic comparison fails at the action level...?!
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Statement of Problem Previous Resolution Our Improvement Summary & Outlook

PST formulation: Self-duality from an action

SIIB
∣∣
EAdS5×S5 = 0 ̸= S5d gg sugra

∣∣
EAdS5

...?

Forget about holography for a while...

Instead, upgrade the pseudo-action SIIB so that ∗F̃5 = iF̃5 follows dynamically.

Pasti-Sorokin-Tonin formulation of IIB
[Pasti,Sorokin,Tonin ’95,’96] [Dall’Agata,Lechner,Sorokin ’97] [Dall’Agata,Lechner,Tonin ’98]

SPST = SIIB+
1

8κ2

∫
ivF5 ∧ ∗ivF5 , F5 ≡ F̃5 + i ∗ F̃5 (anti-self-dual)

with an auxiliary scalar a(x) entering via vµ = ∂µa/
√
−|∂a|2

• New gauge symmetry, absent in the pseudo-action

δℓ : δℓa = 0 & δℓC4 = ℓ4 (da ∧ dℓ4 = 0)

• Gauge-fixing δℓ reproduces ∗F̃5 = iF̃5 & the original IIB eom dynamically
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PST formulation: How self-duality emerges

SPST = SIIB+
1

8κ2

∫
ivF5 ∧ ∗ivF5 , F5 ≡ F̃5 + i ∗ F̃5 (anti-self-dual)

Gauge-fixing the δℓ symmetry (δℓC4 = ℓ4) reproduces self-duality dynamically:

1 C4 eom d(v ∧ ivF5) = 0 ⇒ locally v ∧ ivF5 = dΦ4 (da ∧ dΦ4 = 0 ∵ v ∼ da)

2 Under δℓ: δℓ(v ∧ ivF5) = −dℓ4 ⇒ v ∧ ivF(ℓ)
5 = d(Φ4 − ℓ4)

3 Gauge choice ℓ4 = Φ4 ⇒ v ∧ ivF(Φ)
5 = 0

4 Anti-self-dual F(Φ)
5 vanishes → F̃5 self-dual in this gauge

F(Φ)
5 = −v ∧ ivF(Φ)

5 − i ∗ (v ∧ ivF(Φ)
5 ) = 0 ⇒ ∗F̃5 = iF̃5

Subtlety: Φ4 generically ̸= 0 on ∂M , yet δℓ symmetry requires ℓ4|∂M = 0

→ Backgrounds with boundary (e.g. radial cutoff of EAdS) spoil step 3...
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1 C4 eom d(v ∧ ivF5) = 0 ⇒ locally v ∧ ivF5 = dΦ4 (da ∧ dΦ4 = 0 ∵ v ∼ da)

2 Under δℓ: δℓ(v ∧ ivF5) = −dℓ4 ⇒ v ∧ ivF(ℓ)
5 = d(Φ4 − ℓ4)

3 Gauge choice ℓ4 = Φ4 ⇒ v ∧ ivF(Φ)
5 = 0

4 Anti-self-dual F(Φ)
5 vanishes → F̃5 self-dual in this gauge

F(Φ)
5 = −v ∧ ivF(Φ)

5 − i ∗ (v ∧ ivF(Φ)
5 ) = 0 ⇒ ∗F̃5 = iF̃5

Subtlety: Φ4 generically ̸= 0 on ∂M , yet δℓ symmetry requires ℓ4|∂M = 0

→ Backgrounds with boundary (e.g. radial cutoff of EAdS) spoil step 3...
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Previous: Kurlyand-Tseytlin topological correction

SPST = SIIB +
1

8κ2

∫
ivF5 ∧ ∗ivF5

δℓSPST ̸= 0 in the presence of boundary

Kurlyand-Tseytlin topological correction to PST formulation of IIB
[Kurlyand,Tseytlin ’22]

SKT = SPST −
i

4κ2

∫
F̃5M ∧ F̃5X (F̃5 = F̃5M + F̃5X ...?)

• Topological correction (bulk eom unaffected) restores δℓ for backgrounds w/ bdry

→ Self-duality ∗F̃5 = iF̃5 arises dynamically for backgrounds w/ bdry

• On EAdS5 × S5: the new term is consistent with holography!

SKT
∣∣
EAdS5×S5 =

4

κ2
VolEAdS5Vol

S5 = S5d gg sugra
∣∣
EAdS5

✓

→ Matches 5d gg sugra on-shell action & Planar N=4 SYM S4 FE

• Purely internal motivation (gauge symmetry), yet holography issue resolved!
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Statement of Problem Previous Resolution Our Improvement Summary & Outlook

Previous: Limitations of KT proposal

SKT = SPST −
i

4κ2

∫
F̃5M ∧ F̃5X

Restrictive assumptions underlying the KT topological correction

1 Field content: All IIB fields vanish except metric & F5

(so X5 ≡ F̃5 − F5 = − 1
2
C2 ∧H3 + 1

2
B2 ∧ F3 = 0)

2 Topology: 10d background = M5 ×X5, unwarped along X5

+ ‘Natural’ decomposition F̃5 = F̃5M + F̃5X

Works for EAdS5 × S5, but...

Excludes numerous holographic backgrounds

• Non-trivial 2-form potentials e.g. β-deformation (Lunin-Maldacena)

• Warped AdSd ⋉X10−d with d ̸= 5 e.g. AdS4 S-fold, various warped AdSd

Need to generalize the KT topological correction!
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Statement of Problem Previous Resolution Our Improvement Summary & Outlook

Improvement: Refined topological term

δℓSPST =
i

4κ2

∫ [
d(F5 ∧ δℓC4) +d(X5 ∧ δℓC4)

]
SKT = SPST −

i

4κ2

∫
F̃5M ∧ F̃5X (F̃5 = F5 + X5)

Our refined topological correction to PST-IIB action [Adhikari,JH,Joung,Lee ’26]

SAHJL = SPST −
i

4κ2

∫
F5E ∧ F5NE −

i

4κ2

∫
d(X5 ∧ C4)

• 2nd term cancels the X5 piece of δℓSPST automatically (CS representative)

• F5 = F5E + F5NE : decomposition into exact & non-exact parts (how?)

• 1st term cancels the F5 piece of δℓSPST under weaker assumptions (how?)

✓ Reduces to KT under their assumptions (F5E → F̃5M and F5NE → F̃5X )

✓ Extends to EAdSd & non-trivial B2, C2
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Improvement: How the δℓ symmetry restored

δℓSPST =
i

4κ2

∫ [
d(F5 ∧ δℓC4) +d(X5 ∧ δℓC4)

]
SAHJL = SPST −

i

4κ2

∫
F5E ∧ F5NE −

i

4κ2

∫
d(X5 ∧ C4) (F̃5 = F5 + X5)

Assumptions (3rd one makes the decomposition F5 = F5E + F5NE unambiguous!)

1 Md ×X10−d topology (Md non-compact; X10−d compact), warping allowed

2 dXF5E = 0 & δℓF5NE = dXΛ4 globally

3 F5E carries a common 1-form leg along Md, not shared by F5NE (e.g. Euclidean time dτ)

Improvement

δℓ

(
−

i

4κ2

∫
F5E ∧ F5NE

)
+

i

4κ2

∫
d(F5 ∧ δℓC4)

= −
i

4κ2

∫ [
F5E ∧ δℓF5E + 2F5E ∧ δℓF5NE + F5NE ∧ δℓF5NE

]
= −

i

4κ2

∫
2F5E ∧ δℓF5NE (Assumption 3)

=
i

2κ2

∫
dX

(
F5E ∧ Λ4

)
(Assumption 2)

= 0 (Assumption 1)
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Statement of Problem Previous Resolution Our Improvement Summary & Outlook

Improvement: Assumptions

1 Md ×X10−d topology (Md non-compact; X10−d compact), warping allowed

2 dXF5E = 0 & δℓF5NE = dXΛ4 globally (Λ4 tied to ℓ4; no large gauge transf.)

3 F5E carries a common 1-form leg along Md, not shared by F5NE (e.g. Euclidean time dτ)

Q1. How do they relax the Kurlyand–Tseytlin assumptions?

Q2. Are these assumptions appropriate for EAdSd ×X10−d holographic backgrounds?

1 M5 ×X5 w/o warp → Md ×X10−d w/ warp

Covers more general holographic EAdSd backgrounds with non-trivial warping

2 F5E ∈ Ω5(M) & δℓF5NE = 0 → dXF5E = 0 & δℓF5NE = dXΛ4

3 F5E ∈ Ω5(M) & F5NE ∈ Ω5(X) → dτ ⊂ F5E & dτ ̸⊂ F5NE

Can be checked case-by-case for various holographic backgrounds

Note. Trivial cohomology of EAdSd motivates F5NE ∈ Ω5(X)
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Statement of Problem Previous Resolution Our Improvement Summary & Outlook

Improvement: Example I. Lunin-Maldacena (non-trivial 2-forms)

SAHJL
∣∣
on-shell =

1

8κ2

∫
d
(
B2 ∧ e

−ϕ ∗H3 + · · ·
)
−

i

4κ2

∫
F5E ∧ F5NE

Lunin-Maldacena solution dual to β-deformed N = 4 SYM
[Lunin,Maldacena ’05] [Leigh,Strassler ’95]

(S5 direction cosines µi;
∑

i µ2
i = 1)

ds
2

= G
−1/4

[
ds

2
EAdS5

+ · · ·
]
, B2, C2 ̸= 0 ,

F̃5 = −4(i + ∗)volEAdS5 , G
−1

= 1 + (γ
2
+ σ

2
)(µ

2
1µ

2
2 + µ

2
2µ

2
3 + µ

2
3µ

2
1)

• Topology ∼ EAdS5 × S5 but B2, C2 ̸= 0 & ∃warping → outside KT class

• 5-form decomposition F5E = −4i volEAdS5 , F5NE = −4G−1 ∗ volEAdS5

Note: G−1 appears in F5, not in F̃5

• On-shell action (consistent truncation in [Liu,McPeak ’19])

SAHJL
∣∣
LM =

4

κ2
VolEAdS5Vol

S5 = S5d gg sugra
∣∣
EAdS5

(✓)

(γ, σ)-indept as expected for exactly marginal deformations [Freedman,Gursoy ’05]
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(γ, σ)-indept as expected for exactly marginal deformations [Freedman,Gursoy ’05]
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Improvement: Example I. Lunin-Maldacena (non-trivial 2-forms)

SAHJL
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on-shell =

1

8κ2
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d
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B2 ∧ e

−ϕ ∗H3 + · · ·
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i

4κ2

∫
F5E ∧ F5NE

Lunin-Maldacena solution dual to β-deformed N = 4 SYM
[Lunin,Maldacena ’05] [Leigh,Strassler ’95]
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i µ2
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EAdS5

+ · · ·
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−1
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2
+ σ

2
)(µ

2
1µ

2
2 + µ

2
2µ

2
3 + µ

2
3µ

2
1)
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Improvement: Example II. S-fold (d = 4 ̸= 5)

SAHJL
∣∣
on-shell =

1

8κ2

∫
d
(
B2 ∧ e

−ϕ ∗H3 + · · ·
)
−

i

4κ2

∫
F5E ∧ F5NE

EAdS4 × S1 × S5 S-fold dual to 3d N = 4 S-fold SCFT
[Inverso,Samtleben,Trigiante ’16] [Assel,Tomasiello ’18]

ds
2
10 = ∆

−1/2[
ds

2
EAdS4

+ dη
2
+ dα

2
+ · · ·

]
, B2, C2 ̸= 0 ,

C4 = 3
2
ω3 ∧ (dη + 2

3
sin 2αdα)− 1

2
f(α) dα ∧ (· · · )

• Md =EAdS4 with d = 4 (̸= 5) & B2, C2 ̸= 0 & ∃warping → outside KT class

• 5-form decomposition

F5E = − 3i
2

volEAdS4 ∧ (dη + 2
3
sin 2αdα) & F5NE = f(α) dα ∧ volΩ1

∧ volΩ2

Note: F5E has EAdS4 leg while F5NE lives purely on X6

• On-shell action [Assel,Estes,Yamazaki ’12] (consistent truncation in [Inverso,Samtleben,Trigiante ’16])

SAHJL
∣∣
S-fold =

3π2

16κ2
Vol

S2
1

Vol
S2
2

VolEAdS4 = S4d gg sugra
∣∣
EAdS4

(✓)

Matches S3 FE of the dual SCFT via localization [Assel,Tomasiello ’18]

Junho Hong / Sogang University Black Hole Thermodynamics

18 / 23



Statement of Problem Previous Resolution Our Improvement Summary & Outlook

Improvement: Example II. S-fold (d = 4 ̸= 5)

SAHJL
∣∣
on-shell =

1

8κ2

∫
d
(
B2 ∧ e

−ϕ ∗H3 + · · ·
)
−

i

4κ2

∫
F5E ∧ F5NE

EAdS4 × S1 × S5 S-fold dual to 3d N = 4 S-fold SCFT
[Inverso,Samtleben,Trigiante ’16] [Assel,Tomasiello ’18]

ds
2
10 = ∆

−1/2[
ds

2
EAdS4

+ dη
2
+ dα

2
+ · · ·

]
, B2, C2 ̸= 0 ,

C4 = 3
2
ω3 ∧ (dη + 2

3
sin 2αdα)− 1

2
f(α) dα ∧ (· · · )

• Md =EAdS4 with d = 4 (̸= 5) & B2, C2 ̸= 0 & ∃warping → outside KT class
• 5-form decomposition

F5E = − 3i
2

volEAdS4 ∧ (dη + 2
3
sin 2αdα) & F5NE = f(α) dα ∧ volΩ1

∧ volΩ2

Note: F5E has EAdS4 leg while F5NE lives purely on X6

• On-shell action [Assel,Estes,Yamazaki ’12] (consistent truncation in [Inverso,Samtleben,Trigiante ’16])

SAHJL
∣∣
S-fold =

3π2

16κ2
Vol

S2
1

Vol
S2
2

VolEAdS4 = S4d gg sugra
∣∣
EAdS4

(✓)

Matches S3 FE of the dual SCFT via localization [Assel,Tomasiello ’18]

Junho Hong / Sogang University Black Hole Thermodynamics

18 / 23



Statement of Problem Previous Resolution Our Improvement Summary & Outlook

Improvement: Example II. S-fold (d = 4 ̸= 5)

SAHJL
∣∣
on-shell =

1

8κ2

∫
d
(
B2 ∧ e

−ϕ ∗H3 + · · ·
)
−

i

4κ2

∫
F5E ∧ F5NE

EAdS4 × S1 × S5 S-fold dual to 3d N = 4 S-fold SCFT
[Inverso,Samtleben,Trigiante ’16] [Assel,Tomasiello ’18]

ds
2
10 = ∆

−1/2[
ds

2
EAdS4

+ dη
2
+ dα

2
+ · · ·

]
, B2, C2 ̸= 0 ,

C4 = 3
2
ω3 ∧ (dη + 2

3
sin 2αdα)− 1

2
f(α) dα ∧ (· · · )

• Md =EAdS4 with d = 4 (̸= 5) & B2, C2 ̸= 0 & ∃warping → outside KT class
• 5-form decomposition

F5E = − 3i
2

volEAdS4 ∧ (dη + 2
3
sin 2αdα) & F5NE = f(α) dα ∧ volΩ1

∧ volΩ2

Note: F5E has EAdS4 leg while F5NE lives purely on X6

• On-shell action [Assel,Estes,Yamazaki ’12] (consistent truncation in [Inverso,Samtleben,Trigiante ’16])

SAHJL
∣∣
S-fold =

3π2

16κ2
Vol

S2
1

Vol
S2
2

VolEAdS4 = S4d gg sugra
∣∣
EAdS4

(✓)

Matches S3 FE of the dual SCFT via localization [Assel,Tomasiello ’18]

Junho Hong / Sogang University Black Hole Thermodynamics

18 / 23



Statement of Problem Previous Resolution Our Improvement Summary & Outlook

Aside: Clone-field formulation of IIB

Democratic / clone-field formulation [Mkrtchyan,Valach ’22] [Evnin,Joung,Mkrtchyan ’23]

electric & magnetic potentials on equal footing; self-duality from a covariant action (X5 = F̃5 − F5)

SClone = −
1

2κ2

∫ (
∗ R− 1

2
dϕ ∧ ∗dϕ− 1

2
e
−ϕ

H3 ∧ ∗H3

)
+

1

4κ2

∫ (
e
2ϕ

F1 ∧ ∗F1 + e
ϕ
F̃3 ∧ ∗F̃3

)
+

1

8κ2

∫ [
(F5 + aQ5) ∧ ∗(F5 + aQ5) + 2iF5 ∧ aQ5 − 2i(1− i∗)(F5 + aQ5) ∧ X5 + X5 ∧ ∗X5

]

• R4: auxiliary clone field (2nd copy of C4), Q5 ≡ dR4; a: PST-type scalar

• C4 & R4 eom ⇒ self-duality ∗(F̃5 + aQ5) = i(F̃5 + aQ5) (no gauge choice, cf. PST)

⇒ F̃5 + aQ5 is a natural self-dual combination.

(∵ δℓR4 = −aℓ4 can remove Q5 locally but not globally for backgrounds w/ bdry.)

• On EAdS5 × S5 a single term survives:

SClone

∣∣∣
EAdS5×S5

=
i

4κ2

∫
F5 ∧ aQ5 .
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Aside: Bridge to the clone-field formulation

SClone

∣∣∣
EAdS5×S5

=
i

4κ2

∫
F5 ∧ aQ5 & F̃5 + aQ self-dual (F̃5 = F5 +��X5)

SAHJL

∣∣∣
EAdS5×S5

= −
i

4κ2

∫
F5E ∧ F5NE

• Ambiguity: decomposing F̃5 + aQ5 into F̃5 & aQ5 is not fixed by first principles

→ On-shell value of the surviving
∫
F5 ∧ aQ5 is ambiguous...

SClone

∣∣∣
EAdS5×S5

=
i

4κ2

∫
F5 ∧ aQ5 = ?

• Consistency with our refined PST action fixes the split!

F5 ←→ F5NE & aQ5 ←→ F5E

SClone = SAHJL off-shell under the above matching!

[Hutomo,Lechner,Sorokin ’25]: PST↔ clone, up to bdry
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Summary

SAHJL = SPST −
i

4κ2

∫
F5E ∧ F5NE −

i

4κ2

∫
d(X5 ∧ C4)

Problem. IIB pseudo-action vanishes on EAdS5 × S5 → direct holo-comparison fails

Previous Sol. PST (∗F̃5 = iF̃5 dynamically) + KT topological correction yields

the wanted non-vanishing EAdS5 × S5 on-shell action.

Limit. Only for M5 ×X5, no warping, & no 2-forms

Our refinement. Valid for Md ×X10−d, warping, & non-trivial 2-forms

Non-trivial tests. Lunin-Maldacena & S-fold EAdS4 × S1 × S5

Side result. Pins down the 5-form split in the clone-field formulation
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Outlook

• Fully general refined PST for IIB sugra

- Backgrounds with d ≥ 6 [D’Hoker,Gutperle,Karch,Uhlemann ’16]

- Improve our proposal for non-trivial external/internal fibrations (AdS black holes)

- Backgrounds w/o consistent truncation; bubbling geometries [Izquierdo Garciá ’25] [Anempodistov ’26]

• Application of refined PST to other 10/11d sugras

- Justification of the “electric-flux sign-flip” rule in 11d sugra on-shell action / relation to ensemble change

[Beccaria,Tseytlin ’23] [Beccaria,Giombi,Tseytlin ’23] [Bobev,Gautason,van Muiden ’26]

• Relation to string-field-theory-motivated approach
- On-shell comparison with Sen-type boundary terms

[Sen ’15] [Chakrabarti,Gupta,Manna ’22] [Mamade,Zwiebach ’25]

• Beyond the on-shell action
- Consistency with quantum democratic formulation [Rosabal ’25]

- Impact on supergravity 1-loop corrections
[Bhattacharyya,Grassi,Mariño,Sen ’12] [Bobev,David,JH,Reys,Zhang ’23]

Toward first-principles holography directly in 10/11d
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