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Statement of Problem
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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:
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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:

O(susy alEAdS) __
ZscFT = Zstring/M-theory|susy alEAdS XY

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

Z. e_ssugra,on-shell -+ -

string/M-theory |susy alEASKY

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

Za(susy alEAdS)

) — o Ssugra,onshell | ...
SCFT = Zstrmg/Mftheory|su5y alEAdSwy — € T Ermenshel +

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

- Type lIBon S® — 5d SO(6) gauged sugra [Baguet,Hohm,Samtleben '15]

- 11d sugra on S7 — 4d N = 8 gauged sugra [Nikolai,Pilch "11] [Varela '15]
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Problem: From parent theory to lower-dim gauged sugra

Za(susy alEAdS)

) — o Ssugra,onshell | ...
SCFT = Zstrmg/Mftheory|su5y alEAdSwy — € T Ermenshel +

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

- Type lIBon S® — 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 = —log 2)

- bd gauged sugra <> N =4 SU(N) SYM on S* [Henningson,Skenderis '98]

S5 gg sugra |EAd55 D #loge < FS4 (a-anomaly of N = 4 SYM)

- 4d gauged sugra <> ABJM on S2 [Drukker,Marifio,Putrov '10]

L? V2 15 30
S4dggsugra‘EAdS4:2G5¢) = BUTNYT=Fgs
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Problem: Parent 10/11d theory vs. lower-dim sugra

O(susy alEAdS)
Zscrr =2

_ =S -
5tri”g/M'the°r)’|susy alEAdSXY € sugras on-shell - ... .

® Holographic match: lower-dim on-shell action <+ SCFT free energy (F = —log 2)

But is this the right comparison?
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Problem: Parent 10/11d theory vs. lower-dim sugra

Z@(susy alEAdS)

SCFT = efssugva,cn-shell + .

Zstring/M-theory | susy alEADSXY

® Holographic match: lower-dim on-shell action <+ SCFT free energy (F = —log 2)

But is this the right comparison?

® Truncation keeps only a finite KK subsector, while no scale separation...
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Problem: Parent 10/11d theory vs. lower-dim sugra

efssugva,cn-shell + .

O(susy alEAdS) _
ZSCFT - ZSt'i”g/M'thEOW|susy alEAdSXY

® Holographic match: lower-dim on-shell action <+ SCFT free energy (F = —log 2)

But is this the right comparison?

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

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

[Bhattacharyya,Grassi,Marifio,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]

V2 19 3/2 1 r
Fg3 = 3 k1/2 N3/ +-<-+/—l()g]\‘+-“ C  —log Zi1d sugra (V)
7  — 1og Zuq gauged sugra (X)
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Problem: Parent 10/11d theory vs. lower-dim sugra

efssugva,cn-shell + .

O(susy alEAdS) . _
ZSCFT - ZSt“”g/M'thEOW|susy alEAdSXY
® Holographic match: lower-dim on-shell action <+ SCFT free energy (F = —log 2)

But is this the right comparison?

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

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

[Bhattacharyya,Grassi,Marifio,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]

™2 1
_ : k1/2N3/2+"'+7l“‘r’§]\7+"‘ C _105Z11dsugra )

Fg3 =

7  — 1og Zuq gauged sugra (X)

® First-principles holographic comparison?
— RHS sugra on-shell action directly from the parent 10/11d theory!
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Problem: Parent 10/11d theory vs. lower-dim sugra

efssugva,cn-shell + .

O(susy alEAdS) . _
ZSCFT - ZSt“”g/M'thEOW|susy alEAdSXY
® Holographic match: lower-dim on-shell action <+ SCFT free energy (F = —log 2)

But is this the right comparison?

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

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

[Bhattacharyya,Grassi,Marifio,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]

1
. +/— log N+ -+ C —log Z114 sugra )

P 7":\3/5}91/2]\]3/2_’_”

s3 =
7  — 1og Zuq gauged sugra (X)

® 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 AdSs5 x S°
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Problem: Vanishing pseudo-action of Type IIB

Z5yoom = TPlenss xSt (9(EAdSs) = 5%)

® Bosonic Type 11B pseudo—action (Euclidean, Einstein frame)

S 7771 /( Rffldd)/\ d¢771 “PHs A H)
= * * *
e 2k2 2 2° 3

1 20 o= 1. _ i
m/(e Fy A+F) + e F3/\*F3+5F5/\*F5)+m/C4AH3/\F3

“pseudo”: self-duality xF5 = il imposed by hand at the eom level

Note. Fi5 = dCy — $C2 AdBa + 3dBa AdCy # Fs = dCy
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0000e

Problem: Vanishing pseudo-action of Type IIB

Z5yoom = TPlenss xSt (9(EAdSs) = 5%)

® Bosonic Type 11B pseudo—action (Euclidean, Einstein frame)

. 1 1,
”Bffﬁ/‘(*ngd(b/\*cwfge Hg A +Hg)

1 24 o= I . i

m/(e Fy A+F) + e F3/\*F3+5F5/\*F5)+m/C4AH3/\F3

“pseudo”: self-duality *F5 = ¢F5 imposed by hand at the eom level
Note. Fi5 = dCy — $C2 AdBa + 3dBa AdCy # Fs = dCy

® Evaluated on EAdSs x 5% Siig|gays. x g5 =0
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0000e

Problem: Vanishing pseudo-action of Type IIB

Z5yoom = TPlenss xSt (9(EAdSs) = 5%)

® Bosonic Type 11B pseudo—action (Euclidean, Einstein frame)

Sig = ! /( R 1d¢/\ de ! “PHs A H)
== —F * R — — * — —e *
e 2k2 2 2 3 3

1 20 o= 1. _ i
m/(e Fy A+F) + e F3/\*F3+5F5/\*F5)+m/C4AH3/\F3

“pseudo”: self-duality xF5 = il imposed by hand at the eom level
Note. Fi5 = dCy — $C2 AdBa + 3dBa AdCy # Fs = dCy
5. _
® Evaluated on EAdS5 x S°: S“B|EAd55><S5 =0

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

Volgadsy
QTFGE\?)

4
St gg sugra |EAdS5 = = §V°|EAdS5 Volsg, D #loge captures the a-anomaly of N = 4 SYM
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Problem: Vanishing pseudo-action of Type IIB

Z5yoom = TPlenss xSt (9(EAdSs) = 5%)

® Bosonic Type 11B pseudo—action (Euclidean, Einstein frame)

s, ! /( R— Lag A wdo 1—¢HAH)
=—- — * R — — xdp — —e *
I8 o2 > 3 3 3
i/(ez‘i’Fl A xFy + e®Fsy A xF3 + iﬁs A *ﬁr) + L_/6‘4 A Hg A F3
4k2 2 ° AK2
“pseudo”: self-duality *F5 = ¢F5 imposed by hand at the eom level
Note. Fi5 = dCy — $C2 AdBa + 3dBa AdCy # Fs = dCy

® Evaluated on EAdSs x 5% Siig|gays. x g5 =0

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

Volgadsy
QTFGE\?)

4
St gg sugra |EAdS5 = = §V°|EAdS5 Volgs 2D #loge captures the a-anomaly of N =4 SYM

® Puzzle: First-principles 10d holographic comparison fails at the action level...?!
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@® Previous Resolution
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Previous Resolution

0@000

PST formulation: Self-duality from an action

S“B‘EAng,XSS

=0 # S5dggsugra|EAd$5 -7

Forget about holography for a while...

Instead, upgrade the pseudo-action S)g so that «I5 = iF% follows dynamically.

Junho Hong / Sogang University
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PST formulation: Self-duality from an action

- ?
S“B‘EAdS5><5‘5 =0 7£ SSd gg sugralEAds5

Forget about holography for a while...

Instead, upgrade the pseudo-action S)g so that «I5 = iF% follows dynamically.

Pasti-Sorokin-Tonin formulation of 1B
[Pasti,Sorokin, Tonin '95,'96] [Dall’Agata,Lechner,Sorokin '97] [Dall' Agata,Lechner, Tonin '98]

1 ~ ~
SpsT = S||B—0—872 /iv]-'5 A *iy Fs , F5 = F5 + i = F5 (anti-self-dual)
K2 .

with an auxiliary scalar a(z) entering via v¥ = 9" a/\/—|0a|?
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Previous Resolution
(o] Jelele]

PST formulation: Self-duality from an action

- ?
SIIB‘EAdSSXSS =0 7£ SSd gg sugra}EAds5

Forget about holography for a while...
Instead, upgrade the pseudo-action S)g so that «I5 = iF% follows dynamically.

Pasti-Sorokin-Tonin formulation of 1B
[Pasti,Sorokin, Tonin '95,'96] [Dall’Agata,Lechner,Sorokin '97] [Dall' Agata,Lechner, Tonin '98]

1 ~ ~
SpsT = S||B—0—872 /iv]-'5 A *iy Fs , F5 = F5 + i = F5 (anti-self-dual)
K2 .
with an auxiliary scalar a(z) entering via v = 8" a/+/—|0al?
® New gauge symmetry, absent in the pseudo-action
dp: dpa=0 & 6pCy = £y (da ANdly = 0)

® Gauge-fixing d; reproduces #F5 = iFy & the original 1B eom dynamically
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PST formulation: How self-duality emerges

1 ~ -
SpsT = S”B-&-S—2 /iv]-'5 A xiy Fs F5 = F5 + i x F5 (anti-self-dual)
K

Gauge-fixing the d; symmetry (6,C4 = £4) reproduces self-duality dynamically:

@ Cieomd(vAivFs)=0 = locally v AiyFs = dPy (danddy=0 - v~ da)
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PST formulation: How self-duality emerges

1 ~ -
SpsT = S”B-&-S—2 /iv]-'5 A xiy Fs F5 = F5 + i x F5 (anti-self-dual)
K

Gauge-fixing the d; symmetry (6,C4 = £4) reproduces self-duality dynamically:
@ Cieomd(vAivFs)=0 = locally v AiyFs = dPy (danddy=0 - v~ da)

@ Under 6 §p(v AinFs) = —dls = v ALF) = d(®4 — 1)
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PST formulation: How self-duality emerges

1 ~ -
SpsT = S”B-&-S—2 /iv]-'5 A xiy Fs F5 = F5 + i x F5 (anti-self-dual)
K

Gauge-fixing the d; symmetry (6,C4 = £4) reproduces self-duality dynamically:
@ Cieomd(vAivFs)=0 = locally v AiyFs = dPy (danddy=0 - v~ da)
@ Under 6 §p(v AinFs) = —dls = v ALF) = d(®4 — 1)

© Gauge choice 4y = &4 = vALF® —o
& 5
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PST formulation: How self-duality emerges

1 ~ -
SpsT = S”B-&-S—2 /iv]-'5 A xiy Fs F5 = F5 + i x F5 (anti-self-dual)
K

Gauge-fixing the d; symmetry (6,C4 = £4) reproduces self-duality dynamically:
@ Cieomd(vAivFs)=0 = locally v AiyFs = dPy (danddy=0 - v~ da)
@ Under 6 §p(v AinFs) = —dls = v ALF) = d(®4 — 1)
(3] Gauge choice {4y = P4 = v A iv]-'éq)) =0

O Anti-self-dual F5(q>) vanishes — }75 self-dual in this gauge

FE = oA F Y —ix oA FSP) =0 = «Fs = iF
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[e]e] le]e]

PST formulation: How self-duality emerges

1 ~ -
SpsT = S”B-&-S—2 /iv]-'5 A xiy Fs F5 = F5 + i x F5 (anti-self-dual)
K

Gauge-fixing the d; symmetry (6,C4 = £4) reproduces self-duality dynamically:
@ Cieomd(vAivFs)=0 = locally v AiyFs = dPy (danddy=0 - v~ da)
@ Under 6 §p(v AinFs) = —dls = v ALF) = d(®4 — 1)
(3] Gauge choice {4y = P4 = v A iv]-'éq)) =0

O Anti-self-dual F5(q>) vanishes — }75 self-dual in this gauge

FE = oA F Y —ix oA FSP) =0 = «Fs = iF

Subtlety: ®4 generically # 0 on OM, yet d; symmetry requires £4]|gp = 0

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

1
Spst = S + —— /11;-7-'5 A *iy Fs
8K= .

6¢SpsT #0 in the presence of boundary

Kurlyand-Tseytlin topological correction to PST formulation of 1B
[Kurlyand, Tseytlin '22]

i ~ ~ ~ ~ ~
SKT=SPST_m/F5M N Fsx (F5 = Fsp + Fsx --.7)

® Topological correction (bulk eom unaffected) restores d; for backgrounds w/ bdry

— Self-duality «F5 = i[5 arises dynamically for backgrounds w/ bdry
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Previous: Kurlyand-Tseytlin topological correction

1
Spst = S + —— /11;-7-'5 A *iy Fs
8K= .

6¢SpsT #0 in the presence of boundary

Kurlyand-Tseytlin topological correction to PST formulation of 1B
[Kurlyand, Tseytlin '22]

i ~ ~ ~ ~
SKT=SP5T—m /FSM N Fsx (F5 = Fsp + Fsx --.7)

® Topological correction (bulk eom unaffected) restores d; for backgrounds w/ bdry

— Self-duality «F5 = i[5 arises dynamically for backgrounds w/ bdry

® On EAdS5 x S%: the new term is consistent with holography!

4
SKT}EAds5><S5 = §V°'EAdS5V°'S5 = Ssd gg sugra|EAd55 v

— Matches 5d gg sugra on-shell action & Planar N'=4 SYM S* FE

Junho Hong / Sogang
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Previous Resolution
00080

Previous: Kurlyand-Tseytlin topological correction

1
Spst = S + —— /11;-7-'5 A *iy Fs
8K= .

6¢SpsT #0 in the presence of boundary

Kurlyand-Tseytlin topological correction to PST formulation of 1B
[Kurlyand, Tseytlin '22]

i ~ ~ ~ ~
SKT=SP5T—m /FSM N Fsx (F5 = Fsp + Fsx --.7)

® Topological correction (bulk eom unaffected) restores d; for backgrounds w/ bdry

— Self-duality «F5 = i[5 arises dynamically for backgrounds w/ bdry
® On EAdS5 x S%: the new term is consistent with holography!
4
SKT}EAds5><S5 = §V°'EAdS5V°'S5 = Ssd gg sugra|EAd55 v

— Matches 5d gg sugra on-shell action & Planar N'=4 SYM S* FE

® Purely internal motivation (gauge symmetry), yet holography issue resolved!
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Previous: Limitations of KT proposal

[ ~ -
SkT = SpsT — — /FsM N Fsx
4k

Restrictive assumptions underlying the KT topological correction

@ Field content: All IIB fields vanish except metric & Fj
(so X5 = F5 — Fs = —1Cy AHs + 1By A F3=0)

@ Topology: 10d background = M5 x X5, unwarped along X5

+ ‘Natural’ decomposition Fs=Fsy + Fsx
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Previous Resolution
[e]e]ele] ]

Previous: Limitations of KT proposal

[ ~ -
SkT = SpsT — — /FsM N Fsx
4k

Restrictive assumptions underlying the KT topological correction

@ Field content: All IIB fields vanish except metric & Fj
(so X5 = F5 — Fs = —1Cy AHs + 1By A F3=0)

@ Topology: 10d background = M5 x X5, unwarped along X5

+ ‘Natural’ decomposition Fs=Fsy + Fsx

Works for EAdSs x S®, but...
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Previous Resolution
[e]e]ele] ]

Previous: Limitations of KT proposal

[ ~ -
SkT = SpsT — — /FsM N Fsx
4k

Restrictive assumptions underlying the KT topological correction

@ Field content: All IIB fields vanish except metric & Fj
(so X5 = F5 — Fs = —1Cy AHs + 1By A F3=0)

@ Topology: 10d background = M5 x X5, unwarped along X5
+ ‘Natural’ decomposition Fs=Fsy + Fsx
Works for EAdSs x S®, but...
Excludes numerous holographic backgrounds

® Non-trivial 2-form potentials e.g. B-deformation (Lunin-Maldacena)

® Warped AdSy x X19_g with d 75 5 e.g. AdS4 S-fold, various warped AdS;
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Previous Resolution
[e]e]ele] ]

Previous: Limitations of KT proposal

[ ~ -
SkT = SpsT — — /FsM N Fsx
4k

Restrictive assumptions underlying the KT topological correction

@ Field content: All IIB fields vanish except metric & Fj
(so X5 = F5 — Fs = —1Cy AHs + 1By A F3=0)

@ Topology: 10d background = M5 x X5, unwarped along X5
+ ‘Natural’ decomposition Fs=Fsy + Fsx
Works for EAdSs x S®, but...
Excludes numerous holographic backgrounds

® Non-trivial 2-form potentials e.g. B-deformation (Lunin-Maldacena)

® Warped AdSy x X19_g with d 75 5 e.g. AdS4 S-fold, various warped AdS;

Need to generalize the KT topological correction!
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Our Improvement
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Improvement: Refined topological term

8¢SpsT = e / [d(Fs N 6pCyq) +d(Xs5 A 3’404)]
i

4k2

Skt = SpsT — /ﬁSM A Fsx (F5 = F5 + X5)
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Our Improvement
O@000000

Improvement: Refined topological term

8¢SpsT = e / [d(Fs N 6pCyq) +d(Xs5 A 3’404)]
i

4k2

Skt = SpsT — /ﬁSM A Fsx (F5 = F5 + X5)

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

SAHIL = SpsT —

7 g 7 g
e / Fsp AFsNE = / d(X5 A Cy)
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O@000000

Improvement: Refined topological term

8¢SpsT = e / [d(Fs N 6pCyq) +d(Xs5 A 3’404)]
i

4k2

Skt = SpsT — /ﬁSM A Fsx (F5 = F5 + X5)

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

SAHIL = SpsT —

7 g 7 g
e / Fsp AFsNE = / d(X5 A Cy)

® 2nd term cancels the X5 piece of 6, Spst automatically (CS representative)
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Our Improvement
O@000000

Improvement: Refined topological term

i -
8pSpsT = —5 / [d(Fs N 6pCyq) +d(Xs5 A 3’404)]
4K
7

4k2

Skt = SpsT — /ﬁSM A Fsx (F5 = F5 + X5)

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

SAHIL = SpsT —

v g 7 g
e / Fsp AFsNE = / d(X5 A Cy)

® 2nd term cancels the X5 piece of 6, Spst automatically (CS representative)
® F5 = Fsg + FsnE: decomposition into exact & non-exact parts (how?)

® Ist term cancels the F5 piece of §;SpsT under weaker assumptions (how?)
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Our Improvement
O@000000

Improvement: Refined topological term

i -
8pSpsT = —5 / [d(Fs N 6pCyq) +d(Xs5 A 3’404)]
4K
7

4k2

Skt = SpsT —

/ﬁSM A Fsx (F5 = F5 + X5)

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

§ T
/ Fsg ANF5NE iz / d(Xs5 A Ca)

v
SAHIL = SpST — —
) s 4k2

® 2nd term cancels the X5 piece of 6, Spst automatically (CS representative)
® F5 = Fsg + FsnE: decomposition into exact & non-exact parts (how?)

® Ist term cancels the F5 piece of §;SpsT under weaker assumptions (how?)

V' Reduces to KT under their assumptions (Fsg — F5p; and Fsyg — Fsx)

V' Extends to EAdS; & non-trivial Bo, Co
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Improvemen )¢ restored

7

seSpst = —5 [ [a(F5 A 5,Ca) +d(X5 A 5,Ca)]
4k

T

4K2

SAHIL = SpsT —

g 7 ~
/F5EAF5NE*m /d(Xs/\CU (F5 = F5 + X5)

Assumptions (3rd one makes the decomposition F5 = F5p + F5n 5 unambiguous!)

o Mg x X10_q topology (M4 non-compact; X1g_ 4 compact), warping allowed

9 dx Fsp =0 & 6yFsnE = dx Ay globally

e Fyp carries a common 1-form leg along M, not shared by F5n g (e.g. Euclidean time dt)
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Our Improvement
[e]e] le]e]ele]e)

Improvemen )¢ restored

7

seSpst = —5 [ [a(F5 A 5,Ca) +d(X5 A 5,Ca)]
4k

T

4K2

SAHIL = SpsT —

g 7 ~
/F5EAF5NE*m /d(Xs/\CU (F5 = F5 + X5)

Assumptions (3rd one makes the decomposition F5 = F5p + F5n 5 unambiguous!)

o Mg x X10_q topology (M4 non-compact; X1g_ 4 compact), warping allowed
@D dxFip=0& §;Fsnp = dx A globally

e Fyp carries a common 1-form leg along M, not shared by F5n g (e.g. Euclidean time dt)

Improvement

i i i )
M(— e / Fsp A FSNE) + e / d(F5 A 6,C4)

i
= —m/ [FSE N6Fsp +2Fsp NSy Fsng + FsNE A 5£F5NE}

T
=Tz 2Fsp NS FsNE (Assumption 3)
K
7
= 2k2 /dX (FSE A A4) (Assumption 2)
K2 .
=0 (Assumption 1)

Black Hole Thermodynamics
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Improvement: Assumptions

o Mg X X10_q topology (M4 non-compact; X14_ 4 compact), warping allowed

9 dxFsp =0 & 6pF5np = dx A4 globally (A4 tied to £4; no large gauge transf.)

e Fy carries a common 1-form leg along M, not shared by F5n g (e.g. Euclidean time d)

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

Q2. Are these assumptions appropriate for EAdS; x X10_4 holographic backgrounds?
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Improvement: Assumptions

o Mg X X10_q topology (M4 non-compact; X14_ 4 compact), warping allowed

9 dxFsp =0 & 6pF5np = dx A4 globally (A4 tied to £4; no large gauge transf.)

e Fy carries a common 1-form leg along M, not shared by F5n g (e.g. Euclidean time d)

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

Q2. Are these assumptions appropriate for EAdS; x X10_4 holographic backgrounds?

@ M5 x X5 w/owarp — My x X19_q w/ warp

Covers more general holographic EAdS; backgrounds with non-trivial warping

Black Hole Thermodynam
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Improvement: Assumptions

o Mg X X10_q topology (M4 non-compact; X14_ 4 compact), warping allowed
9 dxFsp =0 & 6pF5np = dx A4 globally (A4 tied to £4; no large gauge transf.)

e Fy carries a common 1-form leg along M, not shared by F5n g (e.g. Euclidean time d)

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

Q2. Are these assumptions appropriate for EAdS; x X10_4 holographic backgrounds?

@ M5 x X5 w/owarp — My x X19_q w/ warp

Covers more general holographic EAdS; backgrounds with non-trivial warping
@O FspcQ(M)& 6 Fsnpg =0 — dxFsp =0 & §¢Fsnve =dxAg

O FpcQ®(M) & Fsnp €Q%(X) — dr C Fsg & dr ¢ Fsne

Black Hole Thermodynamics

Junho Hong / Sogang
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Improvement: Assumptions

o Mg X X10_q topology (M4 non-compact; X14_ 4 compact), warping allowed

9 dxFsp =0 & 6pF5np = dx A4 globally (A4 tied to £4; no large gauge transf.)

e Fy carries a common 1-form leg along M, not shared by F5n g (e.g. Euclidean time d)

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

Q2. Are these assumptions appropriate for EAdS; x X10_4 holographic backgrounds?
@ M5 x X5 w/owarp — My x X19_q w/ warp
Covers more general holographic EAdS; backgrounds with non-trivial warping
@O FspeQ(M)&§Fsng =0 — dxFsp=0 & §Fsyp =dxA4

© FpcQ(M) & Fsyp €Q°(X) — dr C Fsgp &dr ¢ Fsng
Can be checked case-by-case for various holographic backgrounds

Note. Trivial cohomology of EAdS; motivates Fsn g € (o (X)

Black Hole Thermodynamics
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Improvement: Example |. Lunin-Maldacena (non-trivial 2-forms)

1 g 3 g
_ —¢
SAHIL |gnshell = o2 /d(BQ ANe T« Hg+-- ')* 2 / Fsgp NFs5NE

Lunin-Maldacena solution dual to S-deformed N' = 4 SYM

[Lunin,Maldacena '05] [Leigh,Strassler '95]
(S® direction cosines u;; > #? =1)

2 —1/4[,.2
ds®> =g~/ [dSEAdS5+“']v B3, C2 #0,

= . —1 2 2 2 2 2 2 2 2
Fs = —4(i + *)volgagsy, » G =14 (v +07)(kips + paps + p3py)

® Topology ~ EAdS5 x S® but Bz, Cy # 0 & 3warping — outside KT class

Junho Hong / Sogang University Black Hole Thermodynamics
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Improvement: Example |. Lunin-Maldacena (non-trivial 2-forms)

1 g 3 g
_ —¢
SAHIL |gnshell = o2 /d(BQ ANe T« Hg+-- ')* 2 / Fsgp NFs5NE

Lunin-Maldacena solution dual to S-deformed N' = 4 SYM

[Lunin,Maldacena '05] [Leigh,Strassler '95]
(S® direction cosines u;; > #? =1)

:G71/4[dS§Ad35+~-]7 B3,C2 #0,
F5 = —4(i + )volgads; » Gl =14 (" + D) Wind + piuj + uind)
® Topology ~ EAdS5 x S® but Bz, Cy # 0 & 3warping — outside KT class

® 5-form decomposition Fsp = —4ivolgads,, Fsng = —4G 1 % volgads,

Note: G~ 1 appears in F5, not in 1;5

Black Hole Thermodynamics
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Improvement: Example |. Lunin-Maldacena (non-trivial 2-forms)

1 g —¢ 3 g
SAHIL on-shell = P / d(Bz ANe T« Hg+- )*m / Fsgp NFs5NE

Lunin-Maldacena solution dual to S-deformed N' = 4 SYM

[Lunin,Maldacena '05] [Leigh,Strassler '95]
(S® direction cosines u;; > #? =1)

ds® = G~/ 4 [dsgags, + 1], B2,C2 #0,

F5 = —4(i + )volgads; » Gl =14 (" + D) Wind + piuj + uind)

® Topology ~ EAdS5 x S® but Bz, Cy # 0 & 3warping — outside KT class

® 5-form decomposition Fsp = —4ivolgads,, Fsng = —4G 1 % volgads,
Note: G~ 1 appears in F5, not in 1;5

® On-shell action (consistent truncation in [Liu,McPeak '19])
)

4
SaHiLw = §V°|5Ad55V°|55 = Ssd gg sugralEAdSS

(7, 0)-indept as expected for exactly marginal deformations [Freedman,Gursoy '05]

Black Hole Thermodynamics

niversity
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Improvement: Example Il. S-fold (d = 4 # 5)

1 , s
SAHIL | omchell = ﬁ/d(Bg/\e ¢*H3+-~)—m/F5EAF5NE

EAdS4 x S x 8% S-fold dual to 3d A = 4 S-fold SCFT

[Inverso,Samtleben, Trigiante '16] [Assel, Tomasiello "18]

dsiy = ATV 2 [dsEags, +dn® +da’® -], Bz, C2 #0,

Cy = %wg/\(dn«k%sin?ada)f %f(a)doc/\(-H)

® My =EAdS, with d =4 (#5) & Ba,C2 # 0 & “warping — outside KT class

Junho Hong / Sogang University Black Hole Thermodynamics
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Improvement: Example Il. S-fold (d = 4 # 5)

1 , s
SAHIL | omchell = ﬁ/d(Bg/\e ¢*H3+-~)—m/F5EAF5NE

EAdS4 x S x 8% S-fold dual to 3d A = 4 S-fold SCFT

[Inverso,Samtleben, Trigiante '16] [Assel, Tomasiello "18]
dsfo = AT 2 [dsEags, +dn® +da’® +--], B2, Ca #0,

Cy = %ng(dn+%sin2ada 7%f(oz)doc/\(-~)

® My =EAdS, with d =4 (#5) & Ba,C2 # 0 & “warping — outside KT class

® 5-form decomposition

Fsp = 7%V0|EAdS4 A (dn + % sin2ada) & Fysngp = f(a)da A voIQ1 A volg2

Note: F5 g has EAdSy leg while F5 v g lives purely on Xg

Black Hole Thermodynamics
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Improvement: Example Il. S-fold (d = 4 # 5)

1 , s
SAHIL | omchell = ﬁ/d(Bg/\e ¢*H3+-~)—m/F5EAF5Np

EAdS4 x S x 8% S-fold dual to 3d A = 4 S-fold SCFT

[Inverso,Samtleben, Trigiante '16] [Assel, Tomasiello "18]

dsiy = ATV 2 [dsEags, +dn® +da’® -], Bz, C2 #0,
Cy = wg/\(dn+ sln2ada)7 fla)dan(---)

® My =EAdS, with d =4 (#5) & Ba,C2 # 0 & “warping — outside KT class

® 5-form decomposition

Fsp = **VOlEAdS‘L A (dn + sin2ada) & Fysngp = f(a)da A volg, Avolg,

Note: F5 g has EAdSy leg while F5 v g lives purely on Xg
® On-shell action [Assel Estes,Yamazaki '12] (consistent truncation in [Inverso,Samtleben, Trigiante '16])

2

SaHILls folg = V°|s2 V"'s2 Voleads, = Sad gg sugra ‘EAdS4 )

16K2
Matches S3 FE of the dual SCFT via localization [Assel, Tomasiello '18]

Black Hole Thermodynam
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Aside: Clone-field formulation of 1B

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

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

1

: _ 1 R _
7ﬁ/(*Rf%d¢/\*d¢f%e ¢H3/\*H3)+m/(e ¢F1A*F1+5¢F3/\*F3)

Sclone =

1
+ 872/ [(F5 +aQs) A =(Fs + aQs) + 2iFs A aQs — 2i(1 — i) (Fs + aQs) A X5 + X5 A #X5)
K

® Ry: auxiliary clone field (2nd copy of C4), Q5 = dRy4; a: PST-type scalar

Black Hole Thermodynamics
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Aside: Clone-field formulation of 1B

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

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

1

SClone = — 5

: 1 ] _
/ (* R— Ldg Axdp— Le P H A *Hg) +ia / (e”’F1 AxFp 4+ e®Fy A *Fg)
K

1
+ 872/ [(F5 +aQs) A =(Fs + aQs) + 2iFs A aQs — 2i(1 — i) (Fs + aQs) A X5 + X5 A #X5)
K

® Ry: auxiliary clone field (2nd copy of C4), Q5 = dRy4; a: PST-type scalar

® (4 & Ry eom = self-duality *(ﬁg) +aQs) = Z(ﬁz, + aQs) (no gauge choice, cf. PST)
= ﬁ5 + aQs is a natural self-dual combination.

(. 6¢gR4 = —aly can remove Q5 locally but not globally for backgrounds w/ bdry.)

Black Hole Thermodynam
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Aside: Clone-field formulation of 1B

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

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

1

SClone = — 5

: 1 ] _
/ (* R— Ldg Axdp— Le P H A *Hg) +ia / (e”’F1 AxFp 4+ e®Fy A *Fg)
K

1
+ 872/ [(F5 +aQs) A =(Fs + aQs) + 2iFs A aQs — 2i(1 — i) (Fs + aQs) A X5 + X5 A #X5)
K

® Ry: auxiliary clone field (2nd copy of C4), Q5 = dRy4; a: PST-type scalar

® (4 & Ry eom = self-duality *(ﬁg) +aQs) = Z(ﬁz, + aQs) (no gauge choice, cf. PST)
= ﬁ5 + aQs is a natural self-dual combination.

(. 6¢gR4 = —aly can remove Q5 locally but not globally for backgrounds w/ bdry.)

® On EAdS5 x S5 a single term survives:

i
SClone =12 /Fs NaQs .

EAdS5 x S5

Black Hole Thermodynam
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Aside: Bridge to the clone-field formulation

i _ -
Edss x 55 = InZ /F5 ANaQs & Fs+aQ self-dual (F5 = Fj + ¥6)

Sclone

i
s ’ - /F AF,
AHJL EAd55X55 4r2 5E 5NE

® Ambiguity: decomposing ﬁ’5 + aQs into ﬁ5 & aQ)s is not fixed by first principles

— On-shell value of the surviving [ F5 A aQs is ambiguous...

i
SClone =13 / Fs NaQs =7

EAdS5 x S5

Black Hole Thermodynamics
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Aside: Bridge to the clone-field formulation

i _ -
SClone =13 /F5 ANaQs & Fs+aQ self-dual (F5 = Fj + ¥6)

EAdSg x S5

S, ’ = : /F F,
=—— A

AHIL g pgs, x 55 1.2 ) 5B 5NE

® Ambiguity: decomposing ﬁ’5 + aQs into ﬁ5 & aQ)s is not fixed by first principles

— On-shell value of the surviving [ F5 A aQs is ambiguous...

i
SClone =13 / Fs NaQs =7

EAdS5 x S5
® Consistency with our refined PST action fixes the split!
Fs <— Fs5NE & aQs +— Fsg

Sclone = SanJL off-shell under the above matching!

[Hutomo,Lechner,Sorokin '25]: PST <+ clone, up to bdry

Black Hole Thermodynamics
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Summary

i i
SAHIL = SpsT — — /F5E ANFsNE — 7 /d(?fs A Cy)
4k 4k

Problem. 1IB pseudo-action vanishes on EAdSs x S® — direct holo-comparison fails

Previous Sol. PST (xF5 = iF5 dynamically) + KT topological correction yields
the wanted non-vanishing EAdS;5 x S® on-shell action.

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

Our refinement. Valid for My x X1g_4, warping, & non-trivial 2-forms

Non-trivial tests. Lunin-Maldacena & S-fold EAdS; x S! x S5

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

Junho Hong / Sogang University Black Hole Thermodynamics
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® Fully general refined PST for 1IB 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 Garcia '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,Marifio,Sen '12] [Bobev,David,JH,Reys,Zhang '23]

Toward first-principles holography directly in 10/11d

Black Hole Thermodynamics
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