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AdS/CFT correspondence

Recent progress in understanding AdSz/CFTa:

AdS3 x §3 x §3x ST «——  WZW on Sym"(SU(2) x U(1))
[Eberhardt, Gaberdiel, Li (2017)]

AdS3 x 3 x T*  «——  WZW on Sym™(T%)
[Eberhardt, Gaberdiel, Gopakumar (2019)]

Based on supersymmetry. How to go beyond susy?
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AdS3 x 3 x T*  «——  WZW on Sym™(T%)
[Eberhardt, Gaberdiel, Gopakumar (2019)]

Based on supersymmetry. How to go beyond susy?
= marginal deformations
Continuous deformations preserving the conformal symmetry.
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Operator O with A =2 Scalar field ¢ with m =0
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AdS/CFT correspondence

Recent progress in understanding AdSz/CFTa:

AdS3 x §3 x §3x ST «——  WZW on Sym"(SU(2) x U(1))
[Eberhardt, Gaberdiel, Li (2017)]

AdS3 x 3 x T*  «——  WZW on Sym™(T%)
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Based on supersymmetry. How to go beyond susy?
= marginal deformations
Continuous deformations preserving the conformal symmetry.
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Operator O with A = 2 Scalar field ¢ with m =10
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Kaluza-Klein reduction

Supergravity on AdS x M

compact manifold
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Kaluza-Klein reduction

Supergravity on AdS x M

compact manifold

The supergravity fields (¢, m) arise from compactification on M.
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Kaluza-Klein reduction

Supergravity on AdS x M

compact manifold

The supergravity fields (¢, m) arise from compactification on M.

Example: fields on AdSz x St PH(x" y) = Z P39 (xH) VIR,

n

n\?2
Osg =0 — (53—(R))(/)<n3d)=o.
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Kaluza-Klein reduction

Supergravity on AdS x M

compact manifold

The supergravity fields (¢, m) arise from compactification on M.

Example: fields on AdSz x St PH(x" y) = Z P39 (xH) VIR,

n

ny?2
agld —0 — (D3_(R) ) pi3) — .

KK level
o 31 C )
Compactification leads to towers of
4 4 21 ( )
massive Kaluza-Klein modes.
11 ( )
01 C )
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Consistent truncations

) ) KK level
Consistent truncation: 3
Restriction to a finite subset of KK modes
such that every solution of the truncated 2
theory defines a solution of the full theory. 1 ( )
0
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Consistent truncations

) KK level
Consistent truncation: 3
Restriction to a finite subset of KK modes
such that every solution of the truncated 2
theory defines a solution of the full theory. 1 ( )
0

Vs 2
3d potential: k
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Consistent truncations

) KK level
Consistent truncation: 3
Restriction to a finite subset of KK modes
such that every solution of the truncated 2
theory defines a solution of the full theory. 1 ( )
0

10d uplift: AdS3 x My

Vs 2
3d potential: k
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Consistent truncations

. . KK level
Consistent truncation:

Restriction to a finite subset of KK modes
such that every solution of the truncated
theory defines a solution of the full theory.

= N W

o
)
—/

10d uplift: AdSz x My AdS3 x M

Vs 2
3d potential: k
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Duality symmetries

Dualities: novel symmetries arising when string theory is compactified.

Compactification of one dimension:
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Duality symmetries

Dualities: novel symmetries arising when string theory is compactified.

Compactification of one dimension:
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Duality symmetries

Dualities: novel symmetries arising when string theory is compactified.

Compactification of one dimension:

\ 1 \% \
i [y L Winding number: w
| - Momentum along y: p
I X \ A
/ AANY

w=20 w=1 w =2

R — d|R,

W < p.

2 2 p2
e M2 P w'R
Enelgg. M = ﬁ —+ a/z

= {nvariant under {
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T duality: Compactification on T¢ gives global O(d, d) symmetry.
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Duality symmetries

Dualities: novel symmetries arising when string theory is compactified.

Compactification of one dimension:

\ 1 \% \
i [y L Winding number: w
| - Momentum along y: p
I X \ A
/ AANY

w=20 w=1 w =2

2 2 p2
e M2 P w'R
Enelgg. M = ﬁ —+ a/z

R — d|R,

W < p.

= {nvariant under {

T duality: Compactification on T¢ gives global O(d, d) symmetry.

U duality: Further symmetry enhancement. For type Il: Eqy1(q+41).
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Exceptional Field Theory

Dualities are “hidden” symmetries: explicit only after dimensional
reduction. How to use them?

Exceptional Field Theory: duality covariant formulation of the
higher-dimensional supergravities prior to any compactification

= relevant framework to implement dualities!
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Exceptional Field Theory

Dualities are “hidden” symmetries: explicit only after dimensional
reduction. How to use them?

Exceptional Field Theory: duality covariant formulation of the
higher-dimensional supergravities prior to any compactification

= relevant framework to implement dualities!

Today:

e Duality symmetries provide powerful tools to study the AdS/CFT
correspondence,

e Exceptional Field Theory makes it possible to build consistent
truncation and compute Kaluza-Klein spectra.
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From 10d to 3d and Eg(g) ExFT




From [IB to maximal supergravity in 3d

10d 1IB a o - A pn
/\Cf _ (;’Ug;j elhs=eR—e 90,00 — & Gﬁ%MaBGB“"p + ...
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From [IB to maximal supergravity in 3d

10d 1IB sugra el Ly — e PR et (7[,(7)0[’&)

a Bivp
N =(2,0) Gl Mo GPHYP 4
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3d max. sugra
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From [IB to maximal supergravity in 3d

10d 1IB sugra
N =(2,0)

3d max. sugra

N =16

Camille Eloy
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| symmetry

after dualization/reorganisation of the fields.

Fields: gv(x),  Myx(x)

e 18 = R+ 55 0,Myy
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From [IB to maximal supergravity in 3d

10d 1IB a o - A pn
/\Cf _ (;’Ug;j elhs=eR—e 90,00 — & Gﬁ%MaBGB“"p + ...

Egg) global symmetry
after dualization/reorganisation of the fields.

Fields: gu(x), My,5(x) € Egg)/SO(16), A,M(x)

gauged e 'Ly =R+ ﬁ DMy DNMMNJPZ(S(ANM) - V.

3d max. sugra
NC: 16J ° Gauging G C Egg) through an embedding tensor X,

D, =0d,+ A, X.
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From [IB to maximal supergravity in 3d

10d 1IB a o - A pn
/\Cf _ (;’Ug;j elhs=eR—e 90,00 — & Gﬁ%MaBGB“"p + ...

Egg) global symmetry
after dualization/reorganisation of the fields.

Fields: guu(x),  Mpypy(x) € Egg)/SO(16),  A,M(x).

gauged e 'Ly =R+ ﬁ DMy DMMMNJFXCS(ANM) - V.

3d max. sugra
NC: 16J ‘ Gauging G C Egg) through an embedding tensor X,z

D;/ :al’_‘_'AUAX'
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E Q
(0]

@) exceptional field theory

[Hohm, Samtleben (2014)

e Same reorganization for the 10d fields (é*f,o, ¢, Coy. C8, 6(4)):

gu(xiod),  Mun(xiod),  AMxi0a), By m(xiod).
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e Same reorganization for the 10d fields (é*f,o, ¢, Coy. C8, 6(4)):

M
gu(xiod),  Mumn(xiod), Ay (x0d), By m(xiod).
e Keeping the dependence on all internal coordinates:

de {X3d y™}
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E o}
0

@) exceptional field theory

[Hohm, Samtleben (2014)

e Same reorganization for the 10d fields (gw, ¢, Coy. €8, 6(4)):
M
guw(xiod),  Mumn(xiod), Ay (x0d), By m(xioa).
e Keeping the dependence on all internal coordinates: 8/"0m ...

Xﬂ)d = {X3ud' y™}
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E o}
0

) exceptional field theory

[Hohm, Samtleben (2014)

e Same reorganization for the 10d fields (ﬁwr ¢, Coy. €8, 6(4)):
M
guv(X3dr Y), MMN(XBEIr Y), -Au (X3d, Y), B;/M(X3d, Y)
e Keeping the dependence on all internal coordinates: AL,M(?M o

Xﬁ)d = {X3udfym} - {X3ud' YM}

in the adjoint of Eg(g) and nMNoy @ dy =0,

subject to section constraints 1 f""pdm®dy =0,
(P3g7s)mn ok ® 9, = 0.
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E o}
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) exceptional field theory

[Hohm, Samtleben (2014)

e Same reorganization for the 10d fields (ﬁwr ¢, Coy. €8, 6(4)):
M
guv(X3dr Y), MMN(XBEIr Y), -Au (X3d, Y), B;/M(X3d, Y)
e Keeping the dependence on all internal coordinates: AL,M(?M o

Xﬁ)d = {X3udfym} - {X3ud' YM}

in the adjoint of Egg) and nMNoy ® dy =0,

subject to section constraints {f""pdm®dy =0,
(P3g7s)mn" ok ® 9, = 0.

e Internal coordinate dependence = non-abelian gauge structure:

. . e Esg)
Egg) generalised diffeomorphisms E(\I)'
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Egs) exceptional field theory

[Hohm, Samtleben (2014)
. . ) . _ pree
e Duality-covariant w.rt. Egg): D, =9, E(A“ B,)

e $E><FT =R+ — 240 DUMI\/IN DNMMN + fcs(Au ,BNM) - V.

e 'y = R+ 35 DMy D"MMN 4 Zs(AM) — V
e L = e”"”’*’ — e 0,00" — L GI Mg G 1
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Egs) exceptional field theory

[Hohm, Samtleben (2014)

) E
e Duality-covariant w.rt. Egg): D,=9,— L(j\f)&,)

e % e =R —|— DNMMN D' MMN - Zes(AM B,m) — V.

e Contact to IIB supergravity:

Solution of the section constraints FMN Lo @ O = 0,

nMNgy @y =0,
(P3g7s)n Lok @ aL = 0

1B SUGRA
aMH{amr%rWr}

breaking Egg to GL(7) x SL(2)
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Egs) exceptional field theory

[Hohm, Samtleben (2014)

. ) E
e Duality-covariant w.rt. Egg): D,=9,— E(X(S)B )
1P

e A rr=R+-— 2 5 Dy My D MMN 1 Zes(AM, Bym) — V.

dictionary

e Contact to IIB supergravity:

Solution of the section constraints

om — {am’%’ﬁ/m‘rf’ .- }

breaking Egg to GL(7) x SL(2)

fMN pop @ dp =0,

nMNgy @y =0,
(P3g7s)n Lok @ aL = 0
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Consistent truncation and
Kaluza-Klein spectra

within ExFT
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General idea

Consistent truncation:
Restriction to a finite subset of KK modes such that every solution of
the lower-dim. theory defines a solution of the higher-dim. theory.

[IIB supergravitg]

[3d N =16 supergravltg]
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General idea

Consistent truncation:
Restriction to a finite subset of KK modes such that every solution of
the lower-dim. theory defines a solution of the higher-dim. theory.

Eg(g) ExFT

generalised [IIB supergravitg]

Scherk-Schwarz . /

reduction

[3d N =16 supergravltg]
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General idea

Consistent truncation:
Restriction to a finite subset of KK modes such that every solution of
the lower-dim. theory defines a solution of the higher-dim. theory.

generalised [IIB supergravltg}

Scherk-Schwarz . /
e e
reduction

[3d N =16 supergravltg]
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Consistent truncation Galli, Malek (2022)]

Generalized Scherk-Schwarz ansatze in terms of twist matrix
uuM e Egg) and scale factor p:

Mun(x, Y) = Uu™(Y)UNN(Y) My, (%),

AMx, Y) = p(Y) U, M(Y) AM(x).
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Consistent truncation Galli, Malek (2022)]

Generalized Scherk-Schwarz ansatze in terms of twist matrix
uuM e Egg) and scale factor p:

Mun(x, Y) = Uu™(Y)UNN(Y) My, (%),
AMx, Y) = p(Y) U, M(Y) AM(x).

Consistency conditions:

EOMey [A,,(x, Y)] — U(Y) - EOMy [.A/,(x)].
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Consistent truncation Galli, Malek (2022)]

Generalized Scherk-Schwarz ansatze in terms of twist matrix
uuM e Egg) and scale factor p:

Mun(x, Y) = U™ (Y)UNN(Y) Mg ),
AM ) = p(Y)HUT M (Y) A ().
Consistency conditions:

Eee), , M Py M P M _ 11y M
Ly Uy" =Xyn Up™" o X" = cst, Ug™ = p(U)",

—s EOMpygt [A,,(x, Y)] — U(Y) - EOMy [.A/,(x)].
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Consistent truncation Galli, Malek (2022)]

Generalized Scherk-Schwarz ansatze in terms of twist matrix
uuM e Egg) and scale factor p:

Mun(x, Y) = UnM(Y)UNN(Y) My ),
AMOx, ) = p(Y)HUT M(Y) AM ().
Consistency conditions:
E Uy M= X TUSM, X = cst, Uy™ = o7 (U,
— EOMesr [AN(X, Y)] — U(Y) - EOMs [AL,(X)].

Embedding tensor of the 3d theory!
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Introduction of higher KK modes

Malek, Samtleben (2019,2020)]

Mun(x, Y) = Ua™(Y)UNN(Y) My (),

AMx, Y) = p(Y)HUTY MY ) AM ().
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Introduction of higher KK modes

Malek, Samtleben (2019,2020)]

Fluctuation ansatz:

Mun(x, Y) = Un™(Y)UNN(Y)Vs(Y) ME (%),
AMix, Y) = p(Y)HUY MY)Vs(Y) AME(),

with YX(Y) scalar harmonics of the internal manifold.
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Introduction of higher KK modes

Malek, Samtleben (2019,2020)]
Fluctuation ansatz:
M Y) — M N T
mn(x, Y) = U™ (Y)UNT(Y)VE(Y) M) 5 (),
AMix, Y) = p(Y)HUT) MY)Vs(Y) AME(),

with YX(Y) scalar harmonics of the internal manifold.

Plugging into the ExFT e.o.m. and linearizing w.rt. the fluctuation
gives mass matrices for all fields (including fermions).

. ML Q MP MP 0 Q4 10
Vectors: M i =(/7 +90 )(XP,—V5 +fPNQTQ ‘
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Introduction of higher KK modes

Malek, Samtleben (2019,2020)]
Fluctuation ansatz:
M Y) — M N T
mn(x, Y) = U™ (Y)UNT(Y)VE(Y) M) 5 (),
AMix, Y) = p(Y)HUT) MY)Vs(Y) AME(),

with YX(Y) scalar harmonics of the internal manifold.

Plugging into the ExFT e.o.m. and linearizing w.rt. the fluctuation
gives mass matrices for all fields (including fermions).

Vectors: I\/IMXNQ = (/7MP + 5MP) (XPNém + fPNOTQm ‘

= access to KK spectrum around any vacuum in the potential!
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Example: AdS; x §3 x T*
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AdS; x §3 x T* and deformations Eloy, Larios (2023

(w, ¢) deformation of the AdSz x S x T# vacuum:
_AdS3 x M* x T3

10d IIB — &
> N3d =0

Remaining isometries: U(1). x U(1)g x U(1)*.
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AdS; x §3 x T* and deformations Eloy, Larios (2023

(w, ¢) deformation of the AdSz x S x T# vacuum:
AdS3 x M* x T3

10d 1B — 8
S N3d =0

Remaining isometries: U(1). x U(1)g x U(1)*.

b = A2
ds? = ds?(AdSs3) + c|s2(M3v5) + 9 dy'dy! + [c|y7+e“’(A4( cos?a dB — sin’a cly)]2,
Hi3) = 2Vol(AdS3) + sin(2a) A%e®” da A (dB + Cdy”) A (T2 + e 2“)dy — {dy”)
with
clsz(/\/ljz) = da® + ewA4( cos?a dB? 4 ({2 + e 2¥)sin%a c|y2)

— (28 ( cos?a dB — sin®a dy)z.
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AdS; x S3 x T* and deformations

H(HJ‘ [ rH'Hr—J,’H!'}]‘

(w, ¢) deformation of the AdSz x S x T# vacuum:

__ AdS3 x M* x T3
10d 1B s

> N3d:0

Remaining isometries: U(1). x U(1)g x U(1)*.
&b = A2,

ds? = ds?(AdSs3) + c|s2(M3v<~) + 9 dy'dy! + [c|y7+e“’(A4( cos?a dB — sin’a cly)]2

Hi3) = 2Vol(AdS3) + sin(2a) A%e®” da A (dB + Cdy”) A (T2 + e 2“)dy — {dy”)
with

dsz(/\/ljz) = da® + e‘“A4( cos?a dB? 4 ({2 + e 2¥)sin%a dy2)

. 2
— 2w )\8 ( cosa dB — sin®a dy) .
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AdS; x S3 x T* and deformations

H(HJ‘ [ rH'Hr—J,’H!'}]‘

(w, ¢) deformation of the AdSz x S x T# vacuum:

__ AdS3 x M* x T3
10d 1B s

> N3d:0

Remaining isometries: U(1). x U(1)g x U(1)*.
&b = A2,

ds? = ds?(AdSs3) + c|52(M3v5) + 9 dy'dy! + [dy7+ew(A4( cos?a dB — sin*a dy)]2

Hi3) = 2Vol(AdS3) + sin(2a) A%e®” da A (dB + Cdy”) A (T2 + e 2“)dy — {dy”)
with

c|s2(/\/ljz) = da® + e”’A“( cos?a dB? 4 ({2 + e 2¥)sin%a c|y2)

— (28 ( cos?a dB — sin®a dy)z.
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AdS; x §3 x T* and deformations Eloy, Larios (2023

Effect on the spectrum: A= ..+~ +5 (27p,)?)

2w
(27 pa)? — ¥_(27 pa)® + eT ((qL — qr) + (qu + qr) (€72 + (%) + 47 py 5)2 —qf
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Ang

x S3 x T* and deformations

Eloy, Larios (2023)]

Effect on the spectrum:

Y (27 pa)?

Camille

oY (21 pa)?)

2w 2
_»ZQﬁmF+if“m—mﬂ+Wr+WHfM+fa+4”mz)_qf
e—UJ
--- SUSY locus
(2 _ 1 _ ef2w
T N3¢ = (0,4)
"' ~~‘
A A
:' “
' 5
' !
1

GenHET
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AdS; x §3 x T* and deformations

Eloy, Larios (2023)]
Effect on the spectrum:

oY (21 pa)?)

2w 5
e
> (27 pa)* — Y_(27 pa)* + T ((qL —qr) + (gL + qr) (72 + (®) + 47 p7 Z) —q?
e—UJ
AdSs stability - -2- SUSY E()2CUJL|S
condition: C=1-e
5 5 PORE] I N3q = (0,4)
Mcalar gAdS >—1 ’o' ”~~
O' ‘\
’ A}
’ .
. K
+ }
1

Camille Eloy
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Effect on the spectrum: A=+~ + 27p.))

2w
(27 pa)* — ¥_(27 pa)® + eT ((QL — Gr) + (qu + qr) (€72 + (P) + 47 py 5)2 —q

e_UJ
AdSs stability T SUSY E()zcu,LIS
condition: C=1-e
N3q = (0,4)

2 2
m Ui >—1 .
scalar “AdS = Stability areas:

I Level 0




Effect on the spectrum: A=+~ + 27p.))

2w
(27 pa)* — ¥_(27 pa)® + eT ((qL — Gr) + (qu + qr) (€72 + (P) + 47 py 6)2 —qt

e_UJ
AdSs stability T SUSY E()2CL|S
condition: C=1l-—e"
2 2 1 N3q = (0,4)
> _
Mscalar AdS = Stability areas:
E Level 0

O Level 1




Effect on the spectrum: A=+~ + 27p.))

2w
(27 pa)* — ¥_(27 pa)® + eT ((QL — Gr) + (qu + qr) (€72 + (P) + 47 py 5)2 —q

e W
A -———
AdSs stability SUSY locus
. Vi GG 62:1_672“1
condition: LML L L LS LS L LS LS L
’ T N- 0
9 9 Zil Ly Wt o 3d=('4)
AL AL A “ L rd S a7 a0 A/
Mgcalar gAclS >—1 Zc Z P oG

LD LT WA NGB LTH 7%,

NN\
AN NN NN

Stability areas:

NN
AOENANENO SN

AN
NONANONANT

7 s
/7 /
/ /
LLLL 2L
a Z
/7 7/
/ /

ANOUNIANNOEND SNONNNY
ANUENANANOENINN SN
N\

\,

N\

s | s Mo
i Al [0 a0 O Level 1
A RA LA DG e Vel A

v/ L4 |:||_eve[2

-1 0 1T ¢
First example of a full family of non-SUSY (pert.) stable AdS3 vacua.



Conclusion and perspectives

e EXFT gives efficient tools for the analysis of consistent truncations and
Kaluza-Klein spectra.

Camille Eloy GenHET 29th April 2024



Conclusion and perspectives

e EXFT gives efficient tools for the analysis of consistent truncations and
Kaluza-Klein spectra.

e New families of AdS3 vacua, with supersymmetric subfamilies and
non-susy BF stability
= first candidates for 2d non-supersymmetric holographic

conformal manifold.

e Up to 15 deformation parameters, for S3 x T# and $3 x S3 x St
including TsT.

e Described by JJ deformations of the worldsheet theory.

e CFT? Possible non-pert. decay channel? Cubic couplings?
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Thanks for listening!

Camille Eloy GenHET 29th April 2024



	From 10d to 3d and E88 ExFT
	Consistent truncation and Kaluza-Klein spectra within ExFT
	Example: AdS3xS3

