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Consistent truncations of 11D/ type Il supergravities down to 4D

have been pivotal in developing precision tests & applications

of the AdSs/CFTj3 correspondence

Prototypical example :

- ©

/1 1D supergravity\

-

j

| de Wit, Nicolai ’82, 87 |

\_

Pure N =4, D = 4 sugra

~

with SO(4)r gauge symmetry

/

[ Cvetic, Lu, Pope 99 |



N =4, D =4 SO(4)r-gauged supergravity
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Sbos = /R*l—%dé“/\*df—%e%dx/\*dx—l—(4+2(:oshf+egx2)*1
1 5 . . ,
. £ a a 2§ 17a a =& ra a a a
R (e Pty A *EGy) + X €% iy NFy ) = ¢S Flyy AxFlyy +x Fiyy A Fly
. . SL(2
Field content : Juv (Af“ AZ) €so(4)g , T=-—x-+tie e SO((2))
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N =4, D =4 SO(4)r-gauged supergravity

Sbos = /R*l — %df/\*dﬁ— %e%dx/\*der (44 2coshé + e*x?) x 1
1 . . . .
L € a a 28 1a a =& r1a a a a
T 262 (¢4 Fpsy A *Egyy + X € Fiyy A Fpy)) = e SFfy AxEfy) +x Flyy A G
: a Ad - o SL(2)
Field content : Juv (Aw AM) €so(4)g , T=-x+tie ‘e S0(2)
+» Consistent truncation from 11D : Abelian u(1); x u(1)z C so(4)r sector (for simplicity)
a ) dFy =0, dFy = 0
dF(4) — O ~ ~
. dFy, =0, dF3; =0
db7y =0
EOM of 7
Einstein eq. : :
\ 4 y Einstein eq.

Note: ﬁ(7) = >I<11F(4) + %A(g) A F(4) Fl = ‘7‘|_2 (€_€ * 7+ XFl)
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N =4, D =4 SO(4)r-gauged supergravity
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Sbos

= /R*l—%dg/\*df— 5 €7 dx Axdx + (4 +2cosh € +e*x?) + 1

~

)

1 5 5 . ,
. £ a a 2§ 17a a =& ra a a a
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Field content : Juv (Af“ AZ) €so(4)g , T=-—x-+tie e SO((2))
[ AdS4 x S7 : Freund, Rubin “80 ] AdS s ABJM [ M2-brane : Aharony, Bergman, Jafferis, Maldacena "08 ]
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N =4, D =4 SO(4)r-gauged supergravity

4 R

Sbos = /R*l — %dﬁ/\*df— %e%dx/\*dx—l— (44 2cosh & + e5x?) x 1
— ! (e€ a AXFE 4+ ye2s FEN a)—e_f a AxFE 4 a A Fa
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[ AdS4 x S7 : Freund, Rubin "80 | AdS 4 < ABJM [ M2-brane : Aharony, Bergman, Jafferis, Maldacena "08 ]

[ D’'Hoker, Ester, Gutperle, Krym "09 ]

[ Freedman, Pufu "13 |
[ Bobev, Pilch, Warner "13 ]
]
]

[ AdSs x R x S7 ] Janus < ABJM interfaces
[ Pilch, Tyukov, Warner "15

[ Anabalén, AG, Chamorro-Burgos ‘22

[AdS; x5 x5 AdS-BH < ABJM on Y5 (top. twist)

[ Anabal6n, Cacciatori, Caldarelli, Cardoso, Castro, Chimento, [ Arav, Azzurli, Amariti, Benini, Bobev, Cabo-Bizet,
Chow, Compere, Cvetic, Dall’ Agata, Duff, Erbin, Ferrero, Gnecchi, Charles, Choi, Crichigno, Gauntlett, Jiao, Sparks, Hong,
AG, Halmagyi, Hoxa, Hristov, Inglese, Ipifia, Karndumuri, Hristov, Kim, Kim, Morteza Hosseini, Min, Pando Zayas,
Katmadas, Klemm, Liu, Lodato, Lii, Lu, Martelli, Martinez-Acosta, Pilch, Reys, Roberts, Rosen, Xin, Zaffaroni, ... ]

Monten, Ortin, Oyarzo, Petri, Petrini, Pope, Rabbiosi, Sati, Sparks,
Suh, Toldo, Tomasiello, Tran, Trigiante, Vaughan, Zaffaroni, ... ] 8



Take home message

“Any solution of pure N = 4, D = 4 SO(4)gr-gauged
supergravity can be oxidised to a non-geometric S-fold
background of type IIB string theory.”
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Outlook

() Whatis an S-fold?

See works by : Arav, Berman, Bobev, Cesaro, Cheung, Fischbacher, Gauntlett, Gautason,

Giambrone, Inverso, Larios, Malek, Pilch, Roberts, Rosen, Samtleben, Suh, Trigiante, van
Muiden, Varela...

@) TypeIIB uplift of pure N =4, D =4 gauged supergravity
() Outlook
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Type IIB on AdSs x S°

R-symmetry : SU(4)r ~ SO(6)r from S5 [ SL(2)-covariant notation o = 1,2 ]
dsiy = dsiqs, T9 °dsg
Fy = 4g(14 %) vols
e +e?C2 —e® e~%o 0
Mg = = with  ®g = cst
—e® O e® 0 e®o
Bo
B = =0
Co

From now onwe willset g=1 and &3=0
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Can we replace AdS; by AdS, x 8717 ? [ AG, Sterckx '19
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Can we replace AdS; by AdS, x 8717 ? [ AG, Sterckx '19

[ SL(2)-covariant notation oo = 1,2 ]

ds?y = A7V|3dsdgs, + 5hy dn® + L5 dsZ) with Al =2
Fy = 4(1+x)vol;
e=® +e?C2 —e® e 0
Map = P - 5
—e® O e 0 e <"
Bs
B* = =0
C
Non-supersymmetric solution with linear dilaton profile & = —2n !
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Can we make sense out of Sﬁ,l7 ? [ AG, Sterckx 19 ]

16



1
Can we make sense out of 877 ? [ AG, Sterckx ‘19 |

[ SL(2)-covariant notation oo = 1,2 ]

ds?, = A7l [%dsid& + 55 A0 + d§§5] with A~ =42
Fy = 4(1+*)vols
e~ ® +e? Cg —e? Co = 41
mOﬁ p— p— T m T
g —e® e®

B , 1 0
B> = =Ab =0 with b’ =0 and Mys =
C, " 1/

=
Rewriting in terms of a local SL(2,R) twist matrix => Ezlaﬁ(n) — (60 0 )

ell
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S_fold |nte r'p reta“on [ Inverso, Samtleben, Trigiante "16 ]

- R — S717 < hyperbolic monodromy M1 = A ) A(n+T) = (egT 6%) € SL(2,R)

[ non-geometric but locally geometric backgrounds |

- Acting with a global SL(2,R) element (k>2):

( (k* — 4)i 0 \
g(k) — V2 = SL(27R)

then

= —ST% € SL(2,Z) 15

\

X
CS level k in the dual S-fold CFT3

[ Assel, Tomasiello "18 |

=
N—"
|
Q|
p—t
5
Na
|
N\
|
AN
O =
N~
|

with T'(k) = log(k + vVk? —4) —log(2) and  TrI(k) > 2
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N = 4 supersymmetric S-fold

R-symmetry : SO(4)r ~ S2 x S2

[ Inverso, Samtleben, Trigiante "16 ]

[ AG, Sterckx '21 ]

[ Giambrone, AG, Malek, Samtleben, Sterckx, Trigiante "21 ]

B*= Ab

ds®y = A1 %dsid& + dn? + do” +

with

Mag = A_t m A_l

2 2

CcOS® « sin

8%

d 2
2 + cos(2a) Ssp

A™* =4 — cos*(2a)

cos® o
b, = —2v2 ]
! V2 2 + cos(2a) VOun
b /2 sin® o |
= — VO
’ 2 —cos(2a) 2
\/2-|—cos(2a)
with oy = Ve

2 — cos(2a)

s = A* sin?(2a) (1 4 %) |—3 vols + sin(2a) dn A voly A vols|

0
\/2—cos(2a)
24cos(2a)

2
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A CO nJ eCtu re [ Gauntlett, Varela 07 |

Corollary. Any supergravity solution with a D-dimensional AdS (or Minkowski) factor
preserving N supersymmetries, defines a consistent truncation to the corresponding pure
supergravity theory.

[ proof by Cassani, Josse, Petrini, Waldram 19 |

- )

. . . 1 5 .
A consistent truncation of type IIB supergravity on S, X 5”7 must exist

down to pure N =4, D =4 SO(4)r-gauged supergravity

; . SL(2
Field content : Juv (AZ, AZ) cso(4)g , T=-—x+le = 2)

. SO(2) y

Reminder : M-theory embedding on the 7-sphere [ Cvetic, Lu, Pope "99 ]

Bad news: There is no standard group-theoretic procedure to work out the [IB embedding
[ i.e. STU-model from M-theory on the 7-sphere ]

Good news: Generalised Geometry and Exceptional Field Theory come to rescue !

[ AG, Sterckx, Trigiante 24 ]
20



A reC| pe | AG, Sterckx, Trigiante '24 |

1. An N=4 solution of (maximal) D=4 supergravity defines a generalised SU(4)r structure

2. That SU(4)r structure has a specific embedding inside the exceptional E;7y symmetry

group of Exceptional Field Theory (ExFT)

3. One can then fluctuate ExFT about the N=4 solution in a way that preserves the

generalised SU(4)r structure

4. The dynamics of the fluctuations is described by the pure N=4, D=4 supergravity

Proof along the lines of [Malek "17] & [ Cassani, Josse, Petrini, Waldram "19 ]

21



Type |IB embedding ()

The S° is embedded in R® using embedding coordinates

Y] = cosa cos 0, , Y, =sina cosfs ,
Yo = cosa sinfy sinp; , Y; =sina sinfs sinpy |,
Y3 = cosa sinfy cosyy , Yg =sina sinfs cos s |,

satisfying > Y2 = 1. It proves convenient to introduce
the (7, «)-dependent functions

fi = 1+2€|7)? cos? a,
fo = 14+2€fsin®a,
as well as the non-singular warping factor
At =fifa.
The ten-dimensional metric takes the form
dsty = A1 (% dss + ImnDYy™DY")

where y™ = (n, a, 0;, ¢;) denotes the internal coordi-
nates and D = d + A®K becomes covariantised with re-
spect to the Kaluza—Klein (KK) vector

AKK = Aumdx“ X am = Al a<p1 + AQ &pz .
The metric g, on the internal S' x S° is given by

: 2
Sl o«
2 2
dsgz + ——dsg; |

f2

COS2 a

h

Jmn dy™" dy" = dn2 +da? +

with

dsgg = d6? + sin’ 0; dyp;*

being the line element of the 2-spheres S7 of unit radius.

Note : Abelian u(1); x u(1)2 C so(4)r sector (for simplicity)

The type 1IB dilaton ¢ and the RR axion Cj are given
by

e® = AZe 2168 Jo , Co= €2nX COS(204) fo_l,
with

fo=1+2¢e%cos’a .

The two-form potentials B* = (B!, B?) = (B, Cy) have
a decomposition a la KK of the form

BY = (=D [’?0) + b‘(ll) :

involving four-dimensional scalar contributions

b%o) = —ﬂxegcosom//gll—\/ﬁ(l—i—ef) sin o vols |
[’%0) = V2(1+e€f7)?) cosa vol; — 2 y e sinavoly |

given in terms of fibered 2-sphere volumes

;o/ll = cos?a fi ! sinf; doy A Doy

—~

voly, = sin? « fo~t sinfydfs A Dy
and one-form contributions

by = J5 A1 A d(e7"Y1) + o5 Ay A d(e7"Yy)

V2 V2
bfy) = — 5 A1 A d(e"Y1) — %AQ A d(e"Yy) .

22



Note : Abelian u(1); x u(1)2 C so(4)r sector (for simplicity)

Type IIB embedding (Il)

- )

The field-strength Fy = dCy + %eag B> A H? takes the form

Fs = (1+%) {((2 + V) sin(2a) dn + 2((2 4 €°) cos(2a) + V cos? oz)doz) A voly A vols
+ Sin(2a)(€2£XdX—df)/\X//‘\O/h/\{fglg-l—Fl/\Ul-|—F1/\171+F2/\U2+F2/\172] :

in terms of the quantities

—_

v =xet Yle Md(e"cosa) Avoly , vs=yxeYield(e sina) A voly |

and

0 — (14 €&|7]2)Ytend(e " cos a) A vol; — 2d (Y22 + (Y32 ADp1 Adn

by = (14 e5)Y4ed(e"sina) A voly — Sd[(Y5)? + (Y®)2] ADpy Adn .

- _/

10D self-duality of F; <& 4D twisted self-duality of (F1,F2; F17F2)
23




Outlook

4 A

N =4,D =4 SO(4)r-gauged supergravity

Sbos = /R*l— %df/\*df— %e%dx/\*dx—l— (4—|—2COSh€—|—€§X2)*1
1 . . . .
€ a a 2¢ 1a a P Rl a a a
(e Fé) AFgy + x €% By A (2)) e~SFly AFly) + X Fipy A Fd,

\ 14 x2e2% )
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Outlook
KH D supergravity\
\- /

4 A

N =4,D =4 SO(4)r-gauged supergravity
Sbos = /R*l — %df/\*df— %e%dx/\*dx—l— (4—|—2COSh€—|—€§X2)*1
1 ) . . .
€ a a 2¢ 1a a P Rl a a a
(e F(Q) A\ *F(Q) + xe F(Q) A\ (2)> e F(Q) A *F(Q) + xF(Q) A\ F(Q)

1 4 262
\_ o J
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61 D supergravity\
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Outlook

/Type IIB supergravity\

N =4,D =4 SO(4)r-gauged supergravity

Sbos = /R*l—%dﬁ/\*dﬁ—%ledx/\*dXJr(4+2cosh§+efx2)*1

1

1 + y2e%

(eEF“

2) N xF2

(2 (2)

26
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61 D supergravity\
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/

AdS,; « ABJM

Outlook
/Type IIB supergravity\

\J /

AdSy < S-fold CFTj

N =4,D =4 SO(4)r-gauged supergravity

Sbos = /R*l—%dﬁ/\*dﬁ—%ledx/\*dXJr(4+2cosh§+efx2)*1

1

1 + y2e%

SF ¢ 28 fa a |\ _ o—¢pa 7 a a
(e Féy AFfy + x €6 By A (2)) e~SFly AFly) + X Fipy A Fd,
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61 D supergravity

\_

Outlook
) /Type IIB supergravity\

@/

\J /

AdS,; « ABJM AdS, < S-fold CFTjy

Janus <+ ABJM interfaces Janus < S-fold CFT3 interfaces

N =4,D =4 SO(4)r-gauged supergravity

Sbos = /R*l—%dg/\*dg—%ledx/\*dXJr(4+2cosh§+efx2)*1

1 ) A -
_ € a a 2§ 1a a =& ra a a a
R (e Fiay Nk +xe™ Fgy A <2>) e gy Nl +x by A,
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Outlook
(11 D supergravity\ /Type IIB supergravity\
&) OO
\- / \_ /
AdS; + ABJM AdSy < S-fold CFTj3

Janus <+ ABJM interfaces Janus < S-fold CFT3 interfaces

AdS-BH < ABJM on ¥, (top. twist) AdS-BH <« S-fold CFT3 on ¥, (top. twist)

e.q. S% or H?, spindles, ... e.q. S% or H?, spindles, ...

N =4,D =4 SO(4)r-gauged supergravity

Sbos = /R*l—%dﬁ/\*dﬁ—%e%dx/\*cbﬁ—(4+2cosh§+efx2)*1

| : : -
_ € a a 2§ 1a a =& ra a a a
R (e iy 14Ty =& gy 1 <2>) - o) S g S (oS o)
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-------- Message transféré --------
Sujet :Acceptance LY18367D Guarino

Date :Wed, 15 Jan 2025 19:45:49 +0000
De :prd@aps.org
Répondre a :prd@aps.org

This paper establishes very non-trivial new results that could be
important for the AdAS/CFT correspondence. Since it is also well
written | recommend this paper for publication in PRD in its present
form.
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gracias !

thanks !
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