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Introduction

« AdS; x S3 x M, backgrounds (M,= K3 or T#) of Type IIB superstring theory have represented a
privileged testing ground for the AdS/CFT correspondence.

* Near-horizon geometry of a system of D1-D5 (or FINS5) branes. On this background, the

first microscopic entropy countings of a black hole in superstring theory were achieved
[Strominger, Vafa, 9601029; Strominger, 9712251,...].

« Dual to 1+1 CFT at the boundary of the AdS; : sigma-model on SymN(M,). Holographic

duality has been extensively studied [Brown, Henneaux 1986; Maldacena, Strominger, 9804085; Deger, Kaya,
Sezgin, Sundell, 9804166; de Boer 9806104,...].

- Special feature: AdS; x S3 x M, can be realised with NSNS fields only, and string theory on it
is formulated as an SL(Z) X SU(Z)-WZW model [Antoniadis, Bachas, Sagnotti (1990); Maldacena,Ooguri, (Son)
0001053, 0005183, 0111180...] . This allows the holographic duality to be probed beyond
supergravity approximation, under certain conditions [...Eberhardt, Gaberdiel, Gopakumar, 1911.00378...] .



Introduction

Generalise this analysis by considering a special class of deformations of the AdS; x S3 x M,

backgrounds obtained by “warping” the anti-de Sitter (warped- AdS or WAdS) and/or the
sphere (warped-sphere or WS) geometries:

AdS, . WAdS,
SO(2,2) — U(1) x SL(2,R)

l

Asymptotic Isometry group: (Virasoro) x (Virasoro) — (U(1) — Kac-Moody) x (Virasoro)

Isometry group:

WAdS; geometries, black holes asymptoting them (warped black holes), and their dual
holographic description have been mainly studied in TMG [Nutku, (1993);

Moussa,Clement,Leygnac,0303042[gr-qc];Anninos, Li, Padi, Song, Strominger, 0807.3040; Compere, Detournay, 0906.1243...]

Pure NS-NS (W)AdS; x (W)S3 x M, backgrounds were proven to be exact string solutions
obtained from integrable marginal deformations of the WZW model [Israel, Kounnas, Orlando,

Petropoulos,0405213; Detournay, Orlando, Petropoulos, Spindel, 0504231; Azeyanagi, Hofman, Song, Strominger,1207.5050] .



Introduction

 Dual theory of gravity on WAdS; not expected to be conformal: “dipole or warped CFT” [El-
Showk, Guica, 1108.6091; Song, Strominger, 1109.0544; Detournay, Hartman, Hofman,1210.0539]. Precise holographic

field-operator dictionary and general microscopic definition of the theory are still missing.

* Infinite-dimensional symmetry group still allows to derive a Cardy-like universal expression for
the black-hole entropy matching the Bekenstein-Hawking formula in TMG and string theory.
[Detournay, Hartman, Hofman,1210.0539]

 Various (supersymmetric) (W)AdS; x (W)S3 x M, solutions to Type IIB supergravity have
been constructed, starting from the D=6 supergravity originating from the compactification
of the D=10 theory on M,. Warpings follow from the back-reaction on the geometry of
appropriate fluxes. [EI-Showk, Guica, 1108.6091; Hoare,Seibold, Tseytlin,2206.12347]

« Doubly warped WAdS; x WS3 x M, are 1-parameter solutions constructed from a TsT
transformation within D=6 N=(2,0) consistent truncation of Type |IB on the backgorund.



Introduction

« Our main result is the construction of a new class of doubly warped solutions of Type |IB
supergravity, which include supersymmetric backgrounds and in which the warpings of the

anti-de Sitter space and the sphere are independent [Maurelli, Noris, Oyarzo, Samtleben, M.T.
2504.16822]

WAdS3[w] x WS3[2] x T4

w—0 2 —=0

AdS3 x WS3[2] x T4 WAdS3[w] x S3 x T*

« Our framework is D=6 N=(1,1) supergravity originating from reduction of Type Il on T4/Z,-
orientifold. We explicitly construct this model and the SUSY transformations of its fermion
fields.



Warping Sphere and Anti-de Sitter Spaces

« AdS; and S3spaces of radius ¢ :

_ SO(2.2)
AdS3 = 2551 ~ SL(2,R)

Isom(AdS3) = SO(2,2) = SL(2,R)[K ()] x SL(2,R)g[K ()]

S3 — gggg ~ SU(2)

Isom(S3) = SO(4) = SU(2) [K ()] xSU(2) r[K ()]
+ Einstein spaces: R,5 = F E% 9ap
+ Generically denote the metrics by 9,5 and K(1,/R) . are Killing vectors (x=1,2,3)

[K(r/Lys K(r/L)yl = €ov” KLy  [Kr/rys Kw/ryyl =0



Warping Sphere and Anti-de Sitter Spaces

« AdS; and S3spaces of radius ¢ :

_ SO(2.2)
AdS3 = 2551 ~ SL(2,R)

Isom(AdS3) = SO(2,2) = SL(2,R)[K ()] x SL(2,R)g[K ()]

3 — SO(4)
Isom(S3) = 50(4) = SU(Q)L[K(L)]XSU(Q)R[K(R)]
» Defining the dual 1-forms A, /gy, = K(1/r) +* 9ap dz”

dA(L)a::m*A(L):L‘7 dA(R)m:_m*A(R).CE m

I
~IN



Warping Sphere and Anti-de Sitter Spaces

Warped-AdS; (warped-S3) obtained by deforming the metric as follows :

(W) _

9o = 9ap T @A Ag  A=Aads®=Apye < K(1/R)a

Raﬁ [g(w)] — a(ou) gé\g) + b(w) AaAﬁ (K-contact, eta-Einstein space)
Write the two spaces as Hopf fibrations and rescale the metric along the fibre.

For warped-S3 (A=A,s) this breaks SU(2) x SU(2) = U(LI[K (1 ryzl X SU2) g1

For warped-AdS; (A=Ayags) this breaks  SL(2) x SL(2) — U(1)[K(},/r).] X SL(2) /1,

] ||K(L/R)m||2 > 0 (spacelike) WAdSé"

1 K /m),lI7 = 0 (lightlike)  \wWAdsg = sch§{=2
K (LR, |7 <0 (timelike) WAdS 3




Explicit description of the warped-spaces

Warped 3-sphere

~

4 I
ds?(WS3) = ¢l ¢ = (01,62, 03)
(1 = %e%dw, 0% = %e% sindey, 03 = %e—¥(d¢2 — cospdepr)
\ Aws = dyo — Ccosydypq /
/
U T dr_ r< T_
d82(WAng) — > + _ QF Awads = 2
-
WAdS,* [
ds?(WAdST) = eTze, e = (e9,el,e?) Awads = d@ & cosh pdt
w w _3w
ns = (~1,1,1) \eoz%sinhpdt, e1=%dp, e2=624 (d6 + cosh pdt)

/




WAdS,-

Explicit description of the warped-spaces

\_

\
2 — T —¢.0 1 2
ds (WAdS3) — € 13¢€, € = (e €, € ) Awads = dt + cosh pd’U
3w w w
T4 4 4
0 = eT(dt 4 cosh pdv), el = %dp, 2 = ~sinh pdv

/




The Model

Type lIB supergravity 4 p=Cotie?el= SSLC()%I\%) N

BS = {Bj, C2}, (a=1,2) ; C4
I ZdCo, H3=dB2 , F3=d02—OOH3
\ Fs =dCs — Co N H3 = *F5 -/

 Bosonic sector consists of the metric and

Type lIB supergravity on T4/Z,-orientifold —— D=6, N=(1,1) model

Mro(zM) = Ms[at] x T4/ Zo[y?)]
. _ . _ _ . _ _ _ () W.S. parity
« Describe the invariant fields with respect to the orientifold involution: (274 Tyt gt o —yf
 Bosonic sector consists of the metric and

O(4,4)
O(4)x0O(4)

» 1 2-form field C5 singlet under the global symmetry group O(4,4)

> 1+16 scalars ¢, ¢ = {Yu, Cap} parametrizing M., = O(1,1) x

> 8 vector fields Bé‘f) = (%e“b‘id C(1)bed: B(l)a) in the fundamental representation of O(4,4)



The Model

Type IIB supergravity 4 p=Cot+ie?®c H SSL&;R;) N

BS = {Bj, C2}, (a=1,2) ; C4
I =dCo, H3:dBQ , F3=d02—COH3
\ Fs =dCs — Co N H3 = *F5 -/

 Bosonic sector consists of the metric and

Type lIB supergravity on T4/Z,-orientifold —— D=6, N=(1,1) model
Mho(zM) = Mel"] x T/ Ty

() W.S. parity

« Describe the invariant fields with respect to the orientifold involution: (274 Ty gt o —yo

* Found solutions in the orientifold model and uplifted them to D=10

 Fixed ¢ = {7, Car} =0 = Jab = dap, Cap = 0. This is consistent if C(1) = 31€"° C(1yped = B(1)a



The D=10 Solutions

Doubly-deformed lightlike solutions WAdS%[oz] x WS3[02] x T4
I?)
dsig = \ZA [ds?(WAdSY) + e_%dSQ(WSS)] + xﬁe—%Adyadya,

Fs = v/sinh 2 [dyl A dy? A dy> A d 4+ A72(Vol(WAJSY) — e7Vol(WS3)) A dy4/\] (A1 + A,
Fa= = | —Vol(WAdSY) — e4Vol(Ws3 2 AL AA
3= 12 |~ Ol(WAdS3) — e4Vol( )+4/\2d( 1 AA2)

Y

F]_ — O,

D _ 52,12 2/ _

€ 2X%e ) 4 A]_ == \/_ AWAdSa A2 — € Q)\AWS
Hz = V/sinh 2d(A1 4+ Ay) Ady \/1+3629

The solution preserves 1/8 supersymmetries, i.e. 4 supercharges. Isometry is SL(2) x SU(2) x U(1)?

In the limit o« — 0 ( Adss x Ws3[2] x T*) it preserves 8 supercharges and reproduces the solution of
[Eloy, Larios, Samtleben, 2111.01167 ]



The D=10 Solutions

Doubly-deformed lightlike solutions WAdS%[oz] x WS3[02] x T4
n
dsig = \ZA [ds?(WAdSY) + e~ 2ds2(WS3)] + v2e 2 Ady®dy® |
Fs = v/sinh 2 [dyl A dy? A dy> A d 4+ A72(Vol(WAJSY) — e7Vol(WS3)) A dy4/\] (A1 + A,

. o o e22
F3 = 15 |~ VOI(WAdS3) — e4Vol(WS?) + - -5d(A1 A A2)

Y

F]_ — O,

D _ 52,12 2/ _

€ 2X%e ) 4 A]_ == \/_ AWAdSa A2 — € Q)\AWS
Hz = V/sinh 2d(A1 4+ Ay) Ady \/1+3629

The solution preserves 1/8 supersymmetries, i.e. 4 supercharges. Isometry is SL(2) x SU(2) x U(1)?

In the limit 2 — 0 (wadsg x s3 x 74 ) it still preserves 4 supercharges and reproduces the background
sch{"=? x s3x 7% found in [Kraus, Perimutter, 1102.1727; Bobev, van Rees 1102.2877]



The D=10 Solutions

Doubly-deformed spacelike solutions WAdSéI'[w] x WS3[2] x T4

P () w P
ds?g = e 2[e2ds?(WAAST) + e2ds?(WS3)] + e2dy®dy?,

sinh (w— ) —w—{?
Fg = 5
COS 24 A

e—w—Q

Fya —

37 X2cos 25
F, =0,

b 24w, o AL = Acos§Awads, Ao = AsindAws
e’ =2e 2 \°,

€

w (2
dyl Ady?AdyPAad + (e4VOI(WAdST) — e2Vol(WS3)) Ady*A [ (A1 +As),

w 2 1
[ezvm(vads;r) + €4 Vol(WS?) - —5d(A1 AAY)| |

sinh (w—1£2) 4
Hy = d(A A d
3 \/ - (A1 + A2) Ady
- Einstein equation implies:  2¢2(“ 1) cos2 25+ (292 —2%) cos 25— (€29 +e2%) = 0
« Symmetry in the two warping parameters.

* The solution is non-BPS for generic parameters.



The D=10 Solutions

Doubly-deformed spacelike solutions WAdSéI'[w] x WS3[2] x T4

P () w P
ds?g = e 2[e2ds?(WAAST) + e2ds?(WS3)] + e2dy®dy?,

sinh (w—1) —w—{2
Fg = 5
COS 24 A

e—w—Q

Fya —

37 X2cos 25
F, =0,

b 24w, o AL = Acos§Awads, Ao = AsindAws
e’ =2e 2 \°,

€

w (2
dyl Ady?AdyPAad + (e4VOI(WAdST) — e2Vol(WS3)) Ady*A [ (A1 +As),

w 2 1
[ezvm(vads;r) + €4 Vol(WS?) - —5d(A1 AAY)| |

sinh (w—12) 4
Hy = d(A A>) Ad
3 \/ - (A1 + Ax) Ady

In the limit {2 — 0 ( wads} x s3 x 7*) it preserves 8 supercharges

In the limit w — 0 ( Ads3 x Ws3[2] x %) it preserves 8 supercharges and reproduces the solution of
[Eloy, Larios, Samtleben, 2111.01167 ]



The D=10 Solutions

Doubly-deformed timelike solutions WAAS3 [w] x WS3[2] x T*

P () w P
dsto = e 2[e2ds?(WAdS3) + e2ds?(WS?)] + e2dydy?,

—w—{? w 9
Fs = \/sinh(Q — W) |dytAdyPAdy3ad +E 5 (€4VoI(WAdS3) — eaVol(WS3))Ady*A| (A1 +A),
Fy =5 |cos25 (64VOI(WAdS3) + e4VOI(WS )) + oA A A
F1 =0,
w02 A{ = ACosd A ., A= AsindA
P — 222, 1: | 1 WAJS 2 WS

02>
Hz = \/sinh(£2 — w) d(Ay + Ag) A dy* “

Einstein equation implies:  (e2+¢2%) cos? 26— (e2?—¢2¥) cos 25—2¢2(W 1) = o

In the limit 2 — 0( wads; x s® x 1) it preserves 8 supercharges

In the limit w — 0 ( AdSs x Ws3[2] x %) it preserves 8 supercharges and reproduces the solution of
[Eloy, Larios, Samtleben, 2111.01167 ]



[ LM3, x S3 ]

l BPS locus
WAdsg[a] x S3 ‘ WAAST [w] x s3| ‘ WAdS3 [w] x S3 l
Q — 0 l 2—0 ‘ 2—0
‘ MAdSO[a] x WS3([$] \ l { WAAST [w] x vvs3[rz]] [ WAAS3 [w] X vvs3[r2]]
a— 0 w— 0

‘ AdS3 x WS3[2] '



Conclusions

Constructed new 2-parameter, doubly-warped solutions of the form WAdS3[w] x WS3[2] x T
in which the warpings of AdS and S are independent.

The solution with lightlike warping is 1/8-BPS

Probing new directions in the moduli space of superstring theory on AdSs x S3 x T% (?)
[Israel, Kounnas, Orlando, Petropoulos,0405213; Detournay, Orlando, Petropoulos, Spindel, 0504231] .



Conclusions

« Constructed new 2-parameter, doubly-warped solutions of the form WAdS3[w] x WS3[02] x T*
in which the warpings of AdS and S are independent.

« The solution with lightlike warping is 1/8-BPS

« Probing new directions in the moduli space of superstring theory on AdS3 x S3 x T4 (?)
[Israel, Kounnas, Orlando, Petropoulos,0405213; Detournay, Orlando, Petropoulos, Spindel, 0504231] .

K Solution with lightlike warping is part of a family of doubly-warped susy backgrounds, part of
which can be obtained through a double TsT (relevant for integrability)

* In doubly warped solutions with spacelike and timelike warpings, SUSY is broken by a

continuous parameter (e.g. w). Is the non-BPS solution perturbatively stable for small enough
parameters?

K Study asymptotic symmetries and black holes asymptoting the new backgrounds

[Maurelli, Noris, Oyarzo, Samtleben, M.T. work in progress...]



Thank You!



Type |IB supergravity on T4/Z,-orientifold:
D=6, N=(1,1) supergravity

1

_ 1/
_2532

©
— 58 2¢(’y * H(z)a AN H(Q)b —l— Yab * f(Q) AN .F(Q)) —l— dC(Q) AN H(Q)a VAN 0(2)
- ~ ~ab 1A»~acf~bd
— 3 *dg A do + Z gy A 07 = 255747 £ dC 10 A AC(1)c
1o, o
5¢S =0: O=dxdop— 58 2 (’y b*H(Q)a A H(2)b —I—’yab*}-@) /\}—?2)) -+ €¢*F(3) A F(3)
50(2)5 =0: 0= d(eﬁb*F(?))) - d@&‘z) AN H(Q)(L
5745 1. a abe
dc,S=0:  0=d (794" x dCyy) — Spa * Floy N H(o) e
1 _¢ - .
53{1)a8 =0: 0=d (e_i:?ab * H(Q)a — 56_5:}7&6 * fg'z)cfdeebcde o dC?Q) A C(2))
_9_ .
(SC’ELI)S =0: 0= d(e Q’yab*}—gz) — H(Q)b A 0(2))
1
6%55' =0: 0=e 2(*H(2)a A H(Q)b — ’YGC’de*'F(Q) N ]‘_(2)) d * d’Yab + d * d"y ’Yca’ydb
- ;mmcev U 4 dCog A dC,p + 77 dCac A dCiyg
1 1.
Ry — 26¢FMPJFVP — ¢ 2(’?’ "HoppHy, + FaF 1, FLP) — 8ﬁb¢av¢+_aﬂ7abab’7 ’

1
4

1
,Y,Yac bdaﬁcubay(?cd + Zglw (66¢F O'AF'OO-A + e 2(,}, HapaH + 7 'Yab Fbpa))



Type |IB supergravity on T4/Z,-orientifold:
D=6, N=(1,1) supergravity

ds3o = e~ ?/451/8dsZ + ?/4573/85,,dy?dy®, (Einstein frame)

1 .
F5 = G5 + x10G’s Gs =dCp3) = Cp2) NdB(p 1) = gfé)eabcddy“ Ady’ A dy©,
1
Fs = d02+§d0ab/\dya/\dyb, F, =0,
¢ 1
é=—+4—-1l0og~,
5 + 4097

H3 = H(z)a A dy&



Warped backgrounds

Warped 3-sphere

ds?(WS3) = ¢1e, ¢ = (41, 02, 03)
(1 = %e%dw, (2 = %e% sinydey, 03 = %e_¥(dcpg — cosdepr )
Aws = dyo — cosydyp1
WAJS,° G2 4 disd 2 ]
— €Z €T _
dSQ(WAng) — Y Qx‘l‘ v _ a—4_ Awads = —5
U U u
WAJS,*
ds?(WAdST) = eTze, e = (e9,el,e?) Awads = d@ & cosh pdt
w w 3w

ed e4 e
e0=55|nhpdt, el = dp, e =

4
dfd 4+ cosh pdt
5 5 (dé + pdt)




Warped backgrounds

WAdS,-
dSQ(WAdS:;) — eTT]?,e: e = (eoaelaeQ) Awads = dt 4 cosh pdv
3w

4
el = eT(dt + cosh pdv) el = —dp, e‘ = 82



Moving out of the origin

We can relax the choice

@ = (Faps Cap) = O = Fap = 0ap, Cap =0
to

O(4,4)
O(4) x O(4)

by imposing on the 1-form field strengths in D=6 Ff\g) = dBf\f) = ( (1)’ dB(l)a)

® = (Yabs Cap) = o = const. €

the following condition

Froy = M * T-F o

where:

02 1
Mo = M(pg) = V(o) V(gpg)! € O((A?)(ié)(ﬁr) L= (13 Oj)



Moving out of the origin

« We can relax the choice

@ = (Fab» Cap) = O = Fap = ap, Cap =0
to
O(4,4)
O(4) x O(4)
by imposing on the 1-form field strengths in D=6 Ff\g) = dBf\f) = ( (1)’ dB(1)a)

Y = (/’?aba Cab) = pg = const. €

the following condition
— nr—1
in this way, the moduli are fixed to constants, since the source term in their equation vanishes

d) . rf) )
0 0

Vi (8%3)#(@)?1328#@518%52— © 2 g (9o) L, Forlo Y= . ~ 957 (90) FL,, (5@TMO'M01‘H)'FW=O
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