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We discuss a continuous family of nonsupersymmetric AdS; x % x T# vacua in heterotic and type 1T
supergravities whose complete Kaluza-Klein spectrum is computed and found to be free from instabilities.
This family is protected as well against some nonperturbative decay channels, and as such it provides the

first candidate for a nonsupersymmetric holographic conformal manifold in 2D. We also describe the
operators realizing the deformations in the world sheet and boundary conformal field theories.
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Operators in any conformal field theory (CFT) in
d dimensions can be classified according to their conformal
dimension as relevant (A < d), marginal (A =d), or
irrelevant (A > d). While the cases with A # d trigger
(possibly trivial) renormalization group flows between
isolated CFTs, marginal operators play a different role:
they describe the space of theories into which the original
CFT can be deformed continuously without breaking
conformal invariance.

In holographic CFTs, the bulk perspective over these
conformal manifolds has remained an open challenge. The
gravitational description of these deformations is given by
families of AdS solutions that share the same cosmological
constant and are labeled by free parameters. The main
approach to building these solutions is provided by the TsT
prescription [1], which can be applied whenever the
undeformed solution preserves a number of Abelian iso-
metries (see [2,3] for novel approaches), and whenever the
undeformed solution admits a consistent truncation down
to a gauged supergravity in d + 1 dimensions, the massless
modes dual to the marginal operators usually sit at higher
Kaluza-Klein levels [1,4,5], which prevents using the lower
dimensional theory to describe the deformations—see
[6-8] for a few recent exceptions to this rule.

In this work, we present a family of AdS;/CFT,
duals realizing a two-dimensional conformal manifold
labeled by parameters (@, ). The undeformed solution is
the AdS; x S* x T* configuration of type II supergravities
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that preserves the small A = (4, 4) superalgebra

1.1) ] x [SU(2), X SU(2

1, 1)l x U(1)*.
(1)

This ten-dimensional solution only has a nontrivial profile for
the fields in the NSNS sector, and can thus also be realized in
heterotic string theory. For each of these ten-dimensional
solutions, there are consistent truncations down to gauged
supergravity in three dimensions, and unlike in [1,4,5], the
scalar modes dual to the operators in the conformal manifold
can already be captured within an appropriate truncation [9].

Thanks to the reformulation of supergravity in the
language of exceptional field theory (ExFT), we construct
the deformed solutions in D = 10 by means of generalized
Scherk-Schwarz (gSS) Ansitze. For generic values of the
marginal deformations, the 10d spacetime is

AdS; x M* x T3, (2)

[SU(2), X SU(2

with the manifold M* (trivially) fibered over a deformed S°
as S 1,7 o M > Mz“:, with y7 one of the coordinates on T*.

The generic deformations only preserve

(UL x U(1)g) x SU(2)gige x U(1)*, (3)
and no supersymmetry, where U(1), p C SU(2); z and
SU(2) g,y being the diagonal subgroup of SU(2); x SU(2),
in (1). Within the two-dimensional space of parameters, there
is a line that preserves the N' = (0,4) superalgebra

diag

U(1); x [SU2)giae X SUQ2|1, 1)g] x U(1)*.  (4)

diag

Owing to the fact that EXFT’s are not only a tool to
describe consistent truncations, but encode the entire
dynamics of the corresponding supergravities, we are also
able to obtain the complete spectrum of Kaluza-Klein
modes [10] on the solutions we construct. This allows
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us to show that, despite generically nonsupersymmetric, the
two-parameter family of solutions is perturbatively stable
for a finite range of the parameters.

In the remainder of this paper, we describe how these
solutions appear in D = 3 gauged supergravity and present
their uplift both to heterotic and type II supergravities through
the EXFT formalism. Subsequently, we discuss how the
spectroscopy techniques of [10,11] can be applied to these
cases and the stability of the nonsupersymmetric solutions.

The family of solutions found in [9] sits within the 3d
half-maximal supergravity whose scalar manifold is

SO(8,8)
SO(8) x SO(8) "

The gauging procedure can be described by an embedding
tensor O 1 i y» With the index M in the vector represen-
tation of SO(8,8). This embedding tensor must obey a
quadratic constraint [12,13] for the gauge algebra to close.
Additionally, supersymmetry requires that the embedding
tensor is restricted to take values in [14]

(5)

Oc1d 135 & 1820, (6)

and, therefore, it can be parametrized as

1
Ok vy =Okimn + 3 (w015 — 18 kOn)m)

+ Onxirni)ins (7)

in terms of totally antisymmetric, symmetric traceless and
singlet tensors, and with 7 5 the SO(8, 8) invariant tensor.
The embedding tensor describing our gauged supergravity
is specified by the choice

0=0, 6O55=—4V2,

with

in terms of indices following the breaking
SO(8,8) D SO(1,1)xGL(3) xGL(3) xSO(1,1),
X" S (X0 X5, X" X XL X, X X5y, (10)

Here, the indices range as i € [[1, 3] and i € [4, 6], and for
future convenience we also introduce X% = {X!, X"}. A
vacuum of this gauged supergravity is specified by a coset
representative V in (5), that extremizes the scalar potential
and defines the scalar matrix Mg ; = Vg"V;”. In the basis
(10) and with the 80(8,8) generators normalized as
(TMN) ;0 = 255MyNQ  the (w, ) solution can be charac-
terized by

w¢

VMN = exp _ngg — = (T37 - T§7) s (11)

with all points sharing the AdS radius fids ==-2/V,.

To describe the ten-dimensional fields in a duality
covariant language, we resort to SO(8,8) ExFT [15],
whose bosonic fields are

{g/w’ MMN’A;I;/[N’ BﬂMN}’ (12)
with g€ [0,2]] and M, N € [1, 16]] in the fundamental of
SO(8,8). All these fields depend on both external coor-
dinates x* and internal ones YN with the latter in the
adjoint of SO(8, 8). The 7-dimensional internal coordinates
y' parametrizing the three-sphere and torus are embedded
in YMN_ To ensure that the fields depend only on y', the
coordinate dependance is subject to the section constraints

Omn ® dpg) =0, n"0oyp ® dyo = 0. (13)
which can be solved by breaking
SO(8,8) > SO(1,1)xGL(7),

XM S X0 XXX} (14)
and restricting coordinate dependance to y' = Y°. We align
ExFTindices with the ones in the three-dimensional theory by
embedding GL(3) x GL(3) x SO(1,1) c GL(7) asin (10).

The explicit dictionary between the SO(8,8)-ExFT

generalized metric and the internal components of the
NSNS fields is given by

MO — §—1e<i>/2’

o1 L
MOt — aMOOE.tjl.../ij]mjé’

MOOMij _ MOiMOj — g—l‘aij’

MOOMij _ MOiMOj — g—lgikbkj’ (15)
where g;; is the purely internal block of the ten-dimensional
metric in Einstein frame, and g its determinant. The fields b
and b are not directly related to the higher-dimensional
two-form, but retrieve its field strength as

H = db + ¢®/3%,,db. (16)

Upon solving the section conditions, contact with
gauged supergravity is achieved through the gSS Ansatz

g;w(x’ Y) = p_2gﬂll('x)’
My (x,Y) = UMMUNNMMN(X)’
AN (x,Y) = V2p~ (U™ M (U g N AR (),

1
Bua (v.7) = =7 Unsxe (U7 V). (17)
with p(Y) a scale factor and Uy (Y) an element of
SO(8, 8) controlling the twisting of the 3d metric, vectors
and scalars by the internal coordinates. The relevant pair
(p, U) which recovers (8) can be constructed out of the
SO4,4)-ExFT parallelization discussed in [9] by embed-
ding it in the {X°, X, X", X,,} block in (10).

The solutions advertised in (2) then follow from intro-
ducing the Ansatz (17) with the 3d representative (11)
in (15). We choose our coordinates as
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Y0 = {cosacos B, cos asin B, sinacosy},
yel = ye, (18)

with y¢ ~ y® 4 1 parametrizing T*, and the angles 0 < a <

V4

7 and 0 < B,y <2z describing a deformed three-sphere
with metric

ds*(M; ) = da® +-e” A*(cos*adfp? 4 (% +e>*)sin*ady?)

— 2?2 A¥(cos’adp —sin*ady)?. (19)
In terms of these coordinates, the solution reads

e® = A2,
ds3 = ds*(AdS;) 4 ds* (M, ;) + §;dy'dy’
+[dy” + e?¢ A*(cos’adf — sin®ady))?,
H 3, =2vo0l(AdS;) + sin(2a) A% e
xda A (dB+EdyT) A ((E+e7>)dy —Cdy’),  (20)
with the function
o-0/2

A2 = , (21)
V14 (& + e — 1)cos’a

and the string frame metric in (20) given by g, = e®/2 [
For generic values of the marginal parameters, the solution
preserves (3), with the Abelian factors acting as shifts on 3, y
and the angles on the torus, and SU(2) 4, as rigid rotations
preserving o;: dy dyi.

Effectlvely, the ¢ modulus controls the fibration of M*
in (2). When setting ¢* = 1 — e72%, M ¢ itself becomes a
Hopf fibration, S} < M3, — CP!, and the family of sol-
utions in (20) simplifies to

diag

d=-2
2

ds? = ds?(AdS;) 4 5;dy'dy! +ds*(CP!) +
+ (dy + 1— 6_2{“7])2,
H 3 =2vol(AdS;) +2n AT +2V 1—e 2 Ady’,  (22)

—2w 2
n

which, away from the scalar origin, preserves the N = (0,4)
superalgebra in (4). The SU(2)g there is realized as the
isometries of the Fubini-Study metric on CP', and U(1); as
shifts of the angle # along the Hopf fibre. Here, we define

n = cos’adp — sinady, (23)
together with J and Q, who are respectively the contact,

Kihler and complex holomorphic forms of the Sasaki-
Einstein structure on S3. They satisfy

dQ =2ip N Q, JAQ =0,

nAJ:%nAQ/\Q:VOI(SG). (24)

The solution (22) is analogous to the N = 4 vacua found in
[16] in the context of AdS; x $° x §® x S'. Recently, similar
solutions have appeared in [17-19]. However, those sol-
utions require the presence of D-branes which sit outside the
S-duality orbit of our purely F1-NS5 configuration. The
presence of the aforementioned fibrations has also been an
obstacle for obtaining them as the near horizon limit of brane
intersection with flat branes.

From a string world sheet perspective, the configuration
(20) can be described as a deformation of the SL(2, R) x
SU(2) x U(1)* WZW model [20,21] corresponding to the
undeformed solution [22]. Focusing on (22) for simplicity, the
operator controlling the deformation is JgU(2>jU<1)7, where

Tsu)
left-moving copy of SU(2) in the symmetry group, and J u(1),
the anti-holomorphic current corresponding to shifts in y”.
Being the product of conserved (anti)holomorphic commut-

ing currents, the operator J §U<2) J u(1), 1s exactly marginal [23]

is acomponent of the holomorphic current realizing the

and breaks the superalgebra from (1) to (4). Analogously, in
the conformal Sym" (T*) theory conjectured to sit at the
boundary of AdS; [24,25], the single-particle operator
realizing the deformation can be identified as

N
O~ (e (25)
k

with now ng(Z) a component of the left-moving R-symmetry
group and j s1 one of the right-moving currents of T*. The sum
in (25) assures that this operator survives the orbifold
projection. Similar considerations can be made for (20), with
the deformations now breaking supersymmetry completely.

If one perturbs the Scherk-Schwarz parallelization in
(17) a la [10], the spectrum of modes that only excite
NSNS fields can be retrieved. We thus consider the
following expansion in (17) [11]:

G (X) = G (x) + hy, NP (x) YA
My (x) > My y + jig 5P (x) YA,
APV (x) = ay NP () pAp) (26)

where the background is described by

{guwMMN’A;{/[N} = {gﬂwMMN’O}’ (27)

and {h,,APo), j 5P, aﬁ/INA P} are the perturbations
expanded in a basis of scalar harmonics of the §* x T*
configuration that preserves maximal isometry. As such,
they furnish the infinite-dimensional reducible representa-
tion of SO(4) x U(1)*

L121901-3
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PAP) — YA P e @) @(gg)( g (28)
pa

pa€2*n=0

Here, A denotes Kaluza-Klein index on S?, which can be
expanded as

VA= {1,y Yy Y ae[L 4], (29)
with braces denoting traceless symmetrization. This leads

to the definition of 7 7 N(p AT 4 the representation matrix
encoded in the SO(8, 8) twist matrix as

P (U M (U N0 YNP) = —/2T gy PN Y2 (o),
(30)

which, following (28), can in turn be decomposed as
’Z()—MN<Pa)AZ — ’ZOVMNAZ + 5A27°—MN(pa)' (31)

For our twist, the SO(4) piece T W NAZ has nonvanishing
components

. " P B

Tae® = V288, T = %gm‘*aﬂ, (32)
when acting on the level n = 1 harmonics. Higher level
tensors can then be constructed recursively from (32) [9].
Similarly, the U(1)* block is given by

o 1
T =— 752m’pa. (33)

Introducing (26) into the ExFT equations of motion and
keeping only terms linear in the perturbations, one can read
off mass matrices whose eigenvalues, modulo removal of
redundancies and Goldstone modes [9], are the masses of the
modes in the KK spectrum that only excite NSNS fields. To
additionally capture perturbations exciting vectors in the
heterotic theory, we can embed SO(8, 8) into SO(8, 24) with
trivial components on the SO(16) block. On the other hand, to
describe the modes that excite RR fields of type II super-
gravities, the SO(8, 8) theory must be embedded in Eg(g) as

Eg(g) D SO(&S),
248 — 120+128,,
M [gMN] Ay (34)
and analogously for barred indices. The relevant 3d gauged
supergravity is described by a symmetric embedding tensor

Xy living in the 1 @ 3875 representation of Egg) and
subject to [26,27]

XrpXsufin™° =0, (35)

with f 5 RS the Egg) structure constants. Taking the latter as

fMN,PQRS = _85[M[R’7N][P5Q]S]’
1
funA® = EFMN.ABv

1
fag"™ = =35, (36)

the Eg(g) quadractic constraint (35) is solved by embedding
the SO(8, 8) embedding tensor (8) in X g5 as [13]

in terms of the chiral gamma matrices of SO(8, 8) and the
charge conjugation matrix 77 3 3. The (®, {) family of solutions
is then characterized by the Eg(g)/SO(16) representative

w¢

1—e

— (7= (38)

VMN —exp|—wf3; —

This maximal gauged supergravity can be uplifted to 10d
by means of Egg) EXFT [28], whose fields are

{gﬂw M./\/l./\/? A//tvl’ Bﬂ./\/l}’ (39)

alongside their fermionic superpartners [29]. All these
fields depend on both the same three external coordinates
x* as before, as well as on a set of 248 extended coordinates
YM. Coordinate dependence is however restricted by the
section constraints

KN ® dy =0,

FNpop ® oy =0,
(P3875)MN}CL01C ® d; =0, (40)
acting, as usual, on any combination of fields or gauge
parameters. The Cartan-Killing form «,y and projector

(P3g75) pia™* can be found in [27]. The uplift can be
expressed as the gSS factorization

g;w(x7Y) :p_zg;w(x)7
Mun(6,Y)=U pMUNM 5(%).
AMxY)=p~ (U)o MAM (x),

-1 _ B
Busa (v ¥) =" £ P2U ) ppo (U P AR (). (1)

As we did for the embedding tensor in (37), we solve the
section constraints and parametrize the twist matrix by
using the SO(8,8) setup detailed above. We embed the
coordinates as y' C YN ¢ Y™ and discard all dependen-
cies on Y4, so that the Eg(g) section conditions (40) follow
from (13). Concerning the uplift, we use the same p as
before, and the twist matrix

YnOn” 0 ) (42)

Up™M = ( ]
0 U A

U " is a 128, representation of Uy, € SO(8, 8):

L121901-4
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- 1 A
UAA::exp<—uMNFMN> , (43)
2 A
where u is such that Uy™ = exp (upoT72),,M.
The KK modes can then be captured by perturbing the
Ansatz (41) as

G (X) = G (x) + hWA(P,,)(x)yA(pu)’
M (%) = Mg i + jMNA(Pa)(x)yA(pa)’

Alj}-,[ (x) — aﬁA,/\(&;) (x) YA Pa), (44)

with the harmonics in (28). Again, thanks to the choice of
harmonics, the mass operators that can be read off from the
linearized equations of motion in EXFT become algebraic
matrices, given that

p—l(U—l)MMaMyMpa) = _TM(Pa)AEyZ(pa), (45)

with only nonvanishing components 7 ;5 = 2’]0',(4 -
Further details on these Egg)-covariant Kaluza-Klein mass
matrices will be given elsewhere [30].

Armed with the EXFT mass matrices for the KK modes,
we have computed the masses in the different 3d super-
gravities and EXFT’s for the first few levels on the S* and
arbitrary level on the T* for bosons and fermions. These
results can be encapsulated in a simple master formula in
terms of the charges of the modes under the relevant
symmetry (super-)algebra.

The Kaluza-Klein spectrum of type II supergravities on
the round AdS; x $3 x T* organizes into supermultiplets
of (1). We denote by p, the U(1)* charges, and long
multiplets of SU(2) X SU(2|1,1) as [A, j~, jt]—see the
Appendix A of Ref. [9] for a review—with A the conformal
dimension of the conformal primary and j*, j~ its spins
under the two SU(2) factors. The type II spectrum at this
point is given by (cf. [31])

S= @ ([AL.0.j7] ® [Ag. 0./ ),y (46)

it>0
Pa € P

where the conformal dimension of the primary of each
factor is

1 1
Al =Ag=—=+=-+1 47
L R ) + /. (47)
with f depending on the quantum numbers as
F=47 0+ D)+ (2rp,)*. (48)

The unitary bound A; g = j* is saturated for p, = 0 and
the multiplets get shortened (see [9]).

Turning on generic (w,{) deformations, the spectrum
organizes itself in representations of (3). The spectrum on
arbitrary points of the family can be obtained by shifting the
dimension of each physical mode in (46) as f — f + Af with

e D0y 2 2 5
Afzi((QL_QR)+(QL+QR)(e “+{ )+4”P7‘:> =g

(49)

where g g denote the (integer-normalized) charges under
U(1); g, respectively.

In the heterotic case, the ' = (0,4) supergroup organ-
izing the spectrum at the scalar origin is

[SU(2), X SU(2).] x [SU(2), X SU(2[1, 1)g]
x U(1)* x SO(16). (50)

The spectrum follows from Eq. (46) as a truncation that
only keeps those states with integer spin under SU(2),, and
further supplemented at each level by 16 copies of the
multiplet

((AL’O’j+) ® [AR’O’j+})p4,p5,p6,p7’ (51)

with Ap =14+1/T+f and Ag in (47), forming an
SO(16) vector. For the (w,{) deformation, the conformal
dimension of each physical field gets shifted as in Eq. (49).

The masses mg of all scalars in the spectrum can be
retrieved using Egs. (46)—(48) and (49) on any point of the
family of nonsupersymmetric solutions (20), and analo-
gously for the heterotic case. The Breitenlohner-Freedman
bound [32] in 34, i.e., (m(o)fAds)z > —1, shows that there
are only two potentially unstable types of modes for each
level n = 25, p, = 0 in (28). As conjectured in [9], those
modes have masses

— (442n) + (24 n)2e2 2],
—(4+2n) + (2+n)2e2(1 + 2% 2], (52)

with the integers between square brackets indicating their two-
fold degeneracy. The stability condition is most requiring at
the gauged supergravity level n = 0. Thereby, the configura-
tion is perturbatively stable if (w, {) lie within the range
) 2 2 - \/g : 3
e ” < h C—l—(e 4)216' (53)
In this paper, exceptional field theory has been utilized
to find a family of nonsupersymmetric deformations of
the AdS; x S° x T* solutions of heterotic and type II
supergravities. We showed that these new solutions are
perturbatively stable within a finite region of the parameter
space and that there exists a one-dimensional subspace
where A/ = (0,4) supersymmetry is preserved. Moreover,
the holomorphicity arguments in the world sheet formu-
lation and boundary CFT, description suggest that these are
solutions of string theory and not only purely large N
configurations. It will be interesting to explicitly compute
the 1-loop corrections a la [33,34] in the future to check this
expectation.
The stability of the solution against nonperturbative
decay channels needs to be investigated. One possible
decay channel for nonsupersymmetric AdS; solutions is the

L121901-5
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destabilisation of the stack of branes that comprise them
[35-38]. We have explicitly checked that that is not the case
for our nonsupersymmetric solutions by considering probe
F1- as well as Dp- and NS5-branes with no world volume
fluxes. These branes can be embedded in AdS;, possibly
wrapping the internal geometry, and their world volume
actions show that they are attracted to the original stack,
instead of emitted from it.

Another possible decay channel is the nucleation of
bubbles, including Coleman-de Luccia bubbles [39] and
bubbles of nothing [40,41]. We leave this question for future
work, but in line with the arguments in [8], one could expect
the family to be protected due to the fact that it is away from
the SUSY vacua only by a marginal deformation.
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