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ABSTRACT: We provide the dictionary between four-dimensional gauged supergravity and
type II compactifications on T® with metric and gauge fluxes in the absence of supersym-
metry breaking sources, such as branes and orientifold planes. Secondly, we prove that
there is a unique isotropic compactification allowing for critical points. It corresponds to
a type IIA background given by a product of two 3-tori with SO(3) twists and results in
a unique theory (gauging) with a non-semisimple gauge algebra. Besides the known four
AdS solutions surviving the orientifold projection to N/ = 4 induced by O6-planes, this
theory contains a novel AdS solution that requires non-trivial orientifold-odd fluxes, hence
being a genuine critical point of the N' = 8 theory.
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1 Introduction

In the last fifteen years a lot of work has been focused on the issue of moduli stabilisation
in the context of string compactifications. Gauge fluxes and non-trivial internal geometries
(referred to as metric fluxes in the simplest case of twisted tori) were proven to be needed
for inducing a scalar potential to fix the moduli fields, at least perturbatively [1, 2]. In the
renowned work of ref. [3] (see also ref. [4]) fluxes were shown to always give rise to lower-
dimensional theories with negative cosmological constant upon compactification. However,
going beyond dimensional reductions on genuinely compact manifolds, one can circumvent
the above no-go theorem and find no-scale Minkowski solutions by performing Scherk-
Schwarz reductions on so-called flat group manifolds [5, 6], like e.g. ISO(2) x ISO(2).



Another way of enlarging the set of possible lower-dimensional models is to add lo-
calised sources as extra ingredients, such as D-branes and O-planes. In particular, the
presence of O-planes with negative tension turns out to be crucial in order to get a positive
cosmological constant out of purely perturbative ingredients [7-9]. However the presence
of localised sources has its own disadvantages like the explicit breaking of supersymmetry
(with its potential instabilities [10]), the possible failure of the supergravity approxima-
tion [11] or backreaction issues which have been pointed out and discussed in the literature
(see e.g. ref. [12] and references therein). In this sense, compactifications of string theory
without localised sources turn out to be very robust as they preserve the maximal amount
of supersymmetry, but are no longer appealing to find de Sitter universes or build brane
models of Particle Physics.

The prototype examples of lower-dimensional supergravities preserving maximal super-
symmetry are the compactifications on n-spheres. Focusing on the case where no localised
sources are present, the corresponding AdSp_,, x S™ solutions with SO(n+1) gauge symme-
try have been fairly explored in the literature. Such compactifications generically tend to
suffer from the lack of scale separation, in the sense of not being proper lower-dimensional
theories due to the fact that the KK scale and the AdS radius have comparable size [13].
At least in this case, one has a clue of the reason why this happens, i.e. that maximal
supersymmetry together with simple gauge groups with a rigid embedding constrain the
theory too much to allow for the introduction of an extra scale. Still, despite this less
appealing feature from a phenomenological viewpoint, such string backgrounds turn out to
be relevant for holography, e.g. type IIB on AdSs x S® or M-theory on AdS, x S7.

Holographic applications increase the importance of the role of maximal gauged su-
pergravities and the search for their AdS critical points. Due to the S7 compactification
of 11D supergravity, the SO(8)-gauged maximal supergravity in 4D [14] is of particular
relevance and there has been a lot of progress in the analysis of its critical points. In
this context, restricting oneself to smaller subsectors invariant under a given subgroup of
the SO(8) symmetry group has been a very fruitful approach to carry out a systematic
search for critical points with non-trivial residual symmetry (see refs [15, 16] for cases with
SU(3) and SO(4) invariance). Later on, some new critical points with smaller [17] and triv-
ial [18, 19] residual symmetry were found, yielding the first examples of stability without
supersymmetry within a supergravity with such a high amount of supercharges.

The search for consistent gauged supergravities with extended supersymmetry has been
boosted due to a new successful approach which is usually referred to as the embedding
tensor formalism! [22, 23]. Tt is based on the idea of a duality-covariant formulation of
gauged supergravities realised by promoting the corresponding deformation parameters to
tensors w.r.t. the global symmetry group. This approach has led to substantial progress
in classifying consistent gaugings of maximal supergravities [23] and has played a crucial
role in finding the generalisation of the traditional SO(8) theory with rigid embedding to a
whole one-parameter family of theories [24, 25]. The physical relevance of this parameter in
classifying inequivalent theories has been widely discussed [26, 27] and proven in the context

!See also refs [20, 21] for previous results in three dimensions.



of new SO(8)-gauged maximal supergravity with SU(3) residual symmetry, where the first
examples of parameter-dependent mass spectra were found [28] (see also refs [29, 30] for
further analyses of critical points, refs [31, 32] for domain-wall applications and refs [33, 34]
for black hole solutions).

The embedding tensor approach also turns out to be a valuable tool when linking
extended gauged supergravities to flux compactifications [35]. The dictionary between
fluxes in orientifolds of type II theories and embedding tensor deformations of half-maximal
supergravities was worked out in refs [36, 37] and subsequently used in ref. [38] to explore
the set of critical points of N' = 4 compactifications of both type ITA with O6/D6 and type
IIB with O3/D3. Since the set of AdS critical points found in the type IIA case turned out
to be compatible with the total absence of localised sources, these were later interpreted
as gauged N = 8 supergravities in ref. [39]. These solutions became then novel examples
of SO(3)-invariant critical points of maximal supergravity, one of which also happens to
be non-supersymmetric and nevertheless tachyon-free. The aim of the present paper is to
extend the results of refs [38, 39] by studying the most general backgrounds compatible with
the absence of sources, thus containing both orientifold-even and orientifold-odd fluxes.

We will first derive the dictionary between type II fluxes and embedding tensor de-
formations in the 912 of E7). The derivation itself shows how geometric type II com-
pactifications can be embedded in the much broader context of Exceptional Generalised
Geometry (EGG) [40-44], one of the U-duality covariant frameworks that have been pro-
posed for describing generalised string and M-theory backgrounds. We will briefly comment
on other duality covariant approaches such as e.g. Exceptional Field Theory (EFT) [45-48].
Keeping also duality covariance as the guiding principle, there have been some recent de-
velopments in the understanding of generalised Scherk-Schwarz reductions [49-55]. These
proposals, together with our present analysis, point towards a democratic formulation of
fundamental ten- and eleven-dimensional degrees of freedom (d.o.f) as a good candidate
to provide a higher-dimensional interpretation of the embedding tensor. A full-fledged re-
duction of the democratic (formulation of) type II supergravities [56], supplemented by an
appropriate physical section condition [57, 58] to remove unphysical degrees of freedom in
the lower-dimensional theory, goes well beyond the scope of this work.

Equipped with the aforementioned dictionary between type II fluxes and embedding
tensor deformations, we will study the full set of SO(3)-invariant critical points compatible
with geometric flux backgrounds on an isotropic T®/(Zy x Zs) orbifold compactification of
both ITA and IIB strings. Remarkably, there turns out to exist a unique theory with specific
ITA geometric fluxes allowing for such critical points. It has a non-semisimple gauge group
arising from an SO(3) x SO(3) twisted torus reduction, and can be seen as the Scherk-
Schwarz analogon of the S7 compactification and the SO(8) gauge group. From a stringy
perspective, the search for new compactifications without localised sources was motivated
by the possibility of avoiding the issues which are typically introduced by O-planes when
trying to reconcile the suppression of all corrections and large flux quanta together with
tadpole cancellation [59]. From a supergravity viewpoint, a complementary motivation is
that of enriching the known classification of critical points of N' = 8 supergravity with
SO(3) residual symmetry by providing increasingly more new examples.



The paper is organised as follows. In section 2, we first review the embedding tensor
formalism applied to maximal supergravities in four dimensions and subsequently, we give
the relation between its SL(2) x SO(6, 6) formulation [39] (naturally linked to fluxes) and its
SU(8) formulation [60] (naturally related to fermion mass terms and scalar dynamics). In
section 3, we start decomposing fields and deformations of maximal supergravity, which are
arranged into irrep’s of E;(7), with respect to the SL(6) subgroup of diffeomorphisms under
which the six internal coordinates transform as a vector. This will allow us to explicitly
write down the dictionary embedding tensor/fluxes both in type IIB without O3-planes
and in type ITA without O6-planes. We will follow the philosophy presented in ref. [61],
but restrict ourselves to geometric fluxes, i.e. those deformations which have a clear higher-
dimensional origin. In section 4, we will make use of the dictionary derived in the previous
section in order to exhaustively study the set of critical points both in type IIB and in
type ITA isotropic flux models without localised sources. While type IIB compactifications
do not have new critical points, type IIA compactifications will turn out to have a new
unstable AdS solution. Finally, some technical material is collected in the appendices A
and B.

2 Gauged maximal supergravities in D = 4

Maximal supergravity in four dimensions [14, 62], in its ungauged version, can be obtained
from T® reductions of type II supergravities in ten dimensions [63]. It enjoys an E7(7) global
symmetry and its vectors (28 electric and 28 magnetic [22]) span the 56 representation. The
bosonic sector of the theory also constains the metric field and 70 scalar (physical) degrees
of freedom parameterising an E;(7)/SU(8) coset element. In order to analyse the possible
deformations (a.k.a. gaugings) of maximal supergravity in a E7) covariant manner, the
framework of the embedding tensor has been developed [23] and very successfully applied
henceforth.

2.1 Embedding tensor deformations: even vs. odd

N = 8 ungauged supergravity can be deformed by promoting part of its E7(7) global
symmetry to a gauge symmetry, namely, by applying a gauging. A consistent gauging is
completely specified by an embedding tensor transforming in the 912 of E;(7) denoted by
Onm?, where M = 1,...,56 and 4=1,...,133 are a fundamental and an adjoint index
respectively. This object selects which subset of the E7(7) generators {ta=1,..133} become
gauge symmetries after the gauging procedure. This is carried out through a covariant
derivative V. — V — ¢ VM Oy t;, where VM denote the vectors of the theory. As a
consequence of the gauging, a non-Abelian gauge algebra

[Xnr, Xn] = — X' Xp with X' = On? [taln' (2.1)

is realised by the generators Xp;. By using the Sp(56,R) invariant metric Qyy in the
SouthWest-NorthEast (SW-NE) convention, one can define Xynp = —XMNQ Qgp. The
embedding tensor in this form of generalised structure constants Xwyyp, needs then to



satisfy the following set of quadratic constraints (QC) [23]
O Xpywy Xspg = 0, (2.2)

which guarantee the closure of the gauge algebra.

Describing the embedding tensor Xynp as an Er7y object is not very convenient in
order to establish a neat correspondence between deformation parameters in supergravity
and background fluxes in string theory. Instead, moving to an SL(2) x SO(6,6) X Zs
description turns out to facilitate this task [23, 35, 39]. The relevant branching rule for

this reads
Erey — SL(2) x SO(6,6) x Zy
912 — (2,220), + (2,12)4 + (1,352"), + (3,32)., (2.3)
Xvnp — famnp © Sam D Fup @ Eapu

where o = 1,2 and M = 1,...12 respectively denote SL(2) and SO(6,6) fundamental
indices. The spinorial? index p(f) = 1,...,32 refers to the (conjugate) Majorana-Weyl
representation of SO(6,6). Notice that the embedding tensor pieces with only bosonic
indices are parity-even with respect to the Zy factor, whereas those carrying a spinorial
index turn out to be parity-odd [64]. This Zy action will be later on identified with an
orientifold ©,(—1)2¢ action in the string theory side. Finally, in order to fit the irrep’s
in (2.3), the symmetry properties faoynp = fapunp) and Eag, = E(qp), must hold
together with the condition (2.6) below.

The complete dictionary between the Zo-even (+) pieces foynp and Eupr in (2.3)
and type II background fluxes has been worked out in ref. [38] in the context of half-
maximal supergravity. Later, using the explicit truncation from maximal to half-maximal
supergravity in ref. [64], these string backgrounds were interpreted as gauged maximal
supergravities in the special case of the absence of localised sources [39]. Here we are going
to extend these results and analyse more general backgrounds also including the Zs-odd
(—) fluxes Fir;, and Eq, in (2.3).

In order to do so, we first need the decomposition of the fundamental index M of
E7(7y under SL(2) x SO(6,6) x Zz. It reads M — aM @ p according to the decomposition
56 — (2,12)4)+(1,32) . After this splitting [39], the embedding tensor Xynp consists
of bosonic components

XaMBNyP = — €8y faMNP — €y MmN §aP] — €a(8 )M INP
1 NP 1 N
XaMu = 1 JaMNP [7 ]uv - ZiaN [’YM ];w )
X (2.4)

1
Xyarv = Xypam = 3 farane [YNF], — o fanpg [yuNP9)

Iz i

1 1
+§ §aN [’YMN] - g SaM C;U/ )

1%

2Except in the fermionic Lagrangian (2.9) involving the eight gravitini 1/)f , the index p will never refer
to coordinates in 4D space-time.



involving an even number of fermionic indices (hence Zs-even) and being sourced by
famnp and Eqpr, as well as fermionic ones

1 o
Xy,yp = _5 FM}) [fYN]N [’YMN]Vp )
XuaMpN = —2€ap Fprp [’VN}]MV — 2NMN Zafu (2.5)

XomusN = XaraNy = €ap N1 Faro + Zapy [ymn]”, + Eapunmn

involving and odd number of fermionic indices (hence Zo-odd) and being sourced by Fy,
and =Z,g, . This embedding tensor automatically satisfies a set of linear constraints required
by supersymmetry, provided that [39, 61]

F' = [”YM]W Fyip =0, (2.6)

but is still restricted by the set of quadratic constraints in (2.2) coming from the consistency
of the gauging. The set of components in (2.4) specifies how half-maximal supergravity is
embedded inside maximal [64], whereas the remaining components in (2.5) represent the
completion from half-maximal to maximal supergravity [39].

We refer the reader to appendix B in ref. [39] for a detailed presentation of the con-
ventions we have adopted all over the paper: the invariant 7,y metric, yp/-matrices,
Y;...m,-forms and charge conjugation matrix C,, of SO(6,6) as well as the Sp(56,R)
symplectic matrix Oy and the SL(2) Levi-Civita tensor eqgs.

2.2 T-tensor, fermion masses and scalar dynamics

The embedding tensor Xymp can be dressed up with the scalar fields in the theory® —
they are encoded into WMy (¢4) € E7(7/SU(8) — resulting in the so-called T-tensor [23].
This is related to the embedding tensor of the previous section via

T = 5 V"u(03) VVi(6) Vi (63) Xoare (2.1

We have underlined the indices just to stress the fact that Tynp in (2.7) depends on the
scalar fields. The explicit expression of VM at the origin of the scalar field space, namely
at ¢q =0, was derived in ref. [39].

The T-tensor can be further decomposed under the SU(8) maximal compact subgroup
of Er(7). For this purpose, we need the branching rule 56 — 28 + 28 which amounts to
the index splitting y — (77,27 ), with ZJ = —JZ. Using the pieces TTIKE v and

Tr J’CLMN it is possible to take contractions sitting in the 36 and 420, namely,
4
AZJ _ ﬁTIleﬂKL and AIJICL _ QTMIMJICL , (2.8)

3Upon SU(8) gauge-fixing, the number of physical scalars is reduced from 133 to the usual 70 scalars in
the N = 8 supergravity multiplet.



which are directly identified with the scalar dependent mass terms for the gravitini szI and
the dilatini* yz7x in the four-dimensional Lagrangian [23]

V2 T _
5 Azg(9a) B 1 07 + AN (62) X g Xean 29

1 I
2 AN (6a) U 1 xgke + e

-1 -1
€ g [*fermi =

IIKLMN — V2 TJKPQRI[LM
A =€ LM AN

where por - The fermion mass terms (2.8) are the

fundamental objects in the SU(8) covariant formulation of maximal supergravity [23, 60].
After applying a gauging, i.e. Xywp # 0, the dynamics of the scalar fields is governed
by a scalar potential

3 1
-2y, _ 9 2, L 2
g2V = =SP4 AP, (2.10)

where |A;|2 = Az7 AT and |As|?> = A77MF AT 75, are positive defined. If turning off
the vector fields in the theory, maximally symmetric solutions are obtained by solving the
equations of motion of the scalars [60]

1
Crgrc + 34 CTTKLMNPO CMNPQ — 0, (2.11)

with Czrxcr = AM zgk Acm + %AMN[IJ AN,CE]M . At these solutions, the mass matrix
for the physical scalars reads [60, 66]

_ N 5 1

g2 (massQ)ZJKEM Pe 6%%59 <24 AR g1y ARSTH — 5 Ars ARS)
MN 1

+6 5[[IJ <AICRS|P A9 rs — 1 AgSIPel ARsucg]) (2.12)

2
~3 AgMNP A9 pe

whereas the vector masses are given by [60]

_ Kc 1 1
g2 (massz)zj =5 A[INPQ 5}; A \po + 3 -A[IPQUC AE]J]PQ ’
1

7KL = 36 A" e spormnsic Ag)

(2.13)
MNS )

g2 (mass2)

One of the main achievements in this work will be to compute the fermion mass terms

in (2.8) as a function of the embedding tensor pieces in (2.3) at the particular point ¢4 = 0.

This point in field space might be or might not be compatible with the scalar equations

of motion in (2.11). Later we will look for solutions of these equations and then we will

recast the discussion about the applicability of the correspondence between fermion mass
terms and embedding tensor pieces we are deriving next.

4The actual spin-1 /2 mass matrix requires a field redefinition to get rid of the gravitini-dilatini mixed
terms [60] (see also egs (2.21) and (2.22) in ref. [65]).



2.3 Fermion masses & embedding tensor

Now we obtain the correspondence between fermion mass terms in (2.8) and embedding
tensor pieces in (2.3). In order to present the results, we need to split the SU(8) index
T — i ® i with 4,7 = 1,...,4 according to its SU(4) x SU(4) c SU(8) maximal
subgroup.® This subgroup is identified with the SO(6)ime-like ¥ SO(6)space-like C SO(6,6)
inducing the additional branchings in Lorentzian coordinates

SO(6,6) D SO(6) x SO(6) SO(6,6) D SO(6) x SO(6)
12 — (6,1)+(1,6) M — m @ a
_ R A (214)
32 — (4,4) + (4,4) L - s eY
32 - (4,4) + (4,4 L N i}

In what follows we give the expressions for the fermion mass terms as a function of the
Zo-even pieces famnp » §am and the Zs-odd pieces Fiyy , Eqp, of the embedding tensor
further decomposed under (2.14).

The gravitini mass AZJ. We start by presenting the gravitini mass matrix in (2.9).
It consists of the purely unhatted and hatted blocks

. 1 % [ " ;

gAT = o5 e (L) (G 16 (G Somny
- . B - (2.15)

Aij - of Loz G* ik Gb o |G€ b abc )
g 24\&6 [ ] [ ]kl [ ] f[i‘ b
together with the mixed one

o AL 1—12 ; > %

gA” = gAﬂ = ( 4 Z) ([Gm]lk Fo? + 5a,8 Eaﬁ”) : (216)

In the above expressions, we have introduced an SL(2) vielbein L, = (4,1) and a set
of time-like (anti-self-dual) [G,,]¥ and space-like (self-dual) [Ga]gj 't Hooft symbols,
where m,a =1,...,6 respectively denote time-like and space-like direction of SO(6,6)
in Lorentzian coordinates.® The blocks in (2.15) survive a truncation to half-maximal su-
pergravity [39] (see footnote 6) and are sourced by bosonic components of the embedding
tensor forrnp and Euar. Contrary to them, those in (2.16) do not survive and are sourced

—

by fermionic embedding tensor components Z,g, and Fyyj, .

JTKL

The gravitini-dilatini couplings Az Let us now present the relation between

the gravitini-dilatini coupling in (2.9) and the pieces of the embedding tensor. The set

SUnder the Z> element in (2.3) truncating from maximal to half-maximal supergravity, the index i is
Zs-even and labels the four gravitini which are kept in the N' =4 theory, whereas i is Zs-odd and labels
the extra gravitini which form the completion to the full A" =8 theory [39].

5We again refer the reader to appendices B and D of ref. [39] for a detailed derivation of Vy at ¢a =0
and also for conventions regarding SO(6)time/space-like 't Hooft symbols.



of components comprising an even number of unhatted (equivalently hatted) indices [39]
consists of

. —]_ R 171

gkl _ af * _jkli m) n1k’l p] my
gAz = 724\/56 (La) € ([G L’k’ [G ] [G ]l’z fﬂmnp + 6 [G ]l'l fﬁm) ’
g AP = 1, 0 (67 (0] (6N Spae — 6 6 )

) 3\/5 i’k U i1

gkl _ T B ikl (ny  repiki J ekl
g A = e Lo (161G (671 fpany + 6 1671 €aa)
g AN = = o8 (L) <[Gm]“ (el . fomar — 67 [G™H gﬁm) ,

) 8\@ ik 2

(2.17)
and involves the bosonic embedding tensor pieces forrnvp and &nas, whereas components
involving an odd number of unhatted /hatted indices are given by

gAijkf _ (1 _2) <[Gm]Jk Fmi[ + 5z[j [Gm]k]k/ ka/f _ §oB 5Z[J' Eaﬁk][) ’

2
. 1 ] *
g.Agjkl _ ( "21'2) (La)* <L5> Ezﬂcl Eaﬁﬁ’
. - o A (2.18)
gAgﬁl%l _ _(151) ([Ga]jk Falg + 5? [Ga}k]k’ Fal];/ + 5B Eaﬁl[’; 55]) ’
G _ (A4 rars ks
gA@j = TL LP eV Safil

and depend on the fermionic embedding tensor pieces Z,g, and Fjs;. Notice that
in the relation (2.16) we got rid of the space-like contraction [G*]7* F,';, by solving
the linear constraint in (2.6), which takes the following form when choosing SO(6,6)
Lorentzian coordinates A B
[G™™* Fid + [GPF B =0. (2.19)
The full mapping between the fermion mass terms {AZ7 | A77%F} and the embed-
ding tensor pieces {famnp, §arrs Frj, Zapu) in egs. (2.15)—(2.18) represents one of the
main results of the paper. Combining this mapping with the SU(8) formulation of maxi-
mal supergravity described in section 2.2, we will be able to explore the scalar dynamics
induced by generic configurations of the embedding tensor. However, in order to establish
connections to type II string theory, we still need to derive the precise correspondence
between type II background fluxes and embedding tensor components. This will be our
goal in the next section.

3 Gauged maximal supergravity from type II strings

In this section we discuss the correspondence between the ingredients in type II flux models
and their related quantities on the supergravity side according to group theory. We will pay
special attention to the dictionary between type II background fluxes and the embedding
tensor, which has been found to totally encode the set of possible deformations of the free
(ungauged) theory [23].
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Figure 1. Diagram sketching the connection between type II flux backgrounds (lower-left) and
fermion mass terms (lower-right) passing through the set of intermediate steps described in the
main text.

After finding the precise type II fluxes +» embedding tensor dictionary, we will be able to
connect flux backgrounds to fermion mass terms (and thus to explore the scalar dynamics)
following the path depicted in figure 1. This procedure was introduced in ref. [39], where
the correspondence between fluxes and fermion masses was derived in the absence of fluxes
related to spinorial components of the embedding tensor, i.e. Fy, = Zqg, = 0. In
this section we are extending those results by considering spinorial fluxes as well, hence
completing the correspondence between fluxes and fermion masses. In particular, we would
like to focus on geometric flux backgrounds.” Hence we will add to the geometric type II
backgrounds studied in ref. [39] only those spinorial fluxes which have a well-understood
origin in string theory, like e.g., in type I1IB, the R-R fluxes F; and Fj or the metric flux
wmn? amongst others. The type II fluxes/embedding tensor dictionary, together with the
embedding tensor/fermion masses correspondence in egs. (2.15)—(2.18), will be a valuable
tool to explore moduli stabilisation in the last section of the paper.

3.1 The type Il embedding inside E7(7)

Maximal supergravities can be obtained from type II string compactifications preserving all
the original supercharges [63], e.g. upon T® toroidal compactifications (with coordinates
y™, m=1,...,6) from ten down to four dimensions (10D — 4D). The different fields liv-
ing in the 4D theory organise into representations of the diffeomorphisms’ group along the
internal six-dimensional space, i.e. SL(6), which appears as (part of) a global symmetry
of the 4D theory. However, some degeneracies between 4D fields occur at the level of their
SL(6) behaviour: as an example, there are several scalars which are singlets under SL(6).
This points towards a desirable enhancement of the global symmetry group in the lower-
dimensional theory lifting the degeneracy between fields. Indeed, the 4D theory happens to
enjoy a bigger global symmetry group: the exceptional E;(7) group also known as the U-
duality group [62, 63]. In addition to the internal diffeomorphisms, it accounts for constant

"The full non-geometric dictionary with some applications will be presented in a companion paper [67].
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Exry O SL(2)sxS0(6,6); > SL(2)s x SL(6) x R}
56— (2,12) S (26)(1) + (260 )
(1,32) S (1,6) o + (1,20) o) + (1,6) )
133 — (1,66) S (1,15) () + (1,1435) ) + (1,157)
(3,1) = (3,1)
(2,32) S 26+ (215) 1)+ (2,15) 1)+ (2,1) s
912 - (2,12) S (26)(1) + (2,60 )
(2,220) S (2,20), )+ (2,6484) 1) + (2, 6+84) 1)+ (2,20) 3,
(3,32) 5 (3,67) (4 + (3,20) ) + (3,6)_y)
(1,352’ 5 (1,6) 4y + (LE4+84°) ) + (L70420470°) o) + (1,64+84) ) + (1,6") )

Table 1. Branching of E;(7) representations according to the type I group theoretical embedding
of maximal supergravity.

shifts of the gauge fields along the internal space coordinates and also stringy transforma-
tions as T-duality or S-duality [40-44, 61, 68, 69]. Since the lower-dimensional states are
firstly labelled according to their behaviour under internal SL(6) diffeomorphisms, the nat-
ural question is then how these are embedded inside the U-duality group. In the case of
type II strings, the answer is given by the series of maximal subgroups [35]

E7(7y O SL(3) x SL(6) D SL(2) x SL(6) x R, (3.1)

so additional SL(2) and R™ labels can be used in order to unambiguously classify states
in the lower-dimensional theory. As a bi-product, the SL(2)g x SO(6,6)|;; embedding of
maximal supergravity can be obtained by demanding the branching

E;7) D SL(2)s x SO(6,6)|;; D SL(2)s x SL(6) x R}, (3.2)

to produce the same decompositions as (3.1). When applied to the relevant U-duality
representations appearing in the Eg7) description of maximal supergravity, i.e. the 56
(vectors), 133 (scalars) and 912 (embedding tensor), one obtains the results displayed in
table 1.

3.2 O-planes and orientifolds

As briefly mentioned in the introduction, the inclusion of O-planes in the string compact-
ification scheme breaks supersymmetry explicitly [7, 70]. In addition, having O-planes as
localised sources also induces orientifold actions which are the combination of three Zsg
gradings: two of them act at the level of the worldsheet fields whereas the last one acts at
the level of target space coordinates.

The worldsheet orientifold action is a combination of the so-called fermion number
(=1)fZ in the left-moving sector and the worldsheet parity €2, which acts on the cor-
responding fields by exchanging left- and right-movers. Under the combined (—1)f2,

- 11 -



action, the type II fields g, ¢, Co, C(3) and C(y4) are parity-even whereas B(y), C(1) and
C(2) are parity-odd. The target space orientifold involution o, instead assigns positive
parity to the coordinates along the O-plane worldvolume and a negative one to the trans-
verse coordinates [70]. We will describe in detail the O3-plane (co3) and O6-plane (0og)
orientifold involutions in the next sections.

The ultimate aim of this work is to remove orientifolds in type II flux compactifica-
tions. Unorientifolding type II compactifications means to place the different fluxes and
fields inside bosonic or spinorial irrep’s of SO(6,6) according to whether they are allowed
(Zs-even) or forbidden (Zs-odd) by the orientifold action (—1)f% Q0.

3.3 Unorientifolding type IIB with O3-planes

Type IIB backgrounds with O3-planes (and the corresponding D3-branes) are characterised
by supersymmetry-breaking extended sources which are completely localised in the six-
dimensional internal space. Their position can be chosen as

O3-plane : X | X XX — — — — ——

D=4 m

where m spans the fundamental representation of SL(6). The orientifold involution is in
this case defined by

oos = (v, vt 00yt 000 = (=t =t = =t = =) (33)
We immediately predict that the IIB fluxes/embedding tensor dictionary in this case will be
SL(6)-covariant since the ops orientifold involution (3.3) treats all the internal coordinates
on equal footing. Indeed, by taking a look into table 1, one observes that it is completely
democratic with respect to 6D Hodge duality along the internal space. Equivalently, in terms
of the content of SL(6) states, whenever there is a 0-form state then also a 6-form appears
and the same with pairs of (1,5)-forms and (2,4)-forms. Thus, in order to obtain the IIB
dictionary, one needs to decompose fields and deformations of maximal supergravity (which
naturally group into Ey(7) irrep’s) into states labelled by their behaviour with respect to
diffeomorphisms, i.e. SL(6) and their ST weights

SL(2)s x SL(6) x RE O SL(6) x RE x RY. . (3.4)

Some relevant SL(2)s — R; branchings are 2 — 1(_ /9y +1(1/2) and 3 — 1(_1)+ 1o+ 1(y).
The above decomposition in (3.4) will be carried out for the 56, 133 and 912 of E;(),
which respectively describe vectors, scalars and deformations of maximal supergravity.

The 56 representation: from the U-duality point of view, the 56 representation can
be used to introduce a E;(7)-derivative dy defining an infinitesimal E7y-variation in the
U-duality space [61]. Following the upper decomposition in table 1, and further performing
the branching described in (3.4), one can identify the physical derivatives 0, = 9/0y™
related to SL(6) variations. This identification relies on the singlet nature of the internal
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B/F | 003 | (—-1)f2Q, | operator | SL(6) x RE x R,

F - + Om 6’(0;+1)

Table 2. The physical internal derivatives in type IIB compactifications. It is the combination
(—1)F2 Q, 003 of fermionic number, worldsheet parity and orientifold involution what determines
that 0, is completely projected out by the presence of O3-planes. As a consequence, all its com-
ponents sit inside a fermionic (F) irrep of SO(6,6).

B/F | 003 | (1)t Q, | IIB field | SL(6) x RY x R},
+ + ) 10,0
+ + em” 35(0,0)
B+ + em"™ 10,0
+ + Co 11,0
+ + Crunpq 150041
+ - Bun 15° 1,1
. + - Binnpars 11y
+ - Crnn 15101
* = | s Lg-9)

Table 3. The physical scalars from type IIB compactifications mapped into states in the 133
of E7(7y. Note that it is the combination (—1)F2 Q, 003 of fermionic number, worldsheet parity
and orientifold involution what determines which states are bosonic (B) and fermionic (F). It is
worth mentioning that, in order to get the correct number of physical degrees of freedom (i.e.
70 = 38 + 32F), one needs to subtract the compact directions inside the vielbein.

coordinates under type IIB S-duality (vanishing Rg charge). Moreover note that, since
the operator 0, is not constructed out of string oscillators, it is naturally even under the
worldsheet orientifold action. The result is described in table 2.

The 133 representation: this representation of the U-duality group accommodates
scalar fields ¢4, with 2 = 1,...,133, associated to the generators of the E7(;) duality
group of maximal supergravity. These scalars, carrying the SL(2)g x SL(6) x R; charges
displayed in table 1, precisely match the dimensional reduction of the democratic 10D fields
in type IIB supergravity [56] when keeping pure scalars, i.e. components with no legs along
the 4D spacetime, as well as two-forms, i.e. components with two legs dual to scalars upon
4D Hodge duality.® Upon local SU(8) gauge fixing, the physical scalars — which carry 70

8Tt would be very interesting to understand the relation between this set of two-forms and the (3, v)-fields
introduced in ref. [61].
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B/F | 003 | (-1)'2Q, | IIBflux | SL(6) x RY x R}

_ — Hynp 20(_%;+%)

B
_ — Fonp 20(_'_%;_,_%)
- + On¢ = Hp, 6’041
- + — 84’(0;+1)

F
- + Fim 6 (1141
- + anpqr 6(O;+2)

Table 4. Geometric type IIB fluxes identified as states inside the decomposition of the 912 of E;(7).
The ST weights are in perfect agreement with those ones predicted from dimensional reduction, as
shown in appendix B.

degrees of freedom in total — can be aligned with the pure scalars in the above reduction.”
These 70 scalars split up into 38 orientifold-allowed ones arising from

{ T TI‘(G) ) Co Cmnpq } )
NngS R-R

where the correct counting is reproduced upon subtracting the 15 compact SO(6) directions
inside e;,", and 32 orientifold-forbidden ones coming from

{ an ) anpqrs ) Cmn ) Cmnpqrs }
NS-NS R-R

These physical scalar degrees of freedom have been identified as SL(6) x ]RJSr X ]R; states
inside the decomposition of the 133 and the results are collected in table 3.

The 912 representation: this last representation of the U-duality group organises the
background fluxes (generalised field strengths) threading the internal space. These fluxes
relate to the so-called embedding tensor Xynp of maximal supergravity as follows [61]

am(b/q:XMN]p@ ey (35)

where the dots stand for the 56 and 6480 irep’s in the product 56 x133 = 912+56+6480,
which are forbidden by N = 8 supersymmetry [23]. This can be summarised as follows:
the embedding tensor corresponds to the Eqp)-variation of all the scalar fields in the 4D
theory provided maximal supersymmetry is preserved. In particular, the type IIB geometric
fluxes we are considering in this work are interpreted as SL(6)-variations of physical fields.
The different ST scaling of the fluxes can be computed by dimensional reduction of the
corresponding ten-dimensional Lagrangian (B.1) given in appendix B. This allows one to
unambiguously identify the various IIB fluxes as states in the decomposition of the 912.
The results of this procedure are collected and shown in table 4.

In this work we are not considering non-geometric setups where the remaining 63 fields have a topo-
logically non-trivial flux [61].
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SO(6,6) | type IIB fluxes | isotropic couplings
Zita F, -
SO(6,6) | type IIB fluxes | isotropic couplings SR F; -
— fy e Fijk ap Fo 0 H, -
£, 00k Fije a Fi) H, _
— f " Fipe az Flly whe' 90
f9* Fape as F'lig wje' 91
—f_abe Hij, —bo Fg wpe” g1
fotk Hije ~b F W 92
—f-ek Hap —by F wj! g2
fk Hepe —bs F%y wik g3
Fijkap) Fijkab -
Filjabe) Fijabe -

Table 5. Left: mapping between orientifold-allowed geometric type IIB fluxes and bosonic em-
bedding tensor irrep’s. We have made the index splitting M = (a,i,a,i) for SO(6,6) light-cone
coordinates and identified @ with an upper a and similarly for i. Right: mapping between
orientifold-forbidden geometric type IIB fluxes and fermionic embedding tensor irrep’s. We have
made the index splitting m = (a,i) for SL(6) after using the spinor/polyform mapping described
in appendix A.

Alternatively to the dimensional reduction prescription, one can derive the same results
by following a group theoretical approach. This entails combining derivatives and fields
(see tables 2 and 3) such that there is a complete matching of charges between the Lh.s.
and r.h.s. of (3.5). In order to obtain a precise dictionary between fluxes and embedding
tensor components, we need a further breaking SO(6,6) — SL(6),, — SL(3), x SL(3), .
This amounts to decompose the bosonic SO(6,6) fundamental index M in light-cone coor-

dinates as!®

M — mém — a®idadi, (3.6)

with ¢« = 1,3,5 and i = 2,4,6. By using (3.6) we can obtain the explicit mapping
between orientifold-allowed geometric type IIB fluxes and components of foapnp and
Eanr entering (2.4). This correspondence was first found in ref. [38] and summarised here
in table 5 (left). Notice that the &,ps piece is not activated in a geometric type IIB
setup. Secondly, using the decomposition of spinorial SO(6,6) representations given in
appendix A through the mapping polyforms/spinors and further breaking the SL(6) index
m — a @ i, one can write all those geometric type IIB fluxes which would be projected
out by the orientifold projection as components of the embedding tensor pieces Fj; and
Eapp appearing in (2.5). This dictionary is shown in table 5 (right), which can be seen as
the spinorial completion.

%Tn the rest of the paper, the index i will denote an SL(3) index in order to import results from refs [38, 39]
concerning fluxes. We hope not to create confusion with the SU(4) index ¢ previously used in section 2.3.
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SL(6) O SL(3), x SL(3); x R,

6 — (3,1)(Jr
15 - (3’31)(+1) + (173’)(—1) + (373)(0)

20 - (1,1

NI

)T (3’73)(+%) + (3,3’)(7%) + (1,1)(7%)

35 = (L1)g) + (8:1) ) + (1,8) () + (3,3") () + (3,3) .y
0 5 (B, + (L8) s+ (3:3) 1)+ (33) 1)+ (3:6) 1)+ (63) 1)

84 b (3,1)(+%) + (1,3)(7%) + (6’,1)(+%) + (1,6’)(7 ) + (3’,3’)(+%) + (3,,3’)( §) + (3,8)(+%) + (8,3)(7%)

2

1
2

Table 6. Branching of SL(6) representations according to its SL(3), x SL(3); x R, subgroup.
Primed irrep’s have equivalent decompositions upon n <+ n’ replacement and R'& sign-flip.

3.4 Unorientifolding type ITA with O6-planes

As opposed to the case of type IIB with O3-planes, this class of type ITA backgrounds
has sources which partially fill the internal space. Specifically the O6-planes which would
break supersymmetry down to N’ = 4 in four dimensions are placed as follows
06 : X| X XX X —xX—X—
—_———

D=4
wrapping the internal a = 1,3,5 directions. Unorientifolding this theory again means to
place the different fluxes and fields inside bosonic or spinorial irrep’s of SO(6, 6) according to
whether they are allowed (Zs-even) or forbidden (Zs-odd) by the (—1)Z Q,, 006 orientifold
action. The O6-plane involution now reads

oos + (¥, v2 vt vt 0,00 = (v =y vt vt YR, 0 (3.7)

Since the opg orientifold involution breaks the SL(6) covariance into an SL(3), x SL(3);
one, we will need to further break the irrep’s obtained in table 1 in order to distinguish
between odd and even states. Moreover, for a completely unambiguous identification, we
will need the extra R;} weights treating differently =135 and 3*=2%6 in addition to the
two R*1’s sitting inside SL(2)g x R; which we already used in the type IIB case. The
procedure followed here is, in analogy with the previous section, branching the vectors
(56), scalars (133) and embedding tensor (912) of maximal supergravity as described in
table 1 and, subsequently further branching the results according to

SL(2)s x SL(6) x RE D SL(3), x SL(3); x R x RE x R} . (3.8)

The relevant decompositions are given in table 6. It is worth mentioning that adopting the
embedding of SL(6) inside SO(6, 6) given in table 1 for both type IIA and type IIB (hence
named there “type II” embedding), is not in constrast with what found in ref. [35], where
it is observed that in type ITA a different embedding is needed. This is due to the fact that
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B/F | 006 | (—1)"2 9, | operator | SL(3), x SL(3); x R x R x Ry

B | + + 0 (31414141

Fol- T Oi (1,3)041:4)

Table 7. The physical internal derivatives in type ITA compactifications. The orientifold action
(—1)ft Q, 006 is again the combination of fermionic number, worldsheet parity and orientifold
involution. It determines that J, is allowed by the presence of O6-planes whereas J; is not. As a
consequence, they sit inside bosonic (B) and fermionic (F) irrep’s of SO(6, 6), respectively.

essentially (up to identifications), there exists a unique decomposition once SL(6) is further
broken into SL(3), x SL(3); . However, unlike in type IIB, the identification of the physical
derivatives in the type IIA case becomes more subtle as it does not straightforwardly follow
from combining the results in tables 1 and 6, as we will see next.

The 56 representation: the physical derivatives 9, and 0; are identified with the states
inside the 56 displayed in table 7. Notice that the tree physical variations 0; are in common
with the IIB case. In contrast, the physical variations 9, have been brought from fermionic
to bosonic w.r.t. the IIB case. This is consistent with the three T-dualitites along the y*,
y3 and y° directions required to connect the IIB and the ITA duality frames.

The 133 representation: we will again identify the physical scalars (which carry 70
degrees of freedom in total) with the pure scalars coming from the democratic 10D fields
in type ITA supergravity [56] having all legs threading the internal space. These 70 scalars
split up into 38 orientifold-allowed ones arising from

, . .
{ o, e , e , e , & , Bu . Ci, Cawc » Cok > Caiji },
NS-NS R-R

where the correct counting is reproduced upon subtracting the 6 compact SO(3) x SO(3)
directions inside the vielbeins, and 32 orientifold-forbidden ones coming from

{ e' , &* ., Ba , Bij . Bawijt » Ca » Cak > Cijk , Cabeij },

NS-NS R-R

where, now one should subtract 9 compact vielbein directions to get the correct counting.
The above scalars can be traced back to the corresponding states in the decomposition of
the 133 in table 1 by using the branching (3.8) and the results collected in table 8.

The 912 representation: let us conclude this section by exploring the different defor-
mations of maximal supergravity in its type ITA incarnation. The STU weights of all the
geometric type IIA fluxes can be obtained by dimensional reduction of the corresponding
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B/F | 006 | (-1)f2Q, | IIA field | SL(3), x SL(3); x R x Rf x R,
+ + 10) (1’1)(0;0;0)
+ + e, el ((8,1) + (1,8)) 00,0
+ + e, e ((1,1) + (1,1)) (0,0,0)
s | - - Byi (33) (0:0:41)
- - Ci (1,3") (g +1,-1)
I + Cabe (L) 100)
+ + o (353) (0:11:0)
- - Cobijk (3”1 (041:41)
- + ed’, e (B:3) (11 10)+ (33 111y
+ - By (B 1)1 14
+ - Bi; (13) (11119
| + Babcijk (L) 1430
+ —~ Ca Gt
- + Coabk (3”3’)(+%;+%;0)
- + Cijk (1’1)(*%#%;0)
+ - Cabeij (13) (1141

Table 8 The physical scalars from type ITA compactifications mapped into states in the 133
of E7(7). Note that it is the combination of fermionic number, worldsheet parity and orientifold
involution what determines which states are bosonic (B) and fermionic (F). It is worth mentioning
that, in order to get the correct number of physical degrees of freedom (i.e. 70 = 38p + 32p), one
needs to subtract the compact directions inside the vielbein.

terms in the ten-dimensional massive IIA Lagrangian, as explained in appendix B, and
then unambiguously identified inside the SL(3), x SL(3); x RY x R} x R}, decomposition of
the 912. This prescription works in complete analogy to the type IIB case and the results
are summarised in table 9.

However, there is a fundamental obstruction to derive the same results by following
the group theoretical approach of matching charges between the Lh.s. and r.h.s. of (3.5)
using only geometric ingredients: in the type IIA case, the Romans’ mass parameter Fj
cannot be obtained as the SL(6)-variation of a physical field. This mismatch is simply due
to the fact that Fp is already a consistent deformation of the original theory in 10D and it
does not originate from any internal dependence of the fields upon dimensional reduction.
1.3, 3) in table 9. Then, by
inspection of tables 7 and 8, one gets quickly convinced that this state cannot be generated

This deformation parameter corresponds to the state (1,1)( n

in a geometric way. Nevertheless, if one insists on the embedding tensor still being the
E7(r)-variation of all the scalar fields in the 4D theory provided maximal supersymmetry is
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B/F | 006 | (-1)f2Q, | TIA flux | SL(3), x SL(3); x RS x RE x R

+ + O, = H, (3:1)(h141i41
+ + wij© (33) (143
+ + Was*, Wap ((3:8) +(67,1)) (141,41
B B Hiii (L) (23

B - B Hap (3,’3,)(4-%;4-%;4-%)
- - Faivjer (L) (18,43
+ + Fuivj (33) 414240
B B Fai (3’3,)(+$;+%;—1)
+ + Fy (11 1428
_ + 90 = H; (1,3) 04141
- + wap” (3",3) (1014 1)
- + wijk7 wip© ((176) + (8v3’))(0;+1;+%)
+ - Hape (1’1)(+1;0;+§)

F + - Hagr, (313)(o;+1;+g)
- + Faijn (3a1)(o;+2;+§)
_ + Fopei (1,3’)<+1;+1?+%)
+ B Fap (3”1)(+1;+1;7%)
+ - Fij (1a3)(o;+2;7§)

Table 9. Geometric type IIA fluxes identified as states inside the decomposition of the 912 of Er (7).
The STU weights are in perfect agreement with those ones predicted from dimensional reduction,
as shown in appendix B.

preserved, then one can look for the candidate to be the Romans’ mass according to group
theory. The answer is given by

Fo= D Gags 5= (311 X (1,3) g0,
+ (3”1)(0;4—1;—%) X (3’1)(+%;+%;—1)

(3.9)
+ (1’1)(0;0;*%) X (1’1)(+%;+%;0) ’

E7(7)/SL(6)-variations type ITA fields

providing an interpretation of the 10D Romans’ deformation in the 4D context of EGG.
More concretely, the parameter Fj is associated to variations beyond the SL(6)-type!! of

" This is in line with ref. [71], where massive type ITA supergravity was obtained by means of a twisted
reduction of double field theory upon including some non-trivial dependence on dual coordinates violating
the strong constraint.
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SO(6,6) | type IIA fluxes | isotropic couplings SO(6,6) | type IIA fluxes | isotropic couplings
—fye Fuivjer ag Eite e Fy, -
Foo* Fuij a1 Etti Fapei -
—f ok Fyi as i H; -
filak F as Ep4l2td Hepe —hg
—fbe Hjy, —bo B4 2tk Wap* i
foobk wij¢ —b Faibjon) Fiji -
£+ Heppe co FI[M] 3 Fij el -
f+9), Wak? gl Fol wpi® 92
£, Wap" 1 Frg wi¥ 92
&1 H, - Fn Hejg g3

Table 10. Left: mapping between orientifold-allowed geometric type ITA fluxes and bosonic em-
bedding tensor irrep’s. We have made the index splitting M = (a,i,a,i) for SO(6,6) light-cone
coordinates and identified @ with an upper a and similarly for i. Right: mapping between
orientifold-forbidden geometric type ITA fluxes and fermionic embedding tensor irrep’s. We have
made the index splitting m = (a,4) for SL(6) after using the spinor/polyform mapping described
in appendix A.

the physical fields C; = (1,3’)(0;“;71), C, = (3,1)(+%;+%;_1) and Bapeijk = (1,1)(+%;+%;0)
(first, second and third line in (3.9), respectively). Therefore, according to the definition
of geometric fluxes adopted in ref. [61], i.e. SL(6)-variations of physical fields, the Romans’
mass represents a non-geometric flux in 4D (not even locally geometric) with the higher-
dimensional interpretation of a deformation parameter already in 10D.

Finally, splitting again the SO(6,6) index M in light-cone coordinates according
to (3.6), we obtain the explicit mapping between orientifold-allowed geometric type ITA
fluxes — as components of foyrnp and £, — summarised in table 10 (left). In addi-
tion, using the polyforms/spinors mapping and the SL(6) index splitting m — a @ 7, we
can determine all the geometric type IIA fluxes sitting inside the Fys, and 2., pieces
which would be projected out by the orientifold action. We have summarised the results
in table 10 (right). Remarkably, all the pieces of the embedding tensor are activated in
a geometric type ITA setup. For the sake of clarity, we have depicted this situation in
figure 2, where the difference between type IIB and ITA is highlighted in this respect.

4 Testing the fluxes/ET correspondence

In the previous sections we have derived the precise correspondence between type II fluxes
(both IIB and ITA), the set of embedding tensor components foynp, &anrs Farp and
Eapp and the fermi mass terms ALT and A77%£. Here we will test this correspondence
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Figure 2. Distribution of type IIB (left) and type ITA (right) fluxes along the different embedding
tensor pieces. As one can see, type IIA compactifications tend to spread all the fluxes much more

than type IIB and activate different embedding tensor irrep’s, thus generating a larger variety of
moduli dependences in the flux-induced scalar potential.

using a twisted T®/(Zy x Zs) isotropic'? orbifold compactification as playground'? and
will chart the landscape of the resulting N' = 8 gauged supergravities. We will present
the explicit form of the quadratic constraints in (2.2) in terms of the geometric type II
fluxes in the tables and will interpret them as the vanishing of the flux-induced tadpoles
for the different sources absent in our setup. As we will see, the situation is different in
type ITA and IIB scenarios. In the former case, the set of sources for which a tadpole
can be induced after turning on spinorial geometric fluxes is the same as in the bosonic
setup. In the latter, odd fluxes induce tadpoles for more types of sources than their bosonic
counterparts. Subsequently, we will go through the analysis of critical points in the two
different cases.

Before attacking that problem, though, we will make use of the symmetries of the
corresponding scalar potentials in order to simplify the analysis as much as we can. First
of all, both in the type ITA and in the type IIB case, the set of geometric fluxes which
we turn on happens to be a closed set under non-compact E7(7) tranformations.'* Hence,
one can exhaustively restrict the search for critical points to the origin of moduli space

12In the supergravity language, working with this isotropic orbifold amounts to consider the SO(3)-

invariant sector of maximal supergravity. This sector preserves N/ = 2 supersymmetry and the scalars span
SL(2) Ga(2) Er¢7)
X

So(2) X 50(3) SO(s) scalar manifold.

the coset space , which can be viewed as a submanifold inside the full

Restricting to the Zs orientifold-even subsector further reduces the scalar manifold to an (Sé(é)) )3 coset
space and the resulting supergravity still preserves A’ = 1 supersymmetry [39].

3We refer the reader to ref. [72] for a detailed description of our conventions concerning the Za X Za
orbifold geometry.

The non-compact transformations needed to bring the ten physical scalars in the SL(2)/SO(2) x
Ga(2)/SO(4) scalar manifold to the origin correspond to the three Cartan’s and the seven positive
roots [73, 74]. This is analogous to the orientifolded case where the three Cartan’s and the three posi-
tive roots are needed to bring to the origin the six physical scalars in (SL(2)/SO(2))* [38].
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¢4 = 0, where the EOM’s in (2.11) take the simple form of algebraic quadratic equations
in the fluxes [24, 38]. Secondly, since the origin of moduli space is left invariant by the
action of compact SU(8) transformations, the EOM’s will have an extra residual compact
symmetry provided that the corresponding set of fluxes is closed under such compact duality
transformations as well. We would like to stress that this will not be the case in general
and such transformations will typically turn on non-geometric fluxes. Making use of a
particular compact residual symmetry will be, in what follows, referred to as gauge fizing.

4.1 Type IIB without O3-planes

Let us start by testing the fluxes/embedding tensor correspondence in the case of a type
IIB flux compactification on a twisted T®/(Zy x Zs) orbifold. In this case one would
expect to find tadpole cancellation conditions involving O3/D3, O5/D5 and O7/D7 systems
coming from the consistency condition (2.2). However, a flux-induced tadpole for the Cg
gauge potential cannot be induced unless certain non-geometric fluxes are included in the
construction [75]. In this work we restric ourselves to geometric setups, so only flux-induced
tadpoles of the form

/(Hg/\Fg)/\C4 and /ng/\Cﬁ (41)

will appear and again will potentially induce quadratic relations on the set of type
I1B fluxes.

The case of geometric isotropic type IIB compactifications consists of 14 fluxes dis-
played in the right column of table 5: R-R fluxes (ag, a1, as, as), NS-NS fluxes (bo, b1, bo,
bs) and metric fluxes (go, g1, g1, 92, G2, 93)-

4.1.1 Quadratic constraints and sources
Plugging the set of geometric IIB fluxes in table 5 into the quadratic constraints in (2.2)

produces the following set of conditions:

e Nilpotency (D? = 0) of the D = d + w operator in the internal space: this condition
can be written as Wiy, m,” Win,)p™* = 0 and produces three independent relations on
the fluxes

91(g1—91) + go(g2—g2) =0,
92(92 = 32) + 93(g1—g1) =0, (4.2)
9192 — gogz =0,

which can be interpreted as requiring the absence of KK5-branes [76].

e Closure of H3 under D: this condition can be expressed as Wy, m,” Hmgm,p = 0 and
yields the following condition on the fluxes

gobo — (201 —G1) b1 — (292 — G2) b2 + g3b3 =0, (4.3)

which is equivalent to demanding the absence of NS5-branes [76, 77].
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e Tadpole cancellation condition for the Cy gauge potential due to the topological term
n (4.1). It produces a single relation associated to Hiy, moms Frngmgmeg) = 0, namely,

bsag — 3bsa; + 3bias — bgaz =0 . (4.4)

e Tadpole cancellation condition for the Cg gauge potential displayed in (4.1). There

is a single relation coming from wyy,, m,” Fyy, = 0, which reads

3malp

go ap — (2g1 — §1) a; — (2g2 — gg) az + gsaz3 =0 . (4.5)

The above set of consistency relations nicely generalises the bosonic results in ref. [38].
Notice that only the tadpole cancellation condition for Cy4 survives in a purely bosonic 11B
setup where the metric flux (parity-odd under the orientifold action) is absent.

4.1.2 The IIB landscape

The EOM’s at the origin of the moduli space can be obtained by plugging the expres-
sions (2.15)—(2.18) for the fermion mass terms as a function of the embedding tensor pieces
into (2.11) and then using the identification in table 5 between embedding tensor compo-
nents and type IIB fluxes. The result is then a set of quadratic relations on the fluxes
which still has to be supplemented with those in (4.2)—(4.5) coming from the consistency
of the flux-induced gauging in N = 8.

We will fix the gauge by setting by = go = 0. This can be carried out by first using
SO(2)y, w.r.t. which the whole set of fluxes in table 5 is manifestly invariant. Subsequently,
one can still make use of SO(2)s (under which all the components of metric flux do not
transform) to set by = 0. After some algebra manipulations, it can be shown that the
system of equations combining (4.2)—(4.5) + EOM’s at the origin, demands a vanishing
metric flux, i.e. (go, 91, 1, 92, 2, g3) = 0. Therefore, there are no solutions in the geometric
IIB even after including fermi fluxes.

It is worth mentioning that the only known (isotropic) solutions within geometric type
IIB compactifications with only gauge fluxes are of the GKP-type [7] and crucially require
the presence of O3-planes to cancel the flux-induced tadpole for the Cy potential in (4.1).

4.2 Type ITIA without O6-planes

Now we will test the fluxes/embedding tensor correspondence in the case of a type IIA
flux compactification also on a twisted T®/(Zo x Zs) orbifold. Since this orbifold is a
Calabi-Yau space far from the singularities, systems of O4/D4 and O8/D8 sources are
not allowed due to the absence of 1-cycles and 5-cycles [70]. Consequently, the quadratic
constraints in (2.2) are not expected to reproduce tadpole cancellation conditions involving
these types of localised sources. On the other hand, a flux-induced tadpole for the R-R
field C7 of the form

/(w Fy + Hg Fo) A Cy (46)

will still be produced yielding algebraic constraints on the flux parameters [78]. More
concretely, there will be four of such relations associated to the four independent 3-cycles
in the Zsg X Zo isotropic orbifold.
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The geometric flux content in isotropic type ITA compactifications consists of the 14
fluxes displayed in the last column of table 10: R-R fluxes (ag, a1, a2, ag), NS-NS fluxes
(bo, g3, co, har) and metric fluxes (hf, 1, €1, 92, G2, b1).

4.2.1 Quadratic constraints and sources
Proceeding in an analogous manner as in the type IIB case, the consistency requirement

in eq. (2.2) produces the following set of conditions:

e Nilpotency (D? = 0) of the D = d + w operator in the internal space: as before, this
condition yields three independent relations on the fluxes

ci(cr—é) + hi (9242 =0,
92(92 = g2) —bi(c1—¢1) =0, (4.7)
Cc192 — hii_bl =0.
e Closure of Hs under D: this time, it gives rise to the flux relation

bohi + g3 (201 — &) + co (292 — G2) — bih{ =0. (4.8)

e Tadpole cancellation conditions for C7 corresponding to the different components in
Wimyma® Fmalp + Hmymams Fo = 0 coming from the topological term (4.6). These are

given by
[ijk] component : 3biay — bpaz =0,
[ijc] component : (292 — g2) a2 — gsaz =0, (4.9)
[ibc] component : (2¢1 —¢1)az + cpaz =0, '
[abc] component : 3hias — hfaz =0.

Notice that the first and the third conditions are parity-even with respect to the
orientifold action and thus were already present in the bosonic setup, whereas the
second and the fourth conditions vanish in a purely bosonic setup. The constraints
collected in (4.9) imply the absence of D6-branes.

As for the type IIB case, the above set (4.7)-(4.9) of quadratic constraints nicely
generalises the previous bosonic results in ref. [38].

4.2.2 The ITA landscape

This time we perform the gauge fixing by setting har = 0. This amounts to using the
SO(2) rotating the two SL(3) factors acting on a and i indices. After the gauge fixing, the
set of critical points includes those of the bosonic setup together with a new critical point
without bosonic counterpart.

Critical points with only parity even fluxes. Switching off the set of parity-odd flux
parameters inside Fyy;, and Z,g, recovers the maximal gauged supergravities studied in
ref. [39]. This amounts to set

g3 =hg = and hf =g2=32=0. (4.10)
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1D ag aq as as bo by co =0 Vo
1 1 1

1 ﬂ)\ @)\ ,@)\ 57\/6/\ ,@)\ @)\ @)\ \/ﬁ)\ —\2
2 2 6 6 3 3

) 16\/EA 0 0 16\/5)\ 0 16\/ﬁA 0 16\/EA 32,
9 9 45 15 27

5 4\/EA 74\/%A 4\/EA 4\/%A 4\/%/\ 4\/ﬁ)\ 74\/%A 4@/\ 8
5 15 15 15 15 15 15 5 15

161 162 16 v/2 162 2 ..
4 6;)mA 0 0 6T\[A 0 6fo 0 GTWA 72—7%

Table 11. List of the critical points at the origin of the moduli space generated only by parity-even
type ITA flux backgrounds. The quantity A is a free parameter setting the AdS energy scale Vj at
the solutions.

D ag ay | ap as bo by co | 1 c1 g3 | by | A 92 92 Vo
1 1 1 2 1 2 1 2 1 2 22 2 .
5 6(;mx 00 6T\[/\ 0 GTfA 0o 7%[/\ 0lolo 6T\[)\ ST\[/\ f%v

Table 12. New critical point at the origin of the moduli space generated by parity even/odd type
ITA flux backgrounds. The quantity A is a free parameter setting the AdS energy scale V; at the
solution.

The EOMs for the scalar fields at the origin can be built using the prescription intro-
duced in the type IIB case. The full system of quadratic flux relations can be exhaustively
solved and happens to contain (up to certain sign choice multiplicities) four different solu-
tions displayed in table 11. These AdSy critical points were previously obtained in ref. [39]
and their stability properties also discussed. These “bosonic” solutions correspond to the
first four critical points in table 13.

A new critical point with both parity even/odd fluxes. Next step is to turn on
the parity-odd flux parameters inside Fj;; and Z,g,. Following the same prescription as
before to obtain the EOMs, a close scrutiny of solutions to the resulting quadratic flux
system can be performed. In addition to the previous solutions involving only parity-even
fluxes — and some other physically equivalent realisations thereof in terms of both parity
even/odd fluxes — we find a novel critical point without a counterpart in the purely parity-
even setup. However, it is compatible with just turning on metric fluxes, Romans’ mass
parameter Fp and an Fg) flux in analogy to solutions 2 and 4 in table 11. The data for

this new solution is summarised in table 12.

The mass spectrum for the vectors and scalars at this critical point can be obtained
using the mass formulae (2.13) and (2.12). The vector masses are found to be

m? L? = 15 £+/129 (x3) , 20 (x5) , 14 (x6) , 12 (x4) , 8 (x1)

6 (x3),0(x31), (411)
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D BACKGROUND FLUXES ORIENTIFOLD PARITY | RESIDUAL SYM | SUSY | STABILITY
1 |w, Hg, Fo, Fay, Fuy , Fg even or even/odd SO(3) N=1 v
2 w, o, Fg even or even/odd SO(3) N=0 X
3 |w, Hay, Fo, Fo, Fuay, Fe even or even/odd SO(3) N =0 v
4 w, Fo, Fg even or even/odd SO(3)xSO(3) | N =0 X
5 w, Fy , Fg even/odd SO(3) N =0 X

Table 13. Summary of the type ITA geometric landscape.

whereas the masses of the scalars are given by

m? L? = 21 £+/201 (x5) , 32 (
16 (x5) , 14 (x3
—4 (x1), 2(x3),0(x28).
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This point is non-supersymmetric, unstable with respect to scalar fluctuations — notice the
mass eigenvalue m2L? = —4 with L? = —3/V; being the AdS radius — and has an SO(3)
residual symmetry reflected in the presence of 3 massless vectors besides the 28 unphysical
ones. It corresponds with solution 5 in table 13.

Discussion of the ITA landscape. We have summarised the results concerning the
structure of the type ITA geometric landscape in table 13. It consists of five inequivalent
critical points coexisting in a unique theory (gauging) specified by a gauge group G =
SO(4) x Nilps. This gauging was identified in ref. [39] and was found to be the same
for the solutions 1, 2, 3 and 4 in table 13 compatible with only parity-even fluxes. In
the case of the novel solution 5 which necessarily demands parity-odd fluxes, it can be
shown that its associated flux background is connected to that of solution 4 via a non-
compact SL(2) transformation. More concretely, it acts on the indices (a,i) as a doublet
and maps the metric flux of solution 5 into that of solution 4, leaving both Fy and Fig)
unaffected. This mixing of a and 7 types of indices corresponds to a transformation beyond
SL(2)s xSO(6,6)[11 inside E7(7y. In other words, the flux configuration producing the novel
solution 5 can be brought to a purely bosonic (parity-even) one at the cost of activating
some fermionic scalars (parity-odd) which would not survive a truncation to N' = 4. As
a result, the new solution 5 represents a genuine critical point of maximal supergravity
which can be realised as a type IIA flux compactification on a Zs X Zs isotropic orbifold.

We are now interested in the twist induced by the metric flux w. It can be read off
from the isometry algebra of the twisted torus TS, i.e. (Zm, Zyn] = wmn? Z,,, and should
match the semi-simple part of the gauge group. Using the dictionary in table 10, we can
rewrite the isometry brackets as

(Zay Zb) = &1 Ze + i Zk
[Za7 Zj] = g2 Zc + C1 Zk‘ ) (413)
Zi, Zj] =01 Ze + G221
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fermionic 5,

SL(2) x Gag)
SO(2) x SO(4)

® = stable
& = unstable

Figure 3. All the critical points of geometric type ITA compactifications (each of them represented
by a vertex of the above pyramid) can be seen as different extrema of the same theory with SO(4) x
Nilys gauge group. The purely bosonic solutions (labelled by 1-4), which lie on the base, have
moduli vev’s which are related by non-compact SL(2)? duality transformations. The new solution
labelled by 5, instead, represents the apex of the pyramid depicted above and its moduli vev’s are
connected to the base via non-compact SL(2) x Gy(g) transformations, i.e. U-duality transformations
beyond S- and T-duality.

in terms of the different components of the metric flux. The closure of this algebra is
guaranteed by the Jacobi identities in (4.7). An immediate way of identifying the isometry
algebra in (4.13) is to compute the associated Killing-Cartan metric ICpnp, = wimp? wng? [79].
The isotropy restriction on the fluxes forces I to have a block-diagonal form K = Koy ®
]I3><3 with

&2+ 2hT 2 C hib g
Koy = —2 < 1 +20y92+cq €192 + c1g2 + hy b1 + 162 (4.14)

¢192 + c1g2 + hi b1 + 132 G35 + 2c1by + g3

Substituting the value of the fluxes in tables 11 and 12 into (4.14) one finds that Koo
always has two negative eigenvalues upon diagonalisation. Therefore, the Killing-Cartan
metric K, comes out with two triplets of negative eigenvalues and the corresponding twist
algebra is identified with Gy, twist = SO(3)q x SO(3); .

The identification of the twist group completes our exhaustive analysis of isotropic
geometric type ITA flux compactifications in the absence of D6/06 sources [80-83]. In
addition to the N' = 1 solution in table 13 (solution 1), there is a non-supersymmetric
and nevertheless fully stable solution (solution 3) requiring all types of ITA fluxes. Lastly,
despite the fact that they are unstable, we want to highlight the presence of three non-
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supersymmetric critical points (solutions 2, 4 and 5) compatible with the very strong
restriction Fy) = F(4y = 0, thus enjoing a fairly simple lift to massive IIA supergravity in
ten dimension. The geometric ITA landscape is depicted in figure 3.

5 Summary and final remarks

In this work we have studied flux compactifications of type II string theories on a twisted
six-torus in the absence of localised sources, i.e. D-branes and O-planes. To this end,
we have made use of their description in terms of maximal gauged supergravities in four
dimensions and have explicitly derived the embedding tensor/fluxes dictionary.

In the first part of the paper, we exploited the group theory structure underlying
the embedding tensor formalism. We adopted an intermediate approach between the one
proposed in ref. [61], which is inspired by Exceptional Generalised Geometry, and the one
recently proposed in refs [51-53, 55] based on generalised twisted reductions of M-theory
including both the A3y and A gauge potentials. In this way, we found perfect agreement
(at least at the group theory level) between 4D supergravity states and states coming from
the reduction of the democratic formulation of type II supergravities [56] before imposing
any self-duality or physical section condition on the degrees of freedom. The question
of how to impose such a section condition to remove non-dynamical states and whether
it would kill any orbit of truly non-geometric backgrounds deserves further investigation.
Also possible links to the weak/strong constraints in the framework of (E)DFT (see e.g.
refs [45, 84-86] for recent developments in this direction). We hope to come back to these
and other related issues in the future.

In the second part of the paper, we tested the embedding tensor/fluxes dictionary.
We explored the most general geometric flux backgrounds of both type ITA and type I1B
strings on an isotropic T%/(Zg x Zs3) orbifold and exhaustively analysed their vacuum
structure. Surprisingly, within this class of theories, there turns out to be a unique flux
compactification allowing for critical points, corresponding to an SO(4) x Nilps gauging.
Beyond the four AdS critical points already found in ref. [38] and further investigated in
ref. [39], which admitted a truncation to half-maximal supergravity, a new AdS solution is

found, which occurs at non-vanishing vev’s for scalars beyond the Sé(é)) X 80?8 (XGé%(ﬁ) coset

spanned by the N/ = 4 scalars. From a supergravity viewpoint, the above new solution,
which then turns out to be non-supersymmetric and unstable, provides us with a novel
example of a critical point of maximal supergravity with SO(3) residual symmetry. It
exhibits a new mass spectrum, which might then hint at possible holographic applications
in the context of the gauge/gravity correspondence. From a stringy perspective, this set
of five AdS solutions provides an exhaustive classification of isotropic extrema of type 11
strings compactified on T%/(Zy x Zs) in the absence of localised sources.

Geometric compactifications are generically compatible with a large volume and small
string coupling regime where all corrections can be kept under perturbative control. How-
ever, when trying to perform this in practice, one realises that it is done through a scaling of
flux quanta to very large values, which has the desirable feature of hiding flux quantisation,
but at the same time it generates an inconsistency with the cancellation of the O-plane
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charge. Due to the absence of O-planes and D-branes, such exceptional string backgrounds
offer the possibility to achieve all of this without encountering the above problem.
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A The mapping between polyforms and spinors

In this appendix we discuss in detail how does the correspondence between M-W spinors
of SO(6,6) and polyforms of SL(6) work. This correspondence became of utmost impor-
tance in section 3 where the embedding of SL(6) fluxes into SO(6,6) M-W spinors was
extensively used. Given a left-handed M-W spinor T),, it can always be mapped into a
sum of antisymmetric p-forms of odd degree p =1, 3,5, namely,

T/L = Tm @ T[m1m3] 3] T[ml...m5] = Tm S T’[ml...mg} 2] Tma (Al)

where T™ = é e Ty g - Analogously, provided a right-handed M-W spinor T},
it can be decomposed into a sum of antisymmetric p-forms of even degree p = 6,2,4,0.
This is

To = Thnyme) @ Tpmma] @ Timy.ma) & T

A2
= Tinsomg] @ Timamy] @ Tmm2l g plmi.mel (A.2)

with Tlmme] — L emi.me

[ms..mg] and Tlmams] — gmims Iy the following, we will

make the above sbinor /polyforms correspondences more precise. Let us start by introducing
a set of 8 x 8 matrices {Em}mzl ¢ Spanning a time-like SO(6) Clifford algebra in the
Dirac representation a

{Zm, En} =—26m1s . (A.3)

We adopt the conventions in which an SO(6) Dirac spinor carries an upper index ¢! , with
I =1,...,8, so the ¥,,-matrices come out with an index structure [E@I ; to properly
act upon it. Moving to a Weyl basis for the algebra (A.3), a Dirac spinor splits into left-
and right-handed components ¢! = (W, 1/12) , with 4,2 = 1,...,4, and the set of Xm
matrices take the off-block-diagonal form

_ 0 [Um]ij
[Em]lj = (bﬂij 0 ) . (A.4)

The Dirac charge conjugation matrix C = C7; entering the relations Z; =-C%,C!

g
Cry= ( - O. G ng) (A.5)

takes the form
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where 713 = diag(—1,1,1,1) and moreover C* = C~! = C!/.

The charge conjugation

matrix in (A.5) is compatible with taking the following set of [a@ij matrices

(010 0
o] = 100 0
Y7000 -1
(001 0
[0i 00
o] = i0 00
271000 i
100 —i0
together with the [67,];; ones
[0 —10 0
- 1000
o1] = )
! 0 0 0-—1
0 010
[0i0 0
- i00 0
0’ =
2 000 —i| "’
(004 0

[0 010
0001
1000
(0-100
[00i 0
000 —i
i00 0
0i0 0
[0 0 -10
0 0 01
10 00
| 0 -100
[0 00
00 0:;
i 000"
0—i00

I

[o5] =

[00 0 1
00-10
01 00|’
(10 0 0

[0 0034
00 40
0-i00]"’
i 000

[0 00 —1
00-10
010 0]

-10 0 O
) (A.7)
00 0 ¢

00—:20
0z 00

(1000

With the above sets (A.6) and (A.7) of o, and &, matrices we can go further and also

build complete sets of o,)-forms up to p = 6. In the case of even values of p=10,2,4,6,

one obtains

ool = cy

[Omymali’ = Ci* [0y )y iy [Tma]™>

[Um1m2m3m4]ij = Cl'kl [5-[m]i€1k2 [O-mz}’@kg [5@]153191 [O-M”

kaj

)

[0m1m2m3m4m5m6]ij = Cikl [5-[m]];?1k2 [U@} kaks [5@]1%3@ [O-M]M]% [5@]1551% [U@]}kﬁj ’

(A.8)

together with their complex conjugates [a(p)]ij = ([a(p)]lj >* . Equivalently, for odd values
of p=1,3,5, one finds

(ol = (o] ,
[0m1m2m3]ij = [U[m]ikl [5@]E1k2 [U@]}kzj ) (AQ)
[Um1m2m3m4m5]ij = [U[m]ikl [5@]1;11@ [Um]k2k3 [7m}i€3k4 [U@]]k” )

A\ ¥
and, once again, there are also their complex conjugates [o(y)] = ([0(1,)]”) . In order to

derive the spinor/polyforms mapping, we will make use of the counterparts of the previous

— 30 —



o (p)-forms with upper indices. They are defined as
1
€
(6 —p)!

The precise spinor/polyforms correspondence can now be introduced. As a preliminary
step, we must decompose SO(6,6) M-W spinors with respect to its SO(6) x SO(6) ~
SU(4) x SU(4) maximal subgroup. This produces the branchings 32 — (4,4) + (4,4)
and 32’ — (4,4) + (4,4), and amounts to the decompositions

ml...mp] o

[o

mi...me [UM] for p=20,...,6. (AlO)

T, = T; ® TV and T, =T/ T . (A.11)

Considering a diagonal SU(4)p subgroup (in order to deal with bi-spinors) and using the
o®)_forms in (A.10), the final mapping is given by

1 1
7;5 = Tm [O-m]zj + ? T[mlmg] [Uw]zj + g CZj[Tm...ms] [Um1...m5]i3’
A 1 A 1 o
Ty = @ T[ml,..me] [O'ML..mG]i] + iT[mlmz] [O'mlmﬂij

1 - j
+ E T[m1...m4] [O'M]i] + T [U(O)]ij s

together with their complex conjugates T = (T;;)" and Tij. = (Tﬂ )*. The terms
Tin,y..m,) With p=10,...,6 in the r.hs. of (A.12) are in one-to-one correspondence with
those in (A.1) and (A.2). Then, by using (A.12) and subsequently (A.11) one obtains the
spinor/polyforms mapping

6
p=odd : @T[ml...mp} — {sz ) T’J} — 1,
-0
P A (A.12)
p = even : @T[w}—){ﬂj,le}HTﬂ,
p=0

for left- and right-handed M-W spinors of SO(6,6), respectively. This mapping plays a
central role in deriving the complete embedding tensor /fluxes dictionary including also the
orientifold-odd components.

B Dimensional reductions of type II string theory

In this appendix we discuss some conventions related to dimensional reductions of type II
string theory on a T% down to four dimensions. The low-energy type IIB (pseudo-)action
in the string frame reads

1 1

(IB) _ 10, /= —2¢.15(10) —2¢ 2 _ —2¢) 77,12
S @n)7 (@) /d /=310 <€ RV + 4e™*?(0¢) 5 a1¢ |Hs|
1

2-3!’F3‘2 B

1
SR BE) + e, B

2-2-5!
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where F5 should satisfy Fy £ *10F5. We choose the following reduction Ansatz
dsty = 772ds] + p My dy™ dy” , (B.2)

where 7 and p are suitable combinations of the internal volume volg and the ten-dimensional
dilaton ¢ which are usually referred to as the universal moduli [87]. The internal geometry
is parametrised by the element M,,, of the SL(6)/SO(6) coset. According to (B.2), the
ten-dimensional Ricci scalar R(19) reduces to

R0y 2R 4 ,~1R(6) (B.3)

Imposing
e2% — 7_2,03 (B.4)

guarantees a four-dimensional Lagrangian in the Einstein frame. By performing the dimen-
sional reduction of the various kinetic terms in the action (B.1), one can derive the (p, 7)
scaling of the corresponding fluxes in a very straightforward way. Subsequently, by observ-
ing that these scalars are related to the dilatons sitting inside S and 7' in the following
way

p =Im(S)~Y2Im(T)/? , 7 = Im(S)Y4 Tm(T)3/* (B.5)

one can read off their ST weights as given in section 3.4. As an example, let us derive the
ST weights of F,pp. By dimensional reduction according to (B.2), one finds

vV —g10 ‘F3’2 — 7_4,03 ‘anp|2 /0_3 =71 ’anp|2 ) (BG)
where \anp|2 = FonpFyrs M™IM™ MP®. Using the invariance of the scalar potential

together with the mapping (B.5), one finds
Fpnp ~ ITm(S)/2Im(T)3/% | (B.7)

which is in perfect agreement with the ST weights given in the second row of table 4.
The low-energy massive type IIA action in the string frame reads

1

1 _ _ _
S(HA) = W /dlox vV —4g10 (6 2¢'R(10) + 4e 2¢(8¢))2 — 2.3!6 2¢|I’I3|2
1 1 1 1
—§\F0’2 - ﬁ!FﬂQ - ﬁ\Fdz - M’F6‘2> + C-S. (B38)

This time we choose the following reduction Ansatz
ds3g = 772ds3 + p (0_3 My dy® dy’® + o3 M;; dy’ dyj) ) (B.9)

where 7 and p are defined as in (B.2). The extra RT scalar o parametrises the relative size
between the a and i coordinates [88], whereas My, and M;; contain SL(3), x SL(3); scalars.
As a consequence of (B.9), the ten-dimensional Ricci scalar R still reduces according to
the universal form described in (B.3) for the type IIB case. Moreover, imposing (B.4) still
gives a four-dimensional Lagrangian in the Einstein frame. By performing the dimensional
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reduction of the various kinetic terms in the action (B.8), one can derive the (p, 7, o) scaling
of the corresponding fluxes. Using the relation between these scalars and the dilatons sitting
inside S, T and U given by

p=ImU) , 7=Im(S)*ImT)** | o=Im(S) VS Im(T)"/", (B.10)

one can read off their STU weights as given in section 3.4. To illustrate this, let us derive
the STU weights of H;;,. By dimensional reduction according to (B.9), this time one finds

B.
g0 e 2| Hs|2 — r4p3 e 2 | Hyp2 o 9p? (B.4) p 372079 | Hyl? | (B.11)
where |Hyjx|? = HijpHy o M™ MM Using again the invariance of the scalar poten-
tial together with the mapping (B.10), one gets
Hiji ~ ITm(S)~V/2Im(T)32 Im(U)3/? | (B.12)

which is also in perfect agreement with the STU weights given in the fourth row of table 9.
Finally, because of its relevance in section 3.4, we will compute the STU weights of the
Roman’s mass Fy. Upon dimensional reduction, the relevant term in the action (B.8) reads

V=gwlFol? — 771p% [F|? (B.13)
Using again the identifications in (B.10), the invariance of the scalar potential demands
Fy ~ Im(8)Y2Im(T)%/? Tm(U)~3/% | (B.14)
hence being in perfect agreement with the result in table 9.
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