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1 Introduction

When studying compactifications of 10- and 11-dimensional supergravities, the low-energy
limits of string theory, it is useful to have a lower-dimensional theory which captures key
aspects of the physics. If the compactification leads to a separation of scales, we can obtain a
lower-dimensional low-energy effective supergravity theory by integrating out modes above
the cut-off scale. This is the case for compactifications on special holonomy manifolds to
Minkowski space-time, where the effective theory is obtained by keeping only the massless
modes, namely the zero-modes of appropriate differential operators on the internal space.

However, when there is no separation of scales, or if we want to keep both some light
and massive modes within the truncation, we must instead resort to a consistent truncation
of 10-/11-dimensional supergravity [1]. A consistent truncation ensures that all solutions
of the lower-dimensional theory also satisfy the equations of motion of 10-/11-dimensional



supergravity. Consistent truncations are therefore particularly relevant for anti-de Sitter
(AdS) compactifications, where no explicit scale-separated example is known. This is even
conjectured to be true for all AdS compactifications of string theory [2].

Constructing consistent truncations is a notoriously difficult problem, due to the highly
non-linear equations of motion of 10/11-dimensional supergravity (see e.g. [1, 3]). Thus it
might be tempting to use lower-dimensional gauged supergravity models without a clear
higher-dimensional origin. However, this is fraught with dangers. For example, a vacuum
that appears stable within a lower-dimensional supergravity might suffer from instabilities
triggered by modes not kept in the truncation [4], or vacua which appear different within the
lower-dimensional model may actually be identified in the full 10/11-dimensional theory [5].
These examples highlight how important it is to know which lower-dimensional theories
can arise as consistent truncations of 10-/11-dimensional supergravity.

Until recently, the only systematic approach to consistent truncations relied on con-
sidering manifolds with reduced structure group and keeping all the modes that are sin-
glets under the reduced group. For example, group manifolds (and freely-acting discrete
quotients thereof) have a trivial structure group and give the classic Scherk-Schwarz re-
ductions [6]. Alternatively one can consider, for example, Sasaki-Einstein and weak-Ga
holonomy manifolds of [7-10], or tri-Sasakian manifolds [11]. However, there are also fa-
mous consistent truncations, such as those of 11-dimensional supergravity on S7 [12] and
S4 [13, 14], that cannot be explained by this traditional group action argument.

Recently, it has become clear that the appropriate framework for understanding gen-
eral consistent truncations of 10-/11-dimensional supergravity is given by generalised Gg-
structures in exceptional generalised geometry and exceptional field theory.

Exceptional generalised geometry and exceptional field theory are reformulations of
10/11-dimensional supergravity in a way which unifies fluxes and metric degrees of freedom
into exceptional symmetry groups. In exceptional generalised geometry, for instance, the
exceptional groups appear as structure groups of the generalised tangent bundle of the
compactification manifold, which is an extension of the tangent bundle by appropriate
exterior powers of the cotangent bundle. A reduction of the exceptional structure group to
a subgroup Gg defines a reduced “generalised structure group”. Given such generalised a Gg
structure one can define its “intrinsic torsion” [15]. In analogy to the case of conventional
G structures, this is a differential object that measures the obstruction to finding a torsion-
free connection, compatible with the structure. For a given structure, it can decomposed
into generalised tensors transforming in particular Gg representations.

It is now understood [16] that generalised Gg structures provide a systematic and
general derivation of consistent truncations: any generalised Gg structure with constant
singlet intrinsic torsion defines a consistent truncation of 10-/11-dimensional supergravity.
For instance, all maximally supersymmetric truncations are associated to generalised iden-
tity structure and so can be seen as generalised Scherk-Schwarz reductions [17-19]. This
provides a unified description of the consistent truncations of 11-dimensional supergravity
on S and S*, as well as of IIB supergravity on S° and massive ITA on spheres [20, 21],
and give a framework for analysing generic maximally supersymmetric truncations [22-24].
Moreover, considering larger generalised structure groups, we obtain consistent truncations
preserving less supersymmetry [16, 25-27].



What is particularly interesting in this approach is that a good deal of information
about the reduced lower-dimensional theory is derived from purely algebraic considerations.
The embedding of the generalised structure group Gg in E,,) completely fixes the field
content and the allowed components of the embedding tensor of the reduced theory, as well
as the truncation ansatz.

One is then left with the problem of solving the differential consistency condition that
the G g structure has constant, singlet intrinsic torsion. This will determine whether there
exists an internal manifold that realises any of the reduced theories allowed by the algebraic
analysis.

In this paper, we apply these ideas to classify consistent truncations of M-theory and
type IIB supergravities to five-dimensional N' = 2 gauged supergravities. In this case the
relevant exceptional group is Eg). We focus on the algebraic part of the problem, that
is identifying the possible Gg C Eg(g) structures, and work under the hypothesis that the
differential one is solved.

We first classify all the continuous subgroups of Egg) that give rise to only two spinor
supercharges in five-dimensions, as required by N = 2 supersymmetry, and we derive,
in each case, the field content of the reduced theory. This allows us to show that the
structure of the five-dimensional N' = 2 gauged supergravities that can arise from consistent
truncations of type II/11-dimensional supergravity is very constrained. For example, the
scalar manifolds of such gauged supergravities must necessarily be symmetric, and there
is a maximum number of vector and hypermultiplets that can be coupled. Indeed, we find
that only a handful of matter contents can arise from consistent truncations.

We can then further constrain the allowed truncated theories as follows. Under the
assumption that the compactification manifolds satisfy the differential constraint of con-
stant singlet intrinsic torsion, we determine the embedding tensors of the reduced theory
and analyse the possible gaugings. Again purely group-theoretical arguments allow us to
fully determine the gauging of the reduced theory. As expected, in addition to the mini-
mal gauged supergravity truncation for generic supersymmetric backgrounds given in [28],
we also find, as special cases, the known truncations [27, 29] that arise from the N' = 2
Maldacena-Nufiez [30] and “BBBW” [31] backgrounds. We find in general that the em-
bedding tensor is constrained, so that generically not all gaugings that are allowed from
a five-dimensional point of view are realised as consistent truncations. The result is that
the gauged supergravities that can be obtained as consistent truncations are a very small
subset of those that can be constructed from a purely five-dimensional point of view.

It is worth stressing that while our analysis gives the list of the reduced theories that
can a priori be obtained as consistent truncations, this does not mean that all of them
can actually be realised. First, one must find compactification manifolds that admit the
appropriate Gg generalised structure groups. Secondly, we must show that they satisfy the
condition of constant singlet intrinsic torsion, and then analyse the non-zero components
of intrinsic torsion/embedding tensor to see which gauge algebras in fact appear. The anal-
ogous condition is known to limit the possible gaugings in the maximally supersymmetric
case [17, 21-24, 32]. So it is to be expected that the number of actual truncations is even
more restricted than what we present here.



This result is of particular interest for theories with AdS vacua. It is conjectured
that no AdS vacua of string theory admit scale separation [2]. Hence it is not possible to
write an effective N' = 2 theory in this case. Thus we are led to conjecture that those
gauged supergravities that cannot come from consistent truncations and which have AdS
vacua must belong to the “swampland”. Put differently, these gauged supergravities are
lower-dimensional artefacts that are not related to string theory.

This paper is structured as follows. In section 2 we recall the main features of 5-
dimensional N' = 2 gauged supergravity. In particular, we describe the gauging procedure
in terms of Leibniz algebras, as this is the natural language to make the connection to ex-
ceptional generalised geometry. The exceptional generalised geometry formalism for NV = 2
truncations to five dimensions is reviewed in section 3. We first introduce Eg () generalised
geometry, which is the relevant one for compactifications to five dimensions. Then we dis-
cuss the Gg structures that are associated to N’ = 2 truncations and establish the dictionary
between the Gg structure data and those of the truncated theory. Section 4 contains the
main results of the paper, namely the classification of the gauged supergravity that can
come from consistent truncations of M-theory or type IIB supergravities. We organise the
list according to the field content, first theories with only vector and tensor multiplets, then
only hypermultiplets and finally those with both vector/tensor and hypermultiplets. Ap-
pendix A contains more details about Eg) exceptional geometry, while in appendix B, for
concreteness, we provide the explicit computation of the intrinsic torsion for the truncation
with nyT vector multiplets. Finally in appendix C we discuss the truncation ansatz.

2 5d N = 2 gauged supergravity: moduli spaces and gaugings

In this section, we summarise the features of five-dimensional N’ = 2 gauged supergravity
coupled to matter [33-35] that we want to reproduce from consistent truncations of M-
theory or type IIB theory. We follow the conventions of [35].

We are interested in 5d N' = 2 supergravity coupled to ny vector multiplets, n tensor
multiplets and nyg hyper-multiplets. The gravity multiplet consists of the graviton, two
gravitini transforming as a doublet of the R-symmetry group SU(2)g and the graviphoton,

{g,uua w;:i, A,u}- (2'1)

The index & = 1,2 denotes the SU(2)r R-symmetry. Each vector multiplet contains a
vector, two spin-1/2 fermions in the fundamental of SU(2)g and a complex scalar ¢. Since
in five dimensions a vector is dual to a two-form, a tensor multiplet has the same number
of degrees of freedom. Thus we have vector and tensors multiplets

{A;u Xg, ¢}a {B;wa )\557 ¢}7 = 172- (2'2)

If we have ny vector multiplets and nr tensor multiplets we will use the notation Aﬁ
with I = 0,...,ny to denote the graviphoton and the vectors fields and B;% with M =
ny + 1,...ny + n7 for the two-form fields. The scalars of the vector and tensor multiplets
are grouped together into ¢, with i = 1,...,ny + nr. These scalars parametrise a very

special real manifold, M.



There are also hypermultiplets, each of which consists of four real scalars and an R-
symmetry doublet of spin-1/2 fermions

{C® ¢“}, u=1,...,4, =1,2. (2.3)

If we have ny hypermultiplets, the scalars are grouped into ¢, with X = 1,...,4ngy,
and parameterise a quaternionic-Ké&hler manifold, My. It is also convenient to collect the
spinors ( into (%, with & = 1,...,2ny, transforming in the fundamental representation of

The very special real manifold can be described as an nyrp-dimensional cubic hyper-
surface in an (nyr + 1)-dimensional ambient space, where nypr = ny + np. Viewing
hl = hf(dJi), with 7 =0,...,nyr, as embedding coordinates, My is given by

C(h) = Ciph hhE =1, (2.4)

where Cfj; is a completely symmetric constant tensor.
The metric on My is given by

gij = h{h}-] ajj, (2.5)

where aj; is the metric on the ambient space

ajj:3h1~hj—26‘fj[~(hf(, (26)
and
W= 2 o]
' 2707 ) (2.7)

The homogeneous “very special real” manifolds have been classified in [36]. For the
symmetric ones, which are the only ones we will need, a classification is possible based on
whether the polynomial (2.4) or, equivalently, the tensor Cjj is factorisable or not [37-39)].
We will discuss this classification in section 4.

The 4ngr scalars of the hypermultiplets parameterise a quaternionic Kéhler manifold
My, of real dimension 4ny with metric

9xy = CdBngfXMfyﬁg, (2.8)

where fx% are the quaternionic vielbeine and Cysj s the flat metric on USp(2ng). On

My there exist a (local) triplet of complex structures JxY satisfying
[J, TP = 26287, (J)?=-1d, a,f=123, (2.9)

with respect to which the metric gxy is hermitian.

As for the vector multiplets, only symmetric spaces will be relevant for consistent
truncations. The Riemannian symmetric quaternionic-Kéhler spaces were first considered
by Wolf in [40] and then classified by Alekseevsky in [41]. This was then extended to the



pseudo-Riemannian class by Alekseevsky and Cortés in [42]. We will discuss the relevant
ones in section 4.
Together, the scalar manifold of the theory is the direct product

M = My X My, (2.10)

with isometries Giso = Gyt X Gy, where Gyt and Gy are the isometry groups of My
and My respectively and define the global symmetries of the ungauged theory."

The most general gauged theory is described in [35]. It is useful for what follows to
translate it into the language of Leibniz algebras (or more precisely “G-algebras” [23]). In
doing so we also see how the gauging picks out the space of vector and tensor multiplets.
Let V be the vector space of dimension nyT + 1 formed by the graviphoton, the ny vectors
and n7 tensors. The gauging defines a Leibniz algebra a, on V), that is a bilinear bracket
[v, w] that satisfies a Leibniz-relation

[w, [v,w]] = [[u, v], w] + [v, [u,w]], Vu,v,we V. (2.11)
Choosing a basis, the algebra defines a set of structure constants ¢ jf(i via

[[v,w]]I~ = tjf(fvjwf(, Vo, we V. (2.12)

Note that in general [v,w] # —[w,v] (that is tjf(i # —tg;') so the bracket does not
define a Lie algebra.
We then define the subspace T C V as the image of the symmetrised bracket

T =A{[v,w] + [w,v] : v,w € V} , (2.13)

and identify elements of 7 with tensor multiplets, so that dim7 = nrt. Note that the
Leibniz condition (2.11) implies that

[b,v] =0, VbeT,veV. (2.14)

Thus [v,b] = [v,b] + [b,v] € T and hence T forms a two-sided ideal. As a consequence,
if we identify the space of vector multiplets as the quotient R = V/T, then the bracket
descends to an ordinary Lie bracket on R defining what we will call the “extended Lie
algebra” gext. Note that by construction V is a reducible representation of gext where T
forms an invariant subspace.

If one chooses a particular splitting so ¥V = R & 7 and fixes a basis, where I =
0,1,...,ny labels components in R and M = ny +1,...,nyr labels components in 7, this
structure means that one has

tIJK:fIJK7 thJzov t([j)lzov (215)

where fr;% = —f;1 are the structure constants of the Lie algebra gey;. In summary, we
see that the splitting into vector and tensor multiplets is defined by the choice of Leibniz
algebra.

'n the case of no hypermultiplets, we define Gg = SU(2) so that G still matches the global symmetries.



The choice of Leibniz algebra is not completely general if it is to lead to a consistent
gauging. Note first that we can define the adjoint action given some v € V as

ty : VoV,

(2.16)
w = tyw = [v,w],

so that, in components t, is the matrix (¢,)’; = v¥t 5 Ij . From the Leibniz condition, the

commutator is given by
[tva tw] = t[[v’w]] 5 (217)

and furthermore ¢, = 0 for all b € 7. Hence the adjoint action defines a Lie algebra. In
terms of the split basis, we have the generators [43] (see also [44]),

(1) & = ()™ ()~ I,JJK=0,...,nv, (2.18)
J 0 (tI)MN M,N=ny—+1,...,n7,
such that
[trts) = —frs"t (2.19)

where fr 7K are the structure constants of gext- The components (¢7) jN give the repre-
sentation of the gauge group on the tensors. The off-diagonal components (¢7);V can
be non-zero only in the case of non-compact groups since these allow for non-completely
reducible representations [43, 44].

Consistency requires that the symmetric tensor C in (2.4) is invariant under the action
of t,

Clto(w),w,w) =0,  Yo,weV, (2.20)
and that the expression
1 1
C(b,v,w) = Q <2tv(w) + 2tw(v),b> . VbeT, vweV, (2.21)

defines a symplectic form 2 on 7. This implies, in particular, that the bracket defines a
symplectic representation of gext on 7. Invariance of C in turn means that the action of
t, is an isometry of the metric on MvyT. In components, these conditions read

t(]j)M:QMNCNIj, t[(jHCK”)H':O- (2.22)

Note that the first condition is equivalent to requiring that the map V ® V — T defined
by (v,w) — [v,w] + Jw,v] factors through V* via

vey —Cuyr 25 1 (2.23)

That is, it can be viewed as a map to V* given by (v, w) — C(v,w, -) followed by the action
of Q1.
The gauging of the five-dimensional theory can be expressed in terms of the embedding
tensor [45, 46]. This is a map
O : V= gisos (2.24)



where giso is the Lie algebra of isometries of the scalar manifold of the underlying rigid
supersymmetric theory. In this case, this means the product of the real cone over My
(that is the ambient space V) with the hyper-Kéhler cone over My. Given v € V the
embedding tensor O(v) specifies how the action of t, gauges the isometries. That is, it
defines the embedding of the gauge algebra, ggauge, inside the isometry algebra of the
scalar manifold, where we define

Ygauge = a/Ker 0, (225)

where we recall that a is the Leibniz algebra defined by the gauging, as described
above (2.11). The matter fields of the N' = 2 gauged supergravity are charged under
ggauge rather than the larger gey, which generically is a central extension of ggauge-

For N = 2 supersymmetry the isometry algebra splits giso = gy @ gy where gy and
gu are the Lie algebras of isometries on the vector and hypermultiplet rigid moduli spaces
respectively. For very special real and quaternionc Kahler homogeneous spaces these are
just the Lie algebras of the numerator groups Gyt and Gy, except when there are no hyper-
multiplets in which case Gg = SU(2), in line with footnote 1. The embedding tensor thus
splits into two parts [47, 48]. For the vector multiplets the isometries on the cone are gener-
ated by a basis composed of Killing vectors k! on My, where a = 1,...,dim gyr. For the
hypermultiplets the isometries on the hyper-Kéhler cone are generated by a basis composed
of Killing vectors kX, with m = 1,...,dim gy, together with su(2)r elements B, that are
the Killing prepotentials? for each l%fnf The generators that are gauged are then given by

Ki(¢) = 07%ki(0),  k¥(q) =©;"kpn(q),  Pr=0;"Py, (2.26)

where I,J,K = 0,...,nyr and X,Y = 1,...,4ngz. The two pieces of the embedding
tensor ©;% and ©;™ are thus constant (ny + 1) x dim gyt and (72y 4+ 1) x dim gy matrices,
whose rank determines the dimension of the gauge group. The kj vectors are required to
act linearly on the embedding coordinates hl such that

Keoh? =t R (2.27)

thus relating ©;* to the structure constants tj jf( . Given a splitting ¥V = R & T, one then
has kp = IZ:M =0 and
[k kg)' = frs™ ke,

- - (2.28)
[k kgl = fro® ki
realising the gauge algebra ggauge-
On the scalars the gauging defines covariant derivatives
Du¢’ = 0,¢" + g kAL,
W = Oud gk A, (2.29)

Dqu = 8qu + gl’%;(A}IJ, :

’In the case where there are no hypermultiplets, one can still have constant prepotentials P, with
m = 1,2,3 that can lead to Fayet-Iliopoulos terms.



The bosonic Lagrangian of the gauged theory is then given by

_ 1 1 oo 3 7 ;o1
e L = SR - V(o,q) — Za,fjfjrl{VJarJW — Zafjpl,,hfpﬂfﬂ - ingDquD#qY

—1
€ T

- @ew Qun B (0,BY. + 29ty ALFS + gtip AIBE)
1 2 —1 _pvpot 1 J K J F 4G 1 K 92 K AH AL

+E ge € CIJKA/;, FVpFUT+fFGAVAp _§FO'T+EfHLAO' A’T‘
1—1,ul/p0'7' M 4N AI AF 4G 9 K 92K H 4L

— ge € QMNtIKtFGAMAV AP _§F0"7' + TOfHLAO. A’T . (230)

The kinetic terms for the vector/tensor® and hypermultiplets are controlled by the metrics
ajj and gyy, defined in (2.6) and (2.8). The gauge field strengths

Fl—dAl - %g Fhe AT n AR (2.33)

and the anti-symmetric tensors B, are grouped into the tensors H, [;V = (fiy,B%). We
see that the gauge field strengths are indeed elements of the extended algebra gext, while
the matter fields have non-trivial charge only under the action of the gauge algebra ggauge-

In general, the scalar potential V is a function of the Killing vectors on the scalar

manifolds Myt and My, and on the Killing prepotentials, 131, on My
V= 292 (gijp; . f_’; — Qﬁ . ﬁ + gileile + 5[@/\[&%) , (2.35)

where the arrow denotes a triplet of su(2)r elements and

. . i V6
P=h'Pr. = (2.36)
P, = ;P = h! P, ai V0. rix, as '

Notice that due to the identity i k; = 0, the Killing vectors on Myt do not contribute to
the potential when there are no tensor multiplets.
The functions in (2.36) also control the bosonic part of the supersymmetry variations:
N Y -
oy, = Dye” + %ny'yueg +...,
AT = gKle® + gPi@eQ + ...,
6CY = gN e + ... .

(2.37)

where we have written out the explicit adjoint action of the su(2)r elements P and P,

3The vector multiplet scalar kinetic term can also be written in terms of the scalar fields ¢ and the
metric g;; on My using ) ) ) o )
Duh' = 9,h" + g fi ALRY = 0:h'DLg’ (2.31)
and the identity
%afjpuhfpﬂh‘] = 9i;Dud' D" ¢’ . (2.32)

4The Killing prepotentials Py are defined by
dnuP; = J_‘XYVY/::i(, (2.34)

where J; %Y is the triplet of (local) complex structures on My.
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3 N = 2 supergravities from generalised geometry

In the language of exceptional generalised geometry, consistent truncations are associated
to generalised Gg-structures. If a d-dimensional manifold M admits a generalised
Gg-structure, namely a set of globally defined generalised invariant tensors, with constant
intrinsic torsion, a consistent truncation of type II or eleven-dimensional supergravity
on M is obtained by expanding all supergravity fields on such tensors and keeping only
the Gg-singlet modes. Knowing the generalised structure is enough to determine all the
data of the truncated theory. This approach has been successfully applied to the study
of consistent truncations with several amount of supersymmetry [16, 17, 21] (see also for
the exceptional field theory version of this approach [18, 20, 25, 26]). In particular, [27]
provides the generic framework to study type IIB or M-theory consistent truncations
to five dimensions with N' = 2 supersymmetry. The purpose of this paper is to use
this formalism to classify the possible consistent truncations of type IIB or M-theory to
five-dimensional A" = 2 supergravity.

In this section, we give a brief summary of the exceptional generalised geometry rele-
vant for type IIB or M-theory reductions to five dimensions and then in the next section
we review the formalism of [27].

3.1 Generalised Gg structures and N = 2 supersymmetry

Type IIB or M-theory supergravity on a d-dimensional manifold M, with d = 5 for type 1IB
and d = 6 for M-theory, are conveniently reformulated in terms of Egg) x R™ generalised
geometry.® For definiteness, we will focus on the M-theory case, though the formalism is
equally applicable in type I1B.

To the manifold M we associate a generalised tangent bundle E, whose sections trans-
form in the real 27* representation® of Eg(6), the generalised structure group, with weight
one under RT. The ordinary structure group GL(d) embeds in Eeg(6) % R™ and can be used
to decompose the generalised tangent bundle as

E ~TM & AN*T*M & A°T*M . (3.1)

The sections of E are called generalised vectors and, using (3.1), can be seen as (local)
sums of a vector, a two-form and a five-form on M,

V=v+w+o. (3.2)

The frame bundle F' for E defines an Egg) X RT principal bundle. By considering
bundles whose fibres transform in different representations of Egg) % R, we can then define
other generalised tensors. To describe the bosonic sector of the supergravity theories we
will need, besides the generalised vectors, weighted dual vectors, adjoint tensors and the

5See appendix A for a more detailed review of Eg(6) % R™ generalised geometry.
5Given a representation n we will use n* and 7 for the dual and conjugate representations, respectively.
For non-compact groups these may not be equivalent.

~10 -



generalised metric. Adjoint tensors R are sections of the adjoint bundle ad F' of the form

adF ~R@® (TM @ T*M) & A3T*M @ AST*M & A3TM @ ASTM |

(3.3)
R=Il+r+a+a+a+a,

and hence transform in the 1 + 78 of Eg) with weight zero under the R* action. Locally
[ is a function, r a section of End(T'M), a is a three-form and so on. One notes that in
the exceptional geometric reformulation, the internal components of the gauge potentials
of type II or M-theory, are embedded in the adjoint bundle.

It will be useful to also define weighted dual vectors Z as sections of the bundle
N ~det T*M ® E* which has Rt weight two.” Concretely one finds

N ~T*M @®AT*M @ (T*M @ A°T* M),

(3.4)
Z=A+p+T.
Finally the generalised metric G is a positive-definite, symmetric rank-2 tensor
G eT(detT*M ® S*E*), (3.5)

so that, given two generalised vectors V,W € I'(E), the inner product G(V,W) is a
top form. Just as an ordinary metric g, at each point on M, parameterises the coset
GL(6)/0(6), a generalised metric at a point p € M corresponds to an element of the coset

E6(6) X [R+
Gl, € USo@)/ 25 (3.6)
The generalised metric encodes the internal components of all bosonic fields of type II or
M-theory on M.

The fermionic fields of type IIB or M-theory are arranged into representations of
USp(8), the double cover of the maximal compact subgroup USp(8)/Zs of Ege). For
instance, supersymmetry parameters are section of the generalsied spinor bundle S, trans-
forming in the 8 of USp(8). The R-symmetry of the reduced five-dimensional theory is in
general then some subgroup Gr C USp(8).

A generalised G g structure is the reduction of the generalised structure group Egg) x RT
to a subgroup Gg. For all the structure groups that we discuss here, this is equivalent to
the existence on M of globally defined generalised tensors that are invariant under Gg.%
For example, the generalised metric G in (3.5) defines an USp(8)/Zy structure. In what
follows, since we always assume the existence of a generalised metric, we will consider Gg
structures that are subgroups of USp(8)/Zs. Moreover, we are interested in generalised
structures preserving some amount of supersymmetry and hence we need the structure

group to lift to a subgroup Gg of USp(8) acting on the spinor bundle S and to keep track

"Note that det T* M is just a different notation for the top-form bundle AST* M that stresses that it is
a real line bundle. In the following we will assume that the manifold is orientable and hence det T M is
trivial. Thus, we can define arbitrary powers (det T M )P for any real p.

8For non-simple (and discrete) groups, you can in principle have Gs groups that are not defined as
stabilizer groups of tensors.
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of how many spinors are singlets of Gg. In all the cases considered here we have és ~ (Gg.
Hence for simplicity we will from now on write G'g for both. For A/ = 2 supersymmetry we
need two invariant supercharges in the spinor bundle § implying that we need subgroups
Gg C USp(8) that give only two singlets when decomposing the 8 of USp(8).
The largest structure group giving N’ = 2 supersymmetry is Gg = USp(6): under the
breaking
USp(8) D USp(6) x SU(2)g, (3.7)

the spinorial representation decomposes as
8=(6,1)®(1,2). (3.8)

The SU(2)g factor in (3.7) is the R-symmetry of the reduced theory under which the two
spinors singlets form a doublet, as expected for N' = 2 supersymmetry parameters. One
also has the decompositions for the Eg) representations

27" = (1,1)® (14,1) ® (6,2),,

(3.9)
78 = (1,3) @ (6,2) ®(21,1) ® (14,1) ® (14',2).

Note that the embedding of the structure USp(6) C Eg(g), in contrast to (3.7), defines the
subgroup
EG(G) D USp(ﬁ) : SU(Q)R, (3.10)

where we are using the “central product” between USp(6) and SU(2)g. By definition, for
any group G and subgroup H, the commutant” Cq(H) of H in G includes the centre Z(H)
of H. The central product is defined to be H - Cq(H) = (H x Cq(H))/Z(H) where one
modes out by the diagonal Z(H) subgroup. In this case Z(USp(6)) = Z3 and the central
product reflects the fact that the maximal compact subgroup of Eg is USp(8)/Z2 and
not USp(8).

The Gs = USp(6) structure is often called an HV structure [49-51] and can also
be defined in terms of non-vanishing invariant adjoint tensors and a generalised vector,
corresponding to the singlets under Gg = USp(6) in (3.9). As they will be useful in the
rest of the paper, let us first introduce the vector and hypermultiplet structures that these
tensors separately define.

A vector-multiplet structure, or V structure, is given by a globally defined generalised
vector K € I'(E) of positive norm with respect to the Eg) cubic invariant,

o(K,K,K) := 6k%>>0, (3.11)

where & is a section of (det T*M)/2. The vector K is the (1, 1) singlet in the decomposition
of the 27* in (3.9) and is stabilised by Fy4) C Eg). A hypermultiplet structure, or H
structure, is determined by a pair (J,, k%) where J, € I'(adF) (a = 1,2, 3) is a triplet that
define a basis for a highest root suz subalgebra of ¢) and hence satisfy

[Jomjﬂ] = 26,1571]7, tI‘(Jan) = —5a5, (3.12)

®Throughout this paper we will use the notation Ca(H), with H C G, for the commutant (or centralizer)
of H within G.
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while & is a section of (det T*M)'/? as above. The J, correspond to the (1,3) triplet in
the decomposition of the 78 in (3.9) and are stabilised by SU*(6) C Eg).

The HV structure corresponds to a V and an H structure, such that the two k densities
are the same and in addition compatibility constraint

Jo K =0, (3.13)

is satisfied, where - denotes the adjoint action (see appendix A for all relevant definitions).
The common stabiliser of compatible K and J, is

As shown in [27], given an USp(6) structure, one can construct a generalised metric as

(3.15)

GV,V) = 3 <3 (K, KV K V,V) oK, sV, Jg_v)>

oK, K,K)? “cK, K K) o(K,K,K)

where c is the Eg) cubic invariant and V' is a generalised vector.

As we will discuss later, in terms of the multiplets of the truncated theory, an HV
structure, that is one where Gg = USp(6), implies that there are neither vector multiplets
nor hypermultiplets present; the reduced theory is minimal N = 2 supergravity. To allow
for vectors or hypermultiplets, one has to look for reduced structure groups Gs C USp(6)
such that in the decomposition

USP(8) S USp(6) x SU(2)g O Gs x SU2)R (3.16)

additional Gg singlets beyond those defined by the USp(6) structure appear in 27* and
the 78, but none in the 8. This means the 6 in the decomposition (3.8) cannot admit any
singlets, and hence that all the singlets in the 27* must transform trivially under SU(2)g.
Each Gg C USp(6) singlet will give a Gg-invariant generalised tensor in the corre-
sponding bundle. In particular, the singlets in 27* will span a sub-bundle Fj,glet

ED Esinglet ~MxV. (317)

The bundle is by definition trivial and hence can be written as a product where V is the
fibre. The vector space V transforms as a representation of the commutant Cgg (Gs)
of Gg in Ege). In particular, from the discussion above, there must be an R-symmetry
subgroup SU(2)r C Cgg,, (Gs) that acts trivially on V (and hence Eginglet). Furthermore,
the corresponding Lie algebra su(2) must correspond to a highest root in ege). Let us
define Gy as the simple subgroup of Cg,, (Gs) that contains such a highest root SU(2).
We can then also identify the corresponding trivial sub-bundle of the adjoint bundle'?

adF DadFgy ~ M X gu, (3.18)

!"Note that there are singlets in the adjoint bundle that are not in ad Fgy. In addition to elements
generating the other possible factors in Cgg g4, (Gs) there are also elements of the form V ®aq W, where V'
is a section of Fginglet, W is a section of the dual bundle E:inglet and ®aq is the projection onto the adjoint
bundle. However these will not play a relevant role in our construction.
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where gy is the Lie algebra of Gy. Note that by definition R -v = 0 for all v € I'( Eginglet)
and R € I'(ad Fgy,)-

Given any trivial Gg-invariant vector bundle P ~ M x R"™ and Gg-compatible gener-
alised connection D, one can define a constant section s € I'(P) by Ds = 0. Furthermore,
the definition is independent of the choice of D since the bundle transforms trivially under
Gs. For the sub-bundles Egj,g1et and ad F,; we can identify V and U ~ gy with the spaces

of constant sections R
V= {v € T(Esinget) : Dv = 0} , 10)
gH:L{:{REF(adFGH):DR:O}, ‘

giving a natural realisation of the isomorphisms (3.17) and (3.18). Note that the elements
of U generate a global Gy symmetry. The Gg-structure also defines a constant invariant
section k2 € I'(det T*M). Hence for each v € V the expression

C(v,v,v) = K 2c(v,v,0), (3.20)

where c is the Eg(g) cubic invariant, defines a map into R (or more precisely to constant
functions on M). We can always choose a basis of normalised nowhere-vanishing linearly
independent vectors and adjoint elements for V and U

{K7,Ja}, I=0,...,dimyv—-1, A=1,...,dimGy, (3.21)

where by definition we have

Ja-Kj=0, VI, A. (3.22)
In this basis, the components Cj;z of the map (3.20) are given by
o(K;, K7, Kg)=6KCijr, (3.23)
and define a symmetric, constant tensor, while the adjoint tensor basis J4 satisfy
[Ja, 8] = faB“Jo, (3.24)

where f45¢ are the structure constants of gy. Finally, we can normalise

tr(JAJB) = NAB, (3.25)

where nap is a diagonal matrix with —1 and +1 entries in correspondence with compact
and non-compact generators of Gy, respectively. Note that in the “minimal” case of Gg =
USp(6) with the HV structure (K, J,) the spaces V and U are one- and three-dimensional,
with basis vectors K and J,, respectively.

3.2 Moduli space of HV structures

A strict USp(6) structure is rigid, up to an overall scaling of k2. However, a reduced
Gg C USp(6) structure group naturally leads to a moduli space of Gg-invariant HV
structures. Note that the moduli do not necessarily consist of massless scalar fields from
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the point of view of the reduced N/ = 2 five-dimensional theory, but rather will lead to a
consistent truncation.

Out of the invariant tensors K and J4 defining the Gg structure, we can define an
HV structure by constructing a vector K € V and a triplet J, € U that form a basis for a
highest root su(2) algebra in gy. Any such HV structure is related to another by the local
action of g € Eg(g) x R*. The RT factor rescales k? and can be absorbed by rescaling of the
metric in the reduced theory. It therefore does not define a modulus and we can consider
only g € Eg(s). In order for the deformed HV structure to remain in V and U, the action
g needs to lic in the commutant group'! qu((s)(GS) and to be constant in the sense that
Dg = 0 for any Gg compatible connection D. In other words, different points in the moduli
space of Gg-invariant HV structures are related by global CEa(s) (Gg) transformations.

However, the actual physical moduli come from the generalised metric. Given a ref-
erence USp(6) structure, we can build a reference generalised metric using the defini-
tion (3.15). The physical moduli are then generated by acting on the structure with
elements of Eg(g) that commute with G'g, modulo elements of USp(8)/Z3, that leave the
generalised metric invariant. The moduli obtained this way hence parameterise the coset

_ Chyg () (Gs)
Cusp(s)/z,(Gs)

M (3.26)

By definition we are only considering Gg that only admits N’ = 2 supersymmetry, in
other words we are not interested in theories that are subsectors of more supersymmetric
ones. This means there are no elements of Cg,, (Gs) that lead to two different USp(6)
structures with the same generalised metric. Hence Cgg g, (Gg) must factorise into groups
that act separately on V and U, that is

CEB(G)(GS) = CGL{ (GS) X CGV (GS) ) (3.27)

where Gy and Gy are the subgroups of Eg) that leave fixed all elements of ¢ and V),
respectively. Consequently, the moduli space M factorises into V structure and H structure
moduli spaces, as expected from N = 2 supergravity,

Cau(Gs) | Cay(Gs) _ Gvr  Gu
Cu,(Gs) ~ Cnuy,(Gs) Hyr Hu’

where, similarly, H;; and Hy are the subgroups of USp(8)/Zy that leave U and V fixed,
respectively. In general there are common factors that cancel between the numerators

M = My x My = (3.28)

and denominators in the commutator group expression for the cosets; for example the
centre C(Gg) is always a subgroup common to both. Thus it is useful to introduce the
notation Gy, Gy, HyT and Hy for the numerators and denominators that remain in the
quotients in (3.28) once all the common factors have been cancelled (except when there
are no hypermultiplets in which case we take Gy = Hy = SU(2)). For My, one finds Gy

" Strictly g could lie in the normalizer group of G's in Eg(g). However since Gs is a reductive subgroup of
a simple Lie group, the quotient of the normalizer by Gg - CE6(5> (Gs) is a finite group. Hence the connected
component of the moduli space is given by considering the action of the commutant.
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is the simple subgroup of Cg,, (Gs) that contains a highest root SU(2), consistent with
our definition of Gy above.

The V structure moduli space corresponds to deformations of K that leave J, invariant,
while the H structure moduli space describes deformations of J, that leave K invariant.
When given a dependence on the external spacetime coordinates, these deformations pro-
vide the scalar fields in the truncated theory, with Myt and My being identified with the
vector multiplet and the hypermultiplet scalar manifolds, respectively.

We can identify the moduli explicitly as follows. Consider first MyT. Using the basis
KT , a general vector K € V can be written as a linear combination

K=nK;, (3.29)
where hf, I=0,...,nyr, are real parameters. Fixing 2 in (3.11), and using (3.23), gives
CrrahnhE =1, (3.30)

showing that the nyt + 1 parameters hl are constrained by one real relation and thus
define an nyp-dimensional hypersurface, just as in (2.4),

Myr = { " : Crphlh/hS =1} (3.31)

The space My is the moduli space of the V structure and, in the truncation, will determine
the vector multiplet scalar manifold of the five-dimensional theory. The metric on My is
obtained by evaluating the generalised metric on the invariant generalised vectors,

A %G(Kf, K;). (3.32)
It is straightforward to verify that, using (3.15), the expression above reproduces the five-
dimensional expression (2.6).

Consider now My. The family of H structures is obtained by parameterising the
possible choices of suy algebra. Recall that by definition U ~ g1, so we are interested in
the space of highest root su(2) C gy subalgebras. Fixing k2 and modding out by the SU(2)
symmetry that relates equivalent triples J, we have the moduli space

— GH
~ SU@2)r - Cay (SUQQ)R)

My (3.33)

that is, comparing with (3.28), we have Hy = SU(2)r - Cg, (SU(2)g). Points in My can
be parameterised by starting from a reference subalgebra j ~ suy C gy and then acting on
a basis {j1, j2,j3} of j by the adjoint action of group elements h € Gy, defined as

Jo = adgy jo = hja b7 . (3.34)

One has to mod out by the elements of Gy that have a trivial action, namely h €
SU(2)r ~ exp(j) and h € Cg,(SU(2)gr). The resulting symmetric spaces (3.33) and are
all quaternionic-Kéhler, in agreement with the identification of My with the hyperscalar
manifold in five-dimensional supergravity.
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3.3 Singlet generalised intrinsic torsion

Any generalised Gg structure has an associated intrinsic torsion [15]. Given a Gg-
compatible generalised connection, D, its torsion T is defined as

(LP - Lv)a=T(V)-a, (3.35)

where « is a generic generalised tensor, L is the generalised Lie derivative (see appendix A),
LP is the generalised Lie derivative calculated using D and - is the adjoint action on .
As a generalised tensor, the torsion T" belongs to the sub-bundle

WeE* oK CE ®adF, (3.36)

with E* transforming in the 27 representation and K in the 351 representation.

Let ¥ = D — D’ be the difference between two Gg-compatible generalised connections.
It is a generalised tensor, specifically a section of Kg, = E*®ad Fg, where ad Fg, C ad I
is the Gg-adjoint subbundle defined by the structure. Using (3.35) one can define a map
from K¢gg to W, the space of generalised torsions,

7: Kgg =W,

(3.37)
Ser(S)=T-T,

as the difference of the torsions of the connections D and D’. The image of the map 7 is
not necessarily surjective, that is Im7 = Wg, C W. The part of W that is not spanned
by W, is the intrinsic torsion of the generalised structure G, i.e.
G

W = W/Wa . (3.38)
The intrinsic torsion Ty is the component of T' that is independent of the choice of com-
patible connection D and is fixed only by the choice of generalised structure. When
Ggs € USp(8)/Zy and therefore defines a generalised metric, the norm defined by the

generalised metric G allows one to decompose the space of generalised torsions as'?

W =Wg, & WSS (3.39)

int

We can always decompose the intrinsic torsion into representations of Gg. For a
consistent truncation we will be interested in generalised structures whose only non-zero
components are in singlet representations of Gg.

As for ordinary G-structures, the intrinsic torsion of a generalised structure Gg
can be encoded in first-order differential expressions in the Gg invariant generalised
tensors. Recall that K7 and J4 form a basis for the invariant tensors and by definition,
DK = D.J = 0 for any Gg-compatible connection. It was shown in [27] that the intrinsic

torsion is encoded in the expressions

Li,Kj,  LiJa, (3.40)

12See appendix B for an explict example.
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and
/ K2te(Ja(Dw ), (3.41)
M

where the generalised vector W is orthogonal to the generalised vectors in V in the sense
that
C(Kf, Kj, W) =0. (3.42)

Note that the expressions (3.40) and (3.41) are in general not independent, but are
sufficient to determine the intrinsic torsion.

For a consistent truncation we need to require that the intrinsic torsion lies only in the
singlet representation of Gg and is constant. This is equivalent to requiring

L, Kj=~Tu(Kp) - Ky =t Kg, (3.43)
L, Ja=—Tu(Kf) - Ja=pj,"Js,

where the ¢ jf( and p;,7 are constants and that (3.41) vanishes for all W. The latter
follows from the fact that the condition on W implies that it transforms non-trivially
under Gg and hence, since J4 are singlets, the corresponding intrinsic torsion cannot be a
singlet and so must vanish. Recall that T, (V) is a section of the adjoint bundle ad F. For

singlet torsion, Tin(K7) must act in sub-bundle defined by the commutant!? Chge) (Gs)-

From the factorisation (3.27) we see that we can view the matrices (t7) ;% and (pj)a? as

elements of Lie algebras of Gyt and Gy respectively.

3.4 The data of the truncation

Any generalised G g structure on a manifold M with only constant, singlet intrinsic torsion
gives rise to a consistent truncation of eleven-dimensional or type II supergravity with
spacetime X x M to a gravitational theory on X [16, 27]. In this section we focus on trunca-
tions to five-dimensional N/ = 2 supergravity and recall how the generalised Gg C USp(6)
structure encodes the data of the truncated theory, as summarised in section 2.

The field content of the truncated theory is completely determined by the Gg-invariant
spaces U and V and the moduli space of HV structures,'® while the gauging is determined
by the singlet torsion.

The scalars of the truncated theory are given by the moduli space (3.26) of generalised
metrics on M that factors (3.28) into

VM scalars:  ¢(z)" < My = ——,
T

G G
. X = 7H = H
HM scalars: q(z)" <> My = n ~ SU@)n % ConSU@n)

(3.44)

where x# are the coordinates on X.

13Note that strictly speaking the singlet torsion also allows Tin¢(K7) to act in the R factor of ad F. This
would correspond to a gauging of the “trombone symmetry” in the 5d theory [52]. Such theories do not
have an action and for simplicity we do not consider them here.

MFor completeness we give in appendix C the explicit form of the truncation ansatz.
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By construction, both spaces are homogeneous and so correspond to one of the cases
listed in section 2. As discussed in section 3.2, the metrics can be explicitly constructed in
terms of the basis vectors K7 and J4. In particular, the cubic invariant on V, which fixes
the metric on My, is given by (3.20).

The other bosonic fields are the vectors and two-forms. As we will see in a moment, the
singlet intrinsic torsion allows one to decompose the space of constant vectors as V = R®T
so that the basis vectors split

{K7} = {K1} U{Kum}, (3.45)

where {K7} with I = 0,...,ny are a basis for R and {Kj/} with M = ny + 1,...,nyr
are a basis for 7. The vector fields and two-forms are in one-to-one correspondence with
a basis in R and T respectively!'®

vectors: Al (z) & K,
Aj( ) K (3.46)
two-forms: B, (z) <> K.

The gauge interactions of the truncated theory are determined by the intrinsic torsion
of the Gg-structure, which in turn is captured by the constants appearing in (3.43). The
first relation defines a bracket [-,-] : V®V — V on V given by

[[v,w]]I~ = (va)l~ =t v W, Vo,weV, (3.47)

just as in (2.12). Since the generalised Lie derivative satisfies Ly, (L,w) = Lr, ,w~+ Ly (Lyw)
the bracket defines a Leibniz algebra. As in section 2, one can then choose a splitting
Y =R&T, where T is the image of the symmetrised bracket, such that R is the space of
vector multiplets and 7 the space of tensors.

For a consistent gauging we need to check the conditions (2.20) and (2.21). They each
follow from the properties of the generalised Lie derivative as we now show. Recall first,
from the discussion below (3.43), that (L‘U)jl~ = vktfgj is an element of the Lie algebra
Lie Gyt C ¢g(5). Since ¢ and K’ are Eg(s) invariants, the action of ¢, must preserve the
cubic tensor C' given by (3.20) and hence we satisfy (2.20). Furthermore, by definition

Lyw+ Lyv =d(v @y w), (3.48)

where d is the exterior derivative and ® is the projection (A.10) onto N ~ det T*M ® E*
given by v @ vy w = ¢(v,w,-). If v,w € V then the left-hand side of (3.48) is by definition
an element of 7. Using (3.20), the right-hand side is just the sequence of maps in (2.23),
where the symplectic form on T is defined by the composition Q7! = d o k2. Hence (3.48)
implies we satisfy the second condition (2.21) required for a consistent gauging.

5In the general formalism given in [16, 27] the two-forms were valued in constant sections of the singlet
sub-bundle of N ~ det T*M ® E*, written using dual basis vectors K bI , and isomorphic to elements of V*.
The relation to the fields here is that the I index is raised using the symplectic form Q™! defined by the sin-
glet torsion. Note also that one can consider Aﬁ and Bi,, defined for all values of I. However, once the non-
propagating fields are eliminated only A,ﬂ and B % are dynamical and the Lagrangian takes the form (2.30).
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To complete the description of the gauging we identify the embedding tensor and the
Killing vector fields on MyT and My. Since both manifolds are coset spaces, from (3.27),
the group of isometries is Gio = Gyt X Gy and the embedding tensor is a map

O :V — giso = LieGyr & Lie Gy . (349)

The corresponding gauged Killing vectors k}(gb) and ];:;((q) on Myt and My are given
by (2.26). If we view K = hf(gb)Kj as giving the embedding of Myt in V and J, =
mZ(q)J4 as giving the embedding of My in U then, from (3.43), we can identify the
Killing vectors explicitly from the relations

iapdJ ayi J J1 K
kaaih :@j ka&-h =1ix h*
A

- - (3.50)
k‘;(axmﬁ = O;"kXOxma = pigimb.
Thus we can identify the embedding tensor as an element of Lie Gyt @ Lie Gy
(t7) ;% )
;= . (3.51)
! < 0 (py)a®

Using the Leibniz property that L (Lx ;) = L(g,. Kya+L i ; (L) for any generalised
I

tensor «, it follows that each set of vectors forms a representation of ggauge as in (2.28). In

other words, we have

ity =tr"tz, prpsl =ti"pi - (3.52)

Finally, it is worth noting that the Killing prepotentials descend directly from the moment
maps for generalised diffeomorphisms that appear in integrability conditions for an HV
structure [50] and are given by

Q0 1 (0
gPE = P (Js(Li; 1)) (3.53)

where as above J, = mZ(q)Ja is the dressed triplet.

It is important to note that generic N’ = 2 supergravity allows gaugings defined by
an embedding tensor © that is a general element of V* ® gis,. However, the fact that our
theory comes from a consistent truncations will typically restrict the form of © to only lie
in certain Gyt X Gy representations in the decomposition of V* ® gis0. For this reason, in
the following we will use T" to denote the embedding tensor that appears in the consistent
truncations to distinguish it from the more general ©. As a consequence, we will see that
not all the allowed N = 2 gaugings can arise from consistent truncations.

3.5 Extra stabilised spinors

Let us now discuss the case where we have extra singlets in the 6 of USp(6). In this
case, the consistent truncation can always be enhanced to a truncation keeping the extra
stabilised spinors, leading to a AN/ > 2 gauged supergravity. Thus the A/ = 2 gauged
supergravity would be a subtruncation of a N’ > 2 supergravity, which itself would arise
from a consistent truncation from 10-/11-dimensional supergravity.
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From the lower-dimensional perspective, this may seem surprising since one would
expect that in general the gauging could obstruct this enhancement: not all N' = 2 gaugings
can be enhanced to A/ > 2 since the quadratic constraints are generically more restrictive
in the latter case. For example, the additional constraints required for a half-maximal
gauging to be enhanced to maximal in seven-dimensional gauged supergravities is clearly
discussed in [53]. Moreover, from the perspective of the consistent truncation, one might
worry that the fields kept do not just lead to constant singlet intrinsic torsion.

However, the reason why the truncation can be enhanced to A/ > 2 is that by definition
V is always the full set of Gg-singlet generalised vectors and these will now necessarily
parameterise the scalar manifold of a theory with higher supersymmetry. One also finds
that all the singlets in the adjoint bundle can be constructed from these singlet generalised
vectors. As a result, the constant singlet intrinsic torsion now corresponds to components
of the embedding tensor of the larger supersymmetric gauged supergravity. Moreover, the
quadratic constraint, i.e. Leibniz condition, is automatically satisfied due to the closure of
the generalised diffeomorphism algebra [54], as discussed in section 3.4 for N = 2.

4 Classification of N/ = 2 truncations to five-dimensions

In this section, we discuss the main result of the paper, namely the classification of the
consistent truncations to N’ = 2 gauged supergravity in five-dimensions that can a priori
be obtained from M-theory and type IIB.

As the data of a consistent truncation are encoded in the generalised structure Gg
that is defined on the compactification manifold M, the problem reduces to classifying the
possible Gg C Egg) structures with constant intrinsic torsion that preserve N = 2 super-
symmetry. Therefore, the classification consists of an algebraic problem — the existence of
an appropriate Gg C Eg() structure — and a differential one — the existence of constant
singlet intrinsic torsion. In the following, we will study the algebraic problem in general,
but will simply assume that the differential condition of having constant singlet intrinsic
torsion can be solved. From the example of maximally supersymmetric gauged supergravity
we know that the differential condition puts important restrictions on the allowed gauged
supergravities [22-24]. Strikingly, even when ignoring this additional constraint, we find
that for N' = 2 theories the algebraic conditions alone significantly constrain the possible
gaugings that can arise.

Let us recall from section 3.1 what the main idea is. Demanding that the truncated
theory is supersymmetric implies that the internal manifold must be spin and that the
structure group must be a subgroup of USp(8), the maximal compact subgroup of Eé(6)-
The largest structure giving A = 2 supersymmetry is Gg = USp(6). Under the breaking

USp(8) D USp(6) x SU(2)r, (4.1)
the spinorial representation of USp(8) decomposes as

8=1(6,1)%(1,2), (4.2)

— 21 —



where the (1, 2) is associated to the two supersymmetry parameters of the truncated theory.
Since under
Eg6) O USp(6) - SU(2)r, (4.3)

the only singlets in the 27* and 78 are the K and J, of the HV structure, the theory
obtained form a Gg = USp(6) only contains the gravity multiplet and gives the minimal
gauged supergravity consistent truncation of [28]. To have extra vector- or hyper-multiplets
we need the structure group Gg to be a subgroup of USp(6).

The algebraic problem then consists of the following steps. We first scan for all
possible inequivalent ways of breaking USp(8) to Gs C USp(6) that admit only two
singlets in the fundamental representation of USp(8). Given a Gg with these features, it
will embed in Eg(6) as

Eg¢) O Gs - CE6(6) (Gs), (4.4)
where CE6<6)(G5) is the commutant group. We then check whether under this breaking
the 27* and 78 of Eg) contain Gg singlets, which will determine the vector and
hyper-multiplets of the truncated theory. In each case the singlets will transform under
Chg ) (G's) which also determines the form of the scalar manifold M of the truncated theory

_ Chy () (G3)
Cusp(s)/z2(Gs)

(4.5)

We stress again that by construction the scalar manifolds are always necessarily symmetric
spaces and furthermore are always a product M = Myt x My of vector-tensor multiplet
and hypermultiplet scalar manifolds as in (3.28).

We have performed a complete scan for all Lie subgroups'® Gs C USp(6). We find
that there are only a small number of inequivalent Gg structures with the properties above.
We list them here according to the type of breaking of USp(6) that they correspond to.
All other cases either give rise to extra singlets in the 6 of USp(6) or can be obtained as
subgroups of the Gg-structures listed below without giving rise to any new fields in the
consistent truncation.

Br.1 Gg = SU(2) x Spin(p), 2 <p <5.
These are obtained from the embedding
USp(6) D USp(4) x SU(2) ~ Spin(5) x SU(2), (4.6)
which gives
6=(41)(1,2), (4.7)
and by further breaking the USp(4) factor
USp(4) D SU(2) x SU(2) ~ Spin(4),
USp(4) D SU(2) x SU(2) D SU(2)p ~ Spin(3), (4.8)
USp(4) D SU(2) x SU(2) D SU(2)p D U(1)p =~ Spin(2) .

161 the following section we will also discuss a few examples of Gs = Zs structures that are easily
identified, but we do not provide an exhaustive analysis of discrete subgroups of USp(6).
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The corresponding branching of the 6 of USp(6) are
6=(211®(1,21)®(1,1,2),
6=2-1192-1_1h 2,
for the breaking to Spin(4) x SU(2), Spin(3) x SU(2) and Spin(2) x SU(2), respectively.
Br.2 Gs = SO(3) and Gg = SU(2).

The relevant breaking is
USp(6) D SO(3) x SU(2), (4.10)

with the 6 of USp(6) branching as
6=(32). (4.11)
Taking Gs = SO(3) or Gg = SU(2) leads to two different consistent truncations.

Br.3 Gg =SU(3).

This comes from the breaking
USp(6) D SU(3) x U(1) (4.12)

which gives
6=3 571 . (4.13)
Br.4 Gs =SU(2) x U(1)
This truncation is obtained by further breaking the SU(3) group of the previous case.
Under SU(3) D SU(2) x U(1), we get

6=21191 21021 1D1z 1. (4.14)

Br.5 Gg =U(1).

This comes from the same breaking SU(3) D SU(2) x U(1) as Br.4 but taking only
the U(1) factor as the structure group.

Br.6 Gg=U(1).
This comes from the same breaking as Br.3 and taking the U(1) factor as structure
group.

Once the possible Gg structure have been identified, we need to study their singlet
intrinsic torsion as this determines the embedding tensor and thus the gaugings of the
truncated theory. The details of this calculation for Gg = SU(2) x Spin(p) are discussed
in appendix B. The condition of having only components of the intrinsic torsion that are
singlets of Gg imposes differential constraints on the compactification manifold that can be
complicated to solve in general. In our analysis, we assume that these differential conditions
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are satisfied and instead solely study the intrinsic torsion’s algebraic properties. We will
see that this is still enough to significantly restrict the possible gaugings obtainable by a
consistent truncation.

We will first decompose the singlet intrinsic torsion'” into representations of the global
isometry group Giso. This will allow us to identify the various components of the embedding
tensor of the truncated theory. We then impose the Leibniz condition on these singlets.'®
The resulting embedding tensor components determine the Leibniz algebra a and hence the
extended Lie algebra gext- As discussed in section 3, the matter in the theory is charged
under the gauge algebra ggauge that is generically a quotient of gex; by a central subalgebra.
The embedding tensor then also describes the embedding of ggauge into the Lie algebra giso
of the isometry group. In the following we will refer to a group as “gauged” if it is part of
the corresponding group Ggauge-

In general, solving the Leibniz conditions for all singlets of Gg can be very cumbersome.
It is hence sometimes useful to streamline the search for possible gauge groups Gext as fol-
lows. First, consider the decomposition of V under a putative gauge group Ggauge C Gy C
Giso. We must impose that there is a subset of the nyt vectors transforming in the adjoint
of Ggauge- Once this condition is satisfied, we keep only those components of the intrinsic
torsion that are Ggauge-singlets. Finally, we impose the Leibniz condition (2.11) on the sin-
glet intrinsic torsion. From the resulting Leibniz bracket, we can read off the gauge groups
and tensor multiplets. In particular, if nyr > dim Ggayge and the nyt — dim Ggayge extra
vectors are uncharged under Gy, then they are central elements filling out the full gauge
algebra gext, while if they are charged they either enlarge the ggauge algebra or correspond
to charged tensor multiplets. The two charged cases are distinguished by whether or not the
extra vectors are in the image of the symmetrised Leibniz bracket, as discussed in (2.13).

It is worth stressing that we do not mean to give an exhaustive list of all possible
gaugings. Where we cannot solve the Leibniz condition in general, we will instead limit
ourselves to the largest reductive groups and largest compact groups that can be gauged.
We will find that only a handful of gaugings are possible.

Finally, the computation we perform bears some resemblance to the purely five-di-
mensional analysis that would have to be performed to find possible gaugings. However,
crucially, in order to have a consistent truncation, we are analysing the intrinsic torsion
that descends from the Eg(g) generalised Lie derivative, and thus lives in the Wiy, C 351
of Eg). By contrast, the five-dimensional computation would search for gaugings living
in the V* ® giso 2 Wint, where V denotes the space of vector fields of the five-dimensional
supergravity. Therefore, it is not a priori clear whether all gaugings that are allowed
from a five-dimensional perspective can also arise from consistent truncations. In fact,

1"For completeness, we note that in calculating the singlet intrinsic torsion for our examples, it is assumed
that the map 7, given in (3.37), has no singlet kernel. Although we have not explicitly demonstrated this
in every case, we believe it is a general result.

181f the differential conditions on the intrinsic torsion are satisfied, the Leibniz condition is also automat-
ically satisfied as discussed in section 3.4. However, since here we are not analysing whether the differential
conditions can be solved, we must impose the Leibniz condition as a restriction. Put differently, only for
those singlet components of the intrinsic torsion which obey the Leibniz condition, can the differential
conditions on the compactification manifold be satisfied.
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as we will see, some five-dimensional gaugings cannot arise from consistent truncations.
For example, in theories with scalar manifolds Myt = RT x % and no hyper
multiplets, consistent truncations only lead to gaugings where the tensor multiplets are
charged under the graviphoton and not any of the other nyt — 1 vector fields.

In the following sections, we will derive the consistent truncations associated to the
G g structures listed here and derive their field content and invariant tensors. For sake of
exposition, we will first discuss the consistent truncations including only vector and tensor
multiplets in section 4.1, then only hypermultiplets in section 4.2, before giving the mixed
cases with vector/tensor and hypermultiplets in section 4.3.

We summarise the matter content of the consistent truncations that arise from our
scan in table 1: we list the Gg structure group, the number of vector/tensor multiplets
nyT and hypermultiplets ny, and the associated scalar manifolds. We see that the possible
consistent truncations are limited. In particular, we find the largest possible truncation
consists of only 14 vector/tensor multiplets.

Let us again reiterate that the consistent truncations that can be actually realised
will be a subset of those presented in the group-theoretic analysis here. This is because
the requirement that a given Gg structure has singlet intrinsic torsion will introduce
non-trivial differential constraints that a given manifold M must satisfy and which we do
not analyse here.

However some of the cases listed in table 1 do have an explicit geometric realisation.
For instance the mixed cases with ngy = 1 and nyT = 1, nyT = 2 and nyt = 4 correspond
to consistent truncations of eleven-dimensional supergravity that have recently obtained.
These are truncations around backgrounds with A/ = 2 supersymmetry describing the
near-horizon limit of M5-branes wrapping a Riemann surface: the Maldacena-Nunez (MN)
solution [30] and its generalisations called the BBBW solutions [31]. In particular the
truncation with nyr = 4 and ng = 1 with gauge group Ggauge = SO(3) x U(1)g x RT is
the largest possible truncation around the MN solution , while the case with nyp = 2 and
nu = 1 and gauge group Ggauge = U(1)r x R gives the consistent truncation around the
BBBW solutions [27]. The subtruncation to nyr = 1 and ng = 1 was obtained in [29].

4.1 Truncations to only vector and tensor multiplets

We analyse first the possible consistent truncations that give rise to a theory with only
vector /tensor multiplets. Since a consistent truncation necessarily gives rise to a symmetric
scalar manifold (see section 3), the vector/tensor scalar manifolds that one can obtain must
be symmetric “very special real” manifolds, as classified in [37-39).

This classification consists of a generic case, possible for arbitrary number of vec-
tor/tensor multiplets, where the tensor Cj j; factorises, with the only non-zero components
given by

COij = Mij » i,j: 1,...,nVT. (4.15)

Here 7;; has signature (1,nyt — 1) and the scalar manifold is given by

SO(nVT - 1, 1)

— Rt
Myt * "SO(nyr — 1)

(4.16)
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' 0 1 2
nvrt
_ Ggs=SU(3 Gs=5S0(3
0 Gs=USp(6) " _s SU(2(1)) Mg: G2<§) )
M=1 S(U@)xU(1) SO(4)
) Gs =SU(2) x Spin(5) Gs=5U(2) x U(1)
R+ M=R*x 522D __ -
M=R S(ERE)
9 Ggs=SU(2) x Spin(4) Gs=U(1) -
M=RT xS0(1,1) MZR"'XSO(LDX%
3 Gs = SU(Q) X Spin)(?)) Gs(z U(l)
SO(2,1 . SO(2,1 SU(2,1 —
M=R*x sé(z) M=R*x 50(2)) X S(U(Z)(XU)(I))
A SU(2) x Spin(2) Gs=1U(1)
SO(3,1 . SO(3,1 SU(2,1 —
M R* x ch(s)) M=R"x so((3)) S(U(2)><U)(1))
Gs= SU(?)
SL(3,R
5 M =555 _ _
GS = SU(Q) X ZQ
So(4,1
M=R"x sc§(4))
6 Gs = SU(Q) X ZQ
SO(5,1 — —
M=R*x so((5))
. Gs=U(1)
SL(3,C — —
M= SI(J(S))
Gg=174
14 6 — —
M= USPgﬁg

Table 1. List of all possible consistent truncation with nyr vector/tensor multiplets, ngy hypermul-
tiplets, and the required G's C Eg(g) structure group, as well as the associated scalar manifold M.

Additionally, there are a number of “special” cases that only exist for specific values
of nyr and for which Cjj; does not factorise. These are given by

SL(3,R) -
Myt = 50(3) nyt =9,
SL(3,C
Myt = ( ), nyt =8,
SU(3)
(4.17)
M SU*(6) n =14
Eq_
Myt (6,-26) , nyt = 26.
Fy

Finally, there is a second “generic case”, which exists for arbitrary nyt > 1, but where the
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tensor Cfjz does not factorise [39]. The associated scalar manifolds are given by

. SO(TLVT, 1)

Myt = SO(mvr) (4.18)

We want to determine which of these gauged supergravities can arise from a consistent
truncation and how can they be classified in terms of the structure groups Gg listed in the
previous section.

In order to have a consistent truncation with only vector/tensor multiplets, the gen-
eralised tensors defining the Gg structure must consist of the triplet of adjoint tensor J,,
a = 1,2,3 corresponding to an H-structure (see section 3.1) and of nyr + 1 generalised
vectors K7y, I=0,1,...nyr satisfying

(4.19)

with constant Cjjz.
Since the J, are stabilised by SU*(6) C Egg), the structure group must be a subgroup
of SU*(6). Under the breaking Eg) D SU(6) - SU(2)g, we have

27* = (15%,1) & (6,2) ,

(4.20)
78 = (35,1) @ (20,2) @ (1,3) ,

where the triplet of J, belong to (1,3) and generate the SU(2)r symmetry. Then, the
first condition in (4.19), implies that the vectors K; must be invariant under SU(2) and
therefore must lie in the real vector space

Y C (15%,1) . (4.21)

Thus, we can have at most nyr = 14 vector/tensor multiplets and we can immediately
rule out the case nyr = 26 in (4.17), as well as the case nyt > 14 in (4.16).

The family (4.18) is also ruled out, because the isometries of the corresponding scalar
manifolds are not linearly realised on the embedding space V. As we discussed in section 3,
the isometry group of the scalar manifold is the commutant in Eg(g) of the structure group
and by construction it acts linearly on the set of singlet generalised vectors. As a result,
the gauged supergravities with vector/tensor scalar manifolds (4.18) do not arise from
consistent truncations.

All other cases can in principle arise in consistent truncations and in the next subsection
we will discuss from which generalised structure Gg they can be obtained and then use Gg
to study the intrinsic torsion and hence find the admissible gaugings.

4.1.1 Generic case

The generic case with scalar manifold (4.16) corresponds to the structure groups

Gg = Spin(6 — nyr) x SU(2), (4.22)
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of item (Br.1) of the list in the previous section, where for notational convenience we let
Spin(1) = Spin(0) = Z. Note that (4.22) implies that we can have at most nyt = 6
vector /tensor multiplets in the truncation. Moreover, the case nyr = 5 and nyt = 6 have
identical structure groups. This means that any background admitting a truncation with
nyT = 5 actually admits a truncation with nyt = 6, with the former truncation being a
subtruncation of the latter.

To see how these structure groups arise, note that the structure (4.15) of the tensor
C5ji implies that the vectors Kj can be split into a vector Ko and nyt vectors K; such
that for any 4,7,k =1,...,nyT,

c(Ko, Ko,-) =0, o(K;,Kj,K;) =0, c(Ko, Ki, Kj) = nij (4.23)

where 7;; has signature (5,1). The vector Ky corresponds to the graviphoton of the trun-
cated theory.

By studying the form of (4.23), we can deduce the stabiliser group of the generalised
vector fields K; as follows. Being in the 15* of SU%(6), the vectors Kj can be seen as
six-dimensional two-forms. Then the first condition in (4.23) is equivalent to

KoAKy=0, (4.24)

with A the standard wedge product of p-forms. Thus, Ky must be decomposable and we
can choose a basis of independent six-dimensional one-forms such that

Kog=e5ANeg. (4.25)
The stabiliser of Ky is SU*(4) x SU(2), embedded in SU*(6) as

SU*(6) > SU%(4) x SU(2) x U(1),

(4.26)
15% = (4*72)1 ©® (67 1)—2 ® (1’ 1)4 )

with Ky € (1,1),. This forces the Gg structure to be a subgroup of SU*(4) x SU(2). The
other conditions in (4.23) become
Ko NK; NKj =1, KiNKj NKy, =0, (4.27)
where the metric n;; is invariant under SU*(4) ~ Spin(5,1). From (4.27) it follows that
K€ (6,1)_, . (4.28)

Thus, there can be at most six vector multiplets of this type.
The structure group Gg can now be easily determined. Since the nyr singlets K;
satisfy the inner product (4.27) of signature (1, nyt — 1) they break SU*(4) to

SU%(4) ~ Spin(5,1) D Spin(6 — nyr) x Spin(nyr —1,1), (4.29)

where the factor Spin(6 — nyr) is the stabiliser of the K; while the factor Spin(nyr —1,1)
rotates the K into each other. Thus, the structure group is given by

GS = Spin(6 — nVT) X SU(Q) . (430)
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Although the structure groups and the isometry groups are Spin subgroups of Eg), the
generalised vectors K; never appear in spinorial representations of Gg and hence only see
the orthogonal groups and not their double covers. This is the reason why the case with
nyr = 5 vectors/tensors can always be enhanced to nyr = 6: on the two-forms K; the
Z5 structure group acts trivially. Moreover, this is why the coset spaces can be reduced to
take the form (4.16):

Cg (GS) SO(nVT -1 1)
M= Myr = 5©) =R" x ’ 4.31
v Cusp(8)/z,(Gs) SO(nyt — 1) (4.31)
The corresponding isometry group is
Giso = [R+ X SO(nVT - 1: 1) X SU<2)R7 (4'32)

where as discussed above we take Gy = SU(2) g, even though there are no hypermultiplets,
in order to include the R-symmetry. Under Gy, the space of vectors transforms as

V=(1,1)2&(1,n)_; > (°,0), (4.33)

where the first entries are the SU(2)g representations, n is the vector representation of
SO(nyr—1,1), the subscripts are the Rt charges, and i = 1,. .., nyr denotes SO(nyr—1,1)
indices.

We can now determine the embedding tensor of the truncated theory and the possible
gaugings. These are encoded in the intrinsic torsion of the Gg structure, which must only
contain Gg singlets for the truncation to be consistent. We assume that this occurs and

decompose the intrinsic torsion in representations of the global isometry group (4.32)
I/Vint = (37 1)—2 @ (37 n)l ® (1a n)l S (1’ad)—2 @ (17X)1
= (Tgbv Tz'abv Tis Téjv T[ijk:}) )

(4.34)

where ad and X denote the adjoint and the rank-3 anti-symmetric'® representations of
SO(nyt — 1,1), respectively, and a,b = 1,2,3 are SU(2)r indices. The case nyr = 5 is
different, but can be obtained as a subtruncation of the case nyt = 6. Therefore, we will
not consider nyt = 5 here.

Now we need the map (3.49), which gives the generalised geometry embedding tensor,
and which we denote by T' : V — gjs to distinguish it from the generic 5d embedding
tensor. Given an element v € V), the intrinsic torsion defines 7' as having the non-zero

components
T(v)% = "18), + 0’1y € su(2)R,
T(v)'; =75, + "' € so(nyr — 1,1), (4.35)
T(v)) =v'r €u(l).
The adjoint action on the vectors in V
(T(v) - w)® = 2T (v) g,

) . o 4.36
(T'(v) -w)' = —T(v)(o)w’ +T(v)"ju’, ( )

19Tn some cases the representation X might be reducible.
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defines the Leibniz bracket T'(v) - w = t,(w) = [v, w]. The Leibniz condition (2.11) gives a
set of constraints on the torsion components

T[jkal]mi =0, TOiijkl =0, 7, =0, (4.37)
so that the Leibniz bracket simplifies to

[[U7 w]]O =0,

. i ok (4.38)
[v,w]" = —v'w" " — v w " .

From (2.14) we see that the rank of 70;/ determines the number of tensor multiplets, while

Tl’jk form the structure constants of the gauge algebra. Finally, 75, and 7j; determine how

the SU(2)gr is gauged. Moreover, the gauging of the SU(2)g R-symmetry must form a

representation of gext as in (3.52). Explicitly, this implies

(T(v) - T(w) = T(w) - T())"p = = (T([v, w]))"s, (4.39)
which for (4.35) imposes
TieTon — ToeTib =0, Tk = 0, TeTib = TjeTib = i Ty (4.40)
Then the first line in (4.35) gives the embedding tensor for the SU(2)r symmetry
Poa” = T » Pia” = Thy (4.41)
while the non-zero components of the embedding tensor on the vector isometries are
tos! = —Tok' . tjki = ijki. (4.42)

Since 7; = 0, we note that the R™ can never be gauged. Also from (4.38), we see

that the graviphoton v°

cannot contribute to non-abelian gaugings. Moreover, from (4.34)
and (4.38), we can already see that not all gaugings of five-dimensional N' = 2 supergravity
can arise from a consistent truncation. In particular, the tensor multiplets can only be
charged under the graviphoton v° and not any of the nyt — 1 vector fields transforming
non-trivially under SO(nyt — 1, 1), as for example constructed in [33].

From (4.40) we can also determine in general how the SU(2)r global symmetry can be
gauged. Whenever an SO(3) C SO(nyt — 1,1) is gauged, those SO(3) vectors can also be
used to gauge the SU(2)g via 7§. Alternatively, any combination of abelian vector fields,
including the graviphoton can gauge a U(1)gr C SU(2)g subgroup.

Let us now find which gaugings of the SO(nyt — 1,1) global symmetry group of My
are possible, beginning with nyt = 1 and working up to the maximal case nyt = 6.

nyt = 1. In this case the isometry group is Giso = SU(2)g X RT and the structure group
is Gg = Spin(b) x SU(2).

Any combination of the two vectors can gauge a U(1)g subgroup of the R-symmetry.
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nyt = 2. The structure group is Gg = Spin(4) x SU(2) and the isometry group is Giso =
SU(2)g x SO(1,1) x RT. There are three singlet vectors with the following SO(1,1) x Rt ~
RT x RT charges

v=(" v vT)eV= lo2®@ 1z 1 P12 1. (4.43)

The conditions (4.37) are now trivially satisfied since 7;;, = 0. From the intrinsic torsion

Wint 3 (T[Slb ) Tib ) T by T(S’;) ) (444)

J’_

we see that, when 7, = 0, any combination of all three vectors can gauge a U(1)g
symmetry. Alternatively, when 7, # 0, two vectors are dualised to tensors and the
remaining v° can gauge the SO(1,1) under which the two tensors are charged, as well as a

U(1)r symmetry.

nyt = 3. The structure group is Gg = Spin(3) x SU(2) and the isometry group is Giso =
SU(2)g x SO(2,1) x RT. As there are three vector multiplets in the adjoint of SO(2,1) it
is a priori possible to gauge it. The conditions (4.37) now imply that either 7;; # 0 or
70 # 0.

o Tijk = Teijk # 0, 107 =

0

The Leibniz algebra, given v = (v°,v%) and w = (w°, w'), takes the form

[v,w]" = —FviwFe;t, [o,w]° =0. (4.45)

Thus the full SO(2,1) can be gauged and we can use the singlet vector v" to gauge
a U(l)R.

e Tij = 0. We now have a purely abelian gauge group. When 70+ # 0 two of the
vectors are dualised to tensor multiplets. By choosing the tensors to be both spacelike
or one spacelike and one timelike under SO(2, 1) we get different charges for the tensor
multiplets under the action of v°, leading to either an SO(2) or SO(1, 1) gauging. In
addition, a linear combination of v? and the uncharged vectors can also gauge the
U(1)g symmetry.

nyt = 4. The structure group is Gg = Spin(2) x SU(2) and the isometry group is Giso =
SU(2)r x SO(3,1) x R™.

The conditions (4.37) now imply that either 7;;, # 0 or 10+ # 0. We thus have the
following possibilities.

o Tk # 0, 70/ = 0. We can write Tijk = eijklAl. Depending on whether A’ is
spacelike, timelike or null with respect to SO(3,1), we can have the gauge groups
SO(2,1), SO(3) or ISO(2), respectively. In all cases, there are no tensor multiplets.
This can be seen as follows.

If A is timelike, we can always perform an SO(3,1) rotation such that it lies along
the timelike direction and we have

Tafy = eaEﬂAl = T€apy (4.46)
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where we split the SO(3,1) indices as ¢ = 1 for the timelike direction and «, 8,y =
2,3, 4 the spacelike ones. Writing v = (v°,v% v!') € V we find the brackets

[v,w]* = —FvPwes,*, [v,w]® = [v,w]! =0, (4.47)

leading to a gauging of the compact subgroup SO(3) C SO(3,1). In addition, either
a combination of v and v! can be used to gauge a U(1)p or the v® can gauge the
full SU(2)g via 7%.

For a spacelike A we proceed in the same way. By an SO(3,1) rotation we bring 7;;
to the form

TaBy — 6aﬁ'y4A4 = 7A_€a,8’y7 (448)

where now «, 8,7 = 1,2,3. The vector decompose as v = (v°,v% v*) and we get the
algebra

[v,w]* = —FvPwes,*, [v,w]® = [v,w]* =0, (4.49)

which gauges an SO(2, 1) subgroup. As above, the v* and v* can be used to gauge
the U(l)R.

Finally if A is null, by an SO(3, 1) rotation we can reduce to two non-zero components
for Tijk

To3q = ea3n AL, Ti23 = €1234 A%, Al =AY =7, (4.50)

It is useful to decompose the vectors as v = (v%,v2 v3, v~ ,v") where vt = ol £t

The Leibniz algebra then becomes

[[U>w]]2 = %(U—i— s — w+v3) s [[v,w]]+ =0,

w
0

v,w| =0

lo-] [v,w]? = =7 (vTw? —wto?), [v,w]” =27(0*w® — w?v?),

(4.51)

This defines a Lie algebra that is the semi-direct sum of s0(2) with the 3-dimensional
Heisenberg algebra. The vector v~ generates the so(2), under which v? and v? are
charged. On the other hand, {v?, v3, v} form a Heisenberg algebra, with v* the
central element. Since v is central, the gauge group (2.25) under which matter is
charged is just ISO(2), generated by {v—,v?% v3}. Additionally, the graviphoton v°
can gauge the U(1)g.

Tijk = 0. We now have a purely abelian gauging and 0, 2 or 4 tensor multiplets,
depending on the rank of 79;7. Depending on whether the tensors are timelike or
spacelike we get different charges for the tensor multiplets under the abelian group
generated by 1°, as discussed for nyr = 3. As a result, we either have two tensor
multiplets charged under a SO(2) or SO(1, 1), or four tensor multiplets charged under
the SO(1,1). In addition, v and, when present, any combination of the uncharged
vectors can also gauge the U(1)g.
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nyt = 6. The structure group is Gg = Zs x SU(2) and the isometry group is Giso =
SU(2)r x SO(5,1) x RT.

In this case, we will not solve the Leibniz conditions directly but instead we perform a
case by case analysis of the possible gauge groups with a given number of tensor multiplets.
Since there are 6 vectors, if there are no tensors, we can gauge at most the following semi-
simple subgroups of the global SO(5, 1) isometries: SO(4), SO(3,1) or SO(3) x SO(2,1).
These are only possible if the singlet vectors transform in the adjoint of one of these groups
and the torsion contains singlets of the gauge groups.

It is straightforward to see that SO(4) and SO(3,1) cannot be gauged. Under the
breaking SO(5,1) D SO(4) x SO(1,1) (respectively SO(5,1) D SO(3,1) x SO(2)) the vector
representation 6 decomposes as

6=490P1P1_», (4.52)

where 4 is the vector representation of SO(4) (respectively SO(3,1)) and the subscripts
denote the SO(1,1) (respectively SO(2)) charges. Manifestly we see that in each case the
decomposition does not include the adjoint represention.
On the other hand, we can gauge SO(3) x SO(2,1) C SO(5,1). In this case, the six
vectors decompose as
6=(3,1)®(1,3), (4.53)

containing the adjoint of SO(3) x SO(2,1). We denote these by v® and v*, where o = 1,2, 3
labels the adjoint of SO(3) and & = 4,5,6 the adjoint of SO(2,1). This gauging consists
of having

Tafy = A€apy, Tapy = Beaps A, B#0. (4.54)

Q

Note that therefore (4.37) implies that 79,/ = 0 so that we have no tensor multiplets. The
Leibniz bracket becomes

Bva o
| o (4.55)
[v,w]¢ = —vﬁuﬂTﬁ-#o‘,

[v,w] = —v

reproducing the gauge algebra of SO(3) x SO(2,1). The graviphoton can gauge the U(1)g
symmetry or the vectors v® can gauge the diagonal of SO(3) and SU(2)x.

Let us now study gaugings that could include tensor multiplets. These will have 1o,/ #
0. When 79,7 has rank 2, two vectors are dualised into tensors which are charged under v°,
and the gaugings can only be given by the other four vectors. Depending on the signature
of the SO(5,1) metric evaluated in the directions of the tensor multiplets we can have

SO(3) x SO(1,1) x U(1)R, SO(2,1) x U(1) x U(1)R,
SO(3) x U(1) x U(1)g, ISO(2) x U(1) x U(1)r, (4.56)
SO(1,1) x SU(2)r U(1) x SU(2)r,

where the factors SO(1,1) or U(1) are gauged by the graviphoton and U(1)r by any
combination of v® and the vector that does not gauge the non-abelian factor. Note that
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nyrt Giso Ggauge nr

1 SU(2)R xRt U(l)R -
2 | SU(2)g xSO(1,1) x R* SI(J)(( )7 g ;

SO(2,1)xU(1)r —
3 | SU@2)r xSO(2,1) xRT 0 SO( ) 2

SO(2,1) xU(1)g, SO(3)xU(1)g,

ISO(2) xU(1)r, SU(2)r

SO(2) x U(1)r, SO(1,1) xU(1)g, 2
SO(1,1) 4

4 | SU2)grxSO(3,1) x R*

SO(?)) X 80(2,1) X U(l)R, SO(2,1) X SU(Q)R,
ISO(2) xU(1)r
SO(2,1) xU(1) xU(1)r, SO(3) xSO(2) xU(1)g,
6 | SU(2)rxSO(5,1)xRT | SO(3)xSO(1,1)x U(1)g, ISO(2)xU(1)xU(1)g, | 2
SO(2) xSU(2)r, SO(1,1)xSU(2)r
U(1) xU(1)g, SO(1,1)xU(1)g 4
SO(1,1) 6

Table 2. Allowed gaugings Ggauge Of the global isometry groups Gig, in the generic cases with nyr
vector/tensor multiplets. The first column gives the total number of vectors and tensor multiplets,
the second the global isometry group, the third the allowed gaugings and the last one the number
of vectors that are dualised to tensors in each case.

in (4.56) we list the largest group that can be gauged. It is clearly possible to gauge only
some factors of the products above.

When 79,7 has rank 4 or 6, the only possible gauge group is the abelian factor gauged by
v? and the U(1)z. Depending on whether the image of 79,/ includes the negative eigenvalue
of the SO(5, 1) signature, or not, we get different charges for the tensor multiplets under
the action of v°, which hence gauges either a U(1) or SO(1, 1) group. In addition, v° and,
when present, any combination of the uncharged vectors can also gauge the U(1)g.

In table 2 we summarise the allowed gaugings for truncations with only vectors/tensor
multiplet of generic type. Whenever we list a product group, the individual factors can
also be gauged separately even though they are not listed as such. Whenever there are
abelian factors in Gigayge, the U(1)g can also be gauged diagonally with some combination
of these factors.

4.1.2 Special cases

The special cases (4.17) are also associated to some of the generalised Gg-structures we
listed at the beginning of this section. We now discuss case by case what the associated
structure groups are, we determine the corresponding embedding tensor and hence the
possible gaugings of the truncated theory.

Differently from the generic case it is quite cumbersome to analyse in full generality
the constraints imposed on the gaugings by the Leibniz condition (2.11) and hence the
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allowed gaugings. Thus in this section we will limit ourselves to study what are the largest
reductive groups and largest compact groups that can be gauged.

nyTt = 5. This truncation is associated to a Gg = SU(2) generalised structure. The
structure group is taken to be the SU(2) factor in the breaking (Br.2) of USp(6) and it
embeds in SU(6) as SU%(6) D SL(3,R) x SU(2). Under this embedding we have

15* = (6%,1) & (3,3) , (4.57)

so that ¥V = (6*,1) and there are six independent singlet vectors giving rise to nyp = 5
vector multiplets. It is easy to check that we also get the expected scalar manifold

Ckee) (Gs) _ SL(3,R)

M= Myt = = , 4.58
Cuspisyz:(Gs) SO0 (45%)
with isometry group
Giso = SU(Q)R X SL(3, [R) . (4.59)
We can decompose the elements of V according to Giso
V= (1,6*) 2 vij , ,7=1,2,3. (460)
The Gg singlet intrinsic torsion decomposes under Gig, as
Wit = (3,6) ® (1,15%) @ (1,3"
o= ( H) (A )@ (1,3%) (4.61)
> {T(Zj)aln Tz(jk) ) Ti} 3
where 7%, = 0. If Vi) €V the map T : V — giso is defined as
T(V)% = v ™%, |
( )ib z(rrjbib bl imn (462)
T(V)'s = €™M 0T (nj) + €™ Vmj) T
and gives the bracket
[v,w]ij = T(v)* qwjy = t*F™ o,
el . (4.63)
= ™ [7’ p(iénj) + Tp5 iénj]vklwmn .
Thus the components of the embedding tensor are
1 iy g
t(kl)(mn)(w) = §€pm(k[7l)p(i5nj) + Tpél)(z(&)‘n])} + (m <~ n) s p(w)ab = T(Z])ab. (464)

We now want to determine the largest non-abelian gaugings that can arise from the
consistent truncation. The compact gaugings are quite limited. It is easy to see that it
is not possible to gauge the maximal compact subgroup SO(3) of SL(3,R). Indeed, the
6 vectors decompose as 6* = 5 @ 1 and therefore do not contain the adjoint of SO(3).
However, the singlet in the decomposition can be used to gauge the U(1)r symmetry, as
can also be seen from the intrinsic torsion, which contains only an SO(3) singlet in 7()%,,
We see that only compact abelian gaugings are a priori possible.
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Consider now the non-compact gauging SL(2,R) ~ Spin(2,1). This is obtained via
the embedding SL(3,R) D SL(2,R) x RT, under which the vectors decompose as 6* =
32 @21 ®1_4. Thus we expect to be able to gauge SL(2,R), with the two vectors that
are charged under SL(2,R) dualised into tensors. To see whether this gauging is possible,
we must look at the intrinsic torsion and the bracket (4.63). The vectors decompose as

V(ij) = {V(ap), vas 0} (4.65)

where a = 1,2 are fundamental indices of SL(2,R). The intrinsic torsion contains the
SL(2, R) singlets

Wint D 14 ® 1o® € 13 3 (7%, 7 = 700, 7 = 70) , (4.66)
and the brackets (4.63) reduce to

[, wap = (7 + 7)vsaws),
[v, W]a = 7€ (Vsawy + VsWary) + 7€ (Vsatw~y — 3U5Wan) | (4.67)
[v,w]o = (T — 37)vsw., .

The Leibniz condition (2.11) now imposes that either 7 = 37 or 7 = 0. These two cases
lead to different gaugings.

o 7 =37. In this case, the Leibniz bracket (4.67) becomes
[v, wlap = 47€" v w5
[v, wa = 47 vsqw., (4.68)
[v,w]o=0.
We get an SL(2,R) gauging, generated by the v,g vector fields. The v, are in the

image of the symmetric part of the Leibniz bracket and thus are dualised to tensor
fields, charged under the SL(2, R) gauge group. The graviphoton v° can gauge U(1)x.

e 7 =0. Now the Leibniz bracket immediately reduces to the Lie bracket
[0, w]ap = T vsaws)y
[[U7 w]]a = Tﬁvé(véaw'y - w&a”’y) ) (4'69)

o, wo = 75w,

and the vectors v, no longer commute with each other. Therefore, the v,’s cannot
be dualised to tensor multiplets and instead contribute to a larger non-abelian gauge
group. In particular, we find that the algebra enhances to that of SL(2,R) x Heis,
with Heis the 3-dimensional Heisenberg group. Here v,4 generate the semi-simple
SL(2,R) part, v, transform as doublets of SL(2,R) and vy is the central element of
Heis. Therefore, {v,, vo} generate the Heis factor. However, the gauge group under
which matter is charged is SL(2, R) x R2.
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We see explicitly that the consistent truncation analysis differs from the purely five-
dimensional one. In five dimensions, the embedding tensor belongs to the full bundle

V* @ giso = (1,6) @ [(3,1) & (1,8)] = (3,6) & (1,3* & 6 & 15" @ 24%), (4.70)

where we are decomposing under SU(2)r x SL(3,R), and therefore contains more repre-
sentation than those arising in (4.61).

As a result, not all five-dimensional gaugings for nyT = 5 can arise from consistent
truncations. For example, in five dimensions, we can have an embedding tensor in 1y ® 3¢
of SL(2,R) x R*, but coming from the (1,15*) @ (1,24*) of SU(2)g x SL(3,R). This
embedding tensor would lead to a U(1) gauging with four tensor multiplets with charges
42, +4. However, this gauging cannot arise from a consistent truncation, since the intrinsic
torsion (4.61) does not contain the (1,24%) representation.

nyt = 8. This truncation arises for the case (Br.6) and corresponds to a Gg = U(1)
structure group. Under the branching SU*(6) D SL(3, C) x U(1) the vectors decompose as>"

15" =(3®3)®3;®3",,

. 4.71
> (Uoza,va71—}d) ’ ( )

where raised o and & indices denote the fundamental representation 3 and conjugate-
fundamental representation 3 of SL(3,C) respectively. Thus for example, since 15* is
real, the two components v® and v are related by complex conjugation (v¥)* = ¥ and
(’UQB )* = 0% We see that the U(1)-singlet space V = (3 ® 3)o is nine-dimensional giving
rise to nyT = 8 vector multiplets.

It is easy to check that (4.5) gives the expected scalar manifold

Cree) (Gs)  SL(3,C)

M= Myt = = , 4.72
Cusp(s)/z.(Gs)  SU(3) (t72)
with isometry group
G =SL(3,C) x SU(2)R . (4.73)
The singlet intrinsic torsion can be written as
Wi =(3*©3",3)0 (33", 1)@ (3" ©6,1) & (623",1) 47

2> {Tadab7 Tors 7-0/87 s 7toé/B"y} s

where a,b = 1,2,3 are SU(2)y indices. Given v** € V the non-zero components of the
map 1" are

T(v)" = v*Tas™
T(v)%s = v*75 — 55”,61)65755 + ey T, (4.75)

T(v)aﬂ' = —’UﬁaTﬁﬁ' + §5a6‘066T55 — eﬂ.’ypvéfyﬁ;pa.

20Recall that for SL(3,C) the dual and conjugate representations are not equivalent. Here we denote
them by n* and m, respectively.
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Let us now consider the possible gaugings. If we focus on maximal simple subgroups
of SL(3,C), there are three possibilities: SU(3), SU(2,1) and SL(3,R). It is easy to show
that the real form SL(3,R) cannot be gauged. For the subgroup SL(3,R) C SL(3,C) the
real and conjugate representations are isomorphic, and we can write

% = 69 v”. (4.76)
The nine real vectors in 3 ® 3 of SL(3,C) then decompose as
3®3~3®3=6®3". (4.77)

We see explicitly that this does not include the adjoint and hence SL(3,R) cannot be
gauged.

Consider now SU(3) and SU(2,1). In these two cases the conjugate and dual repre-
sentations are isomorphic since we can write

V5 = Naa 0%, (4.78)

where 7,4 is the invariant Hermitian form, with signature (3,0) and (2,1) for SU(3) and
SU(2,1) respectively. The nine real vectors in 3 ® 3 of SL(3,C) decompose as

3®3=8®15 (0%,v) , (4.79)
where 9%, = 0 and .
v = %P gna%o : (4.80)

The eight vectors 9%g form the adjoint of SU(3) or SU(2,1). Decomposing the intrinsic
torsion (4.74) under SU(3) x SU(2)r (SU(2,1) x SU(2)r) we get

Wint = (1,3) ® (8,3)® (1,1) ®3-(8,1) ® (10,1) & (10,1), (4.81)
where the four singlet components are
Tac"s = NaaT"bs  Taa = TTad - (4.82)
Given two vectors v = (0%g,vp) and w = (W”g, wp), the Leibniz bracket then reads

[v, w]]aﬁ =T (ﬁa’YuAﬂB - UAJOCVUY,B) J

oo, (4.83)

Thus, we see that we can gauge either SU(3) or SU(1,2). The extra vector singlet vy can
gauge the U(1)g.

nyt = 14. This is the maximal case, where the invariant vectors span the whole V = 15*
of SU*(6). It does not correspond to any of the generalised structures listed at the beginning
of this section and therefore must correspond to a discrete structure group. Indeed, since
all the K are stabilised and from (4.5) we have

_ Crye(Gs) _ SUY6)
Cusp(6)(Gs)  USp(6)’

(4.84)

— 38 —



it is easy to identify the generalised structure as
Gg =73 C Eg() - (4.85)
The Zy acts diagonally as —1 in USp(6), leading to the global isometry group
Giso = CBgq) (Z2) = SU(2)r - SUY(6) . (4.86)
Decomposing under Gjs, we can hence write vectors in )V as
V= (1,15") 5 v, (4.87)

where v;; = v and 4,5 =1,...,6.
The singlet intrinsic torsion arranges into representations of Gis, as

Wint = (3,15) & (1,21) @ (1,105)

. o 4.88
5 (szabyTZ]akal) ) ( )

where 749, = rlidla, 7ii — 7(3) and 79k, = 75k with 79!, = 0. The map T : V — Jiso 1S

1 .. . . .
T('U)ab = §UijTZ]ab, T(U)lj = Ulelklj -+ 'Uika] s (489)

with bracket
[v, w]ij = =T () w = gletlmn] (i3] V[kl) W[mn]

kl

(4.90)
= —T m[i’wj]mvkl + T(kl)Uk[iwj}l .

As there are 15 vectors, the largest semi-simple groups we can gauge are different
real forms of SU(4) ~ Spin(6). However SU(4) and SU(2,2) ~ Spin(4,2) do not embed
in SU%(6), and we are left with SU(4) ~ Spin(5,1) and SU(3,1) ~ Spin*(6). These are
embedded as

SU*(6) D SU*(4) x SU(2) x RT, and  SU%6) D SU(3,1)/Zy ~ SO*6).  (4.91)
From the decomposition of the vectors

15 =(6,1)_o® (4%,2); & (1,1)4,

4.92
15* = 15, (4.92)

under SU*(4) x SU(2) x Rt and SO*(6) we see that only SO*(6) can be gauged.
The intrinsic torsion contains an SO*(6) singlet from the decomposition of the 21 of
SU*(6)
Wint 3 (0,767,0), (4.93)

where §% is the invariant metric of SO*(6). Then the bracket (4.90) becomes

1 .
[v,w]*; = §T(v’kwkj — v pwhj) (4.94)
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where we have raised indices using the SO*(6) metric. We easily recognise the SO*(6) Lie
algebra. Note that the vectors v;; satisfy a reality condition of the form

(v )5 =I5 %5 om (4.95)

where J i; is the complex structure of SU*(6). If we take % to have the standard form, the
individual components of v;; are not real. This is why the gauging is SO*(6) not SO(6).

For compact gaugings, the largest possible subgroups of SU¥(6) are USp(4) x SU(2)
and USp(4). However their adjoints are not contained in the 15 representation. The next
largest possible gauge group is SU(3) x U(1), which we will now investigate.

To study the SU(3) x U(1) gauge group, it is useful to consider it as a subgroup of SO*(6)
which preserves the U(3) Hermitian form. This way, we can also consider the gauge group
SU(2,1) x U(1) € SO*6) C SU*(6) by instead choosing a split-signature Hermitian form.

Thus, both SU(3) x U(1) and SU(2,1) x U(1) are embedded in SO*(6) via

. _
155 =883, 93141 ,7 ) (4.96)
vij = (V98, V08 = ea/gﬂﬂ,vo‘ﬁ = 6()&671)%@0) .
Here oo = 1,2, 3 denotes the fundamental representation of SU(3) or SU(2, 1), respectively,
and the vectors satisfy v*, = 0 as well as the reality conditions

(v9p)* =17, (Vo))" = 0%, (W0)* =", (4.97)

Thus, we can expect that the vectors (vg,1%) € 8®1 gauge SU(3) x U(1) or SU(2,1)xU(1),
respectively, and the other six are dualised into tensors.

To see whether this can arise, we investigate the intrinsic torsion (4.88). We find that
the intrinsic torsion contains singlets under SU(3) x U(1), SU(2,1) x U(1), respectively,
given by

7P, =1,%P = %15%5, % =205, and 7Y% = 5%7:0“1,. (4.98)

Thus, the map T' becomes
1
T(’U)ag = (7o — ﬁ)vag + 5(7:2 + 2711)504500 ,
T(v)* = (71 + 72)e*D5,, (4.99)
T(’U)ab — ,U07~_Oab’

with the others following from the above by complex conjugation. This leads to the Leibniz
bracket

[o,0]% = 3 (72— )W s — wpv™,) + 2 (71 + 2) (005 — w°5)
— ééo‘g(ﬁ + 7o) (v 0y — w7 vy) ,
v, w]¢ = %ﬁ(vaﬁwﬁ + w®gv7) — %?g(v“fgwﬁ — wgv) (4.100)
+ 57:2(’00200‘ — wov®) + %ﬁ(%gwa — wov®),
[v,w]° = (71 + 7) (V¥ Wa — W*Tq)

with [v, w]a = (Jv, w]*)*.
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nyT Giso Cgouge -~
D) —

5 | SU(2)r x SL(3,R) sagﬁfi%im 2
8 | SU)r x SL(3,0) | SUE) x U(L)r, SU2 1) x U(l)r | —
] SU(3,1) o

14 | SU(2)r x SU6) SU(3) x U(1)g, SU(3) x U(1) 6

Table 3. Maximal reductive and compact gauge groups in the special cases of purely vector/tensor
multiplet truncations. The first column gives the total number of vectors and tensor multiplets,
the second the global isometry group, the third the allowed gaugings and the last one the number
of vectors that are dualised to tensors in each case.

The Leibniz condition now reduces to

7:1(’7'14-’7'2):0. (4.101)
The two solutions 74 = 0 and 7| = —7» lead to two different gaugings. When 7 = 0
we recover the previous case where SU(3,1) is gauged. For 71 = —7» the Leibniz bracket

becomes
[v,w]*s = T2 (v gw*, — w7 gv*,),
1
[v,w]* = —Fvgw’ — gfzvowo‘, (4.102)

[v,w] = 0.

We recognise the Lie algebra of SU(3) x U(1) and SU(2, 1) x U(1), respectively, generated
by the v*5 and vY. The v® and @, are in the image of the symmetrised Leibniz bracket and
therefore correspond to tensor multiplets which transform in the 31 @& 3_; of SU(3) x U(1)
or SU(2,1) x U(1). The U(1) generator v° can also gauge the U(1)g via 9%,

In table 3 we summarise the maximal reductive and compact gauge groups for the
special cases of purely vector /tensor multiplet truncations of this section. As in the previous
table, whenever we list a product of groups, the individual factors can also be gauged
separately even though they are not listed as such. Whenever there are abelian factors in
Ggauge, the U(1)r can also be gauged diagonally with some combination of these factors.

4.2 Truncations with only hypermultiplets

Let us now analyse which consistent truncations are possible with only hypermultiplets
and no vector multiplets.

Truncations of this kind are associated to a generalised structures Gg that is defined
by a single generalised vector K in the 27" of Eg), defining a V-structure, and a set of
adjoint tensors J4, A =1,...,dim(Gp), satisfying

Ja-K=0. (4.103)
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Since the stabiliser of the V-structure is Fy4) C Eg(5), we must have Gg C Fy(y). Finally,
by construction, the scalar manifold must be symmetric (see section 3)

Gu
SU(2)r - Cusp(s)(Gs) ’

where Gy = CE6(6>(G5) is the group generated by the singlets J4.

My = (4.104)

The above considerations already restrict the possible scalar manifolds for the hyper-
multiplets to the following list [41, 42]

_ Fy) _
Mu=goey usple)) T
800(4,]?)
MH:—7 ng=p, p<5Hh,
SO(4) x SO(p) (4105)
My = GQ(Q) ng = 2
SO(4) )
SU(2.1
My = (2.1) ng=1,

S(U(2) x U(1))’

where SOy (4, p) denotes the connected component of the SO(4, p).

However the first two manifolds do not arise from truly A/ = 2 truncations. This is
because they correspond to generalised structure groups that lead to extra singlets in the
decomposition of the 6 of USp(6). For My = %, the structure group is trivial,
Gg = 1, since it is given by the commutant in Fyy) of the isometry group. Thus this
truncation always comes from a sub-truncation of five-dimensional maximal supergravity.

Similarly, for the My = %, with p < 5, the structure group has to be

Gs = Spin(b —p), (4.106)

with Spin(0) = Spin(1l) = Z. The decomposition of the 6 of USp(6) under Gg always
contains two extra singlets, so that these cases are sub-truncations of half-maximal gauged
supergravity. Indeed, from the commutant of G's in the full Eg) and USp(8) groups,

Cig (e, (SPIn(5 — p)) = Spin(5,p) x R*,  Cygp(s)(Spin(5 — p)) = USp(4) x Spin(p),
(4.107)
one can easily check that Gg = Spin(5 — p) actually allows for a half-maximal truncation
with p vector multiplets and scalar manifold

__ Spin(5p) o
USp(4) x Spin(p)

(4.108)

This leaves only the two last manifolds in (4.105) as truly N' = 2 truncations.

o The case with ng = 2 hypermultiplets corresponds to a Gg = SO(3) that is obtained
from (Br.2). The structure group embeds as

F4(4) D SU(2) X G2(2) s

(4.109)
USp(6) O SU(2) x SU(2).
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Decomposing the 78 of Eg(g) in representations of G's = SU(2) gives 6 compact and
8 non-compact singlets. Altogether they correspond to the generators of Gy(g), while
the compact ones give its SO(4) maximal compact subgroup. Then (4.104) gives the
expected scalar manifold

_ S
- SO(4)

M = My (4.110)

It is also easy to check that there are no vector/tensor multiplets in the truncation,
since there are no singlets in the 26 of Fy(4) under the branching (4.109).

e The case with ng = 1 tensor multiplet corresponds to the generalised structure Gg =
SU(3) (Br.3). This is embedded as

Fy4) D SU(3) x SU(2, 1),

(4.111)
USp(6) > SU(3) x U(1).

In the decomposition of the 78 of SU(3) one finds 4 compact and 4 non-compact
singlets, which generate SU(2,1). The compact ones give the compact subgroup
SU(2) x U(1) so that we recover the hyperscalar manifold

SU(2,1)
S(U(2) x U(1))

M= My = (4.112)

As, again, there are no singlets in the 26 of F'4(4) under the branching to G's = SU(3),
there are no vector multiplets.

The study of the intrinsic torsions and the gauging for the truncations with only
hypermultiplets is very simple. As the only vector in the theory is the graviphoton in the
universal multiplet, only abelian gaugings are possible. Moreover, in all cases, the intrinsic
torsion only contains the adjoint representation of the isometry group

Wine = ad Gy 3 185, (4.113)
with A, B =1,...dim Gy so that the map T : V — gio is
T = o7y, A=1,...,dimGy. (4.114)
The generalised Lie derivative on the adjoint singlets is
Ly Ja =[xy, Ja] = —T(Ko) - Ja = poa®J5, (4.115)
with the component of the embedding tensor
poa® =13, (4.116)

and the graviphoton can gauge any one-dimensional subgroup of Gyj.
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4.3 Truncations with vector/tensor and hypermultiplets

The last class of truncations that can arise consists of truncations with both vector/tensor
and hypermultiplets. One way to study this class is to start from the truncations with only
hypermultiplets discussed in the previous section and look for a subgroup of the structure
group (Gg that allows for extra singlet vectors but no extra singlets in the branching of the
6 under USp(6) D Gg. This last condition is necessary to have a truly A/ = 2 truncation
and leaves only two possible cases: ng = 2 with Gg = SU(2) (Br.2) or ny = 1 and
Ggs = SU(3) (Br.3).
The case with ny = 2 hypermultiplets and hyperscalar manifold

_ G

My = SO(4)’

(4.117)

is immediately ruled out since any further reduction of the Gg = SU(2) structure group
necessarily gives rise to a singlet in the 6 of USp(6). This can be easily see from (4.11) by
breaking the second SU(2) factor. Therefore consistent truncations with hypermultiplets
forming the scalar manifold (4.117) and vector/tensor multiplets necessarily arise from
subtruncations of N' > 2 gauged supergravity.

We are left with the case with nyy = 1 hypermultiplet and hyperscalar manifold

SU(2,1)

Mit = 5w@) < U

(4.118)

The structure group is SU(3) and we can consider two non-trivial subgroups Gg = SU(2) x
U(1) (Br.4) and Gg = U(1) (Br.5). As we will discuss below, they allow for nyr = 1 and
nyt = 4 vector multiplets, respectively. Cases with nyr = 2,3 can only be obtained as
sub-truncations of the nyt = 4 case and therefore we will not discuss them here.

Recall that the scalar manifold of the vector/tensor multiplets in the truncation can
now be computed from the commutant of Gg within the stabiliser groups G;; and Hy,
in Eg) and USp(8)/Z; respectively, of the space U of Ja that define the hypermultiplet
moduli. One finds

Gy =SL(3,C) C E6(6) ) (4.119)

with compact subgroup
Hy = SU(B) C USp(8)/ZQ . (4.120)

The scalar manifold of the vector/tensor multiplets is then

_ Ceyu(Gs) _ Csio)(Gs)
Cuy(Gs)  Csu)(Gs)

We thus find the two following possible truncations.

Myt (4.121)

nyt = 1,ng = 1. Consider first the structure group Gg = SU(2) x U(1).
The 27" of Eg(g) contains two G'g singlets so that V is two-dimensional and nyt = 1.
Thus, the scalar manifold is

Myt =R", My = S(US(;J)(Z 3(1)) : (4.122)
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The decomposition of the adjoint of Eg) gives four compact and five non-compact Gg
singlets that are the generators of the isometry group

Giso = RT x SU(2,1). (4.123)
Under this group the vectors decompose as
V=181 (% v"). (4.124)

where the subscripts denote the RT charges.
To determine the possible gaugings we find that the intrinsic torsion has components

Wing =82 @81 @11 3 (14,715, 71)., (4.125)
which give the adjoint action

T(v)AB = vOTOAB + vlelB , (4.126)

and T'(v)g) = v'11 = 0 by the Leibniz condition. Furthermore (3.52) implies 78y and iy

commute. Thus, the two vectors can gauge a one- or two-dimensional abelian subgroup of
SU(2,1), while the RT symmetry cannot be gauged.

nyt = 4,ng = 1. Keeping only Gg = U(1) C SU(2) x U(1) as structure group the 27*
contains five Gg singlets so that V is five-dimensional and nyt = 4. The commutators of
Ggs = U(1) in SL(3,C) and SU(3)

Csr3,0)(U(1)) = SL(2,C) x U(1) x RT,

(4.127)
Csu(s)(U(1)) =SU2) x U(1).
and hence, from (4.121), the scalar manifold is
SO(3,1) SU(2,1)
= = X RT = : 4.128
Mvr =55y <K Mu = S0@) x U() (4.128)

The adjoint of Eg(g) contains seven compact and seven non-compact Gg singlet elements
corresponding to the isometry group

Giso = SO(3,1) x RT x SU(2,1). (4.129)

The intrinsic torsion components arrange themselves in representations of the isometry

group Giso
Wint = (4,8)_1 ®(1,8)2® (6,1) o ®2-(4,1); > (TfB,Tg‘B,ng,n,TW]) , (4.130)

where A, B =1,2,3 and i = 1,...,4 are SU(2,1) and SO(3,1) indices and the subscript

denotes the R™ charges. The T map is defined as:
T(w)'p = v'"15's +'7{p

A 0 i v (4.131)

T(v)'; =v15; +v"1';,

where again 7; = 0 because of the Leibniz condition (4.37).
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nyrt | nH Giso Ggauge nr
1 | 1 ]8SU(2,1)xS0(1,1)xR* U(l)g xR™ —
SO(2,1) xRt xU(1)g, SO(3)xR*xU(1)pg,

ISO(2) x RT xU(1)gr, SU(2)gxR*
SO(2)xU(1)gxRT, SO(1,1)x U(1)g xRT | 2
SO(1,1) 4

4 | 1 |SU(2,1)xSO(3,1) x R™

Table 4. Summary of the gauge groups in the mixed cases. The first column gives the total number
of vectors and tensor multiplets, the second the global isometry group, the third the allowed gaugings
and the last one the number of vectors that are dualised to tensors in each case.

The analysis of the gauging of the vector/tensor multiplet isometries is the same as for
the nyT = 4 generic case without hypermultiplets, so that the possible gauge groups are
SO(2,1), SO(3), ISO(2), when there are no tensor multiplets, and SO(2) or SO(1,1) with
tensor multiplets.

The gauging of SU(2)r or U(1)g subgroups of SU(2, 1) global symmetry group of My
are also given by the analysis of the case with only nyr = 4 vector multiplets.

To see whether other subgroups of the SU(2,1) are possible one has to analyse condi-
tion (3.52), which now implies

A A _B A __B A __C A __C k_A
T0i7 5 =0, Ty BT ¢ — T BTo.c =0, T CT BT, cT, B="Tij Ti 5. (4.132)

We again consider two cases, to solve the constraints (4.37):

e Tijr, = 0 and 70/ # 0. In this case we only have abelian gaugings and the rank of
7o) determines the number of tensor multiplets. If it has rank 4, then 745 =0
and the only possibility is that v gauges a one-dimensional subgroup of SU(2, 1) via
7'64 B. If 707 has rank 0 or 2, any two linearly independent combinations of v° and
v’ can gauge a 1- or 2-dimensional abelian subgroup of SU(2,1), with the embedding
determined by 7¢'p and 7/15.

e Tk 70, T0 #/ = 0. In this case the first equation of (4.132) is trivially verified. The
gauge groups are the same as for the generic case. Indeed in the generic case the
gauge groups are given by how the tensor 7;;, decomposes. Here this tensor gives
in the third equation of (4.132) directly the structure constant of the gauging inside
SU(2,1). So we obtain the same possible gaugings as for the generic case but with
two different embedding. We could either gauge a subgroup of SO(3,1) or a diagonal
subgroup of SO(3,1) subgroup and SU(2, 1) subgroup.

In table 4 we give the list of possible gauging for truncations with vector/tensor and
hypermultiplets. For simplicity we give a list of product groups, but the individual factors
can also be gauged separately. Geyt, the U(1)r can also be gauged diagonally with some
combination of these factors.
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5 Conclusions

In this paper, we used exceptional generalised geometry to classify which five-dimensional
N = 2 gauged supergravities can arise as consistent truncations of 10-/11-dimensional
supergravity. From the higher-dimensional point of view any truncation is associated to
a generalised Gs C Egg) structure on the compactification manifold M, with constant
intrinsic torsion. The field content of the truncated theory is determined by the nowhere
vanishing generalised tensors on M that define the Gg structure, while the embedding
tensor is given by the constant singlet intrinsic torsion.

Requiring that the Gg structure has constant, singlet intrinsic torsion imposes differ-
ential conditions on the structure on M that we do not analyse in this paper. Instead we
assume that such conditions are satisfied, and we show that already the algebraic analysis
of the allowed Gg structures and possible singlet intrinsic torsion severely restricts which
five-dimensional A/ = 2 gauged supergravities can be obtained by a consistent truncation.

In particular, we find that the scalar manifolds must necessarily be symmetric spaces
and that there is a very limited number of possible truncations. If there are just vec-
tor/tensor multiplets, we can only have

SO(HVT - 1, 1)

=R* <6
My S0y = 1) nyt <6,
SL(3,R
MVTzi( ), nyt =5,
SO(3) (5.1)
Myt = 7811(37 ) nyt = 8 '
SU*(6)
= =14
Myt USp(6) nyT )
while if there are just hypermultiplets, the only possibilities are
Ga)
= = 2
SU(2,1 ’
My = (2,1) ng=1.

S(U(2) x U(1))

Finally, for vector/tensor and hypermultiplets, the only theories with higher-dimensional
origin are of the form

B SU(2,1) B
M= SUE) < Uy =t
SO(nVT —1 1) (53)
_ ot ;
Myt =R x SO(yr —1) nyt <4,

Any other five-dimensional N = 2 gauged supergravity cannot be uplifted via a consistent
truncation to 10-/11-dimensional supergravity.2!

21The theories with hyperscalar manifolds My = %, or My = %, as well as with
Ga(2)

S6(1) and some vector multiplets are necessarily subtruncations of A/ > 2

hyperscalar manifolds My =

supergravities.
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For each of the above cases, we give the corresponding Gg structure and study what
gaugings can arise. Algebraically, these are encoded in the singlets of the intrinsic torsion
subject to the Leibniz condition. The results are summarised in tables 2, 3 and 4. For
gauged supergravities with only vector/tensor multiplets, we recover many of the results
of [33], where the allowed gaugings are discussed from a purely five-dimensional point of

view. However, we can also exclude certain of the five-dimensional gaugings that appear
SO(TLVTfl,l)
SO(nyT—1)
tensors are charged under a vector transforming non-trivially under SO (nyr —1,1) cannot

in [33]. For example in the case of Myt = Rt x , we find that gaugings where the
arise from consistent truncations. For truncations with only hypermultiplets the gaugings
are trivial since they reduce to gauging the U(1)r symmetry. What is probably more
surprising is the very limited number of truncations with both vector- and hypermultiplets.

Our findings are particularly important for the study of gauged supergravities con-
taining AdS vacua. Since no AdS vacuum is believed to admit scale separation [2], those
gauged supergravities that cannot be uplifted by a consistent truncation cannot have a
higher-dimensional string theory origin. Therefore, they should belong to the swampland
of lower-dimensional theories.

An important issue that we do not address here is whether we can actually solve the
differential conditions imposed by the intrinsic torsion, that are required for the consistent
truncation to exist. This would involve constructing explicit examples of background that
admit the Gg structure listed in this paper and checking that the intrinsic torsion has
only singlet constant components. We leave this analysis for future work. It would also
be interesting to see whether the approach of [22-24] can be extended to non-maximally
supersymmetric truncations and to use the five-dimensional embedding tensor to determine
what the uplifted geometry should be. In any case, we expect that imposing the differential
conditions from the intrinsic torsion will further restrict which consistent truncations exist.

It is also worth stressing that we scanned all possible generalised structures where Gg
is a Lie group. It is possible that looking at discrete structure groups might increase the
number of possible truncations. We leave this as a problem for the future.

Another direction of future research is to extend our analysis to other dimensions
and amounts of supersymmetry. For example, it would be interesting to classify which
four-dimensional N/ = 2 gauged supergravities can be uplifted by consistent truncations
to 10-/11-dimensional supergravity. More ambitious would be to extend our method to
three dimensions, where N' = 1 and N' = 2 gauged supergravities admit deformations
corresponding to real/holomorphic superpotentials that are not induced by gaugings [55].
It would be interesting to explore which of these can arise from consistent truncations.
The appropriate framework would be Egg) Exceptional Field Theory [56], where the gen-
eralised Lie derivative does not close without the addition of shift symmetries, leading to
technical challenges. Similar questions can be asked in two dimensions, where subgroups
of affine global symmetry groups, such as Eg(g) for maximal supersymmetry, can be gauged
and scalar and vector fields transform in infinite-dimensional representations of the affine
symmetry. This question can in principle be addressed with Egg) Exceptional Field The-
ory [57-59], which however requires infinitely-large generalised tangent bundles.
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A FEg6) generalised geometry for M-theory

This section is a brief recall of the main features of the generalised geometry of M-theory
compactifications on a six-dimensional manifold M. For a more detailed discussion we refer
to [60] and [50, appendix EJ.

For M-theory on a six-dimensional manifold we use Eg) x RT generalised geometry.

The generalised tangent bundle £ and the dual bundle E* are
E ~ TM & AN*T*M & N°T*M , (A1)
E* ~ T*M & A*TM & A°TM , '

where we decompose the various bundles in representations of GL 6, the geometric subgroup
of Eg). The sections of £ and E*, the generalised vectors and its dual, transform in the
27* and the 27 of Eg) and can be written as

V=v+w+o,

(A.2)
Z=0+&+6,

22

where v is an ordinary vector field, w is a two-form, o is a five-form,** ¢ is one-form, @ is

22The generalised tangent bundle E has a non-trivial structure that takes into account the non-trivial
gauge potentials of M-theory. To be more precise the sections of F are defined as

Vo=t (A.3)

where A+ A is an element of the adjoint bundle, V = v+w+o, with v € I'(T'M) are vectors, w € T'(A2T* M)
and ¢ € T(A’T*M), and - defines the adjoint action defined in (A.22). The patching condition on the
overlaps U, NUpg is

Viay = e*entdhan .y (A.4)
where A5y and f\(a[;) are a two- and five-form, respectively. This corresponds to the gauge-transformation
of the three- and six-form potentials in (A.3) as

A = A +dA@p)

Ay = Ay + dA(ap) — %dA(aﬂ) AN Agg) - (A.5)
The respective gauge-invariant field-strengths reproduce the supergravity ones:
F = dA,
F=di-JANF. (A.6)
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a two-vector and G is a five-vector. Generalised vectors and dual generalised vectors have
a natural pairing given by

1 1
(Z,V) = 0m0™ + 5 0™ wonn + 57 8™ Oy - (A7)

We will also need the bundle N ~ detT*M ® E*. In terms of GL6 tensors, IV
decomposes as
N ~T*M @ AT*M @ (T*M @ A°T*M) , (A.8)

and correspondingly its sections Z, decompose as
Zy=A+p+T. (A.9)

The bundle N is obtained from the symmetric product of two generalised vectors via the
map Qn : F® E — N with

A =viw +v w,
p=va0 +v 0—wAw, (A.10)
T =jwAo +ju No.

Wedges and contractions among tensors on M are defined with the following conventions:

Al
(1) A u)a’l“‘ap+p/ _ M v[al,..apuap+1-~-ap+pl]7
plp'!
(g+4d)
A Paragry = g NaaPons oyl

1 .
(U—‘ >‘)a1...aq_p = avblmbp)‘h...bpal...aq,p ) if p<gq,

1
(U_l )\)al...ap,q — 7va1...ap,qb1..,bq)\blmbq . if p>q,

q!
o 1
(_]U J])\)ab — (p - 1)!Uacl...cp71 )‘bcl-ucp—w
‘ d!
AN Pa,ay.ag = (g—Dl(d+1—q)! Aafar...aq-1Paq...aa) - (A.11)
The Eg(g) cubic invariant is defined on E and E*as?
c(V,V,V)=—-6L,who—wAwAw,

cNZ2,2,2) = —6L;0NF—OANOND. (A.12)

The adjoint bundle is defined as
adF ~ R@® (TM @ T*M) & A3T*M & AST*M & A3TM & ASTM , (A.13)

with sections

R=Il+r+a+a+a+a, (A.14)

Z3This is 6 times the cubic invariant given in [50]. Because of this, we introduced a compensating factor
of 6 in the formulae (3.11) and (3.13).
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where locally | € R, r € End(TM), a € A3T*M, etc. In order to obtain the eq(q) sub-
algebra we need to fix the factor [ in terms of the trace of r as [ = %trr. This choice fixes
the weight of the generalised tensors under the RT factor. In particular it implies that a
scalar of weight k is a section of (det T*M)*/3: 1;, € T'((det T*M)¥/3).

It is also useful to introduce the weighted adjoint bundle

(detT*M)®adF > R®AT*M & (TM @ ASTM), (A.15)
whose sections are locally given by the sum
R=¢+¢+7, (A.16)

where ¢, ¢ and v are obtained from the adjoint elements r € TM @ T*M, a € APTM,
a € A3TM as
é=awvolg  p=awvolg Y =r-volg, (A.17)

where volg is a reference volume form. We denote by - the gl(6) action on tensors: given
a frame {é,} for TM and a co-frame {e,} for T*M, a = 1,...,6, the action, for instance,
on a vector and a two-form is

b

(r-v)*=r%v (r-w)ap = —rawep — rpWac - (A.18)

The action of an adjoint element R on another adjoint element R’ is given by the
commutator, R” = [R, R']. In components, R" reads

1
" = g(am’—a’Ja)+§(a’Ja—dJa’),

1 1

/ . Y -/ . / /
rt=[rr]+jasjd - ja Jja—g(cua—oz Ja)l,

SR e 2.,

+jd sja—jasja — (& sa—asa)l,
3 (A.19)

" / / !~ ~/
a =r-a —r-a+o 1a—oaa .,
a P4 ~ /
i'=r-a -1 -a—and,
" / ! ~/ ~ /
o =r-o —r-ao+oija—aia,
a"'=r-a—r-a-and,

where - denotes the gl(6) action defined in (A.18).
The ¢g6) Killing form on two elements of the adjoint bundle is given by

1
tr(R,R') = (3 tr(r)tr(r’) + tr(rr’) + aud + o sa—asd —a Ez) . (A.20)

N |

An element R of the adjoint bundle can act on a generalised vector V € I'(E) and on
a dual generalised vector Z as

VI=R-V, Z'=R-Z, (A.21)
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where the components of V' are
V=Ww+r-v+taiw—alo,
W=lw+r-wt+viatalo, (A.22)
o' =lo+r-c+viatalw,

and those of Z' are

N A A A A ~

v ==l0+r-v—wia+daa,

O =-lo+r-&—aid—61a, (A.23)
Al A A ~ A~ A

6 =—lo+r-6—aiv0—aNhw.

In this formalism, diffeomorphisms and gauge transformations by the three-form and
six-form potentials combines to define the generalised diffeomorphisms. The action of an
infinitesimal generalised diffeomorphism is generated by the generalised Lie (or Dorfman)
derivative along a generalised vector. The generalised Lie derivative is defined in an anal-
ogous way as the Lie derivative between two ordinary vectors v and v’ on T'M, written in
components as a gl(6) action

(L,0")™ = 0" O™ — (9 x v)"p V'™, (A.24)

the symbol x is the projection onto the adjoint bundle of the product of the fundamental
and dual representation of GL6 . We introduce the operators 0y; = 9y, as sections of the
dual tangent bundle and we define the generalised Lie derivative as

(Ly VM = VNN V™M — (9 x0q V)M NVY (A.25)

where VM M = 1,...,27, are the components of V in a standard coordinate basis, and
Xad is the projection onto the adjoint bundle,

Xad : B*®@ E — adF (A.26)

whose explicit expression can be found in [60, eq. (C.13)]. In terms of
G L6 tensors, (A.25) becomes

LyV' =L + (Lo’ — tydw) + (Lyo’ — tydo —w' A dw) . (A.27)
The action of the generalised Lie derivative on a section of the adjoint bundle (A.14) is
LyR = (Evr+ja_|jdw — éllade —jasjdo + ;]ld_nda> + (Lya+7-dw—aido)
+ (Lya+7-do+dwAa)+ (Lya—asdw) + L. (A.28)
Given a section Z, = A+ p + 7 of IV, its Lie derivative along the generalised vector V is
LyvZ, = LA+ (Lop — ANdw) + (Lom — jp Adw + jAAdO) . (A.29)
Since Z, = V' @y V", this is obtained by applying the Leibniz rule for Ly .
Ly(Z,) =LyV' @y V" + V' @n Ly V". (A.30)
It is also straightforward to verify that
dZ, = LyV' + Ly/V , (A.31)
for any element Z, =V @y V' € N.
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B Intrinsic torsion for Gg = SU(2) X Spin(6 — nyt) structures

The intrinsic torsion of a given Gg structure plays an important role in the derivation of
the truncated theory as it determines the embedding tensors and the possible gaugings.
As discussed in section 3.3, the generalised intrinsic torsion of a Gg structure is given

by quotient

VVgtS = W/WGS > (B.l)
where W is the bundle of the generalised torsion, which in our case is in the 351 of Egg),
and Wg, is the image of the map 7 : Kg, — W from the space Kg, = E* ® adGg of Gg
compatible connections to W. Moreover, since in all our cases the Gg C USp(8), one can
define a generalised metric G and use the norm defined by G to decompose the bundles W
and Kqg as [15]

W = WGS @ Wint )

(B.2)
KGS = WGS D UG’S .

In this appendix we show how to compute Wi, for two of the examples discussed in
section 4.1.1. These two cases allow to illustrate all the subtleties one might encounter in
this kind of computation.

We consider first the truncation to nyt = 6 vector multiplets. The structure group is
Gg = SU(2) x Z5 and the isometry group is Giso = SU(2) g x SO(5,1) x RT. We use (B.2)
to compute the intrinsic torsion Wiy of the Gg structure.

We first decompose the generalised torsion under Gg x Gis, and keep only the Gg
singlets

Wi, =(3,1)2®(3,6)1 & (1,n); & (1,15)_» & (1,10); & (1,10); , (B.3)

where the first entries are SU(2)r representations and the second ones SO(5,1) represen-
tations and the subscripts are the R™ charges.

Then we look for the Gs singlets in the space of Gg connections, K. The intrinsic
torsion will be given by the terms in (B.3) that are not contained in Kq. Since the 27 does
not contain terms in the adjoint of Gg, the product?*

KGS = [(1? 17 1)*2 S3) (17 67 1)1 S (174a 2)—1/2 S (27 21’7 1)—1/2 @ (2, 1> 2)—1/2] & [(17 1a 3)0]

can never contain Gg singlets. This means that the intrinsic torsion of the Gg structure is
entirely given by W/,

Wing = (37 1)—2 D (37 6)1 D (17 n)l D (17 15)—2 D (17 10)1 D (1vﬁ)1 ) (B'4)

and we do not have to bother about possible kernels of the map 7: Kg, — W.

Consider now the case with nyt = 4 vector multiplets, which has structure group
Gs = SU(2) x U(1) and isometry group is Giso = SU(2)g x SO(3,1) x RT. The Gg singlets
in the generalised torsion are

W|s = (3, 1)_2 D (3,4)1 e2- (1, 4)1 D (1, 6)_2 D (1,4)_1 D (1, 1)_2, (B.5)

24In this expression the last entries denote the representations of the structure group.
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where again the first entries are SU(2)g representations and the second ones SO(3,1)
representations, while the subscripts are the R™ charges. The Gg singlets in the generalised
connection are

Kag = [(1,2,2) 101 ®(1,2,2) 151 ®(1,4,1)19
@(1, 1, 1)172 D (1, 1, 1)17_2 D (1, 1, 1)_270
@(27 2> 1)—1/2,1 ) (27 ia 1)—1/27—1 ) (27 17 2)1,0] & [(17 17 3)0,0 @ (1a 17 1)0,0]
= [(1,4,1)10® (1,1,1) o] . (B.6)
Again from (B.2) the intrinsic torsion is given by the elements of W|, that are not contained

in (B.6)
Wint 2 (3,1)_2®(3,4)1 @ (1,4)1 © (1,6)_2 ® (1,4)_; . (B.7)

In this case, one should make sure that the map 7 has no kernel so that the relation above
is an equality. The explicit definition of the map 7 : Ko — W is via the generalised Lie
derivative. Given a Gg compatible connection

DMWN = 8MWN + QMNPWP , (B.8)
the intrinsic torsion can be defined as
TVYMywN = 2w — Ly w)M (B.9)
== VP (QPMN - QNMP + « CMSQCRNQ QSRP)WN = VPTPMNWN N

where V' and W are generalised vectors and, in the second line, we plugged (B.8) and
we used the explicit expression for the Eg(g) adjoint action in the generalised Lie deriva-
tive (A.25)

(Ly W)™ = VNoNWM — WNoNVM + o MPRepnqopV EWN (B.10)

The second line in (B.9) defines the map 7 as
7(Q)pM N =Tp" x . (B.11)

By computing (B.11) one can check the that there is indeed no kernel, as can also be
seen in terms of representations

T°)%  +— (3,1)€1,®(3,1) 2,

T(v%); «— (Lad)o € 12®(3,1)1,

T(w)"  +— (3, 1)oen1®(3,1), (B.12)
T(vi)(o) +—— (l,ad)pen_;1®(1,n),

T(vi)jk +—— (l,ad)p €n_1®(1,X);.

We have not directly checked that there are no singlet intrinsic torsion kernels for the
other G¢ structures that appear in paper, although our expectation is that there are not.
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C The truncation ansatz

In this section we discuss the truncation ansatz for ruductions of eleven-dimensional su-
pergravity to five dimensions. The ansatz gives the explicit relation between the eleven-
dimensional fields and those of the reduced theory. The discussion for type IIB reduction
follows the same lines.

We consider eleven-dimensional supergravity on a background X x M, where X is a
non-compact five-dimensional space-time and M is a six-dimensional compact space. We
focus on the bosonic sector of eleven-dimensional supergravity, which consists of the metric
g, a three-form potentia A and a six-form potential A. We use the conventions of [60].

The first step of the truncation consists in decomposing the eleven-dimensional fields
according to GL(6,R) x Eg), where GL(6,R), the structure group of X, determines the
tensorial structure of the fields in the five-dimensional theory

§ = e G dzt'dx” + gmpD2"D2"
A= %AmnpDzm”p + %Aumndm“ A Dz 4 %/_meda}“l’ ADZ™ + %flw,p dzHv?,
/21 = éflmlmmstzml“'mG + éﬁﬂmlmmsdx“/\Dzml'“m5
+ ﬁjuml_,_mdeADzmlwm to, (C.1)

with #, 4 =0,...,4,and y™, m =1, ...,6, the coordinates on X and M, respectively, and
Dy™ = dy™ — h,dz*. All the components in (C.1) may depend both on z# and y™, the
only exception being the external metric, which only depends on the external coordinates

only, Guv = g/u/(SU)'

Then we arrange the fields in (C.1) according to Eg ) representations.?’

The field with all components on the internal manifold M arrange into the inverse
generalised metric
GMN {A7 9mn, Amnp, Aml...mg} . (C2>

The explicit embedding is given by

(G = g,
(G_l)mmnz = ezAgmpApnmg )
(G_l)mnl...ns = QQAQmP(Ap[nmzAngmm] + Apm.--ns) )
(Gil)m1m2 ning — 22 (gmima,nins + gqupmlmqunlng]) )
(G mams ny.ms = 2 [Gmima,nine Angnans) T 97 (Apmyms (Agining Angnans) + Aqm.--ns)] )
(G msms nens = 29PN (Apfmymy Amamams) + Apmi...ms ) (Agining Angnans] + Agny..ns)

+62AgWL1...Tn5,n1...TL5 9 (Cg)

where gmimo, nins = 9mi [n1 Jjma|na)» and similarly for g, .ms,n;..n5-

Z5Note that, in order to reproduce the gauge transformation of the reduced theory, the barred components
of three- and six-form potentials must be redefined, appendix C of [27]. The expressions for the redefined
fields, which we denote by unbarred A and A are not relevant for this work.
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The tensors with one external leg arrange into a generalised vector A, on M, with
components
AM (2, y) = {0, Apmny Aymi.ms } € D(T*M @ E), (C.4)

while those with two external anti-symmetric indices define a weighted dual vector in the
bundle N
B;wM = {A,Lu/mv A,ul/ml...m4> g;wml...mﬁ,n} S F(AQT*M & N)v (05)

The last term in (C.5) is related to the dual graviton and is not necessary in the truncation.
Finally, the tensors with three antisymmetrised external indices arrange into the generalised
tensor

C,uupd = {A,uupa Auupmlmgmg, guupml...mg,,n} € F(C/) ) (06)

where C’ is a sub-bundle of the weighted adjoint bundle det T* M ®ad F', whose components
are labeled by & = 1,...,78. See e.g. [61, 62] for more details on this tensor hierarchy.
The truncation ansatz for the bosonic sector of eleven-dimensional supergravity is
obtained by expanding the generalised tensors define above into singlets of the G g structure.
The scalars of the truncated theory are determined by the generalised metric. To
obtain the ansatz for the scalars one first needs to construct a family of HV structures in
terms of the Gg singlets as described in section 3.2

K(z,y) = (2)K;(y),
Ja(z,y) = L(@)jaly) L(z) ",

where L is the representative of the coset My and h parameterise My . Then plugging

(C.7)

K and J, in the expression (3.15) gives the generalised metric, which now depends on the
H and V structure moduli. These are identified with the hyperscalar and vector multiplet
scalar fields of the truncated theory. Comparing the generalised metric obtained this way
with its general form (C.3), we obtain the truncation ansatz for A, gmn, Amnp, Aml...mg (if
needed).

The gauge potential of the five-dimensional theory are given by expanding the gener-
alised vector (C.4) on the Gg invariant vectors Kj

Au(z,y) = A (2) Kz(y). (C.8)

As for the metric, identifying the components on the two sides of the equation above
gives the truncation ansatz for hZ"”, Amn and Aum1...m5-

Similarly the two-form fields and the ansatz for the field with two antisymmetrised
external indices are obtained from

Bu(2,9) = B, 1(2) Kl (y), (C.9)

where ij are the Gg singlet weighted dual basis vectors, which are defined by ij (Kj) =
3k2 6! j-We can also give the ansatx for the three-forms of the reduced theory

Cuup == C,ul/pA(a:) J,b47 (ClO)

where Jﬁ‘ = k2J4 are the Gg singlets in the weighted adjoint bundle.
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