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lower-dimensional gauged supergravity parametrized by an embedding tensor. We explic-
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beyond homogeneous spaces. Together with the dictionary that relates exceptional field
theory to D = 11 and IIB supergravity, respectively, the construction defines an entire
new family of consistent truncations of the original theories. These include not only com-
pactifications on spheres of different dimensions (such as AdSs x S°), but also various
hyperboloid compactifications giving rise to a higher-dimensional embedding of supergrav-
ities with non-compact and non-semisimple gauge groups.
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1 Introduction

The consistent Kaluza-Klein truncation of higher-dimensional supergravity to lower-
dimensional theories is an important and in general surprisingly difficult problem. Here
consistent truncation means that any solution of the lower-dimensional theory can be em-
bedded into a solution of the original, higher-dimensional theory.  This requires that
all coordinate dependence of the internal space is consistently factored out. Due to the
non-linearity of the supergravity equations of motion this is a highly non-trivial and often
impossible challenge for compactifications on curved backgrounds. Only very few exam-
ples are known in which such consistency cannot be attributed to an underlying symmetry
argument. The simplest class of consistent truncations are the T™ toroidal compactifica-
tions in which the internal coordinate dependence is completely dropped, extrapolating the
original ideas of Kaluza and Klein [1, 2] to higher dimensions. Consistency simply follows



from the fact that all retained massless fields are singlets under the resulting U(1)" gauge
group. In the context of eleven-dimensional supergravity [3] such reductions give rise to
the maximal ungauged (thus abelian) supergravities in lower dimensions [4].

More involved examples are sphere compactifications, the prime example being the
compactification of eleven-dimensional supergravity on AdS; x S7, leading to maximal
SO(8) gauged supergravity in four dimensions [5]. The required consistency conditions are
so non-trivial that in the early days of Kaluza-Klein supergravity this shed serious doubt
on the possible consistency of sphere compactifications. For AdS, x S” this consistency was,
however, established in [6], with recent improvements in [7-10], employing an SU(8) invari-
ant reformulation of the original eleven-dimensional theory [11]. Other consistent sphere
reductions have been constructed in [12-14], including the compactification on AdS; x S*.

An important generalization of the usual compactification scheme was put forward by
Scherk and Schwarz [15], relating the internal dimensions to the manifold of a Lie group.
More recently, the advances in the understanding of the duality symmetries underlying
string and M-theory have nourished the idea to identify generalized geometric (and pos-
sibly non-geometric) compactifications as generalized Scherk-Schwarz reductions in some
extended geometry [16-21]. In the framework of double field theory [22-27], which makes
the O(d, d) T-duality of string theory manifest, generalized Scherk-Schwarz-type compact-
ifications of an extended spacetime have been discussed in [28-31], see also [32, 33] for
reductions to deformations of double field theory. In the M-theory case, analogous ideas
have been investigated in [34-39] in the duality covariant formulation of the internal sector
of D = 11 supergravity [40-43].

In this paper, we realize this scenario in full exceptional field theory (EFT) [44-48],
which is the manifestly U-duality covariant formulation of the untruncated ten- and eleven-
dimensional supergravities. The theory is formulated on a generalized spacetime coordina-
tized by (z#, Y M), where we refer to z# as ‘external’ spacetime coordinates, while the Y™
describe some generalized ‘internal’ space with M, N labeling the fundamental represen-
tation of the Lie groups in the exceptional series Eq(g), 2 < d < 8. The fields generically
include an external metric g,,, an internal (generalized) metric M ;n and various higher p-
forms, in particular Kaluza-Klein-like vectors .A#M in the fundamental representation and
possibly 2-forms and higher forms. With respect to the internal space, all fields are subject
to covariant section constraints on the extended derivatives dy; which imply that fields
depend only on a subset of coordinates. There are at least two inequivalent solutions to
these constraints: for one the theory is on-shell equivalent to 11-dimensional supergravity,
for the other to type IIB, in analogy to type II double field theory [49].

The recent ideas of realizing non-trivial (and possibly non-geometric) compactifications
as generalized Scherk-Schwarz compactifications are based on an ansatz for the generalized
metric of the form

Muyn(x,Y) = U5 () UNE(Y) Mg (2) (1.1)

in terms of group-valued twist matrices Uy which capture the Y-dependence of the
fields. With this ansatz, the Y-dependence in the corresponding part of the field equations



consistently factors out, provided the twist matrices satisfy a particular set of first order
differential equations which in full generality take the form

(U PN opULR ]( = pOu® (ta)N™ |

P)
ON(U N = (D =1) p  onp (U N = p(D —2) 0 - (1.2)

Here, p is a Y-dependent scale factor, D is the number of external space-time dimensions,
I and O™ are constant so-called embedding tensors that encode the gauging of super-
gravity, and []p) denotes projection onto a particular subrepresentation. With this ansatz,
the scalar action for My (z,Y") reproduces the scalar potential of gauged supergravity for
Mg 1, (x), with the twist matrix U encoding the embedding tensor © 3, which parametrizes
the lower-dimensional theory [34-36].

In this paper, we extend this scheme to the full exceptional field theory with the
following main results

(1) We extend the ansatz (1.1) to the field content of the full exceptional field theory, i.e.
to the external metric, vector and p-forms. In particular, we find that consistency
of the reduction ansatz requires a particular form of the ‘covariantly constrained’
compensating gauge fields, which are novel fields required in exceptional field the-
ory for a proper description of the degrees of freedom dual to those of the higher-
dimensional metric. E.g. in E7(7) exceptional field theory, most of the remaining fields
reduce covariantly,

guu(x7 Y) =p (Y) g,uu(m) s
AM(@,Y) = p (M AN @)U M (Y),
Bpua(x7Y) =p (Y)Uaﬁ(y) ,ul/ﬁ( ) (1'3)

with the twist matrix U in the corresponding Er(7) representation and the scale
factor p taking care of the weight under generalized diffeomorphisms. In contrast,
the constrained compensator field which in the E7(7) case corresponds to a 2-form
B, v in the fundamental representation is subject to a non-standard Scherk-Schwarz
ansatz that reads

Buwum(@Y) = —=2p2(Y) (U )s" (V) ouUp (V) (t*)R" Buvalz) . (1.4)

relating this field to the 2-forms B,, o present in gauged supergravity. The
ansatz (1.3) for A, (z,Y) encodes the embedding of all four-dimensional vector
fields and their magnetic duals. As such, it includes the recent results of [10] for
the SO(8) sphere compactification, but remains valid for a much larger class of com-
pactifications, in particular, for the hyperboloids which we explicitly construct in
this paper. The reduction ansatz for the fermionic fields in the formulation of [48]
is remarkably simple, their Y-dependence is entirely captured by a suitable power of
the scale factor p.



We show that with the ansatz (1.1)—(1.4), the field equations of exceptional field
theory precisely reduce to the field equations of the lower-dimensional gauged su-
pergravity. Via (1.2), the twist matrix U encodes the embedding tensor ©5/%, ¥as
which specifies the field equations of the lower-dimensional gauged supergravity [50—
52]. In case ¥y # 0, the lower-dimensional field equations include a gauging of the
trombone scaling symmetry which in particular acts as a conformal rescaling on the
metric [52]. These equations do not admit a lower-dimensional action. Yet, also in
this case the generalized Scherk-Schwarz ansatz defines a consistent truncation and
we reproduce in particular the exact scalar contributions to the lower-dimensional
field equations. For ¥, = 0, the reduction is also consistent on the level of the action
and we reproduce the full action of gauged supergravity defined by an embedding
tensor O,/ .

The consistency of the generalized Scherk-Schwarz ansatz being guaranteed by the
differential equations (1.2), it remains an equally important task to actually solve
these equations. For conventional Scherk-Schwarz compactifications the existence
of proper twist matrices is guaranteed by Lie’s second theorem, but to our knowl-
edge there is no corresponding theorem in this generalized context. In certain cases,
the existence of solutions can be inferred from additional structures on the internal
manifold, such as the Killing spinors underlying the original construction of [6] and
then [9], or the generalized parallelizability underlying certain coset spaces, such as
the round spheres [38]. In this paper, we explicitly construct a family of twist matri-
ces as solutions of (1.2), that via the generalized Scherk-Schwarz ansatz give rise to
gauged supergravities with gauge groups SO(p,q) and CSO(p, q,r). Geometrically,
they describe compactifications on internal spaces given by (warped) hyperboloides
HPY (as first conjectured in [53]), thus extending the applicability of generalized
Scherk-Schwarz reductions beyond homogeneous spaces. Our construction is based
on the embedding of the linear group SL(n) into the EFTgroup Eg(g) with the internal
coordinates Y™ decomposing according to

YM—>{Y[AB],...}, with A, B=0,....n—1, (1.5)

i.e. carrying the antisymmetric representation Y145l We then construct a family
of SL(n)-valued twist matrices, parametrized by non-negative integers (p, g, r) with
p+ q+ r = n, satisfying the SL(n) version of the consistency conditions (1.2). They
depend on a subset of n — 1 coordinates 3’, embedded into (1.5) as y* = ylod,
such that the section constraint of exceptional field theory is identically satisfied.
Upon embedding into Eg(4), these twist matrices turn out to solve the full version of
consistency conditions (1.2), provided the number of external dimensions D is related
to n as
1 n—2

§(D—1):n_4. (1.6)
With the three principal integer solutions (D, n) = (7,5), (5,6), (4,8), we thus obtain
solutions of the consistency conditions (1.2) within SL(5), Eg), and E77) EFT.




Their coordinate dependence is such that the reduction ansatz explicitly satisfies the
EFTsection constraints.

Combining these explicit solutions to the consistency equations (1.2) with the gener-
alized Scherk-Schwark ansatz (1.1)—(1.4), we thus define consistent truncations of the full
exceptional field theory to lower-dimensional supergravities with gauge groups SO(p, q)
and CSO(p,q,r). Together with the dictionary that relates exceptional field theory to
D = 11 and IIB supergravity, respectively, (which is independent of the particular choice
of the twist matrix U), the construction thus gives rise to an entire family of consistent
truncations in the original theories, including spheres of various dimensions and warped
hyperboloids.! Specifically, we compute the internal metric induced by our twist matrices
via the Scherk-Schwarz ansatz (1.1), and find

Nacbdy“y"
ds? = (1+u— U)—Q/(P+q+r—2) (dyzdyz +dy“dyb <5ab+ acl_v>> , (1.7)

with the further split of coordinates 3* = {y*,v*},a=1,...,p+q¢—1,and 2 = p+q,...,7,
and the combinations u = y%y®, v = y*nuy® . This space is conformally equivalent to the
direct product of r flat directions and the hyperboloid HP?. The three integer solutions
to (1.6) in particular capture the compactifications around the three maximally supersym-
metric solutions AdS7 x S%, AdSs xS®, AdS, xS”. We stress that in the general case however
the metric (1.7) will not be part of a solution of the higher-dimensional field equations.
This is equivalent to the fact that the lower-dimensional supergravities in general do not
have a critical point at the origin of the scalar potential, as explicitly verified in [53] for
the SO(p, 8 — p) supergravities. Nevertheless, in all cases the generalized Scherk-Schwarz
ansatz continues to describe the consistent truncation of the higher-dimensional supergrav-
ity to the field content and the dynamics of a lower-dimensional maximally supersymmetric
supergravity. The construction thus enriches the class of known consistent truncations not
only by the long-standing AdSs x S°, but also by various hyperboloid compactifications
giving rise to non-compact and non-semisimple gauge groups.

Let us stress that throughout this paper we impose the strong version of the section
constraint, which implies that locally the fields (i.e. the twist matrix U and scale factor p)
depend only on the coordinates of the usual supergravities.! This is indispensable in order
to deduce that the consistent truncations from exceptional field theory induce a consistent
truncation of the original supergravities. On the other hand, it puts additional constraints
on the solutions of (1.2), which makes the actual construction of such solutions a more
difficult task. Although naively, one might have thought that for a given embedding tensor
On® a simple exponentiation of YM©,,%t,, provides a candidate for a proper twist matrix,
the failure of Jacobi identities of the ‘structure constants’ ©,/*(ty) ~%, and the non-
trivial projection in (1.2) put a first obstacle to the naive extrapolation of the Lie algebra

Tt depends on the embedding (1.5) of SL(n), if the coordinate dependence of the twist matrix falls into
the class of eleven-dimensional (ITA) or IIB solutions of the exceptional field theory. This defines in which
higher-dimensional theory the construction gives rise to consistent truncations. Unsurprisingly, this is ITA
for D =4,7, and IIB for D =5.



structures underlying the standard Scherk-Schwarz ansatz. On top of this, an object like
YMO,,%q in general violates the section constraint, since © 7 in general will have a rank
higher than is permitted by the six/seven coordinates among the Y™ that are consistent
with the section constraint. From this point of view, the standard sphere compactifications
take a highly ‘non-geometric’ form. While we do not expect to encode in this construction
genuinely non-geometric compactifications (unless global issues of the type addressed in
double field theory in [54] become important), we expect that a proper understanding of
highly non-trivial compatifications like for spheres and hyperboloides will be a first step in
developing a proper conceptual framework for non-geometric compatifications, which so far
are out of reach. It should be evident that the advantage even of the strongly constrained
exceptional field theory formulations is a dramatic technical simplification of, for instance,
the issues related to consistency proofs, allowing to resolve old and new open questions.
In fact, with the full EFTs at hand we can potentially provide a long list of examples
of consistent truncations that were previously considered unlikely, such as hyperboloides,
warped spheres, compactifications with massive multiplets, etc. Of course, eventually one
would like to also include in a consistent framework truly non-geometric compactifications,
pointing to a possible relaxation of the strong form of the section constraint.

The rest of this paper is organized as follows. In section 2, we give a brief review of
the E77y EFT. Although in this paper most detailed technical discussions will be presented
for the E7(7) EFT the analogous constructions go through for all other EFTs. In section 3
we describe the generalized Scherk-Schwarz ansatz for the full field content of the theory.
We show that it defines a consistent truncation of the EFT which reduces to the complete
set of field equations of lower-dimensional gauged supergravity with embedding tensor
On®, Y, even in presence of a trombone gauging ¥as # 0. For ¢ = 0, the reduction
is also consistent on the level of the action. In section 4, we construct twist matrices
U as explicit solutions of the consistency conditions (1.2). We define a family of SL(n)
twist matrices and show that upon proper embedding into the exceptional groups they
solve equations (1.2). The lower-dimensional theories have gauge groups SO(p,q) and
CSO(p, q,r), respectively. The construction provides the consistent reduction ansaetze for
compactifications around spheres S"~! and (warped) hyperboloides HP¢. Discussion and
outlook are given in section 5.

2 Er(7) exceptional field theory

We start by giving a brief review of the E7(7)-covariant exceptional field theory, constructed
in refs. [44, 46, 48] (to which we refer for details). All fields in this theory depend on the
four external variables 2#, u = 0, 1,...,3, and the 56 internal variables Y™ M =1,...,56,
transforming in the fundamental representation of Er(7), however the latter dependence is
strongly restricted by the section condition [40, 42, 55]

(ta)" oy @ony =0, Q"Voy ®dy = 0, (2.1)

where the notation ® should indicate that both derivative operators may act on different
fields. Here, QMY is the symplectic invariant matrix which we use for lowering and raising



of fundamental indices according to XM = QMN X Xy = XMQpn . The tensor (ta)MN
is the representation matrix of E7(7) in the fundamental representation, a = 1,...,133.
These constraints admit (at least) two inequivalent solutions, in which the fields depend on
a subset of seven or six of the internal variables. The resulting theories are the full D = 11
supergravity and the type IIB theory, respectively.

2.1 Bosonic field equations

The bosonic field content of the Ez7y-covariant exceptional field theory is given by

{eua, Mun, -A,uMa B,uuaa B;LVM} . (22)

The field e, is the vierbein, from which the external (four-dimensional) metric is ob-
tained as g, = €,%€yq. The scalar fields are described by the symmetric matrix M,y
constructed as Myn = (VVT) MN from an E7(7) valued 56-bein, parametrizing the coset
space E7(7)/SU(8). Vectors A,M and 2-forms By, o transform in the fundamental and
adjoint representation of E;(7), respectively. The 2-forms By, y in the fundamental rep-
resentation describe a covariantly constrained tensor field, i.e. satisfy algebraic equations
analogous to (2.1)

(ta)" By @By =0, (ta)VBy®oy = 0,

2.3
OMN By, @By = 0, OMN By 2oy = 0. (2:3)

Their presence is necessary for consistency of the hierarchy of non-abelian gauge transfor-
mations and can be inferred directly from the properties of the Jacobiator of generalized
diffeomorphisms [46]. In turn, after solving the section constraint these fields ensure the
correct and duality covariant description of those degrees of freedom that are on-shell dual
to the higher-dimensional gravitational degrees of freedom.

The bosonic exceptional field theory is invariant under generalized diffeomorphisms in
the internal coordinates, acting via [42]

Ly = AR0x + 120 A" (t%) 5 to + NOpAT (2.4)

on arbitrary E;(7) tensors of weight A\. The weights of the various bosonic fields of the
theory are given by

e,ua My -AMM B,ul/a BuuM (2 5)
A 0 i 1 i
The generalized diffeomorphisms give rise to the definition of covariant derivatives
Dy =8, ~La, (2.6)

covariantizing the theory under z-dependent transformations (2.4). Their commutator
closes into the non-abelian field strengths .FWM defined by

1

Fur = 20, A M = 2 AN o A — o (24 (1) M (0% kp — QYN QL) AT O AL

1
—12(t)MN ONBuy o — 5 Q"N BN (2.7)



The two-forms By, o, By~ drop out from the commutator [D,, D,] but are required for
]_—WM to transform covariantly under generalized diffeomorphisms.

The equations of motion of the bosonic theory are most compactly described by
a Lagrangian

1 1
Lerr = e R+ @eg“VDuMMNDVMMN - geMMN}"“”M}'WN

+£top - 6V(MMNagul/) : (28)

Let us review the different terms. The modified Einstein Hilbert term carries the Ricci
scalar R obtained from contracting the modified Riemann tensor

R = Ry Plw] + FuMePoye,’ (2.9)

with the spin connection wuo‘ﬁ obtained from the covariantized vanishing torsion condi-
tion Dy,e,)* = 0. Scalar and vector kinetic terms are defined in terms of the covariant
derivatives (2.6) and field strengths (2.7). The Lagrangian (2.8) is to be understood as a
“pseudo-Lagrangian” in the sense of a democratic action [56], with the vector fields further
subject to the first order duality equations

1
Fu M = 52'@5“”,)(, QOMN My e FPOK (2.10)

to be imposed after varying the second-order Lagrangian. The topological term in (2.8) is
most compactly given as the boundary contribution of a five-dimensional bulk integral

/ d'x / dY Liop = i / & / dOY P Fu M D, Fornr . (2.10)
325 Z:5

Finally, the last term in (2.8) is given by

1 1
V(IMyN, guw) = —@MMNaMMKL ONMEKr + 5MMNaMMKLaLMNK (2.12)

1 1 _ _
— 39 laMgaNMMN—ZMMNQ YOmg g Ong

1
—ZMM N o g™ On g

in terms of the internal and external metric.

The full bosonic theory is invariant under vector and tensor gauge symmetries with
parameters AM | =, o, E, s (the latter constrained according to (2.3)), as well as under gen-
eralized diffeomorphisms in the external coordinates. Together, these symmetries uniquely
fix all field equations.

2.2 SU(8) x E(7y geometry and fermions

In this subsection we review some aspects of the SU(8) x E7(7) covariant geometry, which
will be instrumental below, and introduce the fermions of the supersymmetric theory. The
geometry, which closely follows that of double field theory [22, 27], was developed for the



fields truncated to the internal sector in [36, 42, 43, 57] and recently completed in [48] for
the full E7(7) exceptional field theory constructed in [46].

We start by introducing a frame formalism, in which the generalized metric is expressed
in terms of an E7(7) valued vielbein V,

Mun = VuVnBoap = ViV + V"V (2.13)

with flat SU(8) indices A, B,... = 1,...,56 that split according to the embedding 56 =
local SU(8) ‘tangent space’ symmetry. Consequently, one can introduce connections Qs

[ij]), 1,7 = 1,...,8. Formulated in terms of V, the theory exhibits a

for this symmetry that can be expressed as
Oual = Qui™ = QM[i[kéj]” (2.14)

in terms of SU(8) connections Qys;/ with fundamental indices. We may also introduce
a Christoffel-type connection T'j;n* and (internal) spin connections wy*? that render
derivatives covariant under generalized diffeomorphisms and local SO(1, 3) transformations,
respectively. On a generalized vector V)y; transforming in the fundamental of E7(7) and
SU(8) and as a spinor under SO(1,3) (whose spinor index we suppress) the covariant
derivative is given by

1 1
VuVni = OuVii + ZWM“B YapVivi + 5 Qo Vi

) (2.15)
—TunSVii — g)\(V)FKMKVNi ;

where A is the density weight of V. The internal SO(1, 3) spin connection is given by
wpu™® = e“[o‘ﬁMeuﬂ] . (2.16)
Sometimes it is convenient to work with the combination
~ 1
ou®? = wy®? - ZMMN]:WNe“an’B , (2.17)
which naturally enters the supersymmetry variations to be given momentarily.

Next, the remaining connections in (2.15) can be determined (in part) in terms of
the physical fields by imposing further constraints. While this does not determine all
connections uniquely, the undetermined connection components drop out of all relevant
expressions. The first constraint is the generalized torsion constraint, setting to zero a
generalized torsion tensor Ta;n’. In order to state this constraint, note that the Christoffel

connection, in its last two indices, takes values in the 133-dimensional Lie algebra of E7),
and therefore these connections live in the representation

Tun™ - 56 ® 133 = 56 © 912 @ 6480 . (2.18)
The torsion constraint simply sets the 912 sub-representation to zero,

Tun® =0 < TIyx® o1z 0, (2.19)



which may be verified to be a gauge covariant condition. Next, demanding that the covari-
ant derivative is compatible with the vierbein density e = dete,” fixes

3
Ve = 0 < FKMK = Ze_laMe, (2.20)

allowing for integration by parts with covariant derivatives. This determines the 56 part
of I It implies, for instance, that the covariant derivative of an E7(7) singlet with density
weight A in the fundamental of SU(8) can be written as

1 ‘
VauVi = e20y(e 2 Vi) + 5’V (2.21)

The final constraint is the ‘vielbein postulate’ stating that the frame field is covariantly
constant w.r.t. the combined action of the Christoffel and SU(8) connection,

VuVn2 = 0uVn? — QupVnE —Tun® Vit = 0, (2.22)
or, in terms of fundamental SU(8) indices,
VMVNU = 8MVN” + QMk[iVNﬂk — FMNKVKU =0, (2.23)

and similarly for its complex conjugate with lower indices.

Let us now give explicit expressions for the determined parts of the spin connections
that we will use below. We first note that the vielbein postulate relates the Christoffel
connection to the SU(8) connection as

Tap€ = WAV HE Tun® VS = VYV HAM VYoV — Qap© . (2.24)

where the indices on I' are ‘flattened’ by means of the frame field V. Projecting both sides
of this equation onto the 912, the generalized torsion constraint (2.19) implies that

[y I [ e Vs Pl M (2.25)

912 912

Thus, while the 912 projection of the Christoffel connection is set to zero by the torsion
constraint, the 912 projection of the SU(8) connection is precisely the part determined by
the torsion constraint. Similarly, one obtains an expression for the trace part of Q. Taking
the trace of (2.22) yields

Tun™ = UnA(— 0uVa™ + Qpa®) . (2.26)
Inserting (2.20) this implies
3
Qpal = ouVa™ + ZeflvéMaMe . (2.27)

egs. (2.25) and (2.27) give the full part of the SU(8) connection that is determined by the
above constraints.

We close the discussion of the geometry by giving a definition of the generalized
scalar curvature R that enters the potential. It can be defined through a particular com-
bination of second-order terms in covariant derivatives acting on an SO(1,3) spinor in

~10 -



the fundamental of SU(8) with density weight % (that below will be identified with the
supersymmetry parameter),

) . 1 1 ;
6Vz~kvk7€j + 2 ijvikej + VRV e = 1—6Rei - Zv“”gpgvikgup Vk]gwej ) (2.28)

Here covariant derivative with flattened index are defined as
Vi = (vhiMy,, . (2.29)

In (2.28) all undetermined connections drop out. Thus, the R defined by this equation is
a gauge scalar, which enters the potential (2.12) as

1
V = —R — Z/\/l]‘“VVMqW VNG - (2.30)

Let us finally turn to the fermions, which are scalar densities under internal gener-
alized diffeomorphisms but transform in non-trivial representations of the tangent space
symmetries SO(1,3) and SU(8). The gravitino reads t,’, and it has the same weight as
the supersymmetry parameter e:

A = Me) = 1 (2.31)
The 56 ‘spin—%’ fermions are given by x“¥, totally antisymmetric in their SU(8) indices,

with density weight

g 1

ARy = —= .
(x*") 1

The supersymmetry variations take the manifestly covariant form written in terms of the

(2.32)

above covariant derivatives
561/Jui = 2Duei 4V ('yuej) ,

) . ~p 2.33
Sex Ik = —2v/2P,IMAte — 12v/2 VI €M (2.33)

Here P, is the non-compact part of the covariantized Lie algebra valued current V_lDuV,
whose precise form is not important for our purposes in this paper (see [48] for the defi-
nition). The projections or contractions of covariant derivatives in these supersymmetry
variations are again such that the undetermined connections drop out.

2.3 Solutions of the section condition

Even though the fields of (2.8) formally depend on 4 + 56 coordinates, their dependence
on the internal coordinates is severely restricted by the section constraints (2.1). These
constraints admit (at least) two inequivalent solutions, in which the fields depend on a
subset of seven or six of the internal variables, respectively, according to the decompositions
of the fundamental representation of E(7) with respect to the maximal subgroups GL(7)
and GL(6) x SL(2), respectively

56 — [ Tia|+ 21 +211 + 7.5,
56 — (67 1)+2 + (6/7 2)+1 + (207 1)0 + (67 2)*1 + (6,7 1)*2 : (234)
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Upon imposing this restricted coordinate dependence on all fields, the Lagrangian (2.8)
(upon proper dualizations and field redefinitions) exactly reproduces the full field equations
of D = 11 supergravity and the type IIB theory, respectively.

The various fields of higher-dimensional supergravity are recovered by splitting the
fields (2.2) according to the decompositions (2.34). Their higher-dimensional origin is
then most conveniently identified via the GL(1) grading that is captured by the subscripts
in (2.34). E.g. the scalar matrix is parametrized as (2.13) in terms of the group-valued
vielbein V, parametrized in triangular gauge associated with the GL(1) grading [58] ac-
cording to

kimnpqr

VA = exp [(b t{gﬂ V7 exp [ckmn t’(“fg] exp [e Chimnpg t(+4)r} , (2.35)

VIB = exp {qb t%gﬂ Ve Va2 exp {cmnat?ﬂﬂ exp |:€klmnp‘1 Chtmn t(+2) pq] exp [Ca t‘(l+3)} ,

see [46] for details. The dictionary further requires redefinitions of all the form fields
originating from the higher-dimensional p-forms in the usual Kaluza-Klein manner, i.e.,
flattening the world indices with the elfbein and then ‘un-flattening’ with the vierbein e,?,
as well as subsequent further non-linear field redefinitions and appropriate dualization of
some field components, c.f. [45, 46].

3 Reduction ansatz

In this section we first review the generalized Scherk-Schwarz ansatz of [16, 29, 30, 32, 34,
36]. We then extend it to the full field content of the exceptional field theory (2.8) and find
in particular, that it requires a non-trivial ansatz for the constrained compensator gauge
field By, pr of (2.3). Together, this defines a consistent truncation of the field equations
derived from (2.8).

3.1 Generalized Scherk-Schwarz ansatz
The reduction ansatz for the matrix of scalar fields is given by the matrix product
Murn (2,Y) = Un™(Y) UNE(Y) Mg () , (3.1)
with an E7(7)-valued twist matrix U, ™Y satisfying the first order differential equations [36]
_ _ 1
[(U I)MP(U I)EQ aPUQK] (912) = 7 pOM (toz)ﬂK )
|

ONU NN =3p  onp (U™ = 2p0 (3:2)

with a Y-dependent factor p(Y) and constant tensors © /% and ¥y;.2 The latter can be
identified with the embedding tensor of the gauged supergravity to which the theory reduces

2With respect to the general form (1.2) of these equations we have introduced a different explicit nor-
malization factor 1/7 (which could be absorbed into ©ar*) to achieve later agreement with the D = 4
formulas. Moreover, for matching the conventions of gauged supergravity [51, 52] we are obliged to perform

a rescaling of vector and tensor gauge fields v/2 4, %032785] = Auf‘fere], B35 — _glhere] and accord-
ingly of the embedding tensor Oas 1032785 = \/i@Mﬁ“ere], 195\1/[103‘2785] = ﬂﬁg}ere]. This is most easily seen

by comparing the supersymmetry transformation rules from [51, 52] to [48].
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after the generalized Scherk-Schwarz ansatz. The notation [-](919) refers to projection onto
the irreducible 912 representation of E(7). The density factor p(Y) has no analogue in the
standard Scherk-Schwarz reduction [15] but ensures that the consistency equations (3.2)
transform covariantly under internal generalized diffeomorphisms despite the non-trivial
weight carried by the internal derivatives. As can be verified by a direct computation
analogous to that proving the covariance of the torsion constraint, the consistency equations
are covariant if Up/Y is treated as a generalized vector indicated by the index M while
the index N refers to the global (z and Y independent) E7(;) that is preserved by the
Scherk-Schwarz reduction ansatz. This is the global E;(7) that is a covariance of the
embedding tensor formulation of gauged supergravity (and that, for fixed embedding tensor
components O/ and 9y, is broken to the gauge group). In the following we will not
indicate the difference between bare and underlined E7(7y indices since the nature of indices
can always be inferred from their position in U and U™,

This Scherk-Schwarz reducution ansatz (3.1) is made such that the action of generalized
diffeomorphisms (2.4) with parameter

A (2,Y) = p7 (V) (U HpM (V) A (@) (3.3)
on (3.1) is compatible with the reduction ansatz and induces an action
SAMuyn () = 205(2) (0% + 8V (t*)17) (ta) ('’ Muyp(2) , (3.4)

on the Y-independent M s which is precisely the action of gauge transformations in D = 4
maximal supergravity with the constant embedding tensor ©,;%, ¥);. The second term
in (3.4) captures the gauging of the trombone scaling symmetry [59]. The consistency
conditions (3.2) together with the section condition (2.1) for the twist matrix imply that
On®, ¥y automatically satisfy the quadratic constraints [51, 52] that ensure closure of
the gauge algebra.

Throughout, we will impose compatibility of the reduction ansatz with the section
constraints (2.1). This translates into further conditions on the twist matrix Up/Y. In
the conclusions we comment on the possible relaxation of these constraints. In order to
describe the consistent truncation of the full exceptional field theory (2.8), the generalized
Scherk-Schwarz ansatz (3.1) has to be extended to the remaining fields of the theory which
is straightforward for the vierbein, vector and tensor fields as

e (@,Y) = p7 (V) e, (@)
AM (@ Y) = AN @)UY () p (V)
Bual@,Y) = p(V)UaP(Y) Buss(e) . (3.5)

with Ua® denoting the E7(7) twist matrix evaluated in the adjoint representation. All fields
thus transform with the twist matrix U acting on their Er(7) indices and the power of p~
corresponding to their weight A under generalized diffeomorphisms (2.4). E.g. the ansatz
for the vierbein (which transforms as a scalar of weight A = § under (2.4)) ensures that
under reduction the action of internal generalized diffeomorphisms consistently reduces to
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the action of the trombone scaling symmetry in D = 4 supergravity

onep®(2,Y) = AM(z) Om(p™") + X om (p (U H)NM)) e, (2)
= AM(@) A p7 (O (UM = (14271 7 Orp) €, ()
= AM(x) Y e, () . (3.6)

This confirms that a non-vanishing 95, induces a gauging of the rigid scale invariance
(trombone) of the supergravity equations that scales metric and matter fields with proper
weights according to (2.5) [59]. The reduction ansatz for the vector field follows (3.3) and
ensures that covariant derivatives (2.6) reduce properly:

Dﬂe’/a(xay) = pil (8u - AuNﬁN) e, (37)
DMy (@,Y) = UpPUNC (auMPQ —24L (0% + 809 (1*).7) (ta)(MPMN)P> .

On the other hand, a consistent reduction of its non-abelian field strength (2.7) requires a
non-trivial ansatz for the constrained compensator field B, »/ according to

Bumu = —2p 2(U s 0mUp (t*)r° By o (3-8)

which is manifestly compatible with the constraints (2.3) this field has to satisfy. With
this ansatz, it follows that the field strength (2.7) takes the form

fw,M(:E, Y) = p_1 (U_I)NM {28[MAV}N + O (ta)LN A[MKA,/]L
1
=5 (Y Qpp +405T) Ip A" A

+ (0N —16 (t*)"Eyg) BWa}

p UV Fu N (@) (3.9)

with the Y-independent FWN (x) precisely reproducing the field strength of general gauged
supergravity with embedding tensor ©,/* and s [51, 52] (upon the rescaling of foot-
note 2).

Let us finally note that the consistency equations (3.2) for the twist matrix U are easily
generalized to other dimensions as

(U (U )N 0pULY] ®) = pOu® (ta)n
ONU N = (D= 1) p anp (U™ = p(D —2) 0, (3.10)

up to possible normalization factors that can be absorbed into O, and ¥,;. Here, D
denotes the number of external space-time dimensions, and [-](P) denotes the projection
onto the representation of the corresponding embedding tensor in the D-dimensional gauged
supergravity, c.f. [50]. The coefficients in the second equation can be extracted from (3.6)
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taking into account that the generic weight of the vielbein is A = ﬁ. Yet another way

of presenting the consistency equations (3.10) is
(X0 e) = POMS (3.11)
Xiear™ = (1= D) p~onp (U YN +p(2 - D)oy,
with
Xun® = U Hu P (U YN opULE = Xu® (ta) NS . (3.12)

The reduction ansatz generalises accordingly: all fields whose gauge parameters trans-
form as tensors under internal generalized diffeomorphisms reduce analogous to (3.5) with
the action of the twist matrix U in the corresponding group representation and the factor

—(D-2)
p

strained compensator fields reduce with an ansatz analogous to (3.8). These fields appear

A taking care of the weight under generalized diffeomorphisms. The additional con-

among the (D — 2)-forms of the theory, i.e. among the two-forms in D = 4, Ez7) EFT,
c.f. (2.3), and among the vector fields in D = 3, Egg)y EFT. For D > 4 these fields do not
enter the Lagrangian, although they can be defined on-shell through their duality equations.

3.2 Consistent truncation, fermion shifts and scalar potential

In the previous subsection we have shown that (external) covariant derivatives and field
strengths reduce ‘covariantly’ under the generalized Scherk-Schwarz reduction, by which
we mean that all E7(7) indices are simply ‘rotated’ by the twist matrices, up to an overall
scaling by p(Y') that is determined by the density weight of the object considered. For this
to happen it was crucial to include the covariantly constrained compensator 2-form field
with its non-standard Scherk-Schwarz ansatz (3.8). From these results it follows that in
the action, equations of motion and symmetry variations all Y-dependence consistently fac-
tors out for all contributions built from external covariant derivatives D,. The remaining
equations reproduce those of D-dimensional gauged supergravity. It remains to establish
the same for contributions defined in terms of the internal covariant derivatives Vs re-
viewed in section 2.2. These include the scalar potential (2.12) and the corresponding
terms in the supersymmetry variations of the fermions (2.33). In the following we verify
that all these terms reduce ‘covariantly’ as well and show that the reduction precisely re-
produces the known scalar potential and fermion shifts in the supersymmetry variations of
gauged supergravity.

Before proceeding, let us discuss in a little more detail the consistency of the Scherk-
Schwarz reduction at the level of the action. In fact, the previous argument only shows
that the reduction is consistent at the level of the equations of motion. Consistency at the
level of the action requires in addition that the embedding tensor ¥ in (3.10) inducing
the trombone gauging vanishes. This is in precise agreement with the fact that for lower-
dimensional trombone gauged supergravity there is no action principle.

In order to illustrate this point, let us consider the covariant divergence of a generic
vector WM of weight A\ which using (2.20) takes the form

VWM = oy WM 4+ 3(1 - ZX\)e ' ope W™ . (3.13)
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Next we compute the Scherk-Schwarz reduction of this divergence. Here and in the fol-
lowing it will be convenient to use the bracket notation ( ) to indicate that an object is
subjected to the Scherk-Schwarz reduction. Recalling (e) = p~%e, we compute

<vaM> — 8M (p_2>\(U_1)NM)WN + %(1 _ %)\)P46MP_4 p_Z)\(U_l)NMWN
= p‘”[&M(U‘l)NM - 3p_18Mp (U_I)NM]WN (3.14)
_ 2p172)\ ﬁMWM ’

using (3.2) to identify the trombone embedding tensor ¥5;. On the other hand, calculating
the equations of motion from the Lagrangian requires partial integration with general
currents JM of weight —1/2

/aM(eJM) = /evMJM, (3.15)

whose boundary contribution is neglected, in obvious contradiction with (3.14) unless ¥, =
0. For non-vanishing trombone parameter 9js, the Scherk-Schwarz ansatz thus continues
to define a consistent truncation on the level of the equations of motion, however the lower-
dimensional equations of motion do not allow for an action principle due to the ambiguities
arising from (3.15). The resulting structure corresponds to the trombone gaugings of [52,
59]. This is the analogue of the unimodularity condition fy;y* = 0 to be imposed in
standard Scherk-Schwarz reductions [15] for invariance of the measure, c.f. (3.11). Also
in that case a non-vanishing firn™ = ¥n does in fact not spoil the consistency of the
reduction ansatz but just the existence of a lower-dimensional action.

Let us now return to the more general discussion of the Scherk-Schwarz reduction of the
internal covariant derivatives V. We begin by applying the generalized Scherk-Schwarz
compactification to the SU(8) connections. Applied to the projection (2.25) of the SU(8)
connection we obtain

( [QAJQ]912 ) = WV HaMv hHeVvk< [(Uﬁl)MM(Ufl)NNaMUNK

1

912
(3.16)
=P VYV HAMV Y VEE O X tan ®

upon using (3.2). This expression features the flattened version of the embedding tensor,
also known as the ‘T-tensor’ [5] in gauged supergravity. Similarly, from (2.27) one finds
that the determined (trace) part in the 56 reduces as,

(Qpa®) = VAN (@OuU )N =3p (U )nMOmp) = 2p(V AN On, (3.17)

identifying it with the T-tensor corresponding to the trombone embedding tensor. Thus,
the parts of the SU(8) connection that are determined geometrically by generalized torsion
and metricity constraints, upon Scherk-Schwarz reduction naturally identify with the T-
tensor. Comparing with the definitions of [51, 52], the relation is explicitly given by

2
<[QA73Q]912> = ?pTAng, <Q37A§> = —2pTy. (3.18)
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These relations makes the following comparison with gauged supergravity straightforward.
In order to perform that comparison in detail we note that the 912 representation of
the T-tensor decomposes under SU(8) as

Tap€ - 912 — 420 + 36 + c.c., (3.19)

which implies, for instance, that the component T *4 of Tap € can be parametrized as
ij 2. pmoglij
T = gop" Ty™ (3.20)

in terms of a tensor T;7* which in turn can be decomposed as

Tkl = 3 am 3y it gl (3.21)
4 2
Here A1% is symmetric and hence lives in the 36, and A, satisfies Ag; 75 = Ao Uk Akl =

0, and hence lives in the 420. The tensors A; and A thus defined contribute to the fermion
shifts in the supersymmetry variations and the scalar potential of gauged supergravity.
Similarly, the trombone T-tensor, i.e., the flattening of 9,;, decomposes as

Ty = V' HaMou = (T;;, TY) = (B, BY), (3.22)

in terms of an antisymmetric tensor B;; (and its complex conjugate). Via egs. (3.21)
and (3.22) and the relations (3.18) for the Scherk-Schwarz reduction of the connections we
can express the latter in terms of the gauged supergravity tensors. There is the following
subtlety, however: The components of the SU(8) connection entering, say, the fermionic
supersymmetry variations are the Qpg? from (2.14), while the 912 projection in (3.18)
shuffles its components around. A slightly technical group-theoretical analysis, whose de-
tails we defer to the appendix, shows that the net effect is a rescaling of the As contribution
in the T-tensor by I (see (A.10) in the appendix), while 4; is untouched. We then find

< [Qijkmm] > = %P <_; : gé[k[lAQm]nh] - 5km[l[lAln]j])

16 . 4 2 g
— — PO B — = 5,1 BY 3.23
where the square bracket indicates projection onto the determined part of the connections.

In particular, we obtain

(QY;*)

<Q[ijkl]> _ _ép (A%lij + 2(5k[iBﬂ]> , (3.24)

—p (Alik_2Bik) :

for the trace and the total antisymmetrization of Q4 ;7 from (2.14).

With this, we can turn to the Scherk-Schwarz reduction of the fermionic sector.
The Scherk-Schwarz ansatz for the fermions is simply governed by their respective den-
sity weights,

V)l), X Y) = pr () a), (3.25)

=

%i(% Y) = p
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in accordance with their behavior under generalized diffeomorphisms.? Indeed, we will
confirm in the following that this ansatz reproduces precisely the supersymmetry variations
of gauged supergravity. Consider first the gravitino variation in (2.33),

<5€¢ui> = <2Du6i> —4( v (Tu€s) ) - (3.26)

By the results of the previous section the first term reduces to the correct gauge covari-
antized external derivative Duei of gauged supergravity. For the second term using that
Yu€;j has weight % the covariant derivative above reads

. B o s 1 1 .
vy (’Mej) =V I)M” (esaM(e sryuej) + Ze“aaMeuﬁ ’yag’yuej) + §Q2ij’}/u€k
1

-6 Fuo 4Py € (3.27)

with the flattened field strength from (2.7). Upon inserting the Scherk-Schwarz ansatz the
terms in the first parenthesis are actually Y-independent, so this derivative vanishes. Also
the second term is zero because under Scherk-Schwarz reduction the first factor is propor-
tional to 7®?, which vanishes upon contraction with Ya- Together, we find with (3.24)

(') = p 12 <2 D€' + 1 Fup? 7 Pyuej +2(AY —2BY) WGJ') ) (3.28)

These are precisely the gravitino variations of gauged supergravity including trombone
gaugings, as given in [52] (taking into account the change of normalization explained in
footnote 2). In complete analogy, we obtain with the second relation from (3.24)

g 3 32 . g .
<56X1jk> _ p1/2 <_2\/§fp#zykl,y,u6l + {fuu[z],yp,uek] . 2\/§A2lmkel . 4\/§B[U€k]> )
(3.29)

Again, this is precisely the expected result for the fermion supersymmetry variation in
gauged supergravity including trombone gauging.

Finally, we turn to the Scherk-Schwarz reduction of the scalar potential given in (2.30),
with the generalized scalar curvature defined implicitly by (2.28). Upon Scherk-Schwarz
reduction the latter equation reads

(Rei) = 6(VaVMe) +3(VH Ve (3.30)

since (Vargu) = 0. It is then straightforward to determine the Scherk-Schwarz reduction
of the various terms in the potential by successive action of (3.23). For instance, the first
term reads

(VaVHe) = (e H0u(e¥VWe) — JQuVUe) = —(Qu)(Vig), (331

3We note, in particular, that the ansatz does not carry the Killing spinors of the internal manifold as one
might have expected in analogy to standard Kaluza-Klein compactifications. This appears natural, since
for the general class of reductions to be discussed the internal space may not even possess sufficiently many
Killing spinors. With respect to the supersymmetric reduction ansatz of [6] for the S " case this corresponds
to a different SU(8) gauge choice.
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where the vanishing of the first term in here follows from Ve having weight —i, for which
all Y-dependence cancels. Similarly, working out the inner covariant derivative we find

(V) = =1 (Qud QY (e (332)

which by use of (3.24) can be expressed in terms of the gauged supergravity quantities
Ay, Ay and B. Performing the same computation for the final two terms in (3.30) we
obtain eventually

1 3 . 1 . ) .
E<Rﬁz> = p*? (2 Aim A — EAikmnAjkmn + 3A4im B — 3B AI™
1. , 4 . A
Y N I - M Ay Sy L P
6 6 9 9
_ ,3/2 EA Amn_iAkmnAl _lB Bmn . 3.33
=p 16 “mn 9% l kmn 3 omn €, ( . )

where we have used in the last equation the quadratic constraints satisfied by the embedding
tensor, c.f. (5.3)—(5.5) of [52].* This gives precisely the correct scalar potential of gauged
supergravity (or, more precisely, the correct contribution to the Einstein field equations
in the presence of trombone gauging B;; # 0). An equivalent calculation for the scalar
potential has been done in [36] via the generalized Ricci tensor of [42] with the full match
to gauged supergravity in absence of the trombone parameter.

To summarize, we have shown that the generalized Scherk-Schwarz ansatz is consistent
in the full exceptional field theory and exactly reproduces all field equations and transfor-
mation rules of the lower-dimensional gauged supergravity, provided the twist matrices
satisfy (3.2) and the section condition (2.1).

4 Sphere and hyperboloid compactifications

In this section we construct explicit solutions to the twist equations (3.10) within the SL(5),
Eg(6), and E7(7) exceptional field theories. The twist matrices live within a maximal SL(n)
subgroup (for n = 5, n = 6, and n = &, respectively), and describe consistent truncations
to lower-dimensional theories with gauge group CSO(p,q,r) for p+ g+ r = n. For r =0,
the corresponding internal spaces are warped hyperboloids and spheres, for » > 0 they also
include factors of warped tori.

4.1 SL(n) twist equations

To begin with, let us study the case of the D = 7, SL(5) theory. As it turns out, this
case already exhibits all the structures relevant for the general sphere and hyperboloid
compactifications. Although the full SL(5) EFT(including D = 7 metric, vector, and p-
form fields) has not yet been constructed, the internal (scalar) sector has been studied in

“We recall that these constraints are automatically satisfied as a consequence of the section con-
straints (2.1).
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some detail [34, 40, 42, 60]. In this case, the underlying group is SL(5) and vector fields
AMAB and internal coordinates Y45 transform in the antisymmetric 10 representation, i.e.

AAB = A B yAB — yIABL A B=0,...,n—1, (4.1)

with n = 5. In order to prepare the ground for the general case, we will in the following
keep n arbitrary and only in the final formulas specify to n = 5.° The section conditions
in this case take the SL(n) covariant form

8[AB & 8CD] =0. (4.2)
The reduction ansatz for the vector field is given by (3.5)
A @, Y) = p (U ep™ AP (@) = o7 O UT)DT AP (@) (43)

in terms of an SL(n)-valued n x n twist matrix Us®. For D = 7 maximal supergravity,
the embedding tensor resides in the [2,0,0,0] & [0, 0, 1, 1] representation [61]

Oapc” = Sanpc + Zanc” (4.4)
with nap =nap), Zapc” = Zapa®, Zapc®=0.
Accordingly, the twist equations (3.10) take the form
!
[XAB,CD](IP) =p (5[121 Npc + ZABCD) )
!
9cp(U N ap® — (D= 1) p'0cpp (U ) ap“ = p(D—2)Vap , (4.5)

with D = 7, which for the purpose of later generalisations we also keep arbitrary for the
moment and only specify in the final formulas. Here, X4p c” denotes the SL(n) version
of (3.12)

Xapc® = (U Hap“ (U NP 0uUE” | (4.6)

and the projection ['](]p) refers to the projection onto the representations of n4p and Zapc?
from (4.4). We can thus write the first equation of (4.5) more explicitly as

_ _ 11
(U NS g = 5 (L=n)pnas,
1 !
(U Y apc“E 0guUE" - CE) O (U ) ap 6c)” 2 pZapc®. (4.7)

For later use, let us record that in terms of irreducible SL(n) representations (for general
value of n) the consistency equations (4.5), (4.7) constrain the

0,1,0,...,0] & [2,0,0,...,0] & [0,0,1,...,0,1], (4.8)

5Tt is in this ‘SL(n) generalized geometry’ that the generalized parallelizability of spheres has been
discussed in [38].
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part of the XABch, but leave its
[1,1,0,...,0,1], (4.9)

part unconstrained. For the present case n = 5, this translates into a constrained part
10 & 15 ¢ 40’ and an unconstrained 175.

In the following we will construct the twist matrices corresponding to sphere and
hyperboloid compactifications. These satisfy the additional conditions

Zapc? =0, s = 0. (4.10)

This is consistent with the fact that the resulting gauged supergravities are described by
an embedding tensor 14p and no trombone symmetry is excited in these compactifications.
The consistency equations (4.5), (4.7) thus take the stronger form

_ _ 11
depU N U g =50 =n)pnas, (4.11a)
dep|p P (U HasP| 2 0, (4.11D)
r D—-1 _
(Uﬁl)ABCGHE darUg® < p— (U 1)[ABGH (5C]Dp Yoamp . (4.11¢)

In the following, we will construct solutions to these equations for arbitrary constant n4p.
Let us note that the SL(n) covariance of these consistency equations allows to bring nap
into diagonal form

nap =diag(1,...,—1,...,0,...), with p+q¢+r=n, (4.12)
e ——
P q T

upon conjugation of U and constant SL(n) rotation of the internal coordinates. The re-
sulting reduced theories are gauged supergravities with gauge group CSO(p, ¢, ), defined
as the SL(n) subgroup preserving (4.12). For r = 0, this is the non-compact semisimple
group SO(p, q), for r > 0 it corresponds to the non-semisimple group with algebra spanned
by matrices Tap:

(Tag)c” = nepadp” (4.13)

4.2 Sphere and hyperboloid solutions

Recall that the twist matrices Uys® are not only subject to the consistency condi-
tions (4.11a)—(4.11c), but also to the section conditions (4.2). In order to solve the latter,
we make the following ansatz

9,;Ua? =0, for i,j=1,...,n—1, (4.14)

i.e. we restrict the coordinate dependence of U4” to the (n — 1) coordinates y* = Y. For
the SL(5) theory this corresponds to restricting the internal part of the exceptional space-
time from 10 to the 4 coordinates that extend the D = 7 theory to eleven-dimensional
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supergravity [40]. After this reduction, the first of the twist equations (4.11a) splits into
the pair of equations

ai<U—1>o“(U‘1>mi—a¢(U ) ( >

)
ai(Uil)(m()(Uil)n ( )(ml(U 1)
Ho’(U ' = (U (U)0°) Nmn

/—\
=
Qj

,_.

while the density factor p is obtained from the (AB) = (00) component as

1—n
2

p= (Bi(U (U)o = 8:(U )" (U 1)?) - (4.16)

Here 1,y is the reduction of n4p (4.12) to the last n—1 coordinates, i.e. the diagonal matrix

Dn = diag (1,...,—1,...,0,...). (4.17)
—— ——
p—1 q T

We will first treat the case r = 0 of non-degenerate n,,, and subsequently extend the
discussion to the general case.

4.2.1 The case SO(p, q)

For n, given by (4.17) with r = 0, equations (4.15) can be solved by the following explicit
SL(n) ansatz

(U—I)OO = (1 _ v)(n—l)/n ,

(U0 = migy? (1 =)D/ K (u,0) |
(U = migy? (1= o) 2/
U1 = (@ =0) (8 + mamayy K(w,v) (4.18)

with n = p 4+ ¢ and the combinations v = y'y’, v = yimjyj . Upon inserting this ansatz
into (4.15), these equations reduce to a single differential equation for the function K (u,v),
given by

21 —v) (WK +v0,K) = (14+qg—p)(1—v) —u)K —1. (4.19)
This equation takes a slightly simpler form upon change of variables

u=r%cosh v =r’sinhgp, (4.20)
after which it becomes an ordinary differential equation in ¢

2 (1 —r?sinhp) ,K = ((1+q—p)(1 —rsinhg) —r?coshp) K —1.  (4.21)

This can be solved analytically for any pair of integers (p, q). We have to treat separately
the cases ¢ = 0 and p = 1 (corresponding to SO(p) and SO(1, ¢) gaugings, respectively) for
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which v = +v and the change of variables (4.20) does not make sense. In the former case
u = v, and equation (4.19) reduces to

2u(l—uw)K' =(1-p+pu—2u)K -1, (4.22)

with the particular solution

K = —F[l,(p—2)/2;1/2;1 —u], (4.23)
in terms of the hypergeometric function 2Fy. Similarly, for p = 1, we have u = —v, and
equation (4.19) reduces to

—2u(l+u)K' = (g+qu—u)K —1, (4.24)
with particular solution
K =q¢ '(1+u(l—-q)2R1(1+q)/21/21+u)) . (4.25)

Finally, the density factor p can be read off from (4.16) as
p = ppa = (1—v)n /@), (4.26)

We have thus fully determined the twist matrix U and the density factor p and entirely
solved the first of the twist equations (4.11a). It remains to verify the other two equations.

With the twist matrix given by (4.18) and using the differential equation (4.19) for the
function K, it is straightforward to verify that

n—2 2’/’]ijyj

O (U H U Ny = U H" U g (4.27)

Together with the form of the density factor p from (4.26), we thus find, that the second

equation (4.11b) is identically satisfied provided we have the relation
1 n—2
S(D-1)="<

relating the number of external space-time dimensions to the size of the group SL(n).

n 1—vw

(4.28)

Fortunately, this relation holds precisely in the case D = 7, n = 5 that we are interested
in. We have thus shown that also the second twist equation (4.11b) holds for our choice of
twist matrix and density factor. Let us note that integer solutions of equation (4.28) are
very rare and essentially restrict to

(D,n) = (7,5), (D,n) = (5,6), (D,n) = (4,8), (4.29)

in which we recover the dimensions of the known sphere compactifications AdSp x S*~1 of
eleven-dimensional and type IIB supergravity. We will come back to this in section 4.3. Asa
last consistency check, one verifies by direct computation that the last twist equation (4.11c¢)
is also identically satisfied for (4.18) with (4.19). This essentially follows from the fact
that no object fully antisymmetric in three indices [ABC] can be constructed from the
explicit mjyj .

To summarize, we have shown that the SL(n) twist matrix U given by (4.18)
with (4.19), together with the density factor (4.26) satisfies the consistency equa-
tions (4.11a)-(4.11c), provided the integer relation (4.28) holds. In the next section, we
will generalize this solution to include the case r > 0.
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4.2.2 The case CSO(p,q,r)

The solution of equations equations (4.11a)—(4.11c) derived in the previous section can be
generalized to the case r > 0, in which the reduced theory comes with the gauge group
CSO(p, q,7). A natural ansatz for the SL(p + ¢ + r) twist matrix in this case is given by

UYL e N 7 (4.30)

where U(;’lq) denotes the SO(p, q) solution from (4.18), (4.19), and I, is the r x r identity
matrix. The factor § = f(v) is a function of v = y'n;;3/ and put such that the determinant
of the twist matrix remains equal to one. Note that the twist matrix only depends on
coordinates ', i =1,...,p+¢q— 1.

Let us now work out equations (4.11a)—(4.11c) for the ansatz (4.30). The first equa-
tion (4.11a) is solved identically by this ansatz without any assumption on the function
B, as a mere consequence of the fact that U, ) solves the corresponding equations for
SO(p, q). Indeed, all components of this equation in which one of the free indices (AB)
takes values beyond p + ¢ — 1, hold trivially due to the block-diagonal structure of the
twist matrix (4.30) and the fact that the matrix does not depend on the last r coordinates.
The constraint equations then simply reduce to their SO(p, g) analogues. The presence of
the factor 57" does not spoil the validity of the equation, but contributes to the density

factor p as
P = Ppgr = /8727“ Pp,q » (4.31)
with p, 4 from (4.26). We continue with the second equation (4.11b) which now takes
the form
_ _ — !
dep |pigP # (P2 (U(p}q))ABCD] =0, (4.32)
and thus reduces to the identity (4.27) provided we choose (3 such that
P}J;D B2 (D=2) — (1 — y)~rta=2)/+a) | (4.33)

With (4.26), this reduces to

B = (1- v)(D—3)/(4(D—2))—1/(7’+‘1) ) (4.34)

Even though the CSO(p, q,r) case seems to admit more freedom in that we are not bound
by a relation (4.28) to fix the size of the external space-time, we will for the moment restrict
to the three principal cases (4.29), i.e. keep the additional relation (4.28)

_ptgqtr—2

(D—1)
ptq+r—4

1
z 4.35
. , (435)
and describe reductions to four, five and seven dimensions, respectively. Then, the form of
the scale factor § from (4.34) simplifies to

B = (1 —v) Y(toltatn) (4.36)
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Together with (4.30) this fully defines the twist matrix that solves the consistency equa-
tions (4.11a)—(4.11c) for nap from (4.12). As above, the last equation (4.11c) is verified by
explicit calculation.

To summarize, we have shown that the SL(p + ¢ + r) twist matrix Uy given
by (4.18), (4.30), (4.36), together with the density factor (4.31), satisfies the consistency
equations (4.11a)—(4.11c) for the general nap of (4.12), provided the integer relation (4.35)
holds. By the above discussion, this applies in particular to the case D = 7, G = SL(5),
and implies that the resulting twist ansatz describes a consistent truncation of the corre-
sponding EFT. Since this twist matrix also falls into the class (4.14) of solutions to the
section conditions, this generalized Scherk-Schwarz ansatz describes consistent truncations
of the full D = 11 supergravity down to seven-dimensional supergravities with gauge groups
CSO(p,q,r), (p+q+r =>5). We will work out in section 4.4 the internal background met-
rics induced by these twist matrices, in order to get the geometrical perspective for these
compactifications.

4.3 Eg) and Eq(7) twist equations

In this section, we show that the SL(n) twist matrices found in the previous section can also
be used for the construction of solutions to the consistency equations (3.10) in the excep-
tional field theories with groups Eg) and Er(7). The structure underlying this construction
is the embedding of the SL(n) twist matrices via

SL(G) - E6(6) , SL(S) C E7(7) s (437)
respectively, inducing a decomposition of the E,,,) coordinates according to

YM—>{Y[AB],...} — {y, ..}, with g =y
AB=0,....on—1, i=1,....n—1. (4.38)

Together with a solution of the section constraint achieved by restricting the coordinate
dependence of all fields according to

d(YM) — oy, (4.39)

and the fact that both cases (4.37) correspond to a solution of the integer relation (4.28)
(with (D,n) = (5,6) and (D,n) = (4,8), respectively), this structure turns out to be suf-
ficient to ensure that the SL(n) twist matrices constructed above also define solutions to
the consistency equations (3.10) of these larger exceptional field theories. The correspond-
ing Scherk-Schwarz ansatz then defines lower-dimensional theories with embedding tensor
describing the gauge groups CSO(p, q,7), (p+q+r =n).

4.3.1 Eg(

For details about the Eg) exceptional field theory, we refer to [45]. It is formulated on an
internal space of 27 coordinates Y™ in the fundamental representation of Eg(6), with the
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section condition given by the 27 equations d¥MN9,; ® Oy = 0, with the cubic invariant
dEMN Tn this case, the subgroup SL(6) is embedded into Eg () via

SL(6) C SL(6) x SL(2) C Egg) (4.40)
with the internal coordinates decomposing as
27 — (15,1) + (6',2) . (4.41)

The ten-dimensional ITB theory is recovered from Egg) exceptional field theory upon solv-
ing the associated section condition by restricting the coordinate dependence of all fields
to 5 coordinates within the (15,1) (transforming as a vector under the maximal GL(5)
subgroup). Specifically, with (4.41), we decompose coordinates as

M {Y[ABL YAa} . with A=0,....5, a=1,2, (4.42)
and impose
9;®=0, ® =0, 9 =0, (4.43)

for i = 1,...,5. Comparing to (4.2), we observe that the SL(6) twist matrix con-
structed above is compatible with this solution of the section condition. Upon the em-
bedding (4.40), (4.41), it gives rise to an Egg) twist matrix Uy

UyN = [ Z9P L. , (4.44)

satisfying (4.43). As a consequence, the generalized Scherk-Schwarz ansatz (3.5) for the
full EFT

en®(@,Y) = p (V) e, (2)
Muyn(z,Y) = UyP (V) UNQ(Y) Mpo ()
AM@,Y) = AN @)U VYY) pH(Y)
B (2,Y) = p (V) Un"(Y) Buw p(2) , (4.45)

describes consistent truncations from IIB supergravity to D = 5 theories, provided the
twist matrix (4.44) solves the full set of consistency conditions (3.10).

Let us thus consider the matrix (4.44) built from the SL(6) matrix Ux®
from (4.30), (4.36), which in turn solves equations (4.11a)—(4.11c) for general nap charac-
terised by three integers p + ¢ +r = 6. The first consistency equation (3.11) for the Egg)
twist matrix (4.44) reads

!
p! [Xn*](351) = const (4.46)

with X defined in (3.12). It follows from the form of the matrix (4.44) together
with (4.43) that the only non-vanishing components of Xj/* from (3.12) are its com-
ponents A 4p* when a takes values in the SL(6) subgroup of Eg). These are nothing
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but the X AB’CD defined directly in terms of U 48 in (4.6) above, and moreover singlets
under the SL(2) of (4.40). For equation (4.46) this means that under decomposition
w.r.t. SL(6) its only non-vanishing components are the SL(2) singlets in the branching
of 351 — (21,1) + (105,1) + ..., reducing to
! _ !

p [X01%] (1) = const, pt [X0%](105) = const . (4.47)
Comparing to the general discussion around (4.8), (4.9), these equations are precisely en-
sured by the properties of the SL(6) twist matrix U, 4B constructed above, as a consequence
of (4.5). Specifically, we find that

:0_1 [XMQ}(AB) = NAB , ,0_1 [XMa](log)) - O, (448)

and conclude that the first consistency equation in (3.10) is solved by (4.44) with the density
factor p given by (4.31) above. It remains to study the second equation from (3.10). Again,
the structure of the matrix (4.44) and its coordinate dependence (4.43) imply that the Lh.s.
of this equation reduces to

8CD(U_1)ABCD — (D — 1) p_lacD,O (U_l)ABCD , (4.49)

which vanishes for the SL(6) twist matrix U4? due to its property (4.11b), by virtue of
the integer relation (4.28), which holds for the present case (D,n) = (5, 6).

We conclude, that the twist matrix (4.44) with Ua®? given by (4.30), (4.36) above,
together with the density factor pp 4, from (4.31) satisfies both the section constraints
(as a subclass of the general IIB solution (4.43)), and the consistency equations (3.10).
Via (4.48) it corresponds to an embedding tensor in the 21 of SL(6) parametrized by the
diagonal matrix nap from (4.12). The generalized Scherk-Schwarz ansatz thus describes
the consistent truncation from D = 10 IIB supergravity to a maximal D = 5 gauged
supergravity with gauge group CSO(p, ¢, ).

4.3.2 Eq(

This case works in complete analogy to Eg). We have reviewed the Er(7) exceptional field
theory in section 2 above. The relevant subgroup is SL(8) embedded into E7(7) such that
the 56 internal coordinates decompose as

56 — 28428, vM — [yl yp (4.50)

The full D = 11 theory is recovered from E;(7) exceptional field theory upon solving the
associated section condition by restricting the coordinate dependence of all fields as

0,;® =0, 9%Pd =0, (4.51)

fori=1,...,7, A=0,...,7. Comparing to (4.2), we observe that the SL(8) twist matrix
constructed above is compatible with this solution of the section condition. Upon the
embedding (4.50), it gives rise to an E;(7) twist matrix U

UMN = |- - - - - - = - - - - - - - = - 5 (452)
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satisfying (4.51). As a consequence, the generalized Scherk-Schwarz ansatz (3.5) for the
full EFTdescribes consistent truncations from D = 11 supergravity to D = 4 theories,
provided the twist matrix (4.52) solves the full set of consistency conditions (3.2).

The first of these equations written in the form (3.11) reads

!
pt [Xn%](912) = const (4.53)

with Xy defined in (3.12). It follows from the form of the matrix (4.52) together
with (4.51) that the only non-vanishing components of Xj/* from (3.12) are its com-
ponents X 4p“ when a takes values in the SL(8) subgroup of E7 (). As for the Eg case,
these are nothing but the X4p P defined directly in terms of Us® in (4.6) above. For
equation (4.46) this means that under decomposition w.r.t. SL(8) its only non-vanishing
components are given by

! !
p! [X01%] (36 = comst p! [X0n1%](490) = comst . (4.54)

Comparing to the general discussion around (4.8), (4.9), these equations are precisely en-
sured by the properties of the SL(8) twist matrix Us” constructed above, as a consequence
of (4.5). Specifically, we find that

pil [XMQ}(AB) = NAB , pil [XMa](420) = 07 (455)

and conclude that the first consistency equation in (3.2) is solved by (4.44) with the density
factor p given by (4.31) above. It remains to study the second equation. Again, the
structure of the matrix (4.52) and its coordinate dependence (4.51) imply that the 1.h.s. of
this equation reduces to

0cp (U™ 4" = 3p " 9cpp (U A", (4.56)

which vanishes for the SL(8) twist matrix U4? due to its property (4.11b), by virtue of
the integer relation (4.28), which holds for the present case (D, n) = (4,8). In full analogy
to the Eg(g) case we find that with the ansatz (4.52) for the E7(7) matrix Upr™N, all non-
vanishing parts of the consistency equations (3.10) precisely reduce to the corresponding
equations (4.5) for the SL(n) matrix UsB.

We conclude, that the twist matrix (4.52) with Ux®? given by (4.30), (4.36) above,
together with the density factor p, ., from (4.31) satisfies both the section constraints (as
a subclass of the general D = 11 solution (4.51)), and the consistency equations (3.2).
Via (4.55) it corresponds to an embedding tensor in the 36 of SL(8) parametrized by the
diagonal matrix nap from (4.12). The generalized Scherk-Schwarz ansatz thus describes the
consistent truncation from D = 11 supergravity to a maximal D = 4 gauged supergravity
with gauge group CSO(p, q,r).

4.4 The induced space-time metric

In the above, we have constructed twist matrices as solutions of the consistency equa-
tions (3.10) which define consistent truncations of the higher-dimensional D = 11 and
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IIB supergravity down to D = 4,5, 7 maximal supergravity with gauge group CSO(p, q,r).
While consistency of the truncation follows from the general structure of the ansatz and the
covariant formulation of exceptional field theory, for physical applications one will typically
be interested in the explicit embedding of the lower-dimensional fields into D = 11 and IIB
supergravity in their original form. The translation of the very compact ansatz (3.5) into
the original fields of higher-dimensional supergravity thus requires the explicit dictionary
between the fields of the exceptional field theory and the original supergravities [45, 46].

As an example, let us work out the form of the internal background metric to which the
above compactifications correspond. The internal components of the higher-dimensional
metric sit among the components of the scalar matrix My = (VVT) MN, built from a
group-valued vielbein V that carries the higher-dimensional components according to the
decomposition of the Lie algebra w.r.t. to a proper grading, c.f. (2.35). See [58] for the
general structure of these parametrizations, and [41] for some explicit matrices.

As a general feature of the theories with SL(n) embedding according to (4.38), (4.39),
the generalized metric MM~ decomposes into blocks

MOi-0j | MOk |
.
MMN = [ MR MR (4.57)

and the higher-dimensional internal metric g;; can be read off from the upper left block as
MiO,jO — g(4fn)/n gij ) (458)

The power of ¢ on the r.h.s. is fixed by the fact that generalized diffeomorphisms on MMV
translate into standard diffeomorphisms for ¢*7.% For the moment, we are just interested in
the higher-dimensional metric at the ‘origin’ of the truncation, i.e. at the point where all
lower-dimensional scalar fields vanish. According to (3.1), at this point, My is given by

MM = u=hpM(UhHpY (4.59)
in terms of the twist matrix U. Since U is embedded in the subgroup SL(n),
c.f. (4.44), (4.52), the relevant block (4.58) of M can simply be expressed as

o 1. o
MO0 — 5 (m”moo — szmJO) , (4.60)

for mA8 = (U)o (U™1)cP. With the explicit form (4.30) of the twist matrices con-
structed in section 4.2 for gauge group CSO(p,q,r), we can thus work out the internal
metric, and find after some calculation

ds® = Gij dyt dy’

c,d
_ (1 +u— Q])—2/(1?4-(14-7’—2) (dyzdyz +dy“dyb <5ab + naclnliiyvy )) ’ (4.61)

%A short calculation shows compatibility with the explicit result (5.25) of [45] for Eg(g).
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Figure 1. Sphere, hyperboloid and the warped hyperboloid (4.61) in a 2d projection, i.e. for
(p.q,;7) = (2,1,0).

with the split of coordinates y* = {y% 3%}, a=1,...,p+q—1,and z=p+gq,...,r, and

the combinations u = y%y%, v = y®ney®. This space is conform to the direct product

HPY xR (4.62)

of r flat directions and the hyperboloid HP?. The latter is defined by the embedding
surface

yAnABszlv A:O’7p+q_17 (463)

with n4p from (4.12), within a (p 4+ ¢) dimensional Euclidean space. For r = ¢ = 0, the
metric (4.61) is the round sphere (the pre-factor becomes constant: 1+ u — v — 1). For
p+q+r =8, this is precisely the metric proposed by Hull and Warner in [53] with the warp
factor deforming the hyperboloid geometry, see figure 1. This is the higher-dimensional
background inducing the CSO(p, ¢,7) gauged supergravities in D = 4 dimensions. Along
the very same lines, the higher-dimensional metric can be computed for arbitrary values
of the lower-dimensional scalar fields, i.e. for arbitrary values of the matrix Mpg(x), in
which case (4.59) is replaced by the full Scherk-Schwarz ansatz (3.1). The uplift of all
the D-dimensional fields, i.e. all the non-linear reduction ansétze follow straightforwardly
(although by somewhat lengthy calculation) from combining this ansatz with the dictionary
of the full exceptional field theory to higher-dimensional supergravity, which is independent
of the particular form of the twist matrix.

We stress once more, that the metric (4.61) is in general not part of a solution of
the higher-dimensional field equations. This simply translates into the fact that the cor-
responding lower-dimensional supergravity in general does not possess a solution with all
scalar fields vanishing. Indeed, it was shown in [53] for the SO(p, 8 — p) supergravities that
the metric (4.61) is compatible with a generalized Freund-Rubin ansatz only for the values
(p,q) = (8,0), (p,q) = (4,4), and (p,q) = (5,3), which precisely correspond to the gauged
supergravities admitting critical points at the origin of the scalar potential. Independently
of this property concerning the ground state, in all cases the generalized Scherk-Schwarz
ansatz (3.1), (3.5), continues to describe the consistent truncation of the higher-dimensional
supergravity to the field content and the dynamics of a lower-dimensional maximally su-
persymmetric supergravity.
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5 Conclusions

In this paper we have shown how the consistency of a large class of Kaluza-Klein truncations
can be proved using exceptional field theory. The Kaluza-Klein ansaetze are given in terms
of twist matrices Uy taking values in the duality group Eg(a) subject to the consistency
equations (3.10). The resulting effective gauged supergravities emerge naturally in the
embedding tensor formalism, upon identifying the embedding tensor with a particular
projection of U~1QU. Such generalized Scherk-Schwarz reductions have been considered
before in various studies for truncations of the full exceptional field theory. Here, we
have given the Scherk-Schwarz ansatz for the full field content of exceptional field theory,
including fermions, p-forms, and the constrained compensating tensor gauge fields. We have
then shown that the ansatz reproduces the complete field equations of the lower-dimensional
gauged supergravity. This is necessary in order to relate to the full untruncated D = 11 or
type IIB supergravity. Secondly, we explicitly constructed the twist matrices for various
compactifications, including sphere compactifications such as AdSs x S, and new examples
such as hyperboloids HP-4. In contrast to ordinary Scherk-Schwarz compactifications where
the existence of consistent twist matrices is guaranteed by the underlying Lie algebraic
structure of the deformation parameters, to our knowledge there is no analogue of such an
existence proof for solutions of the generalized consistency equations (3.10) with general
embedding tensor ©y;%. In this regard, the construction of explicit examples is a crucial
step towards a more systematic understanding of the underlying structures.

Given the explicit form of the twist matrices, any solution of gauged supergravity
is embedded into the higher-dimensional exceptional field theory via the relations (1.1)-
(1.4), and thereby further into D = 11 or type IIB supergravity. The explicit embedding
formulas into the original D = 11 or type IIB supergravity require the dictionary relating
the exceptional field theory fields to the original formulation of these theories. It should be
stressed that this dictionary is completely independent of the particular compactification
or twist matrix and can be fixed, for instance, by matching the gauge symmetries on both
sides. Together this allows in particular to lift the known AdS solutions [62] of SO(8)
gauged supergravity to eleven dimensions, but also the large class of dS and domain wall
solutions found in the non compact and non-semisimple four-dimensional gaugings [63-65].

It will be interesting to explore the possible generalizations of the presented construc-
tion. Our construction of twist matrices was based on the maximal embedding (4.37), (4.38)
of an SL(n) group into the corresponding exceptional group. For the SO(p, q) case, as a
consequence of the second equation in (3.10), this led to the severe constraint (4.28), re-
stricting the construction to the three principal cases (D,n) = (7,5),(5,6),(4,8). In the
CSO(p, q,r) case on the other hand, the structure of the twist matrix (4.30) suggests that
there is more freedom due to the possible introduction of the factor [, preserving the
CSO(p, q,r) structure. As a result, the construction will still go through without being
constrained to (4.35), i.e. in particular for other values of D, as given in (4.34). This will
be interesting to explore. Similarly, the construction should allow for more solutions, when
the embedding (4.38) of SL(n) is not maximal but leaves additional abelian factors. This
is the case for the D = 6, G = SO(5,5) EFTwith SL(5) embedded via the intermediate
GL(5). The additional GL(1) factor allows for an additional parameter in the twist matrix,
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that can be tuned such as to solve the second equation in (3.10) without reverting to (4.28).
This case should thus include the consistent S* reduction of ITA supergravity [66].

A different class of twist matrices should correspond to solutions of (4.5) in which (4.10)
is relaxed to non-vanishing Zspc?. E.g. D = 7 maximal supergravity possesses a gauging
with n4p = 0 and compact SO(4) gauge group [61] which is conjectured to correspond to
a consistent sphere truncation of IIB supergravity. It would be interesting to work out
the corresponding twist matrix and to explore its generalization to arbitrary values of n.
It should of course also be possible to find twist matrices that generate a non-vanishing
trombone parameter ¥,;. More generally, one may try to generalize the above construction
by replacing (4.38) to an embedding of coordinates via other classes of subgroups. The
method should also extend to non-maximal theories such as the AdS3 x S3 reduction from
six dimensions [67, 68].

Another extension of our results that may eventually become feasible is the inclusion
of higher-derivative o/ or M-theory corrections. Indeed, in double field theory there was
progress recently of how to include o’ corrections [69-72], see also [73-75]. In particular,
the results of [69] provide an exactly O(d, d) invariant description of a subsector of heterotic
string theory to all orders in o’. If a generalization to exceptional field theory exists one
may hope for consistent Kaluza-Klein embeddings that not only lead to exact solutions of
the higher-dimensional field equations but also to solutions that are exact in .

Finally, let us stress that throughout this paper we assumed the strong form of the
section constraints (2.1). Thereby the twist matrices we construct as solutions of (3.10)
describe consistent truncations within the original D = 11 and IIB supergravity. It is
intriguing, however, that the match with lower-dimensional gauged supergravity, upon
reduction by the Scherk-Schwarz ansatz, does not explicitly use the section constraint
(provided the initial scalar potential is written in an appropriate form), as observed in [34,
36] for the internal sector and shown here for the full theory. Formally this allows to
reproduce all gauged supergravities, and it is intriguing to speculate about their higher-
dimensional embedding upon possible relaxation of the section constraints that would define
a genuine extension of the original supergravity theories. For the moment it is probably
fair to say that our understanding of a consistent extension of the framework is still limited.
In this context it would be interesting to obtain explicit examples of twist matrices that
satisfy all consistency conditions (3.10), but violate the section constraints (2.1) which
may give a hint as to how to consistently relax these constraints in exceptional field theory.
We hope that our treatment of sphere and hyperboloid compactifications may help clarify
these matters.
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A Projection of the spin connection
Consider a general tensor W, NE =W (ta) N, living in the full tensor product

56 © 133 =56 © 912 ¢ 6480 . (A.1)
In flattened SU(8) indices, it takes the matrix form

2 1 tuvw
—30 k[p Wtﬂl ij 24 Cklrstuvw w ij
Wij = > v ) T (A.2)
Wmnpqij 35[r [m Wn] slij
and complex conjugate. The diagonal and off-diagonal blocks are parametrized by Wij[kl},
W[t“”w]ij with Wi = 0. In general, the diagonal and off-diagonal blocks carry the SU(8)

representations

Wik : 28 36 @ 420 © 1280,
Wwtww .. 28 @420 @ 1512 . A3
J

Together with their complex conjugates they fill the three irreducible E(7) representa-
tion (A.1l). The 36 & 36 sit in the 912, on the other hand there are two copies of the
420 @ 420 sitting in the 912 and the 6480, respectively. In order to disentangle the dif-
ferent representations, it is useful to recollect the transformation of W;7* W4kl under
the 70 E7(7)/SU(8) generators, which mix these fields as follows [51]

. . 1 . .
6Wi']kl — 9 yyymnp Wimnpkl . Z 51'J ymnpq Wmnqul + Eklmn Wjimn ,
4

>
3

1
. I/Vl]pmn _ 7€ijklpqrs Emntu qurstu ) (A4)

W™ = 51

plij

Iterating this transformation, we can compute the action of the E;(7)/SU(8) Casimir
A= 5Z'jkl(5ijkl

A 35 . 5 1 . . .
AWZ']M _ K Wi]kl - ﬁ Wmmkl(si] - 5 Tklmnmn 51'] - 25z[k Wl]]mnmn 49 W]klmim ’
4

)

11 4 1
AWklmnij _ g Wklmnij + § W[Z[klm(sj]n] o g Z,j[mn kal]p o g pr[kl 5wmn] , (A5)

whose different eigenvalues allow to identify the E7(7) origin of the various SU(8) blocks.
E.g. parametrizing the two 420 representations as

Wijkl _ Aijkl +oee Wklmnij _ 6[z[k Bj}lmn] e (AG)

with traceless A;V*, B;UM the action (A.5) diagonalises on the combinations
jkl jkl S e 9
4 A" = -3 B, with eigenvalue 2

. . 41
AJM = Bk with eigenvalue 5 (A7)
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The first option corresponds to the 420 from the 912, cf. (3.28) of [51], the other one thus
is the 420 from the 6480. We conclude, that the projection of (A.6) onto the 420 from
the 912 is given by

3 . .
2 (4"~ BM) (A.8)
such that consistently the second combination of (A.7) is projected to zero, and the first
one is projected to itself.

Putting everything together, we learn that taking the original spin connection Q45°
living in the SU(8) of the form (schematically)

A . 0
0, = (420++ ,,,,,,, ) | (A.9)

5 \
714420—1—... ! 7144204—...
7 7

[Qijlo12y = |-<------7-------- : (A.10)
714420 + 1 714420 +

This is the form of the matrix which via (3.18) we identify with the T-tensor of gauged
supergravity [51], parametrized by A;, As as in (3.21). Comparing (A.9), (A.10) we see
that upon projection, a relative factor of % has to be taken into account in the 420 part
Ay 7k while the 36 part AY (which is unique in (A.3)) remains unchanged.

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.
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