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ABSTRACT: We study the general deformations of maximal eight-dimensional supergravity
by using the embedding tensor approach. The scalar potential induced by these gaugings
is determined. Subsequently, by combining duality covariance arguments and algebraic
geometry techniques, we find the complete set of critical points of the scalar potential.
Remarkably, up to SO(2) x SO(3) rotations there turns out to be a unique theory admitting
extrema. The gauge group of the theory is CSO(2,0,1).
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1 Introduction

In the last decade a new formalism has been constructed in extended supergravity theories
which is able to comprise all the consistent gaugings of a theory in a single universal for-
mulation [1-5]. This goes under the name of embedding tensor formalism and it describes
deformations of extended supergravities in a duality covariant way. Indeed the duality
group Eg(g) of the ungauged theory in D = 11 — d dimensions obtained from the compact-
ification of eleven-dimensional supergravity on a d—torus turns out to determine all the
possible deformations (gaugings) thereof.

The theories in our interest are maximal gauged supergravities in D = 8. These
theories present, in analogy with half-maximal supergravity in D = 4, an SL(2) factor in
the global symmetry group which allows for gaugings at angles, i.e., gaugings in which the
gauge generators point in different SL(2) directions. This feature seems to play the role
of the so-called duality angles [6] in half-maximal supergravity in D = 4, even though the
interpretation of this SL(2) symmetry as electromagnetic duality is different in D = 8§,
since now the 3-forms rather than the vectors build SL(2) doublets with their Hodge duals.

Some interesting gaugings in D = 8 were already studied in the literature, e.g., the
SO(3) gauging found in ref. [7] resulting from compactifying eleven-dimensional supergrav-
ity on S3; furthermore, all the gaugings in D = 8 without non-trivial SL(2) phases have
been classified in terms of their eleven-dimensional origin [8-10] by means of a compacti-
fication on a group manifold of dimension 3. They are divided into two categories: in the



first one we find all the gaugings of the type CSO(p, ¢, 7) [11] with p+¢+r = 3, which arise
from a compactification on class A group manifolds according to the Bianchi classification;
in the second one, we find a set of gaugings which are peculiar because of their lack of
an action principle formulation (class B group manifold reductions). These theories might
stem from the procedure of gauging the so-called trombone symmetry (see e.g., ref. [12]
where this has been investigated in the maximal D = 4 case).

In the context of the embedding tensor, one gives a complete duality covariant classi-
fication of all the gaugings; a natural question to address is then which of those gaugings
actually have a well-understood eleven-dimensional origin. In contrast with the case of
maximal gauged supergravity theories in D = 9, where all the consistent deformations
turn out to come from higher dimensions [13], in D = 8 there are gaugings for which no
higher-dimensional origin is known yet, e.g., gaugings at angles.

The main goal of the paper is to derive the scalar potential for the most general gauging
in D = 8 compatible with maximal supersymmetry and to study the set of its critical points.
The paper is organised as follows. In section 2 we briefly present the embedding tensor
formalism in D = 8, we describe the general deformation by means of group theory and we
give the quadratic constraints. In section 3 we observe that any consistent gauging in D = 8
is mapped into a consistent gauging in D = 7 upon reduction over an S' and subsequently
we derive the scalar potential of the eight-dimensional theory by making use of the scalar
potential of the seven-dimensional theory studied in ref. [3]. Finally, in section 4, we make
use of some algebraic geometry techniques in order to study the complete landscape of
vacua that these theories have. The main result of this paper is that there is a unique
SO(2) x SO(3) orbit of gaugings of maximal D = 8 supergravity allowing for critical points
of the scalar potential. Each of these corresponds to a CSO(2,0,1) gauging admitting a
non-supersymmetric Minkowski extremum.

2 Overview on maximal D = 8 supergravities

2.1 The ungauged theory

The maximal (ungauged) supergravity in D = 8 can be obtained by reducing eleven-
dimensional supergravity on a T3. The global symmetry group of this theory is Gy =
SL(2) x SL(3). The full field content consists of the following objects (which arrange them-
selves into irrep’s of Gy):

7 A
8D : eua7 AH m? BMV'H’M C,LLVpa Lmza ¢7 X w,uv Xi » (21)
~ ~—
bosonic dof’s fermionic dof’s
where pu,v,--- denote eight-dimensional curved spacetime , a,b,--- eight-dimensional flat

spacetime, m,n,--- fundamental SL(3), 7,j,--- fundamental SO(3) and I, J,--- funda-
mental SL(2) indices respectively.

The bosonic sector consists of the eight-dimensional vielbein e,*, a set of vector fields
Aulm, an SL(3) triplet of two-forms Byum, a three-form Cy,, and the scalars L,,’ and
(¢, x) spanning the cosets SL(3)/SO(3) and SL(2)/SO(2) respectively. The fermionic



sector, instead, is made out of a doublet of symplectic-Majorana (SM) gravitini ¢, and a
set of dilatini ;.
Let us introduce the following parametrisations in the scalar sector

—¢ 2,0 1 p?
e 7+ x“e” xe ; ;
Wiy = ( S ) ;M =Ly'Ly 765 (2:2)

The gravity /scalar part of the action reads [§]

1
N 167TG8

/de e (R + %Tr(aMBM_l) + iTr(awaW—l)) , (2.3)

where e is the determinant of the vielbein. The full bosonic action, in addition to the terms
in (2.3), contains kinetic terms for the vector fields, the two- and three-forms and finally

Chern-Simons terms.

2.2 Embedding tensor deformations

When gauging a subgroup of the global symmetry group, the embedding tensor is turned on,
via which in the gauge-covariant derivative the vectors become coupled to group generators.
The embedding tensor parameterizes the most general deformations consistent with the
global symmetries and supersymmetry. It is an object of the form ©,*, where the indices v
and « live in the dual of the representation of the vectors and in the adjoint representation
of the global symmetry group, respectively.

In the maximal D = 8 case, there are six vector fields Aulm transforming in V' =
(2,3%), the dual of the fundamental representation of Gy. And there are eleven group
generators, which can be expressed in the adjoint representation go:'

1
JU L _ s Ls J Js L
[tr'] " = ook’ — 551 o™, (2.4a)
n n 1 n
"], © = B8 — "0, (2.4D)

The embedding tensor © then lives in the representation go® V', which can be decomposed

into irreducible representations as
gV =2-(2,3)d(2,6)®(2,15)® (4,3) . (2.5)

Consistency and supersymmetry restrict the embedding tensor to the (2,3) @ (2,6’) [5].
This restriction goes under the name of linear constraint. It is worth noticing that there
are two copies of the (2,3) irrep in the above composition; the linear constraint imposes
a relation between them [14]. This shows that, for consistency, gauging some SL(2) gen-
erators implies the necessity of gauging some SL(3) generators as well. Let us denote
the allowed embedding tensor irrep’s by &7, and f7(™™ respectively. Then the following

LA traceless pair of SL(2) indices ;7 lives in its adjoint representation. So does a traceless pair ,,," for

SL(3).



parametrisation holds

Orm, ™ = 6% m — %5JK§Im : (2.6a)

Orman’ = €mngf1?? — 2 <6mp§1n — ;5n7’£[m> . (2.6b)

Furthermore, one can prove that the generators of the gauge group can be expressed in the
same way:

(Xrm); & = O’ [tK’Jl} JK =015 Epm — %&K&m , (2.7a)

/ ! 1
(le)np = G)Im,n’p [tp’n} P= Emanlqp - Z <5mp€1n - 35np51m) . (2'7b)

For closure of the algebra, the following quadratic constraints [15] should be imposed on
the embedding tensor:

e, =0, (1,3) (2.8a)
f(Inng)p =0, (373,) (28b)
' (mgr f1FP + fIPEm) = 0. (1,3%) & (1,15) (2.8¢)

In this paper, we are mostly interested in the scalar potential in the Lagrangian, which
is quadratic in the embedding tensor. One can write down an Ansatz for such a potential:?

V= WIJ [f[manpq (a Mmpan + menMpq) + Cflmeann] ) (29)

where Wy and M,,,, are elements of the scalar cosets introduced in (2.2), whereas wtJ
and M"™" denote their inverse matrices and a, b and ¢ are coefficients that are going to
be determined. The most convenient way of fixing these coefficients is to use the scalar
potential in maximal D = 7 supergravity, which was already well studied in [3].

3 Gaugings of D = 8 supergravity as truncations of gaugings in D =7

3.1 Review of maximal D = 7 supergravity

The general deformations of seven-dimensional maximal supergravity are constructed and
presented in ref. [3]. For the sake of clarity, we briefly summarise the results obtained there.
The global symmetry group is SL(5), which has an adjoint representation 24. The vectors®
AMN = A, IMNT of the theory transform in the 10 of SL(5). Then the embedding tensor
© will take values in the following irrep’s of SL(5)

10224 = 10515 © 40’ ® 175. (3.1)

2The corresponding term to be added to the Lagrangian (2.3) should be Ly = —eg®V , where g is the
coupling strength.
3Here we denote by M a fundamental SL(5) index.



After imposing the linear constraint, the parametrization of the embedding tensor is re-
stricted to only two irreducible components 15 & 40’:

YMN = Y‘(MN) 15 : D:‘, (3.23,)

ZMN,P _ ZIMNLP (1 7IMN.P] _ 40° - H ® [ ]= o ‘, (3.2b)

where M, N and P represent fundamental SL(5) indices. Furthermore, supersymmetry and
the consistency of the gauging require the following quadratic constraints to hold

YMQ ZQN’P + 2 €pRSTU ZRS’N ZTuP — . (3.3)

Any embedding tensor configuration satisfying (3.3) identifies a gauging of a certain
(at most) ten-dimensional group suitably embedded in SL(5). The expression of the gauge
generators is given by [3]

(XMN)pQ = 5[MQYN]P —2eynprs 29, (3.4)

@ is in the adjoint representation of SL(5) once the linear

where the pair of indices p,
constraint is satisfied.

The scalar sector is described by the SL(5)/SO(5) coset geometry parametrised by the
symmetric matrix My with inverse MM This divides the isometry group of the scalar
manifold SL(5) into unphysical scalar degrees of freedom (generating the adjoint repre-
sentation of SO(5)) and physical scalar fields completing them to the 24, i.e., the adjoint
representation of SL(5). Maximal supersymmetry completely and uniquely determines the

scalar potential to be of the form

1

V= —
64

<2MMNYNPMPQYQM — (MMNYMN)Z) +
+Z MNP 7QR.S (MMQMNRMPS — MMQMNPMRS> . (3.5)

3.2 From D=7toD =28

Every gauging in D = 8 must be an at most six-dimensional subgroup of the global sym-
metry group SL(2) x SL(3). After dimensional reduction to D = 7, the global symmetry
group gets enhanced with respect to what one would naively expect;* for this reason, one
would certainly expect any consistent gauging of the eight-dimensional theory to be reduced
to a consistent gauging of the seven-dimensional theory where the gauge group, though,
undergoes an enlargement just in the same way as for the global symmetry group. This
statement implies that the irreducible components of the embedding tensor in eight dimen-
sions must be obtained as a truncation of the embedding tensor in D = 7. This implies
the possibility of deriving the scalar potential of maximal D = 8 gauged supergravity from
the expression of the seven-dimensional scalar potential given in (3.5), after understanding

“One would expect R™ x SL(2) x SL(3), whereas it turns out to be enlarged to an SL(5).



how the eight-dimensional degrees of freedom associated with internal symmetries sit inside
SL(5) irrep’s. To this end, we need the branching of some relevant irrep’s of SL(5) with
respect to irrep’s of SL(2) x SL(3), which is a maximal subgroup thereof. The embedding
turns out to be unique and it gives rise to the following decompositions

5 —  (2,1) @ (1,3), (3.6a)
15 — (1,6) & (2,3) @ (3,1), (3.6b)
24 — (1L,1)® (1,8 @ (2,3) @ (2,3) & (3,1), (3.6¢)
400 — (1,3 @ (1,8) @ (2,1) @ (2,6") @ (2,3) @ (3,3"). (3.6d)

The decomposition (3.6a) essentially tells that the fundamental SL(5) index M = 1,2,3,4,5
goes into (I'; m), where I = +, — and m = 1,2, 3 represent fundamental SL(2) and SL(3)
indices respectively. The decomposition (3.6¢) tells us how the SL(2) x SL(3) scalar degrees
of freedom (living in the (1,8) @ (3,1)) are embedded in the adjoint of SL(5). It is worth
mentioning at this point that we are losing a Cartan generator in the branching procedure;
such an abelian generator is realised as an extra RT factor corresponding to a dilaton in
the seven-dimensional theory, with respect to which any eight-dimensional object should
have a scaling weight which we are omitting. This extra scalar exactly accounts for the
(1,1) irrep appearing in (3.6¢). The truncation that we need consists then in switching
off all the off-diagonal axionic excitations (spanning the (2,3) and (2, 3’) terms in (3.6¢)),
thus resulting in the following parametrisation

30 WU‘ 0
Muyn =

0 ‘e’2°an ’ (37)

where o is the extra dilaton corresponding to R*, whereas Wy, and M,,, parametrise the
SL(2)/SO(2) and SL(3)/SO(3) cosets respectively. It has been checked explicitly that the
scaling weights of all the terms in the D = 8 scalar potential with respect to the extra RT
are all equal such that it is perfectly consistent to set ¢ = 0 in the rest of our derivation,
since any other constant value can be seen as a change of normalisation of the potential
energy in the lagrangian.

As has been mentioned, the embedding tensor in maximal D = 8 supergravity lives in
the [5] (2,3) @ (2,6), which are parametrised by &7, and f;™" = f; (mn) respectively.
After taking a look at the decompositions given in (3.6b) and in (3.6d), one can infer that
& will in general source non-vanishing components of both Y and Z, whereas f will only
turn on components of® Z. This results in the following general Ansatz

ZIm,n — _Zml,n _ )\1 6IJf-Jmn 4 AQ emnpelngp , (38&)
Zmnd = Ny emmeelTe, (3.8b)
Yim =Ynr = A gfm ) (38C)

5This is due to the fact that a (2, 3) irrep appears in the branching of both the 15 and the 40°, whereas
a (2,6’) is only present in the decomposition of the 40°.



where all the other components of Y and Z vanish and the parameters A1, Ag, A3, Ay will
be fixed by some consistency requirements. First of all, the linear constraint implies in
particular that Z lives in the 40°, which means, as explained in (3.2b), that the three-form

must vanish
ZWMNPL — ¢ | (3.9)

which yields the condition
A3 = -2y . (3.10)

Secondly, we will substitute the Ansatz (3.8) into (3.4), which translates into the following
expression for the gauge generators6

(X1m), P = 4\ €mng [17 + <4)\2 - ;)\4> OmPErm — AN20nPErmm (3.11a)
1

(Xrm); & = (4)\3 + 2>\4> 51" Egm — AX36 " (3.11b)

(X10)m ™ = (=83 + A0) €y (3.11c)

(an)[p = 4)\1€manlqp + (8>\2 + )\4) 5[mp§|l|n] 5 (311d)

the remaining components being all zero. Now one has to make sure that the expression
of the eight-dimensional gauge generators given in (2.7) is correctly obtained.

Therefore, by comparing (2.7) with (3.11a) and (3.11b),” while also taking (3.10) into
account, one can consistently fix all \’s as:

1 1 1
Za )‘2__%7 )‘3_§’

By substituting these values into (3.8), the decomposition rules on the embedding tensor

A = A=1. (3.12)

are obtained:

1 1
ZIm,n — _ZmI,n — 1 6IJmen _ E 6mnpelijp ’ (3133)
1
zmnl — gemnpe”f Ip s (3.13b)
Y[m = Ym[ = f]m s (3.130)
other components = 0 . (3.13d)

Furthermore, one can check that substituting (3.13) into the D = 7 quadratic con-
straints (3.1) exactly leads to the ones in D = 8 as shown in (2.8).

Finally in this section, let’s come back to the scalar potential. One can apply the
decomposition rules (3.7) and (3.13) on the D = 7 scalar potential (3.5), so that the
relative coefficients in (2.9) can be determined, and by taking the normalisation of the
action (2.3) into account one can further fix the overall factor of (2.9). Then the D = 8
scalar potential is fully derived:

1
V= 5 WIJ [f[mnfqu (2Mmpan - anMpq) =+ glmgjann] . (3.14)

5We use the convention that €I Tmnp = €I1JEmnp-
7(3.11(:) and (3.11d) are some extra non-vanishing gauge generators due to the enlargement of the gauge
group we already mentioned when compactifying from D =8 to D = 7.



4 Investigating the vacua

4.1 Extrema of the potential

In the previous sections we have presented the quadratic constraints (2.8) and the scalar
potential (3.14). With these formulae in hand we can now investigate the vacua of the
maximal D = 8 supergravity.

In total there are 7 scalars for the coset Sé—(é)) X Sg((g)) In (2.2) we already gave a

parametrisation for the SL(2) scalars; now we also specify a parametrisation of the vielbein
L appearing in (2.2) containing the information about the SL(3) scalars, which is given by

— $1—P2 $1+92
el xie T xqe 2
i ?1—92 P1té2
LmZ = 0 e 2 x3€e 2 . (4.1)
P1+P2
0 0 e 2

Subsequently, by substituting such a parametrisation into the scalar potential (3.14) and
requiring that
1%

J (scalars) =0, (42)

one obtains 7 equations which represent the extremality condition for the scalar potential.
Since the full theory enjoys a global SL(2) x SL(3) duality symmetry, one can choose to
solve these equations in the origin of moduli space (setting all 7 scalars to zero.®). This
can always be done without loss of generality by performing a non-compact duality trans-
formation. This will translate the 7 equations of motion for the scalars into a set of 7
quadratic conditions in the embedding tensor components. Furthermore the quadratic
constraints (2.8) give another 30 equations in the embedding tensor components which
need to be satisfied for the solution to be consistent. This set of 37 equations appears in
the form an ideal consisting of homogeneous polynomial equations which can be solved for
the components &, and f7(™m™).

As explained in the footnote 8, we still have compact duality transformations that we
can use in order to simplify the general form of ¢ and f without spoiling the choice of
solving the equations of motion in the origin. For instance, we can make use of an SO(3)
transformation in order to diagonalise f_™", whereas for the moment we don’t need to
exploit SO(2) transformations.

In the next step, we will exploit an algebraic geometry tool called the Gianni-Trager-
Zacharias (GTZ) algorithm [16]. This algorithm has been computationally implemented by
the SINGULAR project [17] and such an implementation has been used recently in ref. [18]
for a purpose similar to the one discussed here.

We find in the end only one SO(2) x SO(3) orbit of solutions,” in which the simplest

8This translates into W = 15 and M = 13, from which it becomes manifest that the origin still presents
a residual SO(2) x SO(3) invariance.

9Tt is worth mentioning that an SO(2) x SO(3) rotation has been used in order to reduce some apparently
inequivalent solutions to the form (4.3).



representative is given by

A00
f+mn: 0A0 , f = §tm = &m = 0, (43)
000

where A represents an arbitrary real parameter. This orbit of solutions represents a
CSO(2,0,1) gauging, which was obtained in ref. [10] as eleven-dimensional supergravity
compactified on an ISO(2) manifold, with structure constants given by fumn” = €mng f+%.

4.2 Supersymmetry breaking analysis

Let’s now see whether we can say something about the fraction of supersymmetry preserved

by this class of solutions. Using the expression in ref. [8] for the variation of the gravitino'’

0, = _4%&/2 Fon’ T, T e (4.4)
and choosing the following parametrisation for eleven-dimensional Dirac matrices [7]
' =~ ® 19 and I =-"®0", (4.5)

one finds
g mn
&pu = _ﬂe¢/2f—&- My, 'Yg')’u £ o 2A 79'7;1 e #0, (4.6)

which implies that these solutions are always non-supersymmetric, whereas for A = 0 the
standard supersymmetric Minkowski vacuum of the ungauged theory is recovered.
4.3 Stability analysis

To this end, we need to compute the seven eigenvalues of the mass matrix at the solu-
tion. We would like to point out that the scalars parametrised in (2.2) and (4.1) are not
canonically normalised, i.e., the kinetic terms read

Lim = %Kj (097 (637) |, (@7)
100 0 0 0 0
030 0 0 0 0
001 0 0 0 0

Kij=1000¢e* 0 0 0 (4.8)
000 0 e3¢ 0 0
000 O 0 e3b1+¢2 _e3¢1+¢le

000 O 0 _e3¢1+¢2X1 e3¢1+¢2X% 1 202
This means that the physical mass matrix is given by

(m?)', = K* 9,0V, (4.9)

10This expression is valid for a maximally symmetric solution of a theory obtained from the reduction of
eleven-dimensional supergravity on a three-dimensional group manifold with structure constants f,.»”.



where K% denotes the inverse of the matrix K in (4.8).
Computing the mass matrix defined in (4.9) for the solutions (4.3), one finds the
following eigenvalues

0(x5), 8A%(x2). (4.10)

These solutions present five flat directions. In fact, the underlying CSO gauging doesn’t
have any non-trivial SL(2) phases (fy # 0, and f- = 0) and hence the potential given
in (3.14) has an overall e? and no dependence at all on . Only the vanishing of V itself at
the solution saves it from the run-away. This explains why the SL(2) scalars are massless.

Furthermore, in any theory in which a bosonic symmetry is gauged, one expects a
number of Goldstone bosons corresponding to unbroken generators of the gauge group.
This explains the presence of some extra flat directions. Discussion of the stability of all
flat directions would require an analysis of higher-order derivatives.

5 Conclusions

In the present paper we considered the general deformations of maximal D = 8 supergravity
and we have derived the scalar potential for the general case. Subsequently, by combining
duality covariance arguments with algebraic geometry techniques, we were able to study
the set of extremality conditions for the general gauging. The remarkable outcome is
that there is only a unique SO(2) x SO(3) orbit of Minkowski solutions corresponding
with a CSO(2,0,1) gauging. As discussed above, they are all non-supersymmetric with
no possibility of an intermediate case of partial supersymmetry breaking from N = 2 to
N = 1. Moreover, these solutions have the good feature of being free of tachyons at a
quadratic level. There are, though, a number of flat directions which might require a
further analysis at higher perturbative orders.
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