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ABSTRACT: Half-maximal, N = 4, sectors of D = 4 N' = 8 supergravity with a dyonic
ISO(7) gauging are investigated. We focus on a half-maximal sector including three vector
multiplets, that arises as a certain SO(3)g-invariant sector of the full theory. We discuss
the embedding of this sector into the largest half-maximal sector of the N/ = 8 supergravity
retaining six vector multiplets. We also provide its canonical N' = 4 formulation and show
that, from this perspective, our model leads in its own right to a new explicit gauging of
N = 4 supergravity. Finally, expressions for the restricted duality hierarchy are given and
the vacuum structure is investigated. Five new non-supersymmetric AdS vacua are found
numerically. The previously known N = 2 and N/ = 3 AdS vacua are also contained in our
N = 4 model. Unlike when embedded in previously considered sectors with fewer fields,
these vacua exhibit their full N/ =2 and N/ = 3 supersymmetry within our N' = 4 model.
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1 Motivation

Gauged supergravities in lower dimensions that descend consistently from string or M-
theory, and whose scalar potentials possess anti-de Sitter (AdS) vacua, prove to be ex-
tremely helpful venues to study aspects of large-N realisations of the AdS/CFT corre-
spondence [1]. Out of these, the handful of gauged supergravities with a mazimal amount
of supersymmetry and specific gauge groups enjoy an even more distinguished status, as
they are related to the AdS/CFT correspondences associated with the standard half-BPS
conformal branes. This is the case for the maximal supergravities in D = 7, D = 5 and
D = 4 with gauge groups SO(5) [2], SO(6) [3] and SO(8) [4]: they are respectively re-
lated holographically to the superconformal field theories, and mass deformations thereof,
defined on the M5, the D3 [1] and the M2 [5] branes.

Recently, D = 4 N' = 8 supergravity with gauge group ISO(7) = SO(7) x R’ has also
been shown to be a member of the select club of maximal supergravities with a holographic
interpretation [6], at least when ISO(7) is gauged dyonically in the sense of [7-9]. The purely
electric ISO(7) supergravity [10] descends consistently [11] from type IIA [12], but it lacks
AdS (or dS) vacua [13]. Similarly, the dyonically-gauged version [7-9] of ISO(7) supergrav-
ity [14] descends consistently [6, 15] (see also [16-18]) from mass-deformed type IIA super-
gravity [19] but, in contrast to its purely electric counterpart [10], its scalar potential does



attain AdS extrema [13, 14, 20, 21]. These vacua preserve different fractions V' < 8 of super-
symmetry and uplift to fully-fledged AdSy solutions of massive type ITA supergravity [6, 22—
24]. The latter are dual [6] to three-dimensional superconformal field theories of the simple
class discussed in [25, 26], and arise as infrared Chern-Simons phases of the D2-brane field
theory [27]. The field theory spectra have been partially determined holographically [28,
29], and solutions of various types have been constructed in the gauged supergravity. These
include domain-walls [27, 30], defects [31] or black holes, both the full asymptotically-AdS
geometries [32, 33| and their near-horizon regions [34]. These solutions are all in perfect
agreement with the corresponding field theory predictions. For example, the entropy of
those black holes has been succesfully matched from the field theory [33, 35-37]. Further
aspects of these AdS,/CFTs dualities have been explored in [38-40].

Other than the fact that dyonic ISO(7) supergravity pertains to the D2-brane and
the latter does not support a maximally supersymmetric conformal field theory on its
worldvolume, everything else works as for the maximal supergravities [2—4] relevant for the
usual AdS/CFT descriptions of the superconformal, M5, D3 and M2, branes. In fact, as
for the latter, better-known superconformal cases, there are aspects that make these new
AdS,/CFTj dualities rather unique, both from the supergravity and from the field theory
sides. On the one hand, it is now established that D = 4 A/ = 8 gauged supergravities
tend to come in families whose members have the same gauge group but different elec-
tric/magnetic duality frames prior to introducing the gauging [7-9]. For ISO(7) supergrav-
ity, this electric/magnetic deformation is still compatible with a higher-dimensional origin,
the feature which ultimately renders it relevant for top-down holography. In contrast, the
analogue deformation of the SO(8) gauging [7] cannot be consistently uplifted [41, 42] to
conventional D = 11 supergravity [43] unlike, as is well-known [44], the purely electric
representative [4] in that class. On the other hand, one may envisage large classes of three-
dimensional superconformal field theories in the simple class considered in [25, 26] that
differ in their matter couplings and flavour symmetries. However, weakly coupled AdS,
gravity duals are ruled out for most of those, as their spectra tend to exhibit light opera-
tors with unbounded spin and expotential growth [45]. The handful of cases not ruled out
by [45] turn out to be the ones relevant for the AdS,/CFTj3 dualities of [6].

For these reasons, it is interesting to investigate further aspects of D = 4 N/ = 8
dyonic ISO(7) supergravity from an intrinsically four-dimensional perspective. A useful
way to do this is to truncate the theory to a more manageable sector with fewer fields,
where a concrete parameterisation for the scalar manifold can be introduced. This allows
one to obtain explicit expressions for the scalar potential and therefore study its vacuum
structure. It also allows one to obtain concrete expressions for the tensor [46, 47| and
duality hierarchies [48], which eventually play a significant role in the type ITA uplift [15].
In this spirit, further A/ = 1 or N/ = 2 subsectors of the full N' = 8 ISO(7) theory have
already been presented in [14, 49].

In this work, we focus on half-maximal, N' = 4, sectors of ISO(7) supergravity. We find
that N/ = 4 sectors provide an excellent compromise between particularity and generality.
On the one hand, N' = 4 sectors are small enough to admit a tractable parameterisa-
tion in terms of explicit scalar fields, unlike the full N' = 8 theory. On the other hand,



N = 4 sectors are large enough to contain relevant features of ISO(7) supergravity in
a unified way, which is still simplified with respect to their description within the full
N = 8 theory. For example, the SU(3) and SO(3)q x SO(3)R invariant subsectors con-
structed in [14] respectively contain, and mutually exclude, the N' =2 [6] and N = 3 [21]
AdS vacua of ISO(7) supergravity. Moreover, the latter manifests itself as N/ = 0 within
the SO(3)q x SO(3)g sector and only when embedded in the full N' = 8 theory becomes its
actual N/ = 3 supersymmetry apparent. The reason for this awkward, yet perfectly reason-
able, feature is that the N’ = 3 gravitini that remain massless at that vacuum transform as
a triplet of the residual R-symmetry group, SO(3)4, and are thus truncated out from the
SO(3)q x SO(3)r-singlet sector.

More concretely, we explicitly construct, in section 2, the explicit Lagrangian of a
subsector of NV = 8 ISO(7) supergravity that corresponds to N' = 4 supergravity coupled
to three vector multiplets. This sector is invariant under a certain SU(2) ~ SO(3) subgroup
of SO(7) C ISO(7). This SU(2) is the subgroup of the SU(3) residual symmetry group of
the N' = 2 point such that 3 — 2 + 1. It also coincides with the SO(3)r factor of the
SO(3)q x SO(3)R invariance group of the N' = 3 point. The SO(3)g-invariant sector thus
contains, by construction, both A = 2 and N/ = 3 vacua. Moreover, these critical points
exhibit their full N' = 2 and N' = 3 supersymmetry within the N = 4 SO(3)g-invariant
sector, as an explicit construction of the N/ = 4 gravitino mass matrix confirms. In section 3
we perform checks on our formalism. Firstly, the SO(3)g-invariant sector is embedded,
following [50], into the largest N' = 4 model contained within the N' = 8 ISO(7) theory.
Secondly, the model is cast into the canonical N” = 4 embedding tensor formalism of [51].
This is interesting in its own right, as the resulting gauging is new from the point of view of
half-maximal supergravity. In section 4 the SU(3) and SO(3)4q x SO(3)r invariant sectors
of [14] are recovered. In section 5 a thorough numerical scan for new SO(3)g-invariant
vacua is performed. Section 6 concludes and two appendices contain further details on
group theory and the duality hierarchy.

2 SO(3)gr-invariant sector of ISO(7) maximal supergravity

Our starting point is the dyonic ISO(7)-gauged maximal supergravity as presented in sec-
tion 2 of [14] using the standard SL(8) symplectic frame of N' = 8 supergravity. We will
perform a truncation of this theory to its SO(3)g-invariant sector.

2.1 Field content

In order to determine the field content of the SO(3)g-invariant sector of the dyonic ISO(7)-
gauged maximal supergravity, one needs to know how the SO(3)r subgroup is embedded
into ISO(7). This group-theoretical embedding is given by

Go D SU(3)
ISO(7) D SO(7) D D> SOB3)r ~SU(2)r  (2.1)
SO(3)" x SO(4) D SO(3)q x SO(3)r
where SO(4) ~ SO(3)1, x SO(3)R, and SO(3)q is the diagonal subgroup inside the product
SO(3)'xSO(3)r,. The eight gravitini of the maximal supergravity multiplet transforming in



the 8 of the R-symmetry group SU(8) decompose under SU(2)g as 8 — 4 x 1+ 2 x 2. This
decomposition features four singlets thus reflecting the N/ = 4 structure of the SO(3)g-
invariant sector. The canonical N' = 4 formulation of this sector will be presented in
section 3.3 following the general framework of [51].

For the 21 4 7 vector fields spanning the ISO(7) = SO(7) x R” gauging of the maximal
theory it will be instructive to look at the branching rules

SO(7) o SO(3)' xSO(3)L, xSO(3)x ») SO(3)axSO(3)R
21 (3,1,1)+(1,3,1)+(1,1,3)+(3,2,2)  2x(3,1)+(1,3)+(2+4,2) (2.2
7 (3,1,1)+(1,2,2) (3,1)+(2,2)

The electric and magnetic SO(3)g-invariant vectors are denoted
AN = (A AW AWy and Ay = (A, AB) | AW (2.3)

with i = 1,2,3 and a = 1,2,3. The vectors (A", A)) = (3,1) C 21 and (A®)?, flgt)) =
(3,1) C 7 are associated with ISO(3)’ c ISO(7) whereas (Ao ASLL)) = (3,1) Cc 21
are associated with SO(3);, C ISO(7). Together they specify a truncated gauge group of

the form
G =1SO(3) x SO(3)., (2.4)

which, in A/ = 4 terms, corresponds to the supergravity multiplet being coupled to three
vector multiplets. More details about the group-theoretical embedding of the vector fields
into maximal supergravity are presented in appendix A.

The SO(3)g-invariant (pseudo-)scalars can be identified by performing the group-
theoretical decomposition

SO(7) D SO(3)a x SO(3)r
1 (1,1)
7 (3,1) +(2,2) (2.5)
27 (5+1,1)+(3,3)+(4+2,2)
35 (pseudo-scalars) (1,1)+(5+3+1,1)+(3,3) +(2,2) + (4 +2,2)

The two fields denoted x = (1,1) C 35 and ¢ = (1,1) C 1 correspond to the (complex)
axion-dilaton 7 = x + ie” % of N/ = 4 supergravity parameterising a scalar matrix

1 1 x SL(2)
Myg = — 2.6
6= Ty (X |T|2> € 502)° (26)
with @ = +, — being a fundamental index of SL(2). The rest of the scalars serve as
coordinates in a coset space
S0O(6,3)

Myn = Vg3 Ves € (2.7)

SO(6) x SO(3)’



where M, N are fundamental indices of SO(6,3). These scalars are assembled into 3 x 3
matrices v =(5+1,1) C27,a=(3,1) C7and b= (5+3+1,1) C 35 so that

v 00\ (I30a) [Is bT 1076
Ves=| 0 T30 || 0130 0l b |. (2.8)
0o ov)\ooIz/\o 0 Iy

The matrix v is in turn a coset element v € GL(3)’/SO(3) which can be parameterised
using scalars ¢; and hij as

_ L4 L _ L
e VB oM hl, e ﬂ¢1(h13+%h12h23)

v= 0 6_%(752 6_%@ h?3 ) (2.9)
0 0 e~ VE%
T

and determine a scalar matrix m = v v. The matrices m, a and b have components
mij = Mji, a;; = —aj; and b?; in order to fit the appropriate representations. More details
about the group-theoretical embedding of the (pseudo-) scalars into maximal supergravity
are presented in appendix A.

The 21 + 27 + 7 two-form fields entering the restricted tensor hierarchy in the ISO(7)

maximal supergravity have a group-theoretical decomposition of the form
SO(7) D SO(3)" x SO(3)1, x SO(3)r D SO(3)a x SO(3)r
21 (3,1,1)+(1,3,1) +(1,1,3) + (3,2,2) 2 x (3,1)+ (1,3) + (2+4,2)
27 (5,1,1)+(1,1,1) +(1,3,3) +(3,2,2)  (5,1)+ (1,1) +(3,3) + (2+4,2)

7 (3,1,1) +(1,2,2) (3,1)+(2,2)

(2.10)
which implies a total of fifteen two-forms in the SO(3)g-invariant sector. More concretely
they sit in the representations

BWJ =(3,1) c 21, B, = (3,
B®J =(5,1)+(1,1) C 27, B = (3,

1) C 21,
(2.11)

1)CT.
Only the tensor fields B’ enter the Lagrangian of the SO(3)g-invariant sector. However,
and despite not carrying independent dynamics, all the tensor fields in (2.11) enter the
truncated tensor hierarchy as discussed in appendix B.

Lastly, the group-theoretical decomposition of the 1 + 27 three-form potentials dual
to electric components of the embedding tensor in the ISO(7) maximal theory is given by

SO(7) D SO(3) x SO(3)1, x SO(3)r D SO(3)a x SO(3)r
1 (1,1,1) (1,1)
27 (5,1,1) +(1,1,1)+(1,3,3) +(3,2,2) (5,1)+(1,1)+(3,3) +(2+4,2)
(2.12)
thus yielding a total of seven three-forms in the SO(3)g-invariant sector
c'=(1,1)c1, CY = (5,1)+ (1,1) C 27. (2.13)



2.2 Lagrangian and equations of motion

The bosonic Lagrangian of the SO(3)g-invariant sector of ISO(7) maximal supergravity
can be obtained by direct truncation of the one in [14]. The result is given by

1 1
L=(R=V) 1+ huwDq" ADq" + 5 Ins Hoy AxHi) + 5 Ras Hoyy A H,
1 . - 1 - - ) )
+ g me AV A AW A da™ + ggm AV NAW A AT A (2.14)
1 . . L
+ igméijB’/\B] —mB’/\H((;))Z-,

where g is the gauge coupling constant and m is the magnetic charge in the theory. We
have denoted the scalar kinetic terms collectively as

1 1
huw D" A#Dg" = 2 DM A «DM®P — g DMy A s DMMN (2.15)
The kinetic terms for the scalars in the SL(2)/SO(2) coset read
1 1 1
= 3 DMap A «*DMP = 3 (dp)? + 5 e (dx)?, (2.16)

where (dp)? = dp A *dip, etc. Those for the scalars in the SO(6,3)/(SO(6) x SO(3)) coset
are given by

—é DMyn A *DMMN = —i tr (Dm Dm™) + %tr (m ™' Db" Db) (2.17)
+ i eV2(#1+62+¢3) <2 tr (mff) — tr(m) tr (ff)) ,
where the matrix f has components f;; of the form
fij = Dagj + 0ap b";; DV, . (2.18)

As usual in supergravity theories, the scalar fields couple both minimally and non-
minimally to the vectors. The minimal couplings are governed by covariant derivatives of
the form

Dmij = dimi; + 29 A" ey" myyy
Dajj = da;j +2 g A" €% as + eri; (9 AVF —m 5khA§f) ), (2.19)
Db = db% + g A e B b — g A e, 2 BY;

The non-minimal couplings occur via the scalar-dependent gauge kinetic matrix in (2.14)

Nas = Ras + iy, (2.20)

and involve the electric field strengths
i i L j
H(’Q) =dA" + 59¢ ik A7 A Ak
gL _ gaa | % gt AW p AL (2.21)

; . . , 1. S 4
HY)' = AW 4 gl A9 A AOF = Z e F AT A AD B



Note the presence of the tensor fields B’ in the field strengths H((Qt))z as a consequence of
the magnetic charge m in the theory [52]. In the basis of (2.3), the matrix My in (2.20)

takes the form
N1 No N3
N=NT= NN N5 |, (2.22)
NENE N

in terms of the following 3 x 3 blocks

1 1
N = —iePm — <z’e‘pxm — §bTb — a> N1 <ie‘pxm — §bTb+ a) ,

1 1 1
No=—bl — — (—x+ie ¥ <'%0 m—bTb—a>N—1bT,
2 5 \@( X 1 e ) ey 5

1
N3 = <ie¢xm — §bTb — a> N7,

Ni= =5 (x+ie ) I = g (=x+ o) BN 10

1
=— (—x+ie¥) bN*
N5 NG (—x +ie ?) b ,
Ng=-N"1, (2.23)

with IV being the matrix
= —je ¥ (1 + 62‘px2) m — (y - X+ ie‘“o) b'b. (2.24)

In N = 4 terms, the gauging of (2.4) is turned on in the vector multiplet sector only,
as can be seen from the covariant derivative D7 = d7. In particular, the scalars a;; are
charged under the SO(3)’ factor and correspond to Stiickelberg fields for the R3 shifts
Z(t). Accordingly, the
scalars a;; do not enter the scalar potential V' of the theory which reads

gauged by the electric gauge fields A®? and their magnetic duals A

L 1
V292 _46@_4€ﬁ(¢1+¢2+¢3)tr <m+2bTb)

+%6—¢+ﬁ(¢1+¢2+¢3) (1+62wx2) (Qtr (mm+;bTbm> —(trm)2+% (tr (bTb))2>

—l—%e” (tr (bTbmfl))Q—%e“ptr (bTbmflebmfl) te?tV2d1+d2+6s) (det b)?

— /2y et VRGOt ) (detb) tr <m—|—; bTb> ]

1 1
+gme“"+‘/§(¢1+¢2+¢3) <\/§ detb— 25X tr (bTb)> —1—5 m? e tV2d1+o2t0s) (2.25)

As we will show in section 4, the scalar potential in (2.25) contains all the known AdSy
vacua for the ISO(7) maximal supergravity up to date, and five new non-supersymmetric
AdS4 vacua.



Equations of motion. It is useful to write the equations of motion that derive from
the SO(3)r-invariant Lagrangian in (2.14). The variations under the scalars, the electric
vectors, and the metric, yield

1 1
D (hyy x Dg") — 7(auhw)Dq“ A *Dg" + fauvvolél

1
—1(0uT1s) Hj N +HE —

o (8uRAE)H NHG =

2

(2.26)
DH(Q)A + 2hyy ki x Dg” = 0,
huwDyd" Dug” + %Vg,w - %IAE <H H 4ngA HEP") = Ry
In the electric-vector equation, H, A stands for the magnetic field strength,
H(Q)A = Rax H(2> + Ipy * H(Q) , (2.27)

and ky are the SO(6,3) isometries along which the gauging is turned on. These can be
read off from the covariant derivatives (2.19).

Two other fields enter the Lagrangian (2.14): the magnetic vectors fll(-t) and the two-
forms B’. These carry dynamical degrees of freedom but not independent ones, in the
sense that their equations of motion give duality equations that relate them to the scalars,
the electric vectors and the metric. Indeed, the variation of (2.14) with respect to flgt)
reproduces the last three components, in the basis (2.3), of the vector-vector duality rela-

tions (2.27). The variation under B gives the duality relation
Hiy) = hyy k" 5 Dg” (2.28)

with k% = € jk Oaj),- More generally, dualisation conditions can be written for all the fields
in the tensor hierarchy introduced in section 2.1. Please refer to appendix B for the details.

3 N = 4 canonical formulation: new gaugings of half-maximal super-
gravity

In this section we investigate two different half-maximal truncations of the ISO(7) maximal
supergravity giving rise to new gaugings of half-maximal supergravity. We present them
in a canonical N' = 4 fashion using the embedding tensor formalism in the standard
symplectic frame of N' = 4 gauged supergravity [51]. The first truncation is obtained
by modding out the ISO(7) theory by a discrete Zg element along the lines of [50]. The
second truncation recovers the SO(3)g-invariant sector presented in the previous section
but in A = 4 language.

3.1 Brief review of N' = 4 supergravity with G C SO(6,n,)

We start with a quick review of the gauged N/ = 4 supergravities in four dimensions con-
structed in [51].} The field content of these theories consists of the supergravity multiplet
coupled to an arbitrary number n, € N of vector multiplets.

!We parameterise the SL(2) matrix M,s as in (2.6) which slightly differs from the conventions adopted
n [51].



The supergravity multiplet contains, as bosonic degrees of freedom, the metric g, six
vector fields Aum with m = 1,...,6 and a complex scalar 7 = x + te~¥ parameterising a
scalar matrix

SL(2) ) B 1
S0(2) with Vo = R (1,7), (3.1)

Mg =Re (Vo V) €

where a = +, — is a fundamental SL(2) index. The scalar matrix in (3.1) can in turn be
constructed from a coset representative Vo (see (3.29)) as Mag = dug (V2)% (V2)25, where
the local index of the coset representative has been underlined. The vector multiplets
contain vector fields A#d with a = 1,...,n, and 6n, scalars parameterising a coset element

SO(6,ny)
N € 50(6) x SO(ny) ’

M (3.2)
with M = (m,a) being a fundamental index of SO(6,n,) in a time-like coordinate basis.
The scalar matrix in (3.2) can also be constructed from a coset representative Vg, as
Muyn = 6mn Vo) 2n Vo n, )Y, where again we have underlined the local index of the
coset representative.

In its ungauged version the theory possesses a global SL(2) x SO(6,n,) symmetry,
known as the duality group, which is a subgroup of the electromagnetic transformations
Sp(12 + 2n,,R). The electric vector fields and their magnetic duals transform in the fun-
damental representation of the duality group, namely 4, € (2,6 + n,), and span an
abelian G = U(1)% x U(1)™ gauge symmetry under which the scalars are not charged. Af-
ter performing a gauging of a (non-)abelian subgroup G C SL(2) x SO(6,n,), a gauged
supergravity is obtained with the scalar fields being now charged under G. In addition, a
non-trivial scalar potential V' is generated.

The Lagrangian. The Lagrangian of the N = 4 gauged supergravities becomes totally
specified by a constant tensor X,agnyp that determines the embedding of the gauge
connection into the Sp(12 + 2n,,R) group of electromagnetic transformations [51]. This
embedding tensor takes the form

Xormignyp = Oant™ [tAlpNyp = —€ay farinp — €8y TN Eap) — €a(sEpmne s (3.3)

where the index A runs over the generators [t 4]gn,p of G C SL(2) x SO(6,n,) that have
been gauged and where ny/n and e,g are the bilinear invariant tensors of SO(6,7,) and
SL(2) respectively.? The embedding tensor in (3.3) contains two irreducible representations
of the duality group given by

JaMNP = famuNP) and §aM - (3.5)

2We use conventions where €1 _ = ¢~ = 150 that €,5 €*? = 5. The generators of the SL(2) x SO(6,7.)
duality group take the form

[taMBN]yPsQ = €aB €vs [tMN]PQ + NN 1PQ [tas]ys s (3.4)

with [tan]T9 = 55 5]?,] and [tas]"’ = 60 (5;) being the SO(6,n,) and SL(2) generators in the fundamental
representation.



Consistency of the gauge algebra requires a set of quadratic constraints on the parameters
famnp and &, specifying the gaugings of the theory (see eq. (2.20) in [51]).

In this work we will concentrate on a class of gaugings of the form G C SO(6,n,).
Keeping the SL(2) factor of the duality group ungauged requires
QR [

§amt =0 = XaMpNyP = Oar ™" [LoRr]gNyP = —€8y faMNP (3.6)

which drastically simplifies the Lagrangian constructed in [51]. The bosonic part consists
of three pieces

Lios = Lxin — V + »Ctop . (3.7)

The kinetic terms, together with the generalised theta-angle, for the various supergravity
fields are given by

1 1
e ' Lyin =R+ 7 DuMas DFMAP 4 5 DuMn DHFMMN
3.8)
1 1 (
1 Im7 My N ’HW+M HH AN % Ret nprw eMP? ’HW"'M HPU+N ,

where My, is positive definite. The electric vector field strengths and the scalar covariant
derivatives take the form

MM =200, A =™ foapne AN Ayt 4 MY foane BUNT L (3.9)

and

D, Mg = 0,Mug3,

, (3.10)
DyMyn = 0, Mun — 2 A" fpoon Mg 199

The presence of non-trivial magnetic charges f_j;nyp in the theory requires to introduce
a set of auxiliary tensor fields BWM N — BW[M N1 3 These tensor fields enter the vector
field strengths in (3.9) and come along with their own tensor gauge transformations [52].
The gauging procedure also generates a non-trivial scalar potential that is quadratic in the
gauging parameters and takes the form

1 1 2
V= Z faMNP fBQRS Maﬁ § MMQ MNR MPS + <3 nMQ o MMQ> nNR nPS:|
(3.11)

1
— g Jamnp foars ¥ MMNPRRS
with
MyNPQRS = €miggrs Vo VEN VEp Vi Vi Vig. (3.12)

Local (underlined) indices in (3.12) are in a time-like coordinate basis for SO(6, n, ), namely,
Ntime-like = diag(—Ig,I,,). These are related to light-like coordinates by the orthogonal

3We define the tensor fields as Bu,,(here) = %BW[S”,
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transformation

1 1
-1, 0o L,
i) O= 0 —ls—pn, O for n, <6,
L1, 0 LI,
vz v (3.13)
1 1
~LIs LI 0
ii) O = %H@ %HG 0 for n,>6,
0 0 I

so that Might-like = O Ntime-like O!. Lastly, whenever there are non-trivial magnetic charges
in the theory, there is a topological term involving the vector fields as well as the auxiliary
tensor fields

1 _ _
Etop = _5 5'pr>\ _ffMNP Au M AV+N apA)\ P
1 ' _
— = famnr fopor n™ AN A, TN AP 4,
1 (3.14)
+t1 femne F-argrn™™ B, NP B, @8

1 _ / _
_§f—MNP BNt (23pAA M_ foora ™M 4,29 Ay R)] .

This concludes our review of the main features of the A/ = 4 gauged supergravities con-
structed in [51] when the gauging belongs to the class G C SO(6,7,). In the following we
will restrict to the case with n, < 6. This is a necessary condition for an N = 4 (half-
maximal) gauged supergravity to be embeddable into an N’ = 8 (maximal) theory as the
E7(7) duality group of the latter contains SL(2) x SO(6,6) as a maximal subgroup.

3.2 Halving ISO(7) maximal supergravity

Let us consider the ISO(7) C E7(;) gauging of maximal supergravity put forward in [14].
This gauging is of dyonic type as a gauging of maximal supergravity.® From the general
anaysis of [50], it can be consistently truncated to an N' = 4 gauging of the type discussed
in the previous section with n, = 6 by means of a discrete (orientifold) Zo projection®

The ISO(7) gauging of the maximal theory consistently truncates to a gauging of the
half-maximal theory. It is identified as

G = ISO(3)’ x SO(4) = ISO(3)’ x SO(3)1, x SO(3)R , (3.16)

4By dyonic here we mean dyonic in the standard SL(8) symplectic frame of A/ = 8 supergravity, which
differs from the one of N' = 4 supergravity as we will see in a moment.

®As discussed in section 4.1 of [9], the Za projection in (3.15) halving maximal supergravity in the
standard SL(8) symplectic frame yields an N = 4 Lagrangian which is not yet invariant under the full
duality group of half-maximal supergravity. To achieve such an invariance one must perform a further
dualisation of six vectors: three in the supergravity multiplet and three in the vector multiplets.
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and its embedding into the SO(6, 6) factor of the duality group reads
ISO(3)" x SO(4) C SO(3,3)" x SO(3,3) C SO(6,6), (3.17)

with ISO(3)" = SO(3) x R3 ¢ SO(3,3)" and SO(4) ~ SO(3)L x SO(3)r C SO(3,3).
Under the chain of embeddings in (3.17), the vector fields AH“M € (2,12) in the theory
decompose as
SL(2) x SO(6,6) D SO(1,1) x SO(6,6) D SO(1,1) x SO(3)" x SO(3), x SO(3)r
(2712) 12+ 2% (37171)++(1737 1)++(17173)+ (318)
12_ 2% (3,1,1)_ + (1,3,1)_ +(1,1,3)_

where the representations 2 x (3,1, 1) correspond to electric (+) and magnetic (—) vector
fields spanning the ISO(3)’ factor of G. The group-theoretical decomposition in (3.18)
translates into a splitting of the vector fields of the form

A M AM Al A0 Al A,°
A= =) = e e S e ) (319)
Ay Ay Ayt Au® Ay Ay

where the index M decomposes in a light-like coordinate basis as M = (i,a,i,a) with

S|

i=1,2,3 and a = 1,2,3. In this basis one has n;; = §;; and n,; = d,; so that

0 I
NMN = . (3.20)
Is O

Gaugings of half-maximal supergravity of the form G C SO(3,3)" x SO(3,3) have
been extensively studied in the literature [53-57], and further connected to non-geometric
backgrounds in type II orientifold reductions [58, 59]. In these works, a non-trivial
de Roo-Wagemans angle [53] necessary to stabilise the SL(2) dilaton Im7 is generated
by gauging one of the SO(3, 3) factors in (3.17) electrically and the other one magnetically,
namely, G = SO(3,3)", x SO(3,3)_. However this is not the case for the half-maximal
supergravity we are discussing here where the gauge factor inside SO(3,3)’ is gauged dy-
onically. This can be seen as follows. Using light-like coordinates, the theory is specified in
terms of an embedding tensor f, s np With non-vanishing components of the form [58, 60]

1SOB3)" : figk = friji = friji = 9> [ =m,

3.21
SO(4) : f—abE:f_aBC:f—dbC:_\/iga f_aBaz_\/ig- ( )

It is worth noticing that the combination of vectors gA#i + mflj serves as a gauge con-
nection for R?* c ISO(3)" ¢ SO(3,3)". In other words, an electric-magnetic deformation
in maximal supergravity becomes the composition of an SL(2) (electric-magnetic) and a
time/space-like deformation in half-maximal supergravity.

We will refrain from particularising the general Lagrangian of section 3.1 to the case
n, = 6 with an embedding tensor of the form (3.21). Instead, we will perform a further
truncation to a smaller SO(3)g-invariant sector retaining only three vector multiplets.
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3.3 Truncation to the SO(3)gr-invariant sector

We perform a further truncation to the SO(3)g-invariant sector of the theory by projecting
out the three vector multiplets transforming as (1,1,3)4 in (3.18). The resulting N' = 4
theory therefore has n, = 3 and

G =1S0(3)" x SO(3)r, € SO(6,3), (3.22)
in agreement with the gauge group in (2.4). Using light-like coordinates M = (i, a,4) for
which 7;; = 6;; and ngp = —0ap, namely,

0 0 Ij
nun =10 -I3 0 |, (3.23)
Is 0 O

the full N/ = 4 Lagrangian is specified in terms of an embedding tensor foy/np Wwith
non-vanishing components of the form

ISOB) s fige = fagjp = fegrn=9. fgr=m,

SO(?’)L : ffabc = _\/59' (324)

The gauge group G = ISO(3)’ x SO(3)y, is associated with generators [ty n]F g = 2 (55\477]\/]@
in SO(6, 3) given by

7

. - ~ 1 . 1
G; = Ei]k (5j] tjk + 5kk tﬂc) ., T = B Gijk tik, Lq= B Eabc tye , (3.25)
which satisfy commutation relations of the form

[G;, G;] = —Eijk G;C s [G;, TJI] = —Eijk T,g y [La, Lb] = Eabc Lc . (3.26)
Combining the relation in (3.6) with the embedding tensor components in (3.24) and the
generators in (3.25) yields

O MV tyn =gT], 0" Vtun =96 G,
| (3.27)
@_aMNtMNZ—\/igLa, @_EMNtMNIm(SgZT{.

The Lagrangian of this A/ = 4 sector can be obtained from the general results of
section 3.1 by imposing n, = 3 and using the non-vanishing embedding tensor in (3.24).
In this way we provide the canonical N' = 4 formulation of the SO(3)g-invariant sector
presented in section 2.

Lagrangian, duality relations and symplectic frames. Together with the Einstein-
Hilbert term, the Lagrangian of A/ = 4 supergravity consists on two pieces: a scalar sector
and a vector-tensor sector. We discuss them separately here for the SO(3)g-invariant sector
of the ISO(3)" x SO(4) half-maximal supergravity.
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Scalar sector. There are 2+ 3 x 6 = 20 scalar fields in the theory parameterising two coset
elements SL(2) $0(6.3)
€ —— d Ve3 € —— "t .

V2 € 560@) o 63 =50(6) x SO(3)

The first one is obtained upon exponentiation of the Cartan generator H and the positive
root E of the SL(2) algebra, and takes the form

(3.28)

Vy = ez H X Bt = (3.29)

so that Mug = Ja5 (Va)%a (V2)25 is given by (2.6). The second one is obtained upon
exponentiation of the Cartan generators H' = v/2t.: and the positive roots E;/ = §;1 59k =
(i < j), V¥ =%ty and U,/ = 7% t,y, of the SO(6,3) algebra in the light-like basis. It
takes the form

Ve,3 = ez i H' oh's Bl g5 aii VY b%; Ua? ; (3.30)

and recovers the result in (2.8). The scalars ¢; and h’; parameterise the coset element
v € GL(3)/SO(3) as in (2.9) and determine the scalar matrix m = vTv. The addition
of the scalars a;; extends the coset GL(3)'/SO(3) to SO(3,3)'/SO(3)? ~ SL(4)'/SO(4),
whereas adding the scalars b*; extends the latter to the full Vs 3 coset in (3.28) with My =
SN (Vo3)Mn (Vs,3)Yn. This symmetric matrix My has independent block components

M’L”:m_17
Mi :m_le,
1
- —1 T
Mg =I3+bm'b", (3.31)
1
Mj;=b+bm™' <2bTb+a> ,

ij

1 1
M- =m+b'b+ (QbTb—a>m1 <2bTb+a> .

Using differential form notation, the Einstein-Hilbert term and the scalar sector of the
theory are given by

1 1
Lops = (R=V) #1= 2 DMag N * DM — g DMy A s« DMMN (3.32)

The kinetic terms for the scalar fields are the same as in (2.16) and (2.17). The covariant
derivatives for the various scalars can be extracted from (3.10) and read

Dm; = dmg; + QQAE e,—c(jk M)
Daj; = daij +29 A* e age — (9 A" ey + m A¥ ey ), (3.33)
Db = db%; + g AF e, 0% — V29 A e V.

Notice the combination of vectors g A¥ + m AF entering the gauge connection in Da;;.
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It is also worth emphasising here that the scalars b%; are charged under both SO(3,3)’
and SO(3)r, € SO(3,3) in (3.17), thus rendering this N' = 4 model different from the
ones investigated in [53—59] where only scalars transforming separately under each of the
SO(3, 3) factors were retained. Lastly, using the embedding tensor in (3.24) and the scalar
matrix components in (3.31), we have verified that the scalar potential (3.11) gives perfect
agreement with the expression in (2.25).

Vector-tensor sector. Using differential form notation, the vector part of the La-
grangian (3.8) depends on the electric field strengths

Hgfw = (H@) J H?@ ) Hé)) J (3.34)
and reads
1 1
Lvee = —5 Im7 My HEH AHEY — o Rer nun Hi AHEY (3.35)

with scalar-dependent generalised gauge couplings given by (3.31) and field strengths of
the form

H?m:dAZ_gﬁzjkA]/\Ak_imezj]}A]/\Ak—i_mezﬁl}BJk,

1 ~
HE,) = dA® — 7 g% AP N AC + /2 g€y B, (3.36)

- - 1 - - .
Hipy = dA" = gl A A AR

Note that the electric vectors A% are ungauged, namely, they do not enter the gauge
connection in (3.33). Still they will propagate unlike the magnetic vectors (A¢, A¥) and the
tensor fields (B, Bii ) which do not carry independent dynamics. Finally the topological
term in (3.14) reduces to an expression of the form

EtopZ—\zgeabcA“/\AbAd[l“r;meijkAiAAjAdA’f
+ éQQEEEkEmnk (Af/\Aj/\AmAA”+A’71/\A”/\A5/\A3)
+ ég%ﬁkemﬁk <A5/\A5/\Am/\Aﬁ+Am/\Aﬁ/\AgA[ﬁ)
+ égmezjk emn® (AT A AT N A™ N AT A™ 8 AT A ATA AT (3.37)
_ ig2 eun ug® AT A AV A AC A Ad — %gmezﬁ e, Bk A B

- 1 - -
— V2 geae B A (dA“ — — g AT N A°
V2
- — 1 = _ o
+ megg BF A <dAZ — 5 g€ mn A™ /\A”> .

The above topological term (3.37) takes a lengthy form compared to the one in (2.14) due
to the symplectic frame used in the N' = 4 Lagrangian of [51] and our choice of light-like
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coordinates for SO(6,3). Note that the symplectic invariant matrix that results upon the
SO(3)g-invariant truncation of the A/ = 8 theory is given by

0 I 0 Iy
Qsp(s6.r) = e 0 — Qgp18R) = Lo ) (3.38)
—428 —llg

whereas the canonical formulation of N' = 4 supergravity uses® [50, 51]
! 0 7
QSp(l&R) = €af @NMN = 00 ) (3.39)

with 7 given in (3.23). We will come back to this issue by the end of the section when
discussing symplectic frames.

Duality relations. Let us discuss the duality relations in the SO(3)g-invariant sector.
Similarly as for the electric vectors in (3.34), one can introduce field strengths for the

magnetic vectors

,H(E)M = (7'22'2) ; 7:[?2) ; 7'22'2))‘ (3.40)

The magnetic vector field strengths will enter the equations of motion that follow from the
SO(3)r-invariant Lagrangian. More concretely, the equation of motion of the tensor fields
yields a set of vector-vector duality relations between electric and magnetic field strengths

ﬁ(g)i = —Im7 515 (M{k * H(g)k + MEC X H(2)C + M;E * H(Q)E) + Rer H(g)i,
7:[(2)(2 = Imr (5ab (Mbk * %(g)k + Mbc * 7‘[(2)6 + Mbl% * H(Q)E) + Rer H(g)a, (341)
7:1(2){ = —Tmr " <MZ;€ * 7—[<2)k + Mie * He)© + M, * 7{<2>E> + Rer 7—[@);,

with scalar-dependent matrices given in (3.31). On the other hand, the equation of motion
of the magnetic vectors gives the tensor-scalar duality relations

Hp'l = 6" (Mik «* DM" 4 M. «x DM + M, DM’@) ,
) (3.42)
My ™ = —6 (Mdlc « DM* + My, « DM + M DM“’) '

As a result of the duality relations in (3.41) and (3.42), the magnetic vectors and the tensor
fields entering the SO(3)gr-invariant Lagrangian do not carry independent dynamics.

Symplectic frames. Let us combine the generalised theta-angle and the gauge kinetic
matrix for the electric vectors AT in (3.35) into a matrix N of the form

N =—xn—ie ¥M, (3.43)

where My was built from the coset representative in (3.30) using SO(6, 3) generators in
the light-like basis. This matrix is different from the counterpart matrix N given in (2.22)

%The matrices Qgp(15,r) and Q5p(18,r) I (3.38) and (3.39) are related by an SO(18) rotation.
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and (2.23) which appears upon direct truncation of the ISO(7) maximal supergravity of [14]
to its SO(3)r-invariant sector.

Following the general discussion of [52], two Lagrangians with matrices N and N’
being related by a non-linear transformation

N'=(C+DN)(A+BN) ™", (3.44)

defined in terms of a matrix

AB
S = (C D) € Sp(18,R), (3.45)

are equivalent by electromagnetic duality. It is then straightforward to check that, firstly,
the matrix S in (3.45) with

000 I30 0 000
A:—% 0I30| ,B=-C=|00 0 |,D==V2[0150 |, (3.46)
000 00 I 000

leaves invariant Qgpgr) in (3.38) and, secondly, it acts non-linearly on the matrix N
in (2.22) and (2.23) and brings it to the matrix N’ in (3.43). This change of symplectic
frame, combined with our choice of coordinates for SO(6, 3), are responsible for the lengthy
topological term in (3.37) compared to that of (2.14). Note also that, while only three
magnetic vectors enter the gauge connection in (2.19), six of them do it in the covariant
derivatives of (3.33). As a result, a larger number of tensor fields are required in the
canonical (and equivalent) N = 4 formulation of the SO(3)g-invariant sector of the ISO(7)
maximal supergravity.

4 Further truncations and N > 2 supersymmetric vacua

The SO(3)gr-invariant sector we have just discussed contains, as further subtruncations,
the SU(3) and SO(4)4xr invariant sectors of the ISO(7) maximal supergravity constructed
in [14].7 Tt also contains all known AdS, vacua of the maximal theory (see table 1 of [14] for
a summary), in particular the N'= 2 [6] and N = 3 [21] vacua. The distinctive feature of
the SO(3)g-invariant sector is that supersymmetric AdS, vacua, especially the A/ = 2 and
N = 3 ones, exhibit all their supersymmetries within this half-maximal sector of the ISO(7)
maximal supergravity. This will be verified by locating their scalar and vector mass spectra
within this sector into the multiplet structure of the corresponding OSp(4|N') supergroup.

4.1 SU(3)-invariant sector

The SU(3)-invariant sector of the ISO(7) maximal supergravity describes an N' = 2 gauged
supergravity coupled to a vector multiplet and the universal hypermultiplet, with an abelian
G =R x U(1) gauging of the universal hypermultiplet [14]. The 2+ 4 scalars in this sector

"The subgroup SO(4)axr was simply denoted SO(4) in [14]. Here we attach the label qxgr in order to
avoid confusion with the SO(4) subgroup appearing in (3.17).
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were denoted (o, x) and (¢, a, ¢, ¢) in [14], and are recovered from the SO(3)g-invariant
sector upon identifying (¢, x) with the SL(2) axion-dilaton in (2.6) and furthermore

e® 0 0 0 —a0 ¢=C 0
1 -
v=| 0e? 0 |,a=|a 00 ,b:—E ¢ ¢ o |. (4.1)
0 0 e 000 00 2y

The electric and magnetic vector fields were denoted (A%, A', Ay, A1) in [14], and are
identified as

0 0 0
A= o |, AMe= 0 . AT =1 o |, (4.2)
Al —24! —AC
together with
0 0 0
A=l o |, AV=( o |. A"=| o |. (4.3)
LA 14 — 4

With these identifications, the N' = 4 supergravity here reduces to the N/ = 2 model
presented in section 3 of [14]. Therefore, all the AdS, vacua in the SU(3)-invariant sector
(see table 3 in [14]) are also vacua in the SO(3)gr-invariant sector.

A particularly interesting solution is an AdS; vacuum preserving N' = 2 supersym-
metry and Go = U(1) residual gauge symmetry within the SU(3)-invariant sector. It has
non-vanishing scalars

1
64 / g\2 1 /m)\s3 g\2 -
6‘@:—(—) - (= 6¢:8(—) —¢=(=0. 44
=G (2) 0 =5 (B) . ee=s(2) L amc=e (4.4
An explicit computation of the N' = 4 gravitino mass terms following [51] shows that this
vacuum also preserves N' = 2 supersymmetry within the SO(3)g-invariant sector, as an
analysis of the spectrum confirms. The scalar squared masses M?L?, normalised to the
AdS, radius L, read

(3+\/ﬁ, 2.2,2, 3—\57) (=2, -2), 2x <—2;, f;) . 2% <—194> , 7x0. (4.5)
These can be allocated into the following OSp(4|2) multiplets, from left to right: one long
massive vector multiplet, one massless vector multiplet, two hypermultiplets and two short
gravitino multiplets. The zero eigenvalues correspond to the Goldstone bosons eaten up
by vectors that become massive after the symmetry breaking G = ISO(3)’ x SO(3);, —
Go = U(1) x U(1)L. This is confirmed by the vector squared masses, M?L?,

28 4
1x4, 2x —, 4x =, 2 . 4.
x4, 2x o, dxg, 2 0 (4.6)
The OSp(4]2) multiplet structure of the full N' = 8 dyonically-gauged ISO(7) supergravity
at this vacuum can be found in tables 3 and 4 of [29].
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4.2 SO(4)gxr-invariant sector

The SO(4)axr ~ SO(3)q x SO(3)r invariant sector of the ISO(7) maximal supergravity,
with SO(3)4 being the diagonal subgroup in SO(3)’ x SO(3)y,, describes N' = 1 supergravity
coupled to two chiral multiplets and no vector multiplets [14]. We denote the four scalars in
this sector (¢, p') and (¢’, X') (no primes were used in [14]) which are recovered from the
SO(3)gr-invariant sector upon identification of the SL(2) axion-dilaton in (2.6) as (¢, x) =

(¢, p') and

e? 0 0 X 00
v=| 0 ¢e? 0 |, a=0, b=—V2]l 0y 0 |. (4.7)
0 0 e¥ 00y

With these identifications, and setting to zero all the vector and tensor fields, the N' = 4
supergravity here reduces to the A/ = 1 model presented in section 5 of [14]. As a result,
all the AdSs vacua in the SO(4)qxg-invariant sector (see table 4 in [14]) are again vacua
in the SO(3)g-invariant sector.

Within this ' = 1 model there is a non-supersymmetric but perturbatively stable
AdS, vacuum located at

1 1

/ 4 2 1 fm\3 , 256 2 4 fm)3
64 _ (2) e N 6«;:7<£) r—o=5 () (a8
¢ 27 \m/) * F \yg) ¢ 27 \m/) » X "\ (4.8)

The importance of this vacuum relies on the fact that it preserves N' = 3 supersymmetry
within the SO(3)g-invariant sector. We have verified this by direct computation of the
N = 4 gravitino mass terms following [51], and by analysing the scalar mass spectrum
(normalised to the AdSy radius)

3(1+v3), 6x(1+Vv3), 6x(1-Vv3), 3(1-v3), 6x0. (4.9)

The non-zero masses fill out a long gravitino multiplet of OSp(4|3) (see table 2 of [61]
with Jg = 0, Fy = \/g) The six zero masses correspond to the Goldstone bosons
that are eaten up by the vectors that become massive after the symmetry breaking
G =1S0(3)" x SO(3)r, = Go = SO(3)q. This is again confirmed by the vector masses (nor-
malised to the AdSy radius)

3x (3+v3), 3x0. (4.10)

5 New non-supersymmetric vacua

In ref. [14], the vacua of dyonic ISO(7)-gauged maximal supergravity with at least SU(3) or
SO(4)qxr invariance were investigated, giving rise to four different supersymmetric vacua
and six non-supersymmetric ones. Of the latter, two of them are perturbatively unstable in
the sense of displaying normalised scalar masses below the BF bound for stability in AdSy,
and the remaining four are stable. We can extend this classification now by considering
the SO(3)gr-invariant potential of (2.25).
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To do this we have performed a numeric procedure involving the minimisation of the
scalar potential, in field space, by a Newton method. To generate the initial values for the
17-dimensional parameter space (recall that there are three Stiickelberg scalars a;; that do
not enter (2.25)) we considered a uniform distribution consisting of a “hypercube” in 17-
dimensional space with |¢;| < 1 for each of the 17 fields ¢;, with approximately 50000 initial
points being generated. To extend the search we considered “hypercubes” of increasing
size, and noticed that the Newton method started to be inefficient when |p;| ~ 2. We
produced approximately 20000 initial points in these larger parameter spaces.

The minimisation process gave rise to critical values of the fields, ¢, that we used to
calculate the normalised mass spectrum of scalar fluctuations around the said minimum
and the N = 4 gravitino (squared) mass matrix. The eigenvalues of the latter, m?2, deter-
mine the number of supersymmetries preserved by the vacuum by counting the number of
eigenvalues satisfying m2 = —3V, /4, with Vi the value of the potential evaluated at ¥

With this method we reproduce all the fixed points listed in [14] and find five new
non-supersymmetric vacua with values of the scalar potential (setting g = c=1)

Vi ={—21.867393, —23.322349, —23.456053, —23.456098, —23.458780}. (5.1)

While the vacuum corresponding to the largest value of the potential is perturbatively
unstable, the remaining four are stable within the SO(3)gr-invariant sector. For these
vacua, it would be interesting to perform an analysis of perturbative stability within the
full ISO(7) maximal theory. This is beyond the scope of this work.

We proceed now to list the position in scalar field space, as well as the vector and
scalar normalised mass spectra, of these vacua.

i) Vacuum with V, = —21.867393

The position of this vacuum in the scalar manifold is given by

0.640745
x = —0.715397, ¢ = 0.0795045, ¢; = | 0.575310 |, (5.2)
0.0475177
x —0.0150532 0.193075
Ry = | « X —0.521471 |, (i <j), (5.3)

* * *

—0.451841 —0.226962 —0.0251816
b*; = | 0.0839092 0.0421481 0.00467636 | . (5.4)
—0.269282 —0.135262 —0.0150074

The normalised vector masses read

M?L? = {5.61795, 3.84978, 3.66158, 0.744392, 0.663310,
0.521957 (x2), 0.274647, 0}, (5.5)
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so there is a massless vector and the gauge group is broken to an abelian U(1). The
normalised scalar masses are given by

M?L? = {—2.66511, —2.63847, —2.09157, —1.54651, —1.08210 (x2),
0(x8), 0.732955, 2.63847, 4.17512, 4.18428 (x2), 7.01842}, (5.6)

so that the vacuum is perturbatively unstable. Note the presence of eight massless
scalars being Goldstone bosons eaten up by the massive vectors.

ii) Vacuum with V, = —23.322349

The position of this vacuum in the scalar manifold is given by

0.505757
y = —0.861587, ¢ = —0.300962, ¢; = | 0.497103 |, (5.7)
0.556115
« —0.184685 0.136010
hij=| « x —0.139564 |, (i<j), (5.8)

* * *

0.457458  0.304725 —0.160877
b = | —0.127647 —0.0924051 —0.526954 | . (5.9)
0.278269 —0.440951 —0.0597982

The normalised vector masses read

M?L? = {5.61055, 4.51560 (x2), 1.26025, 1.23284 (x2), 0.0591156 (x2), 0},
(5.10)

so there is a massless vector and the gauge group is again broken to U(1). The
normalised scalar masses are given by

M?L? = {—2.20094, —1.6884 (x2), —0.868452, 0(x8), 0.885771,
1.98171 (x2), 2.26671, 3.60935 (x2), 4.41937, 8.16298}, (5.11)

so that the vacuum is this time perturbatively stable. Note again the presence of
eight massless scalars being Goldstone bosons eaten up by the massive vectors.

iii) Vacuum with V, = —23.456053

The position of this vacuum in the scalar manifold is given by

0.461474
Yy =0.273189, ¢ =0.0399038, ¢; = | 0.659100 |, (5.12)
0.653142
% 0.0534187 —0.0707990
W= « % —0.0149067 |, (i <), (5.13)

* * *
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iv)

—0.516908 —0.154388 —0.249397
b*; = | —0.0485321 —0.470547 0.209088 . (5.14)
0.462023 —0.114350 —0.400746

The normalised vector masses read

M?L? = {4.29451, 3.62600 (x2), 2.66757 (x2), 2.29373, 0.0883439 (x2), 0},
(5.15)

so there is a massless vector and the gauge group is also broken to U(1). The nor-
malised scalar masses are given by

M?L? = {~1.58248, —1.36606 (x2), —0.987543, —0.920226 (x2), —0.145118,
— 0.0277198 (x2), 0(x8), 1.14647, 5.78023, 6.29251} (5.16)

so that the vacuum is perturbatively stable. Note also the presence of eight massless
scalars being Goldstone bosons eaten up by the massive vectors.

Vacuum with V, = —23.456098

The position of this vacuum in the scalar manifold is given by

0.500397
v =0.267119, ¢ =0.0383881, ¢; = | 0.649735 |, (5.17)
0.623964
« 0.0622572 —0.108150
hy=1+ x  —0.0330283 |, (i<j), (5.18)

* * *

—0.238203 —0.0134332 0.553237
b*; = | —0.584557 —0.259510 —0.0347291 | . (5.19)
—0.197645 0.446453 —0.0379982

The normalised vector masses read

M?L? = {4.26513, 3.70813, 3.59326, 2.67942, 2.63558,
2.30724, 0.0948198, 0.0753444, 0.00171607}, (5.20)

so all vectors become massive and the gauge group is fully broken at this vacuum.
The normalised scalar masses are given by

M?L? = {-1.58451, —1.35168, —1.34552, —0.977451, —0.96062, —0.874352,
—0.214610, 0(x9), 0.0395421, 1.14238, 5.77263, 6.29845}  (5.21)

so that the vacuum is perturbatively stable. Note this time the presence of nine
massless scalars being Goldstone bosons eaten up by the massive vectors.
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v) Vacuum with V, = —23.458780

The position of this vacuum in the scalar manifold is given by

0.560889
y = 0.373634, ¢ =0.0963292, ¢; = | 0.489926 |, (5.22)
0.692913
« 0.261188 —0.0655070
i=1% x  —00769042 |, (i <j), (5.23)

* * *

—0.331197 —0.378733 —0.264801
b*; = | 0.427584 0.105189 —0.346559 | . (5.24)
—0.126002 0.476769 —0.226711

The normalised vector masses read

M?L? = {4.59692, 3.26745 (x2), 2.82061 (x2), 2.16737, 0.132118 (x2), 0},
(5.25)

so there is a massless vector and the gauge group is again broken to U(1). The
normalised scalar masses are given by

M?L? = {—1.59719 (x2), —1.58649, —1.22285, —0.935656 (x2),
—0.480612 (x2), 0(x8), 0.0852111, 1.16111, 5.8955, 6.22349}, (5.26)

so that the vacuum is also perturbatively stable. Note the presence of eight massless
scalars being Goldstone bosons eaten up by the massive vectors.

6 Discussion

We have truncated D = 4 and N' = 8 dyonic ISO(7) supergravity [14] to its SO(3)g-
invariant sector. This corresponds to D = 4 and N = 4 supergravity coupled to three
vector multiplets with an ISO(3)" x SO(3)1, gauge group. We have also cast this model
in canonical N’ = 4 form [51], and have shown that the resulting gauging is new from
the N' = 4 perspective in that it contains matter that is charged under both factors of
the gauge group. Since SO(3)g is contained both in the SU(3) and the SO(3)4 x SO(3)r
subgroups of SO(7) C ISO(7), our model encompasses those sectors, constructed in [14],
that are invariant under the latter subgroups. Thus, the A/ = 4 and SO(3)g-invariant sector
contains all known supersymmetric and non-supersymmetric critical points of the ISO(7)
maximal supergravity and, as we show in section 5, five numerical non-supersymmetric
points that are new. In particular, this sector contains the two points of ISO(7) supergravity
with the largest possible supersymmetry: the A= 2 and N' = 3 vacua of [6] and [21]. These
arise as supersymmetric vacua and exhibit their full ' = 2 and N' = 3 supersymmetries
already within our A" = 4 model.
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The N =2 and N = 3 vacua are dual to superconformal Chern-Simons theories with
the same supersymmetries, that were respectively described in [6] and [26]. These have
adjoint matter in the 3 and the 2 of the corresponding flavour groups, SU(3) and SO(3)R.
It was argued in the latter reference that adding a mass term for one of the 3 adjoint
chirals should cause the former theory to flow into the latter. The low energy flavour
group SO(3)g must be preserved along the flow. For this reason, if this picture is correct,
the SO(3)gr-invariant sector that we have constructed in this paper must not only contain
the ' = 2 and N' = 3 endpoints of the flow, but also a full SO(3)g-invariant domain-
wall solution interpolating between both of them. We have verified that this is indeed the
case, in agreement with the argument put forward in appendix C.3 of [27], by explicitly
constructing the interpolating solution. The details will be reported in [62].
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A Group-theoretical embedding of SO(3)r C Er(z)

Let us consider the SO(3)r subgroup characterised by the embedding (lower chain) (2.1)
and introduce a set of constant 4 x 4 matrices J§ with a = 1,2, 3. The components of these
matrices (J4)as with a = (0,a) are given by®

(Ji)Ob - :F(;g ) (‘]i)bc = _eabca (Al)

so that they are antisymmetric and (anti)-self-dual

a 1 a
(Ji)aﬁ = ii%zﬁwé (Ji)ws; (AQ)
satisfy the quaternion algebra
(J)%(J*2)Ts = =085 + ee(JE) %, (A.3)
and the identity
(J)ap(Jaz)vs = 204119513 T €aprs - (A.4)

Indices @ and « are raised and lowered with d4, and d4p.
Let us now consider the generators t4® and tagcp of E7(7) in the SL() basis? and
split the fundamental SL(8) index A =1,...,8 as A = (i,«,8). The indices i and « refer

8The index « in this appendix should not be confused with the SL(2) index o = + in the main text.
9We follow the conventions in appendix C of [14].
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to the fundamental representations of SO(3)" and SO(4) in (2.1), respectively, whereas a
denotes the fundamental representation of SO(3);, and similarly for SO(3)g. Then the
SO(3)’, SO(3)r, and SO(3)r subgroups of E7(7) are respectively generated by

. 1 1
G = ety Ly = —i(Ja_)aﬁ t5®, Ry, = E(Jw)aﬁ ts®, (A.5)

and have non-vanishing commutation relations of the form
G}, G] = ei;"G,, [La, Ly) = €L, [Ra, Ry) = —€a°Re. (A.6)
The SO(3)4 diagonal subgroup inside SO(3)" x SO(3)y, is generated by D; = G’ + &? Ly,

Scalar sector. The group SO(3)r commutes with SL(2,R) x SO(6, 3) inside E(7). To
see this, note that the generators R, in (A.5) commute, on the one hand, with

. 1 .
Ho=t;" — to" +t5°, Ey = 30 ¢ tiins (A.7)

together with the negative root Eg = %eaﬁ'y‘stag,yg associated with Fy. They also commute,
on the other hand, with

1

1
Hi = — (t1' — 2% — t33 + 15%) Hy= — (=1  + to2 — 32 + t5%) |
1 ﬁ(l 2 3 8) 2 ﬂ( 1 2 3 8)
1
f[gE—\/E (—tll—t22+t33+t88), (A.8)
Ei = =636 t,F (with i < 7), Vi =tk U =320 (1,2) traps

along with L, defined in (A.5) and the negative roots associated with E;/, V% and U,7,

EJY = 7 (withi < j), VIt=ehys U= - " (1, ) thas.  (A9)
V2
The generators (A.7) close under commutation as
[Ho, Eo) =4 Ep. (A.10)

This is well-known to be the commutation relation of the upper triangular, solvable subal-
gebra of SL(2) that exponentiates into the first scalar coset in (3.28). The generators (A.8)
obey commutation relations (no sum over repeated indices) of the form

[H", EJ] = B [H* VI =af; VI, [HYUJ) =UJ,

(B, By = 6] B — 6t By

[EJ,VE) = sk vit —stvki [EJ, UK = -0F U7,

(U U] = 6V, (A.11)

where we have defined

af =V200F+0%), W =Vva(-df 4+, =v26f. (A.12)

ij ij =
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Commutation relations of the type (A.11) were studied in [63] and shown to correspond to
the solvable Lie algebras that exponentitate into the coset spaces SO(p, q)/(SO(p) x SO(q)).
In the present case (p,q) = (6,3) and the commutation relations in (A.11) match those in
(3.26) of [63] (with D = 7 there and minor notational changes). As a result the generators
in (A.11) exponentiate into the second scalar coset in (3.28).

The full coset representative on

SL(2) SO(6, 3)
scalar — s A13
Mscalar = 5555 * 56(6) x SO(3) (A-13)
can therefore be built as
Y = el2xBo o= yoHo o —bUa? =50V o—h'j B o5 ¢iH" ; (A.14)

where the sum on hijEij extends only for ¢ < j. The corresponding scalar matrix in
maximal supergravity is constructed as M = VVT. The scalar kinetic terms in (2.16)
and (2.17), as well as the scalar potential (2.25), result from substituting M into the
general expressions for the parent ISO(7) theory given in section 2 of [14]. These in turn
follow from the general N' = 8 gauged supergravity expressions of [64]. The kinetic terms
in (2.17) for the scalars in the vector multiplets match (3.20) of [63].

Vector sector. The subgroup SO(3)g commutes with ISO(3)’ x SO(3)y, inside the ISO(7)
gauge group of the parent N' = 8 theory, namely, ISO(7) D ISO(3)’ x SO(3)1, x SO(3)Rr.-
This results into

G =1S0(3)' x SO(3)L, = (SO(3)' x R3) x SO(3)y,, (A.15)

being the gauge group of the N' = 4 and SO(3)g-invariant truncation. As a subgroup,
G C SO(6,3) is generated by Gy = —(Eq® — E3%), etc., T' = — 3¢ VI¥ and L,, with the
latter and G} defined in (A.5). The semidirect action of SO(3)’ on R3 is explicitly defined
through the commutation relations

(Gl Ty = e T . (A.16)

Let us now determine which of the N' = 8 vector fields gauge the group G C ISO(7).
The gauge fields of the N” = 8 supergravity in [14] were denoted (A’/, A;;) and (A’ , Aj)
with I = 1,...,7. The former gauge the SO(7) factor electrically and the latter gauge
the R” translations dyonically. In order to identify the subset (2.3) of N/ = 8 gauge fields
that are invariant under SO(3)g, we split the index I = (i,«) so that ¢ and « respec-
tively label the fundamental of SO(3)" and SO(4) in (2.1), and a labels the fundamental of
SO(3)1, € SO(4). Then one finds the following identifications for the electric vectors

AT = A A =0, AP = ()7 A A= AT At =0, (A7)

and for the magnetic duals

Aij = Eijk ;m Aie =0, Aa/g = —(Ja,)aﬁ AELL) , .,[lz = Agt) , Aa=0. (A‘18)

The vectors A, A®" and AL)e are gauge fields for, respectively, each of the factor groups
in the right hand side of (A.15), as the field strengths (2.21) confirm.
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Two-form sector. The restricted tensor hierachy of the ISO(7) maximal supergravity
includes two-form potentials Br/ = 21 +27 and B! = 7’ [14]. The tensor fields By’ split as

Bi=BJ, B*=0, By,=0, B.=B,(J%).", (A.19)
whereas the splitting of B! reads
B =B, B*=0. (A.20)

Importantly, when the magnetic component of the embedding tensor is dualised into a
three-form potential (see (A.23) below), consistency of the Bianchi identities requires an
additional SO(7)-singlet two-form B = 1 that renders By’ traceful [14]. Being an SO(7)-
singlet, this additional two-form survives the truncation to the SO(3)gr-invariant sector

B=B. (A.21)

Three-form sector. The restricted tensor hierarchy of the ISO(7) maximal supergravity
includes three-form potentials C!¥ = 1 + 27 [14]. These have a splitting of the form

ci=cid, (ce=0, Cc¥=0""F, (A.22)
In addition, there is a three-form potential C = 1 dual to the magnetic components of the
embedding tensor in the ISO(7) maximal theory [14] which thus survives the truncation to
the SO(3)gr-invariant sector
c=C. (A.23)
The field strengths associated with these three-form potentials can be used to reconstruct
the scalar potential of the truncated theory (see (B.11) of appendix B).

B Tensor hierarchy in the SO(3)g-invariant sector

In the presence of magnetic charges induced by the gauging parameter m, the field strengths
of the electric vectors are subject to Bianchi identities

DH} = DHY* =0,  DHY)' =mH!

2 — Y (3) (B-l)

where H(i3) is the three-form field strength of the two-form potential B in (2.11). The

covariant derivatives in (B.1) are defined as

DH{, = dH{, +ge'jp A7 ANHY

DH)* = dHY + g ey AMY A HID® (B.2)
DHY = du) + g A9 A HOY + e (9ADT —m 57 A A HOF.

Similarly, even though they do not carry independent dynamics, we can introduce field
strengths for the magnetic vectors of the form

. 1 o o1 o 3 .
o :dA;+§QGZ’jkA,J/\A;chigEijkA(t)j/\A](:)*imeijkAgt)/\Al(:)ngeijkBkj,

[
- - 1 -
alhy) = dA£L>+5geabCA<L>bAA£L)+g B, (B.3)

H

[ 7

M —aA® 4 % geit ATNAY +g65,;B
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with B;/ = BW;J + B®;J and B, being the additional two-form potentials in (2.11). The
magnetic field strengths in (B.3) are also subject to Bianchi identities involving covariant
derivatives defined as

DH!,, = dﬁ/g)i +geit AT A ﬁ(/mk + e (QA(W -m 5jh“~1§zt)) AHY)

(2t — ( @)k
~(L ~(L ~(L
DAL, = dAL) + geu AV A HE) (B.4)
S(t) _ () T
DH(z)i = dH(z)i +g9 €ij A AN H(2)k ,

together with the electric charge g and the three-form field strengths H )/ and H ), of
the two-form potentials B;/ and B, in (2.11).

The various three-form field strengths above are connected with scalar currents via a
set of duality relations. When restricted to the SO(3)gr-invariant sector, the tensor-scalar
duality relations of [14] reduce to

C1
Hey = - * |4 (dp — e**x dx) — 3V2 (dp1 + dea + ds)
1 ,
~3 V2 (91+62+3) (2tr (mfa) — tr(m)tr (fa)) + 3tr (m™! b" Db)| 6/
I %e\/i(¢1+¢2+¢3) « (2 (fam) I — tr (fa) m:!)
n % V2 (B1+02+00) ipachhLs o gh g
—x(bT Dbm ") T+ 26,5 6" b (m )"« DV (B.5)
. 1 L
HY, = 3 eV2($1+¢2+¢3) m'; e* sk fn (B.6)

. 1 L
Hspa = 2 €ape (1) 0% % Db°; — 5 eV2(O1102403) ¢\ ik RO gD ek o . (BLT)

Equation (B.6) is just (2.28) written out explicitly in the parameterisation that we are using.
The dualisation conditions (B.5)—(B.7) further reduce to the expressions given in [14] for the
SU(3)-invariant sector upon the identifications in (4.1)—(4.3), as well as to the expressions
given in [24] for the SO(4)4xRr-invariant sector upon the identifications in (4.7). Finally,
the expression for the various three-form field strengths in terms of the corresponding two-
form gauge potentials (and also vector fields) can be obtained by particularising the general
expressions in eq. (2.8) of [14].

The three-form potentials C¥ = (5 +1,1) and C° = (1,1) in (2.13) dual to electric
embedding tensor deformations have field strengths given by

H = gvoly [(4 e%(¢1+¢2+¢3) + \@X6¢+\/§(¢1+¢2+¢3)det b) (m+ leb>
2
— V2 (b1 +ba+3) 20 2 L Ty Lyt
te 1H02103) (1 4 e*7x?) (trm)m—2mm+§mb b+§b bm

1 1
+ Z (tr (bTb)) bTb>:| —|— §mxe¢+\/§(¢1+¢2+¢3) bTbVO]~47 (BS)
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and

1 1 1
HO — 1 9eva(P1tdatds) | 1 otrV2(1+2+93) Jetp | t T
@ gV04[< e +2\@X€ e r m+2

1 2 1 1
) T -1 Lo T —14T —1\ _ * _oV2(p1+p2+03) 2
1€ (tr (b'om™1)) +4e tr(b'bm b bm ™) 5 € 1Te27e3) (det b) }

- 2\1/§me‘p+‘/§(¢l+¢2+¢3) detbvoly. (B.9)
The expression for the various four-form field strengths in terms of the corresponding
three-form gauge potentials (and also two-form and vector fields) can be obtained by par-
ticularising the general expressions in eq. (2.9) of [14].
On the other hand, the three-form potential C' = (1,1) in (A.23) dual to the magnetic
embedding tensor deformation has a field strength given by

ﬁ(4) = %g P HV2S1+d2+63) <X tr (bTb) — 2v/2det b) — meptV2Aer1+d2+d3) voly . (B.10)

Then the consistency of the SO(3)g-invariant sector guarantees that the scalar potential
in (2.25) can be expressed in terms of the field strengths in (B.8)—(B.9) and (B.10). Indeed
one finds that

9 (6 HY, +4HY) +mHyy = -2V voly, (B.11)

in agreement with egs. (2.28) and (2.29) of [14].

Finally, as discussed in full generality for the ISO(7) theory in [14], substituting the
duality relations into the Bianchi identities for the SO(3)g-invariant hierarchy of fields,
one obtains a projection of the scalar equations of motion. In terms of representations of
SO(3)q x SO(3)r C SO(7) such scalar equations of motion are given by

(L1)C1: g(6;HI +4HY) +TmH, =0, (B.12)

together with
(5+1,1)C27: THY — (O HIY +4H,) 67 =0,

8y Hil) — 3 HY, = 0.

(B.13)
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