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We clarify the higher-dimensional origin of a class of dyonic gaugings of D = 4 N = 8 supergravity
recently discovered, when the gauge group is chosen to be ISO(7). This dyonically gauged maximal
supergravity arises from consistent truncation of massive IIA supergravity on S°, and its magnetic coupling
constant descends directly from the Romans mass. The critical points of the supergravity uplift to new four-
dimensional anti—de Sitter space (AdS,) massive type IIA vacua. We identify the corresponding three-
dimensional conformal field theory (CFT3) duals as super-Chern-Simons-matter theories with simple
gauge group SU(N) and level k given by the Romans mass. In particular, we find a critical point that uplifts
to the first explicit AV =2 AdS, massive ITA background. We compute its free energy and that of the
candidate dual Chern-Simons theory by localization to a solvable matrix model, and find perfect

agreement. This provides the first AdS,/CFTjs precision match in massive type IIA string theory.
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Introduction.—Supergravity theories, the supersymmet-
ric extensions of general relativity, come in two varieties:
gauged and ungauged. The former, unlike the latter, typi-
cally include non-Abelian gauge groups and a scalar
potential. Gauged supergravities whose scalar potentials
have supersymmetric anti—de Sitter (AdS) critical points are
particularly interesting since they can provide insights into
the strong coupling behavior of superconformal field the-
ories (CFTs) through the AdS/CFT correspondence [1]. The
relevant gauged supergravities should arise as consistently
truncated compactifications of D = 10 or D = 11 super-
gravity. Only if consistency holds will their AdS vacua (and
any other solution) uplift to string or M-theory backgrounds
on which AdS/CFT can be formulated precisely.

Consider, for instance, the SO(8) gauging of the max-
imally supersymmetric, N" = 8, supergravity in D = 4 [2].
It arises from consistent truncation of M theory on S” [3,4].
All its supersymmetric vacua uplift to four-dimensional anti
de-Sitter space (AdS,) AdS, x S7 M-theory backgrounds,
some of which have known field theory duals. For example,
the central critical point uplifts to the Freund-Rubin
solution of D = 11 supergravity, which is dual to the
ABJM superconformal field theory [5]: a super-Chern-
Simons theory with nonsimple gauge group U(N) x U(N)
at (low) levels k and —k. The SO(8) gauging of Ref. [2] is
purely electric, in the sense that it only involves the vectors
that appear in the Lagrangian, and not their magnetic duals.
It has been recently pointed out that, more generally,
D =4 N =8 gauged supergravities often admit dyonic
gaugings [6,7]. These are characterized by a dimensionless
parameter, either continuous or discrete, that determines the
linear combination of electric and magnetic vectors, in the
adjoint of the gauge group, that participate in the gauging.
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This parameter shows up in the couplings of the gauged
supergravity, particularly in the scalar potential.

The questions arise: do these N/ = 8 dyonic gaugings
enjoy a string or M-theory origin, or are they just a four-
dimensional artifact? And, closely related for supergravities
with supersymmetric AdS vacua, are these dual to any three
dimensional conformal field theories (CFT5s)? In this note
we show that these questions have precise answers for the
dyonic gauging of a group closely related to SO(8): its
contraction ISO(7) = SO(7)xR’. We find that ISO(7)-
dyonically gauged N' = 8 supergravity arises as a consis-
tent truncation of massive type IIA supergravity [8] on the
six sphere, with the magnetic coupling constant identified
upon reduction with the Romans mass. This gauged
supergravity has AdS critical points that uplift to new
AdS, x S° backgrounds, with deformed metrics on the S°
and various amounts of supersymmetry. We also give
quantitative evidence that massive IIA string theory on
these backgrounds is dual to the simplest possible type of
superconformal Chern-Simons theories—those, first con-
sidered by Schwarz [9] as potentially relevant for holog-
raphy, with a simple gauge group SU(N), adjoint matter,
and level k. As anticipated in Ref. [9] (see also Ref. [10]),
the level coincides with the quantized Romans mass. The
D = 4 magnetic coupling m, the D = 10 Romans mass
F (0)» and the level k of the CFT; duals are thus related by

m = F ) = k/(2n¢,), (1)

where £, = v/d is the string length.

Dyonic ISO(7)-gauged supergravity.—The Romans
mass is known to induce magnetic gaugings and mass
terms for the Neveu—Schwarz (NS) two-form in N =2
compactifications of massive IIA on Calabi-Yau manifolds
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with fluxes [11,12]. Nonsemisimple gaugings also occur
frequently in this context. Our construction can thus be
regarded as an N = § extension of those N/ = 2 models.
Magnetic couplings and nontrivial tensors in four dimen-
sions come hand-in-hand, and the embedding tensor
formalism [13], which we use, naturally incorporates both
systematically.

The N = 8 family of ISO(7) gaugings is characterized
completely by an embedding tensor @y of the form [14]

OusCp =26005p.  OUHIC, = 250650, (2)
We have split the adjoint index « of SL(8) and fundamental
index M of E;; into fundamental SL(8) indices
A =1,...,8, and have defined
0 = gdiag(l,,0), & = mdiag(0,1), (3)
with g and m the electric and magnetic coupling constants.
The dyonically gauging parameter mentioned in the intro-
duction is simply the ratio ¢ = m/g. For g # 0, this family
of ISO(7) gaugings is discrete. It contains, in fact, only two
members [7]: the purely electric case m = 0 constructed
long ago [15], and the m # O case (all m # O supergravities
happen to be equivalent [7]). This form of the embedding
tensor implies that the SO(7) subgroup of ISO(7) is gauged
electrically only, while the seven translations are gauged
dyonically.

Using Egs. (2), (3) in the general formalism of Ref. [13],
we have constructed the bosonic sector of the N =8
theory [16]. This contains the 70 scalars of E;)/SU(8),
which can be packed in the symmetric matrix Myy; the
ISO(7) electric (and magnetic) vectors A’/, A’ (and A,
Ap, I=1,...,7, with field strengths Hg), Hfz); and
other higher-rank tensors, including two-forms B/, required
by the vector-tensor hierarchy. The electrically gauged
SO(7) rotations lead to a conventional Hlé , Whereas
the field strengths of the dyonically gauged R translations,

1 ~
Hiy) = A = 8,5 AY A AK +ZmAY A A;+ mB!, (4)

include couplings to the magnetic vectors and to B’. The
two-forms acquire a topological mass gmd;;B' A B/,
similar to that in Ref. [12]. Finally, the scalar covariant
derivatives develop dyonic couplings, as expected, and the
scalar potential features the terms in g> of the purely electric
gauging [15] plus new gm and m? terms.

It is often insightful to consider smaller sectors of the
N =8 theory. A useful one is obtained by truncating
bosons and fermions to the singlets under the SU(3)
subgroups of the gauge group ISO(7) and R-symmetry
group SU(8), respectively. This truncation results in an
N = 2 subsector, including one vector multiplet and one
hypermultiplet, with a U(1) x SO(1,1) gauging in the
hyper sector. A further consistent truncation of this sector

retains only the metric and the three scalars neutral under
the gauge group, and is described by the Lagrangian

3 3
¢TI L=R=2000)" =5 (09)? =57 (0x)* = V. (5)
where the scalar potential reads

1
V= 592(64(,/)—3(,0(1 + e2t/))(2)3 _ 1262(/)—(/;(] + 62(/)){2) _ 246”’)

1
_ gme4¢+3(p)(3 4 §m264¢+3¢_ (6)

For gm # 0, this potential has three AdS critical points.
Two of them have already been predicted [14] by a different
method [14,17]; they are nonsupersymmetric, unstable,
and, respectively, preserve SO(7) and SO(6) symmetry
when embedded in the full V' = 8 ISO(7) theory. Curiously
[14], their mass spectra coincide with those of the SO(7) .
and SU(4)_ points of the SO(8) gauging. In addition, we
find a new critical point located at

eﬁ(ﬂ_% 2 -2 o6

1
— 3 _
T

=8¢m=, ' =—ggim. ()

When embedded in the full NV = 8 ISO(7) theory, this point
preserves N =2 supersymmetry and SU(3) x U(1)
bosonic symmetry. We have calculated its mass spectrum:
again, it coincides with the spectrum [18] of the
N =2SU(3) x U(1) point of the SO(8) gauging.

Consistent truncation from massive IIA.—We have built
the D = 10 embedding of the full ISO(7) theory using a
similar strategy employed to embed the electric D =4
SO(8) gauging into D =11 [3,4] or the D =5 SO(6)
gauging into type IIB [19]. First, redefinitions of the IIA
fields are performed that leave only a subgroup SO(1,3) of
the full SO(1,9) local Lorentz symmetry manifest. Second,
the supersymmetry variations of these redefined fields are
manipulated so that they conform to the E;()-covariant
vector-tensor hierarchy, and “generalized vielbeine” can be
read off. Finally, an ansatz is proposed that relates the
generalized vielbeine and the hierarchy-compatible vectors
and tensors with the D = 4 coset representative and vectors
and tensors of the ISO(7) theory, together with geometrical
data from S®. We have verified the consistency of this
ansatz at the level of the supersymmetry variations: all S
data drop out, yielding the variations of the D = 4 ISO(7)
theory.

Here we will only give the final result. Further details of
this long analysis will be presented separately [20].
Leaving also for Ref. [20] the rather long expression for
the Ramond-Ramond (RR) three-form A(3>, the exact,
nonlinear consistent embedding reads, in the type IIA
Einstein frame conventions of Ref. [21],
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A~'ds; + guuDy"Dy",
e—(3/2)¢ _ _gmnAmAn + AH],M]MISJS,

dslo =

N 1 ~ ~
B(z) = —Uy <BI + EA” A A1> — g_lA] A Dﬂl

1
+ EanDy’” A Dy",
A(1) = —w A" + A, Dy", (8)

with A2 = (detg,,,)/(det g,,), where g,, is the round,
SO(7)-symmetric metric on S®. The y! parametrize S° as
the locus y;u! = 1in R’, and y", m = 1, ..., 6, are the §°
angles. These have covariant derivatives
1

Dy" =dy" +3gKpAY,  Dul =du' —gA"p;, (9)
with K7 = 29‘25'"";:[,8”/1]] the Killing vectors of g,,,.
Finally, the internal (inverse) metric and forms in Eq. (8)

are given in terms of SL(7)-covariant blocks of the D = 4
scalar matrix My and S® quantities as

1
gmn — *ngK;nJK%LMIJKL,

4
Ay ;gAgmnKUyKM”Ks,
By = — % DGy K70 MY g,
Apnp = ApBoy + ! 9AG KT KEEMY 0 (10)

8

We have included the expression for the internal compo—

The electric coupling ¢ appears explicitly in these
formulas, whereas the magnetic coupling m does not. As
usual in spherical reductions, g becomes identified with
the S° inverse radius and must be nonvanishing for
Egs. (8)—(10) to be well defined. In order to see that m
descends from the Romans mass F (0)» We compute from
Eq. (8) the RR field strength [21] F(5) = dA(1) + F (o) B(2).
and similarly for the other forms. We obtain F(y =
_ﬂIHfz) + - with

1. -
Hfz) =dA! — g6,k A AAK +§F(O)A” NAj+FB" (11)

and the dots denoting scalar-dependent terms. This expres-
sion coincides with the D = 4 field strength (4) provided
the first identification in Eq. (1) holds. We have inves-
tigated further the correspondence between m and £ in the
SU(3) and other invariant sectors, where explicit expres-
sions for the covariant derivatives and potential become
available. Perfect matching between D =4 and D = 10 is
always found via Egs. (8)—(10) provided Eq. (1) holds.

Being independent of m, the formulas (8)—(10) hold for
m = 0 as well, and thus also realize the embedding of the
electric ISO(7) gauging [15] in massless IIA argued in
Ref. [22]. Also, the discreteness [7] of the family of dyonic
ISO(7) gaugings can be understood directly in D = 10: all
nonvanishing values of £ (0) are classically equivalent.

A new N = 2 AdS, massive lIA solution.—The consis-
tent embedding (8)—(10) allows one to uplift any solution of
ISO(7) supergravity to massive IIA, preserving supersym-
metry in the process if present. We have employed these
formulas to uplift the critical point (7) to obtain the first
explicit, analytic N =2 AdS, solution of massive ITA
supergravity we are aware of. In the IIA conventions of

nents of A , and have defined K7y, = 497204’ 0,)u Ref. [21], the Einstein frame solution reads
|
3 6sin’a 9sin’a
dsly = L*(3 2a)'2(5 2a)'/¥ |ds*(AdSy) + > da* + ———ds*(CP?) + —————1
5% (3 4 cos2a)/*(5 + cos 2a) s ( 4)+2 a+3+0032a s2( )+5+cos2a’1
b — g 3 F00820)°%
3+ cos2a
sin‘a
L7212y —24\/_W1Ada,
7 +3cos2a . (9 + cos 2a)sin*a cos a
L3 F ) = 6vol(AdSy) 4 123 ————— sin*avol (CP?) + 18V/3 Ada A,
vol(AdSy) + \/_(3—&— cos 2a)? sin”avol(CP7) + \f(3+0052a)(5+cos2a)'] ani
. in? 3 —cos2
L—le(3/4)¢0F(2) =46 smacosa - 3¢gwsm ada A1, (12)

(3 + cos2a)(5 + cos 2a)

with L2 =2-0/8)3-15-(5/12),(1/12)  and  eho=
21/4g5/6,=6/0) and the Romans mass given by the first
equality in Eq. (1), namely, F ) = 31/ L~1e=C/% Asa
check on our uplifting formulas, we have explicitly verified
that Eq. (12) solves all the massive IIA field equations.
The metrics on AdS, and Fubini-Study on CP? are

normalized so that the Ricci tensor equals —3 and 6 times

(5 + cos 2a)?

[
the metric, respectively. The angle 0 < a <z locally
foliates S¢ with S° leaves regarded as Hopf fibrations over
CP?, with fibers squashed as a function of a. Also, J is the
Kibhler form of CP? and 7 = dy + o, with 0 <y <27 a
coordinate along the fiber and do = 2J. The local internal
metric can be alternatively regarded as one on an S? bundle
over CP?, with S? fibers parametrized by (a,y) and S°
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topology for the total space. The local geometry extends
globally over S° in a smooth manner. The vector 0, is
Killing, and also a symmetry of the supergravity forms, so
that the full solution exhibits a cohomogeneity-one
SU(3) x U(1) symmetry. The N' = 2 supersymmetry man-
ifests itself in the form of a local SU(2) structure, or global
SU(3) x SU(3) structure, of the type discussed in
Refs. [23,24]. Finally, a wider class of N = 2 solutions
with other topologies or possibly singular may be obtained
from Eq. (12) by replacing CP? with any positive-curvature
Kihler-Einstein manifold or orbifold.

The supergravity solution (12) also extends to a well-
defined string background upon flux quantization. On our
topologically S°® solution, flux quantization conditions can
only be imposed on F ) and F )- These are, respectively,
given by the second relatlon 1n Eq (1) and

-1 / 1.
(1/2)¢ ¢ _
e +Bz/\dA3+ Fo(Bz) —N,
(271'{&)5 S6 6 (13)

with N integer and (B,)* = B, A B, A B,. From an
explicit evaluation of this integral using Eq. (12) and from
Eq. (1), it is straightforward to solve for the classical
parameters L, e (or g, m) in terms of the quantum
numbers N, k.

For later comparison with field theory, we conclude this
section with the calculation of the gravitational free energy
of our solution. This is inversely proportional to the
effective D =4 Newton’s constant, F = z/(2G4) [25],
which can be read off by inserting Eq. (12) in the ten-
dimensional action. Denoting by ¢4 the warp factor in the
metric of Eq. (12), and expressing the result in terms of N
and k, a straightforward calculation gives

1673
_ﬁ/‘gﬁ eSAV016 :%21/331/6]\]5/3]{1/3. (14)

Dual field theories.—We now ask whether there are large
N 3d conformal field theories dual to the AdS, massive IIA
solutions obtained upon uplift of critical points of the
ISO(7) supergravity. Because the internal manifold has the
topology of S°, it would be natural for these AdS, solutions
to arise as the near horizon geometries of D2 branes in
smooth backgrounds of massive IIA. Such backgrounds,
which must have curvature and RR and NS fields to be
mutually supersymmetric with the D2 branes, have not
been constructed. Nevertheless, we expect dual field
theories with a single SU(N) gauge group.

In flat space, the world volume theory of N D2 branes in
massless IIA is the maximally supersymmetric Yang-Mills
theory in three dimensions with SU(N) gauge group. It has
7 adjoint scalars and 8 fermions transforming under an
SO(7) R symmetry. At low energies, this flows to the M2
brane conformal field theory with SO(8) R symmetry. On
the Coulomb branch, the N — 1 massless photons can be
dualized in this three dimensional system to additional
scalars, which complete the SO(8) representation. Now, the

presence of the Romans mass (1) induces a Chern-Simons
term on the D2 brane, (k/4m)Tr(A A F+32A AA A A).
By itself this would break all supersymmetry. However, we
may take this together with additional couplings and
preserve various numbers of supercharges, up to N' = 3.

We will be more interested in the A = 2 Chern-Simons
deformation. In A/ = 2 notation, the maximal 3D super-
Yang-Mills theory has an adjoint vector multiplet (con-
taining a real scalar and a complex fermion) and 3 chiral
multiplets (containing a complex scalar and fermion).
There is a superpotential W = TrX[Y,Z|. The Chern-
Simons deformation gives a mass to all fields in the vector
multiplet. This leaves 6 real massless scalars. This theory
has U(1)g x SU(3) symmetry, like the massive IIA sol-
ution (12). The superpotential fixes the R charge of the
adjoint chiral multiplets to be 2/3.

These field theories with a single gauge group and only
adjoint matter are of the type explored by Schwarz in [9] as
possible duals to AdS, string theory backgrounds. We will
now give strong evidence that at least some of these
simplest 3d theories are dual to the massive ITA uplifts
of the AdS critical points of ISO(7) dyonic supergravity.
We will match the gravitational free energy (14) of our
solution (12) to the free energy of the A/ =2 Chemn-
Simons-matter theory that we have just described.

The gravitational free energy is dual to the 3d
F = —logZ, where Z is the partition function of the
SCFT on a Euclidean S$3. In general, F is impossible to
calculate in practice for strongly coupled field theories.
However, N' = 2 supersymmetry allows one to localize the
infinite dimensional path integral to a finite dimensional
integral over only supersymmetric configurations [26-28].
The result is an integral, which is directly determined by the
UV Lagrangian, over the eigenvalues of the adjoint scalar
in the vector multiplet, i.e., Coulomb branch parameters 4;,

= 10 11 (o (57))

i<j=1
(/1 - )} }>3e<ik/4n>21?, (15)

A1 (orfelees

where » A, =0 since su(N) is traceless. The 1/3 that
appears in the argument of #(z) = —zlog(1 — %) +
(i/2)[xz* + (1/x)Liy(e*%)] = (in/12) results from the
chiral multiplets having R charge of 2/3. This result is
exact, even at finite N.

To compare to gravity, we want to take the large N limit.
Hence it is natural to describe the eigenvalues in terms of
their density p(4). It is easy to check that the radius of
curvature in string units of the string frame metric corre-
sponding to (12) is of the order of (N/k)'/°; thus, the
supergravity solution is valid when N > k. In that limit, the
range of A will scale as 4 = N%[x + iy(x)], with a to be
determined [29,30]. One finds an effective action for the
eigenvalue density at large N
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= Nz; k / dxp(x) (2xy(x) = i(x* = y?))

32 5,0 P (x)
N [ ax P 16
Tt /x1+y’(x) (16)

The existence of a saddle point requires the two terms to
balance, so @ = 1/3 as in [30]. The saddle point equation is
algebraic, and one can easily find the solution. The result
for the free energy is then

313/67 (32 2/3
F= — | kKBNS 17
40 (27) ’ (17)

in exact agreement with the gravitational result (14).

Final comments.—This type of SCFTs with a simple
gauge group and only adjoint matter has also been inves-
tigated in [31]. In fact, if we added a mass deformation
TrZ?, our N' = 2 theory would flow to the N/ = 3 point
discussed there. We conjecture that this field theory is dual
to the A/ = 3 AdS, x S® massive ITA solution that arises
from uplift via (8)—(10) of the A/ = 3 point [32] of the
dyonic ISO(7) theory. Interestingly, [31] demonstrated that
there are light higher spin operators and an exponential
growth in the spectrum of such simple theories with a larger
number of adjoints. Thus the examples we have found
appear to be the only possible such SCFTs with weakly
curved supergravity duals.

Consistent truncations of D = 11 and IIB supergravities
on $” down to maximal supergravities have been extensively
studied, with the usual n = 7,4, 5 cases singled out [33-36]
as special. Now we can add a new consistent I[IA, n = 6 case.
An interesting aspect in which the present n = 6 case differs
fromn = 7,4, 5 is that, although the resulting D = 4 ISO(7)
theory does not have an A/ = 8 vacuum that can possibly
uplift to a(n in fact inexistent [37]) maximally supersym-
metric AdS, x S% type IIA background, a maximally super-
symmetric truncation does still exist at the level of the
supergravities. Similarly, the question about the existence of
a massive IIA truncation on S$* to maximal D = 6 super-
gravity could be addressed using the same approach.

The dyonic deformation of the ISO(7) gauging is directly
inherited from a deformation that already exists in the higher
dimension. The embedding of D = 4 dyonic gaugings in M
theory would require a different strategy, due to the absence of
similar deformations of conventional D = 11 supergravity.
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