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ABSTRACT

We consider a certain N = 1 supersymmetric, SO(3)×SO(3) invariant, subsector of the

dyonic ISO(7)-gauged maximal supergravity in four-dimensions. The theory contains two

scalar fields and two pseudoscalar fields. We look for stationary points of the scalar po-

tential, especially the one preserving N = 3 supersymmetry of the original ISO(7) gauged

theory. The N = 3 stationary point corresponding to the AdS vacuum in the D = 4 theory

is lifted to a warped AdS4×X6 type solution in massive type IIA supergravity. This D = 10

background should be the dual of a certain N = 3 Chern-Simons matter theory in three

dimensions.



1 Introduction

The four-dimensional SO(8) gauged maximally supersymmetric N = 8 supergravity was

widely considered to be a unique theory, since its construction thirty years ago [1]. Inter-

estingly, using embedding tensor formulation [2], it was recently discovered that the SO(8)

gauging can be realized in a mixed electric/magnetic frame compatible with the N = 8

supersymmetry [3]. A new parameter commonly called ω was introduced to parameterize

the choice of the electric/magnetic frame. Inequivalent N = 8 theories are defined by val-

ues of ω in the interval 0 ≤ ω ≤ π/8 [3–5]. This development has stimulated numerous

studies, including its critical points [3, 7–14] and the consequences of the deformation for

the holographic dual theory [14–18]. Through the work of [4, 19, 20], it is proven that the

purely electric SO(8) gauged theory can be obtained from M-theory via a consistent re-

duction on S7. However, a no-go theorem [21] shows that the ω-deformed SO(8) gauged

supergravities cannot be realized via a compactification that is locally described by ten or

eleven dimensional supergravity. This means we are not able to determine the dual CFTs by

applying the standard AdS/CFT correspondence, whose formulation is usually facilitated

by the existence of a weakly coupled local supergravity theory on the bulk side 1.

Besides SO(8) gauged theory, there exist also 4D maximal supergravities with other

subgroups of SL(8) being gauged. In this paper, we will consider the ISO(7) gauged theory2.

The ISO(7) gauging can be derived from the SO(8) gauging via an Inönü-Wigner contraction

[27]. Similar to the SO(8) case, the ISO(7) group can be dyonically gauged, giving rise to

two inequivalent theories: the theory in the purely electric frame and the theory in a

mixed electric/magnetic frame [5]. The former is known to be derivable from M-theory

by a consistent reduction on S6 × T 1, or from type IIA supergravity via a consistent S6

reduction [28], the latter can be embedded to massive type IIA, with the Romans mass m

being identified as the parameter of the magnetic gauging upon reduction [29]. By virtue

of the consistency of the reduction, solutions of the ISO(7) gauged theory can be lifted to

solutions in (massive) type IIA. Some previous work on supersymmetric AdS4 × X6 type

solutions in (massive) type IIA supergravity can be found in [29,32–39]. All these solutions

preserve at most eight supercharges, or in other words, N = 2 supersymmetry in four

1It is possible that the ω-deformed SO(8) gauged theories can still be embedded into string theory via a

framework more general than supergravity, for example, double field theory with the strong section constraint

being relaxed, following the idea of [22–24].
2Recent work studying maximal supergravities with other dyonic non-compact gauging can be seen

in [25,26].
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dimensions.

In this paper we present explicitly, the first analytic AdS4×X6 solution in massive type

IIA preserving N = 3 supersymmetry in four dimensions. The D = 10 solution is obtained

by lifting the N = 3 AdS4 solution of the D = 4 dyonic ISO(7) gauged supergravity. It was

shown in [13] that the critical points in the ISO(7) gauged theory can have at most N = 3

supersymmetry, and in addition to the SO(3) R-symmetry the N = 3 point preserves an

extra SO(3) symmetry. We shall denote the full symmetry group by SO(3)R × SO(3)D
3.

This subgroup is characterized by starting from SO(3)1×SO(3)2×SO(3)3×SO(3)4 ∈ SO(8).

The factor SO(3)D is then the diagonal in SO(3)1×SO(3)2×SO(3)3, and the factor SO(3)R

is SO(3)4
4. In fact, the N = 3 critical point can be captured by a subsector of the full

theory which is invariant under the SO(3)R × SO(3)D subgroup of ISO(7) [14, 40]. To

obtain the N = 3 critical point, we truncate the ISO(7) gauged maximal supergravity

to its scalar subsector invariant under SO(3)R × SO(3)D. The truncated theory preserves

N = 1 supersymmetry, and it encompasses the scalar sectors invariant under SO(7) and

G2 as special cases. The N = 3 critical point appears to be a non-supersymmetric solution

of the truncated theory, however preserves N = 3 supersymmetry of the original N = 8

theory. Besides the N = 3 critical point, we also found a single N = 1, G2-invariant point

and three N = 0 critical points, of which the G2-and SO(3)R × SO(3)D-invariant points

are stable, while the SO(7) invariant point is unstable. The G2 and SO(7)-invariant point

is previously known in [8], where the G2 and SO(7)-invariant points in D = 4 maximal

supergravities with all gaugings are listed. We then uplift the N = 3 critical point as well

as the G2-invariant, N = 1, 0 critical points to massive type IIA supergravity using the

uplift formulae given in [29].

This paper is organized as follows. In section 2, we briefly review the ingredients of the

dyonic ISO(7) gauged supergravity. In section 3, we truncate the ISO(7) gauged supergrav-

ity to the scalar subsector invariant under the SO(3)R × SO(3)D , list the critical points in

this sector, and study the mass spectra of the scalar fluctuations around these AdS vacua.

In section 4, we uplift the D = 4 critical points to D = 10 and obtain the first N = 3

solution in massive type IIA explicitly. We discuss possible CFT dual of the N = 3 solution

3The notation SO(3)R should not be confused with the SO(3) R-symmetry, which is in fact associated

with SO(3)D.
4The SO(3)R×SO(3)D subgroup used here is different from the commonly used SO(3)×SO(3) subgroup,

in which the first SO(3) refers to the diagonal in SO(3)1 × SO(3)2 and the second SO(3) is the diagonal in

SO(3)3 × SO(3)4. Stationary points of the SO(8) and SO(4,4) gauged maximal D = 4 supergravities which

preserve the commonly used SO(3)× SO(3) subgroup have been uplifted to D = 11 supergravity in [30,31].
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and conclude in section 5.

Note Added: While we were preparing this draft, the work [40] appeared in arXiv and

it seems to overlap with our paper on the critical points and their spectra analysis in the

SO(3)D × SO(3)R-invariant sector.

2 Dyonic ISO(7) gauged N = 8 supergravity

The D = 4 gauged maximal supergravity is characterized by the embedding tensor ΘM
α

which completely specifies the gauging [2]. Embedding tensor enters the Lagrangian through

the quantity

XM = ΘM
αtα, (2.1)

which satisfies

[XM ,XN ] = −XMN
PXP , (2.2)

implying a closed algebra. Indices M,N . . . transform as the 56 of E7(7) which decomposes

into 28⊕28 of SU(8) or 28⊕28
′ of SL(8). The decomposition of the 56 of E7(7) under SU(8)

or SL(8) suggests two different bases in which E7(7) covariant quantities can be formulated.

In the SL(8) basis, VM = {V[AB], V
[AB]}, and the pure scalar sector of the 4D gauged

maximal supergravity is given as

e−1L =
1

8
Tr(∂µM∂µM−1)− 1

672
(XMN

RXPQ
SMMPMNQMRS + 7XMN

QXPQ
NMMP ),

(2.3)

where MMN is the inverse of MMN . The latter is constructed from the bilinear of the

56-bein

MMN = (LL†)MN , L(φ)M
N = S†

M
P L̂(φ)P

N , (2.4)

with

SM
N =

1

4
√
2


 Γij

AB iΓijAB

ΓijAB −iΓij
AB


 , L̂M

N = exp


 0 φijkl

φijkl 0


 . (2.5)

The indices M,N label the 56 irreps realized in the SU(8) basis, and therefore the unitary

matrix S† converts the SU(8) basis to the SL(8) basis [7]. Indices A,B, . . . are associated

with the fundamental representation of SL(8) while i, j, . . . transform as the 8 of SU(8).

The 2-gamma matrices Γij
AB comprise the generators of SO(8) in the chiral spinor repre-

sentation. The position of the index is not crucial. Here, we use the same notation as [14]

where the convention of the 2-gamma matrices is given explicitly5.

5Slightly different from [14], here we interchanged the definition of Γ2 and Γ7.
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Dyonic ISO(7) gauged maximal supergravity arises when the electric and magnetic parts

of the embedding tensor are both non-vanishing. Specifically, XMN
P takes the form

XABM
N =


 −fABCD

EF

fABEF
CD


 , XAB

M
N =


 −gAB

CD
EF

gAB
EF

CD


 ,

(2.6)

where fABCD
EF = 2

√
2δ

[E
[AθB][Cδ

F ]
D] and g

AB
EF

CD = 2
√
2δ

[A
[Eξ

B][Cδ
D]
F ] in which

θ = g · diag(I7, 0), ξ = m · diag(07, 1). (2.7)

The inequivalent theories correspond to m = 0 or m 6= 0. The reason [5] is that one can

use the SL(8) Cartan generator

Λred =


 I7

−7


 , (2.8)

to rescale the electric and magnetic coupling constant (g,m) separately, and the effects of

Λred on the scalar matrix MMN can be absorbed by a non-linear field redefinition.

3 Truncation to the SO(3)R × SO(3)D invariant sector

In this section, we truncate the ISO(7) = SO(7)×R
7 gauged theory to its subsector invariant

under an SO(3)R × SO(3)D group, which is embedded in ISO(7) by the following series

ISO(7) ⊃ SO(7) ⊃ SO(3)R × SO(3)L × SO(3) ⊃ SO(3)R ×
[
SO(3)L × SO(3)

]
D

(3.1)

Here
[
SO(3)L×SO(3)

]
D

means the diagonal subgroup of SO(3)L×SO(3), which we denote

by SO(3)D in later discussion for brevity. The scalar coset invariant under the SO(3)R ×
SO(3)D subgroup can be parameterized by the following SU(8) complex self-dual 4-form6

φijkl = (φ1 cos σ1Φ1 + φ2 cos σ2Φ2)AB (Γijkl)AB

+i(φ1 sinσ1Φ1 + φ2 sinσ2Φ2)ȦḂ(Γ
ijkl)ȦḂ, (3.2)

where

Φ1 =
1

2
diag(−1,−1,−1,−1, 1, 1, 1, 1), Φ2 = diag(0, 0, 0, 0,−1,−1,−1, , 3), (3.3)

6One way of understanding this formula is to treat SO(3)R × SO(3)D as a subgroup of SO(8). In the of

notation the gamma matrices, {i, A, Ȧ} label the indices of {8s, 8v, 8c} representations respectively. Φ1AB

and Φ2AB break SO(8) into [SO(3) × SO(4)]v, while Φ
1ȦḂ

and Φ
2ȦḂ

break SO(8) into [SO(3) × SO(4)]c.

When Φ1AB , Φ2AB , Φ
1ȦḂ

, Φ
2ȦḂ

are present at the same time, SO(8) is broken into the SO(3)R × SO(3)D

subgroup, which is the common subgroup of [SO(3)× SO(4)]v and [SO(3) × SO(4)]c.
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and (Γijkl)AB , (Γ
ijkl)ȦḂ are the upper and lower 8 by 8 diagonal blocks of the 16 by 16

4-gamma matrix respectively

Γijkl =


 (Γijkl)AB

(Γijkl)ȦḂ


 . (3.4)

Substitute the scalar 4-form ansatz into the Lagrangian (2.3), we obtain the scalar potential

for the SO(3)D×SO(3)R invariant sector of the dyonic ISO(7) gauged maximal supergravity

as

V =
1

64
g2(cosh φ2 − cos σ2 sinhφ2)

2(cos σ2 sinhφ2 + cosh φ2)

×
(
196 cos(σ1 + 3σ2) sinhφ1 sinh

3 φ2 + 4cos(σ1 − 3σ2) sinhφ1 sinh
3 φ2

+35 cos(σ1 − σ2) sinhφ1 sinhφ2 + 467 cos(σ1 + σ2) sinhφ1 sinhφ2

+47 cos(σ1 − σ2) sinhφ1 sinh 3φ2 − 97 cos(σ1 + σ2) sinhφ1 sinh 3φ2

+4cos σ1 sinhφ1 coshφ2(28 cos 2σ2 sinh
2 φ2 + 47)

−2 cosh φ1(28 cos 3σ2 sinh
3 φ2 + 101 cos σ2 sinhφ2 − 7 cos σ2 sinh 3φ2

+coshφ2(200 cos 2σ2 sinh
2 φ2 + 226) − 50 cosh 3φ2)

−28 cos σ1 sinhφ1 cosh 3φ2 − 768
)

+gm sin2 σ2 sinh
2 φ2(cos σ2 sinhφ2 − cosh φ2)

3 ×
(
3 sin σ1 sinhφ1 cosh φ2

+sinhφ2 (4 sin σ2 cosh φ1 − sinhφ1 (3 sinσ1 cosσ2 + 4 sinσ2 cos σ1))
)

+
1

2
m2 (coshφ1 − cos σ1 sinhφ1) (coshφ2 − cos σ2 sinhφ2)

6 . (3.5)

So far we have been focused only on the scalar sector. In fact, the full fledged SO(3)D ×
SO(3)R invariant sector preserves N = 1 supersymmetry which implies the potential can

be expressed in terms of a superpotential W , with

V = 2
(
4|∂W
∂φ1

|2 + 2

3
|∂W
∂φ2

|2 − 3|W |2
)
, (3.6)

where

W =
g

4
(cosh

φ2
2

+ eiσ2 sinh
φ2
2
)2(cosh

φ2
2

− eiσ2 sinh
φ2
2
)3

×
(
cosh

φ2
2
(7 cosh

φ1
2

− eiσ1 sinh
φ1
2
)− eiσ2(cosh

φ1
2

− 7eiσ1 sinh
φ1
2
) sinh

φ2
2

)

+
im

4
(cosh

φ1
2

− eiσ1 sinh
φ1
2
)(cosh

φ2
2

− eiσ2 sinh
φ2
2
)6. (3.7)

The location of the critical point depends on m/g, however, as mentioned before, the effects

due to different m/g can be compensated by a nonlinear field redefinition. Therefore we can
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choose this ratio to be the one most convenient for our purpose. In finding the locations of

the critical points, we choose
m

g
= 2. (3.8)

The scalar potential (3.5) possesses an SO(3)R × SO(3)D invariant stationary point pre-

serving N = 3 supersymmetry of the original N = 8 theory which lies outside the residual

N = 1 supersymmetry of the truncated theory. In terms of the complexified fields

ξ1 = tanhφ1e
iσ1 , ξ2 = tanhφ2e

iσ2 , (3.9)

the N = 3 point is given by

ξ1 =
3

5
− 2i

5
, ξ2 =

i

2
, (3.10)

The mass spectrum of the fluctuations around this vacuum has been obtained previously

in [13] by a group theoretic method without referring to the detailed position of the critical

point.

m2L2
0 : 1× (3(1 +

√
3)); 6× (1 +

√
3); 1× (3(1 −

√
3)); 6× (1−

√
3);

4× (−9

4
); 18× (−2); 12× (−5

4
); 22 × 0, (3.11)

where the AdS radius squared L2
0 = −6/V , V (g = 1,m = 2) = −32/

√
3. (The integer to

the left of the multiplication sign indicates the degeneracy of the mass eigenvalue, while the

number to the right indicates the corresponding mass-squared.) There is another N = 1

critical point with G2 global symmetry

ξ1 = ξ2 = − i

4
. (3.12)

To obtain this critical point, we have combined the Newton-Raphson method with the

“Inverse Symbolic Calculator” technique. The mass spectrum of the scalar fluctuations

around this vacuum is given by

m2L2
0 : 1× (4±

√
6); 14× 0; 27× (−1

6(11−
√
6)), (3.13)

where the AdS radius squared L2
0 = −6/V , V (g = 1,m = 2) = −512

√
3/(25

√
5). Besides

the supersymmetric critical points, there are three more non-supersymmetric critical points,

preserving SO(3)R×SO(3)D, G2 and SO(7)v global symmetries respectively. The SO(3)R×
SO(3)D invariant critical point is located at

ξ1 = 0.353669 + 0.0552267i, ξ2 = −0.0293804 + 0.534729i, (3.14)
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with the mass spectrum given by

m2L2
0 : 1× (6.72740); 1× (5.28662); 4× (−1.96422); 9× (−1.75110);

9× (−1.58816); 1× (−1.58552); 8× (−1.17591); 5× (−0.98271);

4× (−0.72962); 5× (0.62977); 1× (0.58436); 22× 0, (3.15)

where the AdS radius squared L2
0 = −6/V , V (g = 1,m = 2) = −18.662034. The G2

invariant point is given by

ξ1 = ξ2 =
i

2
. (3.16)

The associated mass spectrum has the simple structure

m2L2
0 : 2× 6; 14× 0; 54× (−1), (3.17)

where the AdS radius squared L2
0 = −6/V , V (g = 1,m = 2) = −32/

√
3. It should be

emphasized that the spectra associated with the non-supersymmetric SO(3)R × SO(3)D-

and G2-invariant critical points lie above the Breitenlohner-Freedman (BF) bound. The

last SO(7)v-invariant critical point is located at

φ1 = φ2 = −1
6 log

5
4 , σ1 = σ2 = 0. (3.18)

The mass spectrum of the SO(7)v-invariant critical point reads

m2L2
0 : 1× 6; 7× 0; 35× (−6

5); 27× (−12
5 ), (3.19)

where the AdS radius squared L2
0 = −6/V , V (g = 1,m = 2) = −15 × 5

1

6 /2
1

3 . This point

is unstable against fluctuations as the mass squared of some scalar modes is below the BF

bound. The scalar mass spectra associated with the two G2-invariant critical points and

the single SO(7)v-invariant point coincide with those given in [8], where the G2-and SO(7)v-

invariant critical points in D = 4 maximal supergravities with all gaugings are analyzed.

Since different choices ofm/g are related by highly nonlinear field redefinition, we expect

that if m/g had been different from 2, the expressions of the critical points will not be as

neat as the ones given above.

4 Lifting the 4D critical points to 10D massive type IIA

Previously, in order to find the exact positions of the critical points, we have set m = 2g

for convenience. Thus a direct application of the uplift formulae will lead to solutions in

massive type IIA supergravity with m = 2g. To recover the general m-dependence of the
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solution, we utilize two scaling symmetries of the equations of motion of the massive type

IIA supergravity. In the type IIA Einstein frame conventions of [42], these scalings act on

the fields and the parameter of the theory as follows

Â(1) → τÂ(1), Â(2) → τÂ(2), Â(3) → τ2Â(3), dŝ210 → τ
5
4dŝ210, eφ̂ → τ−

1
2 eφ̂,

Â(1) → κÂ(1), Â(2) → κ2Â(2), Â(3) → κ3Â(3), dŝ210 → κ2dŝ210, m→ m

κ
. (4.1)

Notice that the second scaling is merely based on the dimensionality. The scaling symmetry

of the 4D theory (2.8) reflects itself in the 10D theory as a combination of the above two

scalings with τ = λ20, κ = λ−14, where λ is identified as the parameter of Λred (2.8).

4.1 Supersymmetric SO(3)R × SO(3)L invariant solution in massive IIA

In terms of the auxiliary coordinates on S6

µ1 = sin ξ cos θ1 cosχ1, µ2 = sin ξ cos θ1 sinχ1,

µ3 = sin ξ sin θ1 cosψ, µ4 = sin ξ sin θ1 sinψ,

ν1 = cos ξ cos θ2, ν2 = cos ξ sin θ2 cosχ2,

ν3 = cos ξ sin θ2 sinχ2, (4.2)

which satisfy
∑4

A=1 µ
AµA +

∑3
i=1 ν

iνi = 1, the metric on the round S6 takes the form

ds2S6 = dξ2 + sin2 ξdΩ2
3 + cos2 ξdΩ2

2

= dξ2 + sin2 ξ
(
dθ21 + cos2 θ1dχ

2
1 + sin2 θ1dψ

2
)
+ cos2 ξ(dθ22 + cos2 θ2dχ

2
2). (4.3)

To lift the solution of the 4D dyonic ISO(7) gauged supergravity to that in the 10D massive

type IIA supergravity, we utilize the uplift formulae given in [29], in which the internal

components of the 10D metric, the dilaton, and various form fields are constructed in terms

of the SL(7)-covariant blocks of the D = 4 scalar matrix MMN

gmn =
1

4
g2∆Km

IJK
n
KLMIJ,KL,

e−
3

2
φ̂ = −gmnÂmÂn +∆xIxJMI8J8,

Âm =
1

2
g∆gmnK

n
IJxKMIJK8,

Âmn = −1

2
∆gpmK

p
IJ∂nx

KMIJ
K8,

Âmnp = ÂmÂnp +
1

8
g∆gmqK

q
IJK

KL
np MIJ

KL, (4.4)
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where Km
IJ = 2g−2g̊mnx[I∂nxJ ], K

IJ
mn = 4g−2∂[mxI∂n]xJ . Due to our gamma matrix nota-

tion, {xI} are related to {µA, νi} by the similarity transformation

S = diag(1, 1, 1, 1,−1,−1, 1), (4.5)

which brings the SL(7)-covariant blocks of the D = 4 scalar matrix MMN into a form

invariant under the standard SO(3)R × SO(3)D transformation given in [14].

The 10D solution corresponding to the N = 3 critical point is then obtained as follows

L−2dŝ210 = ∆−1(
3
√
3

16
ds2AdS4

) + gmndy
mdyn, (4.6)

where

∆ = 3
9
8 2−

3
4 (cos 2ξ + 3)−

1
8Ξ−1

4 , Ξ = (24 cos 2ξ + 3cos 4ξ + 37), (4.7)

and the internal metric on the deformed S6 is given as

gmndy
mdyn = 3

√
3

4 (∆Ξ)−1

[
− sin2 2ξdξ2 + 8(cos 2ξ + 3)dµ · dµ + 4(cos 2ξ + 3)dν · dν

+16µAηiABdµ
Bǫijkνjdνk − 16

cos 2ξ + 3
(dµAηiABµ

Bνi)2
]
,(4.8)

where ηi’s are the generators of SO(3)L embedded in SO(4) ≃ SO(3)R × SO(3)L,

η1 =




0 0 0 −1

0 0 −1 0

0 1 0 0

1 0 0 0



, η2 =




0 0 1 0

0 0 0 −1

−1 0 0 0

0 1 0 0



, η3 =




0 −1 0 0

1 0 0 0

0 0 0 −1

0 0 1 0



. (4.9)

Denote Ki ≡ µAηiABdµ
B, various p-form fields can then be expressed as

L−1e
3

4
φ0Â(1) =

2

cos 2ξ + 3
νiKi, (4.10)

L−2e−
1

2
φ0Â(2) = −Ξ−1

[
− 8dνi ∧ Ki + 6 sin 2ξdξ ∧ νiKi + 2(3 cos 2ξ + 5)νiηiABdµ

A ∧ dµB

−(3 cos 2ξ + 5)ǫijkνidνj ∧ dνk
]
, (4.11)

L−3e
1

4
φ0Â(3) = −Ξ−1

[
6 sin 2ξǫijkdξ ∧ Kiνj ∧ dνk + 2(3 cos 2ξ + 5)ǫijkνidνj ∧ dµA ∧ ηkABdµ

B

+4ǫijkKi ∧ dνj ∧ dνk + 8

3
csc2 ξǫijkKi ∧ Kj ∧ Kk

]
+

3
√
3

8
Ω(3). (4.12)

where dΩ(3) = vol(AdS4) which is the volume element of the “unit” AdS4. Finally, the 10D

dilaton is given by

e−
3

2
φ̂ = e−

3

2
φ0

∆Ξ

3
√
3(cos 2ξ + 3)

. (4.13)
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Notice that everything is written in terms of SO(3)R × SO(3)D invariant quantities (any

function of ξ is invariant as µ ·µ = sin2 ξ is an invariant quantity ). Here we have introduced

two constants L2 = 2−
1

12 g−25/12m1/12 and eφ0 = 2
5

6 g
5

6m− 5

6 using the scaling symmetries

(4.1). We have checked that our solution satisfies all the equations of motion of massive

type IIA supergravity in the convention of [42].

4.2 G2-invariant solutions in massive type IIA

In our notation, we can write down the almost complex structure on unit S6 as

J(2) =
1

2!
Jmndy

m ∧ dyn = Ki ∧ dνi + 1

2
νiηiABdµ

A ∧ dµB +
1

2
ǫijkνidνj ∧ dνk, (4.14)

which satisfies JmnJ
nl = −δlm, and also −1

2J(2) ∧ J(2) = ∗6J(2). The parallel torsion of J(2)

is

G(3) = −1

3
dJ(2). (4.15)

Then H(3) ≡ ∗6G(3) satisfies the relation

dH(3) = 2J(2) ∧ J(2), (4.16)

where “∗6” is the Hodge dual defined with respect to the S6 metric. The uplift of the N = 1

G2-invariant critical point gives rise to the 10D solution

L−2dŝ210 = α−3
(25

√
15

256
ds2AdS4

)
+ αds2S6 , α =

153/8

2
√
2
,

e−
3

2
φ̂ = e−

3

2
φ0α−1, L−1e

3

4
φ0Â(1) = 0,

L−2e−
1

2
φ0Â(2) =

1

4
J(2), L−3e

1

4
φ0Â(3) =

1

4
H(3) +

25
√
15

128
Ω(3), (4.17)

where ds2S6 is the metric of the unit S6 given in (4.3). Again, we introduced L2 =

2−
1

12 g−25/12m1/12 and eφ0 = 2
5

6 g
5

6m− 5

6 using the scaling symmmetries. It is recalled that

in [33], general N = 17 flux compactification of massive type IIA string has been analyzed.

Therefore, our N = 1, G2-invariant solution should be contained in the discussion of [33].

The stable non-supersymmetric G2-invariant solution is obtained by uplifting the non-

supersymmetric G2-invariant critical point of the D = 4 theory and the result is given

by

L−2dŝ210 = α−3
(3

√
3

16
ds2AdS4

)
+ αds2S6 , α =

33/8

23/4
,

e−
3

2
φ̂ = e−

3

2
φ0α−1, L−1e

3

4
φ0Â(1) = 0,

L−2e−
1

2
φ0Â(2) = −1

2
J(2), L−3e

1

4
φ0Â(3) = −1

2
H(3) +

3
√
3

8
Ω(3). (4.18)

7Here N = 1 means four real supercharges.
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5 Discussions and conclusions

In the work [29], it has been proposed that the holographic duals of the AdS4×S̃6 (S̃6 means

a deformed 6-sphere) backgrounds in massive type IIA are the simplest superconformal field

theory first considered by Schwarz [43], with a simple gauge group SU(N), adjoint matter

and level k. The Romans mass parameter m which gives rise to the magnetic coupling of

the D = 4 theory has been argued to be related to the Chern-Simons level by [29,44]

m = k/(2πℓs), (5.1)

where ℓs is the string length. TheN = 2 solutions found in [29,39] are conjectured to be dual

to certain N = 2 Chern-Simons matter theories. Some evidence has been given by matching

the partitions of the supergravity solutions with those of the conjectured CFT’s [29,39].

This proposal seems to be natural if one can think of this theory as the IR fixed point of

the world volume theory on D2-branes probing a flat transverse space, deformed by a Chern-

Simons term. The Chern-Simons term is induced onto D2-brane by the Romans mass. The

theory has a superpotential of the form W = TrX[Y,Z], which respects the same global

symmetry as the supergravity solution. An N = 3 theory can be obtained by an RG flow

from the N = 2 Chern-Simons matter theory triggered by a relevant deformation 1
2ǫTrZ

2.

In the IR, the coefficient ǫ runs to k/π, and the dimension of Z becomes 1. Since the kinetic

term of Z becomes irrelevant, one can then integrate out Z, yielding a superpotential of

the form W = π
2kTr[X,Y ]2 for the remaining two massless chiral multiplets. This is the

scenario studied in [45]. The resulting IR theory consists of a Chern-Simon gauge field and

a hypermultiplet encompassing an SU(2)R × SU(2)f global symmetry. The cosmological

constant of the N = 3 solution is smaller than that of the N = 2 solution, therefore it

is possible that in the gravity side, the N = 3 solution can be attained from the N = 2

solution via a holographic RG flow. If this is true, it is likely that the holographic dual of

our N = 3 solution is the N = 3 Chern-Simons matter theory mentioned before.

Some evidence of this proposal can be seen from matching the bulk states of the 4D

supergravity theory with the first few chiral primary multiplets in the dual CFT. A com-

plete match between the short supergravity multiplets and the short CFT chiral primary

multiplets requires the knowledge of the full Kaluza-Klein spectrum, nonetheless, we can

make the first attempt by comparing the spectrum of the 4D supergravity theory with the

lowest-level chiral primaries. Recall that [13] in the N = 3 AdS4 vacuum, the N = 8 su-

pergravity multiplet decomposes into one short supergravity multiplet DS(2, 3/2, 0)S , two

short gravitino multiplets DS(3/2, 3/2, 1/2)S , one long gravitino multiplet DS(3/2,
√
3, 0)L
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and three massless vector multiplets DS(1, 1). On the CFT side, the chiral primary mul-

tiplets (labeled by the quantum number of the chiral primary operator) of the previously

mentioned N = 3 CFT was studied in [46]. In their notation, the short supergravity mul-

tiplet corresponds to the short chiral primary multiplet (32 ,
1
2 , 0, 0), the two short gravitino

multiplets correspond to (32 , 0,
1
2 ,

1
2), and the three massless vector multiplets correspond to

(1, 0, 1, 1).

As possible future research directions, it should be interesting to look for a D2 brane

background whose near horizon limit smoothly approaches the N = 3 solution found in

the paper. Remember that besides the supersymmetric solutions, we have also found two

stable non-supersymmetric critical points which are invariant under SO(3)R × SO(3)D and

G2 respectively. The stability of these solutions suggests their CFT duals may exist. It

is therefore very intriguing to ask what kind of CFT could possibly be dual to these non-

supersymmetric AdS backgrounds.

The following diagram exhibits the heights of the cosmological constants for various

critical points, from which one can guess whether two critical points can be connected by a

holographic RG flow. It should be interesting to see if one can actually construct domain

wall solutions interpolating these critical points, which can be useful for studying the 3D

CFT.

Figure 1: List of critical points according to the heights of their cosmological constants.

The N = 2 point found in [29] is included here. This suggests possible holographic RG

flows among these critical points.
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