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 1)  Family of  SO(8)c  theories :  c = [0 ,            ] is a continuous param.  [ same for SO(p,q)c ]                    

electric-magnetic deformations

AdS5 x S5   (D3-brane)      ,     AdS4 x S7   (M2-brane)     ,     AdS7 x S4   (M5-brane)   

 • N=8 supergravity in 4D admits a deformation parameter   c   yielding  inequivalent 
theories.  It is an electric/magnetic deformation

 • The uniqueness of the maximal supergravities is historically inherited from their 
connection to sphere reductions

D = @ � g (Aelec � c Ãmag)

 • There are  two situations : 

 2)  Family of  ISO(7)c  theories :  c = 0 or 1  is an  (on/off)  param.  [ same for ISO(p,q)c ]                    

g = 4D gauge coupling
c = deformation param.

[ Dall’Agata, Inverso, Trigiante ’12 ] 
[ Dall’Agata, Inverso, Marrani ’14 ] 

p
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 The questions arise:   

 • Does such an electric/magnetic deformation of 4D maximal supergravity enjoy a  
    string/M-theory origin, or is it just a 4D feature ? 

 • For deformed 4D supergravities with supersymmetric AdS4  vacua, are these 
    AdS4/CFT3-dual to any identifiable 3d CFT ? 

Obstruction for SO(8)c ,  cf. [ Lee, Strickland-Constable, Waldram ’15 ] 



A new 10D/4D/3d correspondence

massive IIA on S6     «   ISO(7)c-gauged sugra   »   SU(N)k  C-S-M theory

gc =        =  

4D

10D

3d

F̂(0)

gc = elec/mag deformation in 4D

        = Romans mass in 10D

k = Chern-Simons level in 3d

F̂(0)k/(2⇡`s)

[ AG, Jafferis, Varela ’15 ] 
[ AG, Varela ’15 ] 

[ Schwarz ’04 ] 



For more details…
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While electromagnetic duality is a symmetry of many supergravity theories, this is not the
case for the maximal ( � = 8 ) gauged theory. It was recently shown that this rotation
leads to a one-parameter family of SO(8)� supergravities, with parameter �, and similarly
for other gauge groups, like its contraction ISO(7)� = SO(7) n R7

� . In the latter case,
only the seven tranlations are gauged dyonically and the parameter � turns out to be a
discrete (on/off) deformation [1] .
The questions arise:

Does such an electric/magnetic deformation of maximal supergravity enjoy a string/M-
theory origin, or is it just a four-dimensional feature?

For deformed supergravities with supersymmetric anti-de-Sitter vacua (AdS), are these
AdS4/CFT3-dual to any identifiable three-dimensional superconformal field theory?

Electric/magnetic duality in maximal supergravity

• Using the embedding tensor formalism [3] , the (bosonic) Lagrangian of the dyonic
ISO(7)-gauged theory contains scalars �MN(φ) parameterising E7(7)/SU(8), electric
vectors (�IJ = �[IJ ] � �I) , magnetic vectors �̃I , two-form fields � I and the metric �µν .
It reads
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whereM = 1� ���� 56 and I = 1� ���� 7 are fundamental E7(7) and SL(7) indices, respectively.
The index Λ = 1� ���� 28 collectively runs over the 21+7 electric field strenghts (�IJ

(2)� �I
(2)) .

The covariant derivative takes the form D = � − � �IJ �[I
K δJ ]K + � (δIJ �I − � �̃J) �8J ,

gauging dyonically the R7 ⊂ ISO(7) generators �8J . Finally, the scalar potential reads

V = �2

168 XMPRXNQS�MN
�

�PQ�RS + 7 δPS δQR
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�

and depends on the scalars �MN , the embedding tensor XMNP(�) specifying the
dyonic gauging of ISO(7) ⊂ E7(7) , and the gauge coupling constant � .

• We can describe the dynamics of the theory by using a (restricted) SL(7)-covariant
tensor hierarchy of 4D fields. Apart from the metric and the scalars, there are

21� + 7� + 21 + 7 vectors : �IJ � �I � �̃IJ � �̃I �
48 + 7� + 1 two-forms : �I

J � � I � � �
28� + 1 three-forms : �IJ � � �

endowed with duality relations that transfer degrees of freedom among different fields
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• Closed set of Bianchi identities D�(�) and Hodge-duality relations in four dimensions.

tensor hierarchy + duality relations = duality hierarchy

Dyonic ISO(7) supergravity [2]
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The non-linear embedding of the 4D (restricted) tensor hierarchy into the 10D type IIA
fields reads

��̂2
10 = ∆−1 ��2

4 + ��� D�� D�� �

B̂(2) = −µI
�
� I + 1

2�IJ ∧ �̃J
�

− �−1 �̃I ∧ DµI + 1
2 B�� D�� ∧ D�� �

�−3
2φ̂ = ∆ �I8 J8 µI µJ − ��� A� A� �
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with the purely internal (scalar) components of the 10D fields given by
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We have used a unit radius S6 parameterised as the locus δIJ µI µJ = 1 in R7 , together
with a set of Killing vectors K�IJ = 2 �−2 µ[I∂�µJ ] and tensors K��IJ = 4 �−2 ∂[�µI∂�]µJ .
Using the round S6 metric �̊�� = �−2 δIJ ∂�µI ∂�µJ , we have also defined
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� D�� ≡ ��� + 1
2 � K �
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Non-linear embedding into massive IIA on S6 [4]

The Freund-Rubin term F̂(4) = �IJ
(4) µI µJ + ��� , takes the compact form

�IJ
(4) µI µJ = − 1

3� V vol4

+ 1
84�

�
D�3 − 7 �IJ

(2) ∧ �̃(2)IJ − 7 �I
(2) ∧ �̃(2)I

�

− 1
2�

�
D�(3)IJ − �JK

(2) ∧ �̃(2)IK − �J
(2) ∧ �̃(2)I

�
µI µJ �

The Freund-Rubin term F̂(4) = �IJ
(4) µI µJ + ��� , takes the compact form

�IJ
(4) µI µJ = − 1

3� V vol4

+ 1
84�

�
D�3 − 7 �IJ

(2) ∧ �̃(2)IJ − 7 �I
(2) ∧ �̃(2)I

�

− 1
2�

�
D�(3)IJ − �JK

(2) ∧ �̃(2)IK − �J
(2) ∧ �̃(2)I

�
µI µJ �

There is an AdS4 solution of the 4D theory preserving � = 2 supersymmetry and U(3) ⊂
ISO(7) gauge symmetry, which uplifts to an analytic massive IIA solution of the form
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√

2 L2 �
1
2φ0 sin3 α

�
3 + cos 2α

�2 J ∧ �α �

L−1 �
3
4φ0 F̂(2) = −4

√
6 sin2 α cos α�

3 + cos 2α
��

5 + cos 2α
� J − 3

√
6

�
3 − cos 2α

�
�
5 + cos 2α

�2 sin α �α ∧ ⌘ �

L−3 �
1
4φ0 F̂(4) = 6 vol4

+ 12
√

3 7 + 3 cos 2α
�
3 + cos 2α

�2 sin4 α volCP2 + 18
√

3 (9 + cos 2α) sin3 α cos α�
3 + cos 2α

��
5 + cos 2α

� J ∧ �α ∧ ⌘ �

with L2 ≡ 2−5
8 3−1 �−2 �

1
12 and �φ0 ≡ 2

1
4 �−5

6 . The angle 0 ≤ α ≤ π locally foliates S6

with S5 leaves regarded as Hopf fibrations over CP2, with fibers squashed as a function of
α . Also, J is the Kähler form of CP2 and η = �ψ + σ with 0 ≤ ψ ≤ 2π a coordinate along
the fiber and �σ = 2J .

A new � = 2 solution of massive IIA [5]

• We propose an � = 2 Chern-Simons-matter theory with simple gauge group SU(N),
level � and only adjoint matter, as the CFT dual of the � = 2 massive IIA solution. The
3d free energy F = − log Z , where Z is the partition function of the CFT on a Euclidean
S3, can be computed via localisation over supersymmetric configurations [6]
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where λ� are the Coulom branch parameters. In the N � � limit, the result for the free
energy is given by
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• The gravitational free energy of the massive IIA solution can be computed in terms of N
using the charge quantisation condition N = −(2π��)−5 �

S6 �
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for D2-branes. Denoting by �2A the warp factor in the metric of the IIA solution, one finds

F = 16π3
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in exact agreement with the gravitational result provided the 4D/10D/3d identification

� � = F̂(0) = �/(2π��)

CFT candidate and matching of free energies [5]
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