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Electric-magnetic duality in N=8 supergravity
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Electric-magnetic duality in N=8 supergravity
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Ungauged  (abelian)  supergravity:   Reduction  of  M-theory  on  a  torus  T7 
down to 4D produces  N = 8  supergravity with  G = U(1)28

Gauged (non-abelian) supergravity: 

❖ M-theory on  S7  produces  N = 8  supergravity with  G = SO(8)

❖ Type IIA on  S6  produces  N = 8  supergravity with

❖ Type IIB on S5 x S1 produces  N = 8  supergravity with

N=8  supergravity in 4D

 • SUGRA  :      metric  +  8 gravitini  +  28 vectors  +  56 dilatini  +  70 scalars
(s = 2)             (s = 3/2)                (s = 1)               (s = 1/2)                (s = 0)       

✱  These supergravities believed to be unique for 30 years…

[ Cremmer, Julia ’79 ] 

[ de Wit, Nicolai ’82 ] 
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[ Hull ’84 ] 

SO(8)c     vs    ISO(7)c 
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SO(8)c  theories  :  physical meaning in 4D

LSLJ[YPJ��
CLJ[VY@

THNUL[PJ�
CLJ[VY@

G = SO(8)

D = @ � g (Aelec � c Ãmag)

! = Arg(1 + ic)
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Why ISO(7)c works ?

THNUL[PJ�
CLJ[VY@

LSLJ[YPJ��
CLJ[VY@

SO(7)

R7

G = ISO(7) = SO(7)n R7

! = Arg(1 + ic)

D = @ � g Aelec

SO(7)
� g (Aelec

R7 � c ÃR7 mag)
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Higher-dimensional origin?
Obstruction for SO(8)c ,  cf.  [ de Wit, Nicolai ’13 ]

[ Lee, Strickland-Constable, Waldram ’15 ] 

G = [ SO(1, 1)⇥ SO(6) ]n R12
<latexit sha1_base64="H1L1l9KRRTRYPi0fRceWEY5dlRY="></latexit>

[ Inverso, Samtleben, Trigiante ’16 ] 

[ E7(7) symmetry ] 



 1)  Family of  SO(8)c  theories  :  c = [0,           ] is a continuous parameter

Electric-magnetic deformations

Type IIB   :    AdS5  x  S5    ( D3-brane ~ N = 4  SYM  in  4d )    

M-theory :    AdS4  x  S7    ( M2-brane ~ ABJM  theory  in  3d )  

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

 • Uniqueness historically inherited from the connection with NH geometries of branes 
and SCFT’s

D = @ � g (Aelec � c Ãmag)

 • There are  two generic situations : 

 2)  Family of  CSO(p,q,r)c  theories :  c = 0 or 1  is an  (on/off)  parameter                     

g = 4D gauge coupling
c = deformation param.

[ Dall’Agata, Inverso, Marrani ’14 ]

p
2� 1
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[ Dall’Agata, Inverso, Trigiante ’12 ] 

[ Maldacena ’97 ] 

[ Aharony, Bergman, Jafferis, Maldacena ’08 ] 



 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 ? 
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M-theory

electric/magnetic
deformation

higher-dimensional
origin

Holographic 
AdS4/CFT3 dual ?

X
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? ?
Obstruction for SO(8)c ,  cf.  [ de Wit, Nicolai ’13 ]

[ Lee, Strickland-Constable, Waldram ’15 ] 



(massive) Type IIA

electric/magnetic
deformation

higher-dimensional
origin

Holographic 
AdS4/CFT3 dual ?

X X X

g c = F̂(0) = k/(2⇡`s) [ AG, Jafferis, Varela ’15 ] 
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Type IIB

electric/magnetic
deformation

higher-dimensional
origin

Holographic 
AdS4/CFT3 dual ?

X X X



❖  Higher-dimensional origin as Type IIB on  S1 × S5 

Dyonically-gauged  [ SO(1,1) × SO(6) ] ⋉ R12  supergravity

[ Inverso, Samtleben, Trigiante ’16 ]

❖  Holographic expectation:  N=4 interface  SYM with SO(4) symmetry

❖  New AdS4 vacuum with  N=4 & SO(4)  symmetry

[ D’Hoker, Ester, Gutperle ’07, ’07   ( N = 4 ) ]
[ Gaiotto, Witten ’08 ] 

Question : Simple analytic holographic duals for the N = 0, 1, 2 theories? 

❖  Classification of (original) interface SYM theories

[ Bak, Gutperle, Hirano ’03 ( N = 0 ) ]
[ Clark, Freedman, Karch, Schnabl ’04 ] 

N=4 & SO(4) N=2 & SU(2) × U(1) N=1 & SU(3) N=0 & SO(6)

[ D’Hoker, Ester, Gutperle ’06 ( N = 1 , 2 , 4 ) ] 

[ Assel, Tomasiello ’18 ( N = 3 , 4 ) ]  
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[ Gallerati, Samtleben, Trigiante ’14 ] 

Strategy : Bottom-up approach

➡ Janus-like (varying dilaton) solutions : AdS4 ⇥ R⇥M5
<latexit sha1_base64="6vME+EucZAx8Kkr1bPNOdsjN84E=">AAACIXicbVDJSgNBEO2JW4zbqEcvjUHwFGY0wRyjXrwIcckCmRB6Op2kSc9Cd40YhvkVL/6KFw+K5Cb+jJ1kQE0sKHi894qqem4ouALL+jQyS8srq2vZ9dzG5tb2jrm7V1dBJCmr0UAEsukSxQT3WQ04CNYMJSOeK1jDHV5O9MYDk4oH/j2MQtb2SN/nPU4JaKpjlh1gjyC9+Lx7l3TiYoId4B5T2PEIDFw3vv1hUue19pWSjpm3Cta08CKwU5BHaVU75tjpBjTymA9UEKVathVCOyYSOBUsyTmRYiGhQ9JnLQ19one24+mHCT7STBf3AqnbBzxlf0/ExFNq5LnaOblbzWsT8j+tFUGv3I65H0bAfDpb1IsEhgBP4sJdLhkFMdKAUMn1rZgOiCQUdKg5HYI9//IiqJ8U7NNC6aaYr1ykcWTRATpEx8hGZ6iCrlAV1RBFT+gFvaF349l4NT6M8cyaMdKZffSnjK9vI9Skvg==</latexit>

M5 = S2 ⇥ S2 ⇥ I
<latexit sha1_base64="ZGg9p766DeLhXwCFXiZpXl5UiBU="></latexit>



-	Gravitini		:																																																																										

8 ! 1+ 1+ 3+ 3̄ N = 2

-	Scalars	fields	:																																																6	real	scalars							

70 ! 1 (⇥6) + non-singlets

•	N = 2 gauged	supergravity	with	                                              with	1	vector	&	1	hypermultiplet																																											

[ Warner ’83 ]A truncation :   SU(3)  invariant subsector

•	Truncation	:		Retaining	the	fields	and	couplings	which	are	invariant	(singlets)	under	the									

																			action	of	a	subgroup																											

-	Vector	fields	:																																										4					vectors		56 ! 1 (⇥4) + non-singlets

Mscalar =
SU(1, 1)

U(1)
⇥ SU(2, 1)

U(2)

(A0, A1 ; Ã0, Ã1 )
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N = 2   SUSY

(' , � , � , � , ⇣ , ⇣̃ )
<latexit sha1_base64="edgHGRpW2i3qDjjfaX5p7I64pbc="></latexit>

G = SO(1, 1)m ⇥U(1)e
<latexit sha1_base64="YXf2BCkBI3ePcpNnEs8wkJaVtvc=">AAACI3icbVBNSwMxEM3Wr1q/qh69BIugIGVXBUUQCh70pqK1hbaUbDptQ5PdJZkVy7L/xYt/xYsHRbx48L+Y1ipafRB4894Mk3l+JIVB131zMhOTU9Mz2dnc3PzC4lJ+eeXahLHmUOahDHXVZwakCKCMAiVUIw1M+RIqfu944FduQBsRBlfYj6ChWCcQbcEZWqmZP6wj3KJWyUlKj+hXcXmWbnrb3lYzUakVhQLz7ZWtZQ1Im/mCW3SHoH+JNyIFMsJ5M/9Sb4U8VhAgl8yYmudG2EiYRsElpLl6bCBivMc6ULM0YHZtIxnemNINq7RoO9T2BUiH6s+JhClj+sq3nYph14x7A/E/rxZj+6CRiCCKEQL+uagdS4ohHQRGW0IDR9m3hHEt7F8p7zLNONpYczYEb/zkv+R6p+jtFncu9gqlg1EcWbJG1skm8cg+KZFTck7KhJM78kCeyLNz7zw6L87rZ2vGGc2skl9w3j8AihekKw==</latexit>

SU(3) ⇢ G
<latexit sha1_base64="UQnSiKZseXMkMCR/uYV17IrXbC4=">AAACCnicbVDJSgNBEO1xjXEb9eilNQjxEmaMosegBz1GNAskIfR0KkmTnoXuGjEMOXvxV7x4UMSrX+DNv7GzCJr4oODxXhVV9bxICo2O82XNzS8sLi2nVtKra+sbm/bWdlmHseJQ4qEMVdVjGqQIoIQCJVQjBcz3JFS83sXQr9yB0iIMbrEfQcNnnUC0BWdopKa9V0e4R+UnN6VBNn9I6zr2NCD9kS8HTTvj5JwR6CxxJyRDJig27c96K+SxDwFyybSuuU6EjYQpFFzCIF2PNUSM91gHaoYGzAfdSEavDOiBUVq0HSpTAdKR+nsiYb7Wfd8znT7Drp72huJ/Xi3G9lkjEUEUIwR8vKgdS4ohHeZCW0IBR9k3hHElzK2Ud5liHE16aROCO/3yLCkf5dx87uT6OFM4n8SRIrtkn2SJS05JgVyRIikRTh7IE3khr9aj9Wy9We/j1jlrMrND/sD6+AYm+ZqR</latexit>



AdS4 vacua    (          )

� = free , e�' =
cp
2
,

<latexit sha1_base64="rziVZLnaeTEyN1CjZ8wNkKDHGvY="></latexit>

e2� =
1p

1� �2
, � 2 (�1, 1) , |~⇣|2 = 0

<latexit sha1_base64="MCYzY81KBD9t98OSgmXHUPPqcPU="></latexit>

❖  N=0 & SO(6) vacuum

 … it turns out to be perturbatively unstable !!

❖ N=1 & SU(3) vacuum

� = 0 , e�' =

p
5c

3
,

<latexit sha1_base64="UuvdlYWbeZUf6cVcdghZ8LaJ/v0="></latexit>

 … the compact U(1)e symmetry broken by                   (charged)|~⇣|2 6= 0
<latexit sha1_base64="FZmGG60cBEsXq3/aYzyfV/FeTrU=">AAACAXicbVBNS8NAEN3Urxq/ol4EL4tF8FSSKuqx4MVjBfsBTS2b7aRdutnE3U2hpvXiX/HiQRGv/gtv/huTtgdtfTDweG+GmXlexJnStv1t5JaWV1bX8uvmxubW9o61u1dTYSwpVGnIQ9nwiALOBFQ10xwakQQSeBzqXv8q8+sDkIqF4lYPI2gFpCuYzyjRqdS2DkbuAGjiPoAm49FdCbsC7rFtmm2rYBftCfAicWakgGaotK0vtxPSOAChKSdKNR070q2ESM0oh7HpxgoiQvukC82UChKAaiWTD8b4OFU62A9lWkLjifp7IiGBUsPASzsDontq3svE/7xmrP3LVsJEFGsQdLrIjznWIc7iwB0mgWo+TAmhkqW3YtojklCdhpaF4My/vEhqpaJzWizdnBXK57M48ugQHaET5KALVEbXqIKqiKJH9Ixe0ZvxZLwY78bHtDVnzGb20R8Ynz//O5Xh</latexit>

Next step :  Uplift to Type IIB on  R × S5  using E7(7)-EFT

!12

[ 1 free parameter ]

[ 2 free parameters ]

e2� =
6

5

1p
1� �2

, � 2 (�1, 1) , |~⇣|2 = 2
3

p
1� �2

<latexit sha1_base64="qEBPLwwlO61/us9AR/JAdxSP4NY="></latexit>

[ AG, Sterckx ’19 ] c 6= 0
<latexit sha1_base64="AZ5qpsfXWImeAB0eTA2lFsyyB78=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3fx4AXjxHMA5IlzE56kyGzs5uZWSEs+QkvHhTx6u9482+cJHvQxIKGoqqb7q4gEVwb1/12VlbX1jc2C1vF7Z3dvf3SwWFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsO7qd98QqV5LB/NOEE/on3JQ86osVKLkY7EEXG7pbJbcWcgy8TLSRly1Lqlr04vZmmE0jBBtW57bmL8jCrDmcBJsZNqTCgb0j62LZU0Qu1ns3sn5NQqPRLGypY0ZKb+nshopPU4CmxnRM1AL3pT8T+vnZrw1s+4TFKDks0XhakgJibT50mPK2RGjC2hTHF7K2EDqigzNqKiDcFbfHmZNM4r3kXl6uGyXL3O4yjAMZzAGXhwA1W4hxrUgYGAZ3iFN2fkvDjvzse8dcXJZ47gD5zPH/EZjzg=</latexit>

[ Hohm, Samtleben ’13 ]



N = 0 & N = 1 supersymmetric S-folds

Finally, using the relation

Ĝik (⌦
�)kj dy

i
^ dy

j = �(⌦�)ijk Y
k
dY

i
^ dY

j
, (3.30)

one obtains the final expression

B↵ = 1
2 Bij

↵
dy

i
^ dy

j = �
1
2 Y

�1
✏
↵� (A�t)�

�
H�� (⌦

�)kij Y
k
dY

i
^ dY

j
, (3.31)

or, using the relations (A.1), the equivalent expression

B↵ = �Y
�1

✏
↵� (A�t)�

�
H�� ⌦

�
, (3.32)

where ⌦
�
⌘ (⌦R

,⌦
I) .

At the non-supersymmetric vacuum with SO(6) symmetry in (2.18)-(2.19) one has that
the scalar-dependent matrix in (3.28) reduces to H�� = 0 and therefore the two-form type IIB
potentials vanish, namely,

B↵ = 0 . (3.33)

At the N = 1 supersymmetric vacuum with SU(3) symmetry in (2.21)-(2.22) one has that
the scalar-dependent matrix in (3.28) depends independently on ⇣ and ⇣̃ so the compact
U(1) symmetry associated with kU in (2.16) is broken.

3.4 Axion-dilaton

Setting � = 0 , the blocks of the scalar matrix relevant for the axion-dilaton are given by

M
�k �l = e

�'
�
kl
C

�� + e
�' (1� Y ) Jkl

✏
��

,

M�k �l = e
'
�kl C�� + e

' (1� Y ) Jkl ✏�� .

(3.34)

Using the uplifting formulas in [7], and after some algebra, the SL(2) axion-dilaton matrix
takes the form

m↵� = (A�t)↵
� m�� (A

�1)�� . (3.35)

in terms of the SL(2) scalar-dependent matrix

m�� ⌘
1

Y
C�� =

1

Y

 
e
�2� (Y 2 + Z

2) �Z

�Z e
2�

!
, (3.36)

and the SL(2) twist (A�1)↵� in (3.26).
At the non-supersymmetric vacuum with SO(6) symmetry in (2.18)-(2.19) one has that

the scalar-dependent SO(1, 1) matrix in (3.36) reduces

m�� =
1

p
1� �2

 
1 ��

�� 1

!
, (3.37)

with � 2 (�1, 1) . At the N = 1 supersymmetric vacuum with SU(3) symmetry in (2.21)-
(2.22) one has that the scalar-dependent SO(1, 1) matrix in (3.36) reads

m�� =
2

3 |~⇣|2

0

B@
1 �

q
1� 9

4 |
~⇣|4

�

q
1� 9

4 |
~⇣|4 1

1

CA , (3.38)

with |~⇣|
2
2 ( 0 , 2

3 ] , so the compact U(1) symmetry associated with kU in (2.16) is preserved
by the axion-dilaton background.
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with                                                    and     

3.2 Metric

Setting � = 0 , the blocks of the scalar matrix relevant for the internal metric are given by

M
ij kl = e

'

h
(1� Y )

⇣
J
ij
J
kl
� 3 J [ij

J
kl]
⌘
+ 2Y �

k[i
�
j]l
i

,

M
ij
18 = 0 ,

M18 18 = e
3'

,

(3.10)

where we have defined the quantity

Y = 1 +
1

4
e
2�

|~⇣|
2
, (3.11)

and where the underlined index splits as i = (i, 7) with i = 2, ..., 6 . In the expressions (3.10)
we have made use of the SU(3)-invariant metric �ij as well as of a real (Kähler) two-form
Jij given by

J = e
2
^ e

3 + e
4
^ e

5 + e
6
^ e

7
. (3.12)

Using the uplifting formulas in [7], and setting � = 0 , we find an inverse six-dimensional
internal metric given by

G
11 = � ⇢̊

4
M18 18 = � (1 + ỹ

2
1) e

3'
,

G
1k = � ⇢̊

2
Kij

k
M

ij
18 = 0 ,

G
ij = �Kkl

i
Kmn

j
M

klmn = � e
'
Y

h
Ĝ

ij
�
�
1� 1

Y

�
K

i
K

j

i
,

(3.13)

with
Ĝ

ij = �
ij
� y

i
y
j

, Kmn
i
⌘ Ĝ

ij
@j Y[m Yn] , K

i
⌘ Kmn

i
J
mn

, (3.14)

so that

� =
e
�'

p
Y

. (3.15)

We follow the conventions in [7] so that

Yi =
n
y
i
, Y7 ⌘

�
1� y

k
y
k
� 1

2

o
. (3.16)

One then finds an internal six-dimensional metric of the form

ds
2
6 = ��1

e
�3' dỹ

2
1

1 + ỹ
2
1

+��1
e
�'

Y
�1

h
Ĝij + (Y � 1)KiKj

i
dy

i
dy

j
, (3.17)

with

Ĝij = �ij +
�ik �jl y

k
y
l

1� ym �mn y
n

(3.18)

being the round SO(6) symmetric metric on S5 and where Ki ⌘ Ĝij K
j . Performing a change

of variable of the form ỹ1 = sinh ⌘ , and using embedding coordinates Y
m on R6 , the metric

(3.20) takes the form

ds
2
6 =

p
Y e

�2'
d⌘

2 + 1p
Y

h
�ij + (Y � 1) Jki Jlj Yk

Y
l

i
dY

i
dY

j
,

=
p
Y e

�2'
d⌘

2 + 1p
Y

h
ds

2
S5

+ (Y � 1)⌘2
i
,

(3.19)

6

Finally, using the relation

Ĝik (⌦
�)kj dy

i
^ dy

j = �(⌦�)ijk Y
k
dY

i
^ dY

j
, (3.30)

one obtains the final expression

B↵ = 1
2 Bij

↵
dy

i
^ dy

j = �
1
2 Y

�1
✏
↵� (A�t)�

�
H�� (⌦

�)kij Y
k
dY

i
^ dY

j
, (3.31)

or, using the relations (A.1), the equivalent expression

B↵ = �Y
�1

✏
↵� (A�t)�

�
H�� ⌦

�
, (3.32)

where ⌦
�
⌘ (⌦R

,⌦
I) .

At the non-supersymmetric vacuum with SO(6) symmetry in (2.18)-(2.19) one has that
the scalar-dependent matrix in (3.28) reduces to H�� = 0 and therefore the two-form type IIB
potentials vanish, namely,

B↵ = 0 . (3.33)

At the N = 1 supersymmetric vacuum with SU(3) symmetry in (2.21)-(2.22) one has that
the scalar-dependent matrix in (3.28) depends independently on ⇣ and ⇣̃ so the compact
U(1) symmetry associated with kU in (2.16) is broken.

3.4 Axion-dilaton

Setting � = 0 , the blocks of the scalar matrix relevant for the axion-dilaton are given by

M
�k �l = e

�'
�
kl
C

�� + e
�' (1� Y ) Jkl

✏
��

,

M�k �l = e
'
�kl C�� + e

' (1� Y ) Jkl ✏�� .

(3.34)

Using the uplifting formulas in [7], and after some algebra, the SL(2) axion-dilaton matrix
takes the form

m↵� = (A�t)↵
� m�� (A

�1)�� . (3.35)

in terms of the SL(2) scalar-dependent matrix

m�� ⌘
1

Y
C�� =

1

Y

 
e
�2� (Y 2 + Z

2) �Z

�Z e
2�

!
, (3.36)

and the SL(2) twist (A�1)↵� in (3.26).
At the non-supersymmetric vacuum with SO(6) symmetry in (2.18)-(2.19) one has that

the scalar-dependent SO(1, 1) matrix in (3.36) reduces

m�� =
1

p
1� �2

 
1 ��

�� 1

!
, (3.37)

with � 2 (�1, 1) . At the N = 1 supersymmetric vacuum with SU(3) symmetry in (2.21)-
(2.22) one has that the scalar-dependent SO(1, 1) matrix in (3.36) reads

m�� =
2

3 |~⇣|2

0

B@
1 �

q
1� 9

4 |
~⇣|4

�

q
1� 9

4 |
~⇣|4 1

1

CA , (3.38)

with |~⇣|
2
2 ( 0 , 2

3 ] , so the compact U(1) symmetry associated with kU in (2.16) is preserved
by the axion-dilaton background.
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N=0 & SO(6) N=1 & SU(3)

[ (hyperbolic) SO(1,1)-twist over S1       -STk monodromy  (k > 2) ] 

Finally, using the relation

Ĝik (⌦
�)kj dy

i
^ dy

j = �(⌦�)ijk Y
k
dY

i
^ dY

j
, (3.30)

one obtains the final expression

B↵ = 1
2 Bij

↵
dy

i
^ dy

j = �
1
2 Y

�1
✏
↵� (A�t)�

�
H�� (⌦

�)kij Y
k
dY

i
^ dY

j
, (3.31)

or, using the relations (A.1), the equivalent expression

B↵ = �Y
�1

✏
↵� (A�t)�

�
H�� ⌦

�
, (3.32)

where ⌦
�
⌘ (⌦R

,⌦
I) .

At the non-supersymmetric vacuum with SO(6) symmetry in (2.18)-(2.19) one has that
the scalar-dependent matrix in (3.28) reduces to H�� = 0 and therefore the two-form type IIB
potentials vanish, namely,

B↵ = 0 . (3.33)

At the N = 1 supersymmetric vacuum with SU(3) symmetry in (2.21)-(2.22) one has that
the scalar-dependent matrix in (3.28) depends independently on ⇣ and ⇣̃ so the compact
U(1) symmetry associated with kU in (2.16) is broken.

3.4 Axion-dilaton

Setting � = 0 , the blocks of the scalar matrix relevant for the axion-dilaton are given by

M
�k �l = e

�'
�
kl
C

�� + e
�' (1� Y ) Jkl

✏
��

,

M�k �l = e
'
�kl C�� + e

' (1� Y ) Jkl ✏�� .

(3.34)

Using the uplifting formulas in [7], and after some algebra, the SL(2) axion-dilaton matrix
takes the form

m↵� = (A�t)↵
� m�� (A

�1)�� . (3.35)

in terms of the SL(2) scalar-dependent matrix

m�� ⌘
1

Y
C�� =

1

Y

 
e
�2� (Y 2 + Z

2) �Z

�Z e
2�

!
, (3.36)

and the SL(2) twist (A�1)↵� in (3.26).
At the non-supersymmetric vacuum with SO(6) symmetry in (2.18)-(2.19) one has that

the scalar-dependent SO(1, 1) matrix in (3.36) reduces

m�� =
1

p
1� �2

 
1 ��

�� 1

!
, (3.37)

with � 2 (�1, 1) . At the N = 1 supersymmetric vacuum with SU(3) symmetry in (2.21)-
(2.22) one has that the scalar-dependent SO(1, 1) matrix in (3.36) reads

m�� =
2

3 |~⇣|2

0

B@
1 �

q
1� 9

4 |
~⇣|4

�

q
1� 9

4 |
~⇣|4 1

1

CA , (3.38)

with |~⇣|
2
2 ( 0 , 2

3 ] , so the compact U(1) symmetry associated with kU in (2.16) is preserved
by the axion-dilaton background.
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Y =
6

5
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Y = 1
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In (3.26) and (3.27) we used the first relation in (A.1) and (A.4) in order to exhibit the
SU(2)-structure of the five-sphere S5 when viewed as a Sasaki-Einstein manifold.

Including also the four-dimensional (external) part of the geometry, we find a simple and
non-singular AdS4 ⇥ R⇥M5 metric of the form

ds
2
10 =

1
2

p
Y e

'
ds

2
AdS4 +

p
Y e

�2'
d⌘

2 +
1p
Y

⇥
ds

2
CP

2 + Y ⌘2
⇤
, (3.28)

in terms of the function Y in (3.4) depending on the hypermultiplet scalars, and the scalar
Imz = e

�' in the vector multiplet. Our choice of undeformed frames for the metric (3.28)
reads

ds
2
AdS4

: ê
0 =

L

r
dr , ê

i =
L

r
dx

i (i = 1, 2, 3) and ⌘ij = (�1, 1, 1)

ds
2
R

: ê
4 = d⌘

ds
2
CP

2 : ê
a (a = 5, 6, 7, 8)

ds
2
S1

: ê
9 = ⌘

(3.29)

with L being the AdS4 radius at the four-dimensional solutions of section 2.3, and where ê
a

and ê
9 describe a round S5 as discussed in detail in Appendix A. The volume form of the

ten-dimensional space-time specified by the metric (3.28) is then given by

vol10 =
1
4 �

�1
ê
0 ^ ê

1 ^ ê
2 ^ ê

3 ^ ê
4 ^ ê

5 ^ ê
6 ^ ê

7 ^ ê
8 ^ ê

9
. (3.30)

Two cases are of interest for the uplift of the AdS4 solutions obtained in the previous
section:

i) For the N = 1 / SU(3) solution in (2.34)-(2.35) one has

Y =
6

5
and e

�' =

p
5

3
. (3.31)

This makes the internal metric in (3.27) conform CP2 o S1 so that a U(1)� symmetry
associated with ⌘ (see Appendix A) is preserved together with the SU(3) symmetry
of CP2 . We will see that this additional U(1)� symmetry is broken by the three-form
fluxes, thus in agreement with the residual symmetry at the AdS4 solution.

ii) For the N = 0 / SO(6) solution in (2.37)-(2.38) one has

Y = 1 and e
�' =

1p
2
. (3.32)

In this case the round metric on S5 is recovered with SO(6) symmetry in agreement
with the residual symmetry at the AdS4 solution.

B2 and C2 potentials

The SL(2)IIB doublet of two-form potentials B
↵ = (B2 , C2) can be obtained from the second

uplift formula in (3.16). An explicit computation shows that

B1j
↵ = 0 ,

Bij
↵ = �Gik Kkl

k
@jYm

✏
↵� (A�1)�� Mkl

m� ,

(3.33)
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B↵ = A
↵
� b

� = � 1
2 Y

�1
A

↵
� ✏

��
H�� ⌦

�
<latexit sha1_base64="GgxOv6G/+vdgKYdYFLr74rd3VTQ="></latexit>

A↵
� ⌘

 p
1 + ỹ2 ỹ

ỹ
p

1 + ỹ2

!
=

 
cosh ⌘ sinh ⌘

sinh ⌘ cosh ⌘

!
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[ Bak, Gutperle, Hirano ’03 ] unstable !!

No untwisted limit !!
( genuinely dyonic )

in the left hand side precisely cancels against the contribution coming from the first term in
the right hand side so that

Cijkl = Ĉijkl . (3.53)

The purely internal five-form flux then takes the form

dC = ⌦ ^ ⌦̄ ^ ⌘ = 4Y
3
4 vol5 , (3.54)

where
vol5 = Y

� 3
4 ê

5 ^ ê
6 ^ ê

7 ^ ê
8 ^ ê

9
, (3.55)

is the volume form on the deformed S5 in (3.27). Finally the gauge-invariant five-form flux
is given by

eF5 = dC + 1
2 ✏↵� B

↵ ^H
� =

✓
4 +

6 (1� Y )

Y

◆
Y

3
4 (1 + ?) vol5 , (3.56)

which breaks the U(1)U symmetry whenever Y 6= 1 . When particularised to the AdS4
solutions obtained in the previous section the result is:

i) For the N = 1 / SU(3) solution in (2.34)-(2.35) one has

eF5 = 3

✓
6

5

◆ 3
4

(1 + ?) vol5 . (3.57)

ii) For the N = 0 / SO(6) solution in (2.37)-(2.38) one has

eF5 = 4 (1 + ?) vol5 . (3.58)

Axion-dilaton and Janus

The SL(2)-valued axion-dilaton m↵� of type IIB supergravity can be obtained from the last
uplift formula in (3.16). A straightforward computation involving this time the blocks of the
M

MN scalar matrix

M
�k �l = e

�'
Y �

kl m�� + e
�' (1� Y ) Jkl

✏
��

,

M�k �l = e
'
Y �kl m�� + e

' (1� Y ) Jkl ✏�� ,

(3.59)

yields an axion-dilaton of the form

m↵� =
1

Im⌧

 
|⌧ |2 �Re⌧

�Re⌧ 1

!
= (A�t)↵

� m�� (A
�1)�� , (3.60)

with ⌧ = C0 + i e
�� . Note that the full dependence on the coordinate ⌘ is again encoded

into the matrix A
�1(⌘) in (3.34) which acts as an SO(1, 1) ⇢ SL(2)IIB twist on

m�� =
1

Y

 
e
�2� (Y 2 + Z

2) �Z

�Z e
2�

!
. (3.61)

The matrix m�� in (3.61) only depends on the four-dimensional scalars in the universal
hypermultiplet. At both the N = 1 / SU(3) and N = 0 / SO(6) solutions one has that it
reduces to

m�� =
1p

1� �2

 
1 ��

�� 1

!
with � 2 (�1, 1) , (3.62)
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with

Ĉijkl = ϵijklk′
yk

′

√
1− |y⃗|2

(1 + K̂) . (3.51)

A careful analysis of the expression in (3.50) reveals that the contribution

− 3
2 ϵαβ Bi[j

α
Bkl]

β = −6
1− Y

Y
ϵαβ Ωi[j

αΩkl]
β , (3.52)

in the left hand side precisely cancels against the contribution coming from the first term in
the right hand side so that

Cijkl = Ĉijkl . (3.53)

The purely internal five-form flux then takes the form

dC = Ω ∧ Ω̄ ∧ η = 4Y
3
4 vol5 , (3.54)

where
vol5 = Y − 3

4 ê5 ∧ ê6 ∧ ê7 ∧ ê8 ∧ ê9 , (3.55)

is the volume form on the deformed S5 in (3.27). Finally the gauge-invariant five-form flux
is given by

F̃5 = dC + 1
2 ϵαβ B

α ∧H
β =

(
4 +

6 (1− Y )

Y

)
Y

3
4 (1 + ⋆) vol5 , (3.56)

which breaks the U(1)U symmetry whenever Y ≠ 1 . When particularised to the AdS4
solutions obtained in the previous section the result is:

i) For the N = 1 /SU(3) solution in (2.34)-(2.35) one has

F̃5 = 3

(
6

5

) 3
4

(1 + ⋆) vol5 . (3.57)

ii) For the N = 0 /SO(6) solution in (2.37)-(2.38) one has

F̃5 = 4 (1 + ⋆) vol5 . (3.58)

Axion-dilaton and Janus

The SL(2)-valued axion-dilaton mαβ of type IIB supergravity can be obtained from the last
uplift formula in (3.16). A straightforward computation involving this time the blocks of the
MMN scalar matrix

Mγk δl = e−ϕ Y δkl mγδ + e−ϕ (1− Y )Jkl ϵγδ ,

Mγk δl = eϕ Y δkl mγδ + eϕ (1− Y )Jkl ϵγδ ,
(3.59)

yields an axion-dilaton of the form

mαβ =
1

Imτ

(
|τ |2 −Reτ

−Reτ 1

)

= (A−t)α
γ mγδ (A

−1)δβ , (3.60)

with τ = C0 + i e−Φ . Note that the full dependence on the coordinate η is again encoded
into the matrix A−1(η) in (3.34) which acts as an SO(1, 1) ⊂ SL(2)IIB twist on

mγδ =
1

Y

(
e−2φ (Y 2 + Z2) −Z

−Z e2φ

)

. (3.61)
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3.3 Summary of type IIB backgrounds

By uplifting two families of AdS4 vacua of the dyonically-gauged [ SO(1, 1) × SO(6) ]! R12

maximal supergravity, we have obtained two classes of ten-dimensional type IIB backgrounds.
In both classes the metric is non-singular and of the form AdS4×R×M5 with η ∈ (−∞ , ∞)
being the coordinate along the R direction. The dependence of the backgrounds on the
coordinate η is fully encoded in an SO(1, 1) ⊂ SL(2)IIB matrix

Aαβ =

(
cosh η sinh η

sinh η cosh η

)

, (A−1)αβ =

(
cosh η − sinh η

− sinh η cosh η

)

, (3.70)

which acts as a twist on a constant type IIB axion-dilaton

mγδ =
1√

1− σ2

(
1 −σ

−σ 1

)

with σ ∈ (−1, 1) , (3.71)

and an SL(2)IIB doublet of η-independent three-form fluxes. From an effective N = 2 four-
dimensional perspective, the free parameter σ in the type IIB solutions corresponds to a
four-dimensional axion in the universal hypermultiplet (see Section 2.2).

We find two classes of type IIB backgrounds:

i) The first class of solutions is N = 1 supersymmetric, and thus perturbatively stable,
and preserves an SU(3) symmetry arising from a CP

2 ⊂ M5 factor in the geometry.
The various ten-dimensional fields are given by

ds210 =
3
√
6

10
ds2AdS4

+
1

3

√
10
3 dη2 +

[√
5

6
ds2

CP2 +

√
6

5
η2

]

,

F̃5 = 3

(
6

5

) 3
4

(1 + ⋆) vol5 ,

mαβ = (A−t)αγ mγδ (A−1)δβ ,

Hα = Aαβ hβ ,

(3.72)

with

hβ = − 5

12
ϵβγ

[
3Hγδ (iΩ ∧ η)δ − θγ

λHλδ dη ∧Ωδ
]
, (3.73)

and where, in order to present Hα in a concise form, we have introduced the two constant
matrices

θγ
λ =

(
0 1

1 0

)

, (3.74)

and

Hαβ =
2
√
6

5 (1 − σ2)
1
4

(√
1− σ2 cos γ − σ sin γ

√
1− σ2 sin γ + σ cos γ

sin γ − cos γ

)

. (3.75)

The latter depends on the free parameter σ ∈ (−1, 1) specifying the constant axion-
dilaton in (3.71), as well as on an arbitrary angle γ ∈ [0, 2π] . As a result there is a
(σ, γ)-family of three-form fluxes Hα . Note also that the internal geometry in (3.72) has
an additional U(1)β isometry that is broken in the background by the dependence of
the three-form fluxes Hα on the complex (2, 0)-form Ω (see Appendix A).
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N = 2  supersymmetric S-folds

Finally, using the relation

Ĝik (⌦
�)kj dy

i
^ dy

j = �(⌦�)ijk Y
k
dY

i
^ dY

j
, (3.30)

one obtains the final expression

B↵ = 1
2 Bij

↵
dy

i
^ dy

j = �
1
2 Y

�1
✏
↵� (A�t)�

�
H�� (⌦

�)kij Y
k
dY

i
^ dY

j
, (3.31)

or, using the relations (A.1), the equivalent expression

B↵ = �Y
�1

✏
↵� (A�t)�

�
H�� ⌦

�
, (3.32)

where ⌦
�
⌘ (⌦R

,⌦
I) .

At the non-supersymmetric vacuum with SO(6) symmetry in (2.18)-(2.19) one has that
the scalar-dependent matrix in (3.28) reduces to H�� = 0 and therefore the two-form type IIB
potentials vanish, namely,

B↵ = 0 . (3.33)

At the N = 1 supersymmetric vacuum with SU(3) symmetry in (2.21)-(2.22) one has that
the scalar-dependent matrix in (3.28) depends independently on ⇣ and ⇣̃ so the compact
U(1) symmetry associated with kU in (2.16) is broken.

3.4 Axion-dilaton

Setting � = 0 , the blocks of the scalar matrix relevant for the axion-dilaton are given by

M
�k �l = e

�'
�
kl
C

�� + e
�' (1� Y ) Jkl

✏
��

,

M�k �l = e
'
�kl C�� + e

' (1� Y ) Jkl ✏�� .

(3.34)

Using the uplifting formulas in [7], and after some algebra, the SL(2) axion-dilaton matrix
takes the form

m↵� = (A�t)↵
� m�� (A

�1)�� . (3.35)

in terms of the SL(2) scalar-dependent matrix

m�� ⌘
1

Y
C�� =

1

Y

 
e
�2� (Y 2 + Z

2) �Z

�Z e
2�

!
, (3.36)

and the SL(2) twist (A�1)↵� in (3.26).
At the non-supersymmetric vacuum with SO(6) symmetry in (2.18)-(2.19) one has that

the scalar-dependent SO(1, 1) matrix in (3.36) reduces

m�� =
1

p
1� �2

 
1 ��

�� 1

!
, (3.37)

with � 2 (�1, 1) . At the N = 1 supersymmetric vacuum with SU(3) symmetry in (2.21)-
(2.22) one has that the scalar-dependent SO(1, 1) matrix in (3.36) reads

m�� =
2

3 |~⇣|2

0

B@
1 �

q
1� 9

4 |
~⇣|4

�

q
1� 9

4 |
~⇣|4 1

1

CA , (3.38)

with |~⇣|
2
2 ( 0 , 2

3 ] , so the compact U(1) symmetry associated with kU in (2.16) is preserved
by the axion-dilaton background.
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B↵ = A
↵
� b

� = � 1
2 Y

�1
A

↵
� ✏

��
H�� ⌦

�
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Symmetry :  SU(2) x U(1)σ

3.2 Connection with linear dilaton solutions

We can perform a global ⇤ 2 SL(2)IIB transformation based on the matrix element

⇤ =
1p
2

 
1 �1

1 1

!
, (3.14)

such that we find an equivalent type IIB background given by

ds
2 = 1

2 �
�1
⇥
ds

2
AdS4

+ d⌘
2 + d✓

2 + sin2 ✓ d�2 + cos2 ✓
�
�
2
2 + 8�4

�
�
2
1 + �

2
3

��⇤
,

e
� = 1

2 �
2
e
�2⌘

�
5� cos(2✓)� 2 sin2 ✓ sin(2�)

�
,

C0 = �2 e2⌘
cos(2�) sin2 ✓

5� cos(2✓)� 2 sin2 ✓ sin(2�)
,

B2 = 1
2 e

�⌘ cos ✓
�
(cos�+ sin�) d✓ + 1

2 sin(2✓) (cos�� sin�) d�
�
^ �2

+ 2�4
e
�⌘ cos ✓ sin(2✓) (cos�+ sin�)�1 ^ �3 ,

C2 = 1
2 e

⌘ cos ✓
�
(cos�� sin�) d✓ � 1

2 sin(2✓) (cos�+ sin�) d�
�
^ �2

+ 2�4
e
⌘ cos ✓ sin(2✓) (cos�� sin�)�1 ^ �3 ,

eF5 = 4�4 sin ✓ cos3 ✓ (1 + ?)
h
3 d✓ ^ d� ^ �1 ^ �2 ^ �3

� d⌘ ^
�
cos(2�) d✓ � 1

2 sin(2✓) sin(2�) d�
�
^ �1 ^ �2 ^ �3

i
,

(3.15)

with
��4 = 6� 2 cos(2✓) . (3.16)

4 Conclusions

TO BE COMPLETED...
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A Type IIB supergravity

The bosonic massless spectrum of ten-dimensional (chiral) type IIB supergravity contains –
besides the universal NS-NS sector that includes the metric G , a two-form B2 with field
strength H3 = dB2 , and the dilaton � – a set of even p-forms in the R-R sector. In
particular, a fourth-rank antisymmetric self-dual tensor C4, a two-form C2 and a scalar C0.
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3.2 Connection with linear dilaton solutions

We can perform a global ⇤ 2 SL(2)IIB transformation based on the matrix element

⇤ =
1p
2

 
1 �1

1 1

!
, (3.14)

such that we find an equivalent type IIB background given by

ds
2 = 1

2 �
�1
⇥
ds

2
AdS4

+ d⌘
2 + d✓

2 + sin2 ✓ d�2 + cos2 ✓
�
�
2
2 + 8�4

�
�
2
1 + �

2
3

��⇤
,

e
� = 1

2 �
2
e
�2⌘

�
5� cos(2✓)� 2 sin2 ✓ sin(2�)

�
,

C0 = �2 e2⌘
cos(2�) sin2 ✓

5� cos(2✓)� 2 sin2 ✓ sin(2�)
,

B2 = 1
2 e

�⌘ cos ✓
�
(cos�+ sin�) d✓ + 1

2 sin(2✓) (cos�� sin�) d�
�
^ �2

+ 2�4
e
�⌘ cos ✓ sin(2✓) (cos�+ sin�)�1 ^ �3 ,

C2 = 1
2 e

⌘ cos ✓
�
(cos�� sin�) d✓ � 1

2 sin(2✓) (cos�+ sin�) d�
�
^ �2

+ 2�4
e
⌘ cos ✓ sin(2✓) (cos�� sin�)�1 ^ �3 ,

eF5 = 4�4 sin ✓ cos3 ✓ (1 + ?)
h
3 d✓ ^ d� ^ �1 ^ �2 ^ �3

� d⌘ ^
�
cos(2�) d✓ � 1

2 sin(2✓) sin(2�) d�
�
^ �1 ^ �2 ^ �3

i
,

(3.15)

with
��4 = 6� 2 cos(2✓) . (3.16)
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The bosonic massless spectrum of ten-dimensional (chiral) type IIB supergravity contains –
besides the universal NS-NS sector that includes the metric G , a two-form B2 with field
strength H3 = dB2 , and the dilaton � – a set of even p-forms in the R-R sector. In
particular, a fourth-rank antisymmetric self-dual tensor C4, a two-form C2 and a scalar C0.
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b1 = 1p
2
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 �
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2 sin(2✓) d(sin�)
�
^ �2 + sin�

4 sin(2✓)
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�1 ^ �3

�
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�
^ �2 + cos�
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6� 2 cos(2✓)
�1 ^ �3

�
,

(3.8)
and

A
↵
� ⌘

 
cosh ⌘ sinh ⌘

sinh ⌘ cosh ⌘

!
, (A�1)�� ⌘

 
cosh ⌘ � sinh ⌘

� sinh ⌘ cosh ⌘

!
, (3.9)

being an SO(1, 1) ⇢ SL(2)IIB element encoding the dependence of the two-form potentials
on the direction ⌘ . The two-form potentials in (3.8) preserve SU(2)⇥ U(1)� but break the
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Axion-dilaton

The axion-dilaton matrix takes the form

m↵� =
1

Im⌧

 
|⌧ |2 �Re⌧

�Re⌧ 1

!
= (A�t)↵

� m�� (A
�1)�� , (3.10)

with ⌧ = C0 + i e
�� and

m�� = 2�2

 
1 + sin2 ✓ cos2 � �1

2 sin
2(✓) sin(2�)

�1
2 sin

2(✓) sin(2�) 1 + sin2 ✓ sin2 �

!
, (3.11)

involving the warping factor in (3.5). The axion-dilaton matrix (3.11) is again compatible
with an SU(2)⇥U(1)� symmetry.

Four-form potential

The solution we are investigating shares various similarities with the Pilch-Warner solution
[6] (see also appendix D.1 of [7]). The five-form field strength is given by

eF5 = dC4 � 1
2 ✏↵� B

↵ ^H
�

= (1 + ?)
⇥
6
p
2�5/2 volM5

�4�4 sin ✓ cos3 ✓ d⌘ ^
�
cos(2�) d✓ � 1

2 sin(2✓) sin(2�) d�
�
^ �1 ^ �2 ^ �3

⇤
,

(3.12)
where

volM5 =
p
2�3/2 sin ✓ cos3 ✓ d✓ ^ d� ^ �1 ^ �2 ^ �3 , (3.13)

denotes the volume of the deformed five-sphere. We have explicitly verified that the 10D
equations of motion and Bianchi identities of type IIB supergravity are satisfied.
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with
<latexit sha1_base64="B2w9us3tQK63mZyc0Bq5N2e5UgI=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEw8kV000SPRi0dM5JHAhswOA0yYnV1nelGy4Tu8eNAYr36MN//GAfagYCWdVKq6090VxFIYdN1vZ2V1bX1jM7eV397Z3dsvHBzWTZRoxmsskpFuBtRwKRSvoUDJm7HmNAwkbwTDm6nfGHFtRKTucRxzP6R9JXqCUbSS30b+hDpMHwUOJp1C0S25M5Bl4mWkCBmqncJXuxuxJOQKmaTGtDw3Rj+lGgWTfJJvJ4bHlA1pn7csVTTkxk9nR0/IqVW6pBdpWwrJTP09kdLQmHEY2M6Q4sAselPxP6+VYO/KT4WKE+SKzRf1EkkwItMESFdozlCOLaFMC3srYQOqKUObU96G4C2+vEzq5ZJ3XirfXRQr11kcOTiGEzgDDy6hArdQhRoweIBneIU3Z+S8OO/Ox7x1xclmjuAPnM8fs9GStA==</latexit>

with
<latexit sha1_base64="B2w9us3tQK63mZyc0Bq5N2e5UgI=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEw8kV000SPRi0dM5JHAhswOA0yYnV1nelGy4Tu8eNAYr36MN//GAfagYCWdVKq6090VxFIYdN1vZ2V1bX1jM7eV397Z3dsvHBzWTZRoxmsskpFuBtRwKRSvoUDJm7HmNAwkbwTDm6nfGHFtRKTucRxzP6R9JXqCUbSS30b+hDpMHwUOJp1C0S25M5Bl4mWkCBmqncJXuxuxJOQKmaTGtDw3Rj+lGgWTfJJvJ4bHlA1pn7csVTTkxk9nR0/IqVW6pBdpWwrJTP09kdLQmHEY2M6Q4sAselPxP6+VYO/KT4WKE+SKzRf1EkkwItMESFdozlCOLaFMC3srYQOqKUObU96G4C2+vEzq5ZJ3XirfXRQr11kcOTiGEzgDDy6hArdQhRoweIBneIU3Z+S8OO/Ox7x1xclmjuAPnM8fs9GStA==</latexit>

( genuinely dyonic )

3.2 Connection with linear dilaton solutions

We can perform a global ⇤ 2 SL(2)IIB transformation based on the matrix element

⇤ =
1p
2

 
1 �1

1 1

!
, (3.14)

such that we find an equivalent type IIB background given by

ds
2 = 1

2 �
�1
⇥
ds

2
AdS4

+ d⌘
2 + d✓

2 + sin2 ✓ d�2 + cos2 ✓
�
�
2
2 + 8�4

�
�
2
1 + �

2
3

��⇤
,

e
� = 1

2 �
2
e
�2⌘

�
5� cos(2✓)� 2 sin2 ✓ sin(2�)

�
,

C0 = �2 e2⌘
cos(2�) sin2 ✓

5� cos(2✓)� 2 sin2 ✓ sin(2�)
,

B2 = 1
2 e

�⌘ cos ✓
�
(cos�+ sin�) d✓ + 1

2 sin(2✓) (cos�� sin�) d�
�
^ �2

+ 2�4
e
�⌘ cos ✓ sin(2✓) (cos�+ sin�)�1 ^ �3 ,

C2 = 1
2 e

⌘ cos ✓
�
(cos�� sin�) d✓ � 1

2 sin(2✓) (cos�+ sin�) d�
�
^ �2

+ 2�4
e
⌘ cos ✓ sin(2✓) (cos�� sin�)�1 ^ �3 ,

eF5 = 4�4 sin ✓ cos3 ✓ (1 + ?)
h
3 d✓ ^ d� ^ �1 ^ �2 ^ �3

� d⌘ ^
�
cos(2�) d✓ � 1

2 sin(2✓) sin(2�) d�
�
^ �1 ^ �2 ^ �3

i
,

(3.15)

with
��4 = 6� 2 cos(2✓) . (3.16)
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A Type IIB supergravity

The bosonic massless spectrum of ten-dimensional (chiral) type IIB supergravity contains –
besides the universal NS-NS sector that includes the metric G , a two-form B2 with field
strength H3 = dB2 , and the dilaton � – a set of even p-forms in the R-R sector. In
particular, a fourth-rank antisymmetric self-dual tensor C4, a two-form C2 and a scalar C0.
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Conclusions

❖ Dyonic N = 8 supergravity with  ISO(7)    and   [SO(1,1) × SO(6)] ⋉ R12   gaugings connected 
to massive IIA reductions on S6  and type IIB reductions on  S5 x S1  

!15

❖ Type IIB  (S-folds) :      3d interface  SYM theories with various (super) symmetries
[ -STk monodromy  (k > 2) ]

N = 0 & SO(6)
<latexit sha1_base64="dP1sfSDzQqhAoZlLhfOQ6/T5f/0=">AAACGnicbVDLSgMxFM3UV62vUZdugkWpIGXGR3UjFNy40or2AZ1SMmnahmYeJHfEMsx3uPFX3LhQxJ248W9MH4K23hDu4Zx7Sc5xQ8EVWNaXkZqZnZtfSC9mlpZXVtfM9Y2KCiJJWZkGIpA1lygmuM/KwEGwWigZ8VzBqm7vfKBX75hUPPBvoR+yhkc6Pm9zSkBTTdN2PAJdSkR8mZxZ2NnXZ3fYsAPsHqQX//Sbq1xhL0maZtbKW8PC08AegywaV6lpfjitgEYe84EKolTdtkJoxEQCp4IlGSdSLCS0RzqsrqFPPKYa8dBagnc008LtQOrrAx6yvzdi4inV91w9OTCiJrUB+Z9Wj6B92oi5H0bAfDp6qB0JDAEe5IRbXDIKoq8BoZLrv2LaJZJQ0GlmdAj2pOVpUDnI24f54+ujbLEwjiONttA2yiEbnaAiukAlVEYUPaAn9IJejUfj2Xgz3kejKWO8s4n+lPH5Dfvxn5Q=</latexit>

unstable !!

❖
Brane	set-up		(7	branes)?				,					RG	flows?			,				non-abelian	T-duals?				….

N = 1 & SU(3)
<latexit sha1_base64="51Yx2x5IO2PTbW5SK4ffQBEWBe8=">AAACGnicbVDLSgMxFM3UV62vqks3waJUkDJjfW2EghtXUtFpC51SMmnahmYeJHfEMsx3uPFX3LhQxJ248W9MpxW0ekO4h3PuJTnHDQVXYJqfRmZmdm5+IbuYW1peWV3Lr2/UVBBJymwaiEA2XKKY4D6zgYNgjVAy4rmC1d3B+Uiv3zKpeODfwDBkLY/0fN7llICm2nnL8Qj0KRHxZXJmYWdfn920YQfYHUgv/u7XdrG8lyTtfMEsmWnhv8CagAKaVLWdf3c6AY085gMVRKmmZYbQiokETgVLck6kWEjogPRYU0OfeEy14tRagnc008HdQOrrA07Znxsx8ZQaeq6eHBlR09qI/E9rRtA9bcXcDyNgPh0/1I0EhgCPcsIdLhkFMdSAUMn1XzHtE0ko6DRzOgRr2vJfUDsoWeXS0dVhoXI8iSOLttA2KiILnaAKukBVZCOK7tEjekYvxoPxZLwab+PRjDHZ2US/yvj4AgJJn5g=</latexit>

N = 2 & SU(2)⇥U(1)
<latexit sha1_base64="YN9/AmvzBC31m66UQ4nDg7EbNrc=">AAACJnicbVDLSgMxFM3UV62vqks3waK0IGWmCropFN24kor2AZ1SMmnahmYeJHfEMszXuPFX3LioiLjzU0ynRbT1hnBPzrmXm3ucQHAFpvlppJaWV1bX0uuZjc2t7Z3s7l5d+aGkrEZ94cumQxQT3GM14CBYM5CMuI5gDWd4NdEbD0wq7nv3MApY2yV9j/c4JaCpTrZsuwQGlIjoJi6XsH2iz3GSsA3sEaQb3dXifKmgn9xl6ofVpFXoZHNm0UwCLwJrBnJoFtVOdmx3fRq6zAMqiFItywygHREJnAoWZ+xQsYDQIemzloYe0SPbUbJmjI8008U9X+rrAU7Y3x0RcZUauY6unCyl5rUJ+Z/WCqF30Y64F4TAPDod1AsFBh9PPMNdLhkFMdKAUMn1XzEdEEkoaGcz2gRrfuVFUC8VrdNi6fYsV7mc2ZFGB+gQ5ZGFzlEFXaMqqiGKntALGqM349l4Nd6Nj2lpypj17KM/YXx9Awjoo64=</latexit>



Grazas !

Thank you !
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Extra material



- Space-time :  external ( D=4 ) + generalised internal   (        coordinates in 56 of E7(7) )   

Generalised diffs  =  ordinary internal diffs  +  internal gauge transfos

 Generalised Lie derivative built from an E7(7)-invariant structure Y-tensor

Y PQ
MN @P ⌦ @Q = 0

Two maximal solutions :   M-theory  ( 7 dimensional )    &   Type IIB   ( 6 dimensional )

Closure requires a section constraint  :

[ momentum, winding, … ]

[ massless theories ]

L⇤UM = ⇤N@NUM � UN@N⇤M + Y MN
PQ @N⇤P UQ [ no density term ]

E7(7)-EFT

[ Coimbra, Strickland-Constable, Waldram ’11 ]

Y M
<latexit sha1_base64="ijE/GM0b6SJo7F7pQVDPu3o6H7c=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWpoi4LbtwIFexD2lgm02k7dDIJMxOhhnyJGxeKuPVT3Pk3TtostPXAwOGce7lnjh9xprTjfFuFldW19Y3iZmlre2e3bO/tt1QYS0KbJOSh7PhYUc4EbWqmOe1EkuLA57TtT64yv/1IpWKhuNPTiHoBHgk2ZARrI/Xt8v1D0guwHhPMk5s07dsVp+rMgJaJm5MK5Gj07a/eICRxQIUmHCvVdZ1IewmWmhFO01IvVjTCZIJHtGuowAFVXjILnqJjowzQMJTmCY1m6u+NBAdKTQPfTGYZ1aKXif953VgPL72EiSjWVJD5oWHMkQ5R1gIaMEmJ5lNDMJHMZEVkjCUm2nRVMiW4i19eJq1a1T2t1m7PKvXzvI4iHMIRnIALF1CHa2hAEwjE8Ayv8GY9WS/Wu/UxHy1Y+c4B/IH1+QMtOJNj</latexit>

yi=1...5 (elec) , ỹ1 (mag)
<latexit sha1_base64="jPRVwhHaARDJQ3Sm0DsuoVQ9jyY="></latexit>



- E7(7)-EFT action   [                           ]

with field strengths & potential term given by 

Dµ = @µ � LAµ

VEFT(M, g) = � 1
48 M

MN @MMKL @NMKL + 1
2 M

MN @MMKL @LMNK

� 1
2 g

�1@Mg @NMMN � 1
4 M

MN g�1@Mg g�1@N g � 1
4 M

MN @Mgµ⌫ @N gµ⌫

- Two-derivative potential :   ungauged  N=8  D=4  SUGRA  when  

Fµ⌫
M = 2 @[µA⌫]

M �
⇥
Aµ, A⌫

⇤M
E

+ two-form terms

!19

( tensor hierarchy )

E7(7)-EFT
[ Hohm, Samtleben ’13 ]

SEFT =

Z
d4x d56Y e

⇥
R̂ + 1

48 g
µ⌫ DµMMN D⌫MMN � 1

8 MMN Fµ⌫MFµ⌫
N

+ e�1 Ltop � VEFT(M, g)
⇤

<latexit sha1_base64="EiG8CEDBqejFPgFyNtZQaWAq4SA="></latexit>

�(x, Y ) = �(x)
<latexit sha1_base64="cgWBeYHLFHXQD0aRtsLKB+L25mk=">AAAB+nicbZDLSgMxFIbPeK31NtWlm2ARWpAyU0XdCAU3LivYi7RDyaSZNjSTGZKMWmofxY0LRdz6JO58G9N2Ftr6Q+DjP+dwTn4/5kxpx/m2lpZXVtfWMxvZza3tnV07t1dXUSIJrZGIR7LpY0U5E7Smmea0GUuKQ5/Thj+4mtQb91QqFolbPYypF+KeYAEjWBurY+fa1T4rPB7fFS9nVOzYeafkTIUWwU0hD6mqHfur3Y1IElKhCcdKtVwn1t4IS80Ip+NsO1E0xmSAe7RlUOCQKm80PX2MjozTRUEkzRMaTd3fEyMcKjUMfdMZYt1X87WJ+V+tlejgwhsxESeaCjJbFCQc6QhNckBdJinRfGgAE8nMrYj0scREm7SyJgR3/suLUC+X3JNS+eY0XzlL48jAARxCAVw4hwpcQxVqQOABnuEV3qwn68V6tz5mrUtWOrMPf2R9/gArr5Kb</latexit>



Generalised Scherk-Schwarz reductions

3.1 Generalised Scherk-Schwarz reductions

The generalised Scherk-Schwarz ansatz for the various fields of the E7(7)-ExFT is of the form

gµ⌫(x, Y ) = ⇢
�2(Y )gµ⌫(x)

MMN (x, Y ) = UM
K(Y )UN

L(Y )MKL(x)

Aµ
M (x, Y ) = ⇢

�1
Aµ

N (x) (U�1)NM (Y )

Bµ⌫ ↵(x, Y ) = ⇢
�2(Y )U↵

�(Y )Bµ⌫ �(x)

Bµ⌫M (x, Y ) = �2 ⇢�2(Y ) (U�1)SP (Y ) @MUP
R(Y ) (t↵)RS

Bµ⌫ ↵(x) .

(3.2)

In order for this ansatz to factor out the internal dependences at the level of the equations
of motion and to yield back the equations of motion of the four-dimensional theory, the twist
matrix must fulfill the two conditions :

(U�1)MP (U�1)NQ
@PUQ

K
��
912

= 1
7 ⇢⇥M

↵ (t↵)NK
,

@N (U�1)MN
� 3 ⇢�1

@N⇢ (U�1)MN = 2 ⇢ ✓M
(3.3)

where ⇥M
↵ is the embedding tensor in the four-dimensional gauged supergravity, ✓M is a

constant tensor, and |912 is the projection on the 912 irreducible representation of E7(7) .
In the case of the [SO(1, 1) ⇥ SO(6)] n R2 gauging the SL(8) twit matrix U

�1(Y ) and
the function ⇢(Y ) in (3.2) are given by

(U�1)A
B =

✓
⇢̊

⇢̂

◆ 1
2

0

BBBBB@

1 0 0 �⇢̊
�2

c ỹ1

0 �
ij + K̂ y

i
y
j

�� ⇢̂
2
y
i 0

0 �� ⇢̂
2
y
j
K̂ ⇢̂

4 0

�⇢̊
�2

c ỹ1 0 0 ⇢̊
�4(1 + ỹ

2
1)

1

CCCCCA
, (3.4)

with

⇢̊
4 = 1� c ỹ

2
1 , ⇢̂

4 = 1 + � |~y|
2 and K̂ = �2F1

�
1 , 2 , 1

2 ; 1� |~y|
2
�
, (3.5)

so that

(U�1)M
N =

 
(U�1)[AB]

[CD] 0

0 (U�1)[AB]
[CD] = U[CD]

[AB]

!
, (3.6)

with
(U�1)[AB]

[CD] = (U�1)A
C (U�1)B

D
� (U�1)B

C (U�1)A
D

. (3.7)

The uplifting formulae are

M
mn = G

�1/2
G

mn
,

M
m

n↵ = G
�1/2

G
mk Bkn

�
✏�↵ ,

Mm↵n� = G
�1/2

Gmnm↵� +G
�1/2

G
kl Bmk

� Bnl
�
✏↵� ✏�� ,

M
⇢
lmn = �4G�1/2

G
⇢k
�
Cklmn �

3
8 ✏↵� Bk[l

↵ Bmn]
�
�
,

(3.8)

which can be inverted as

G
mn = G

1/2
M

mn
,

Bmn
↵ = G

1/2
Gmp ✏

↵�
M

p
n� ,

m↵� = 1
6 G

�
M

mn
Mm↵n� +M

m
k↵M

k
m�

�
,

Cklmn = �
1
4 G

1/2
Gk⇢M

⇢
lmn + 3

8 ✏↵� Bk[l
↵ Bmn]

�
.

(3.9)
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• SL(8) twist (geometry)  :
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