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Electric-magnetic duality in maximal supergravity



N=8 supergravity in 4D

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

Ungauged (abelian) supergravity: Reduction of M-theory on a torus T7

down to 4D produces N =8 supergravity with G = U(1)8 [ Ez) symmetry |

[ Cremmer, Julia '79 |

Gauged (non-abelian) supergravity:
+ M-theory on S” produces N =8 supergravity with G =S0O(8) | de Wit Nicolai 52
+ TypelIAon S° produces N =8 supergravity with G = ISO(7) = SO(7) x R” [ Hull 8]

« TypeIIB on R x S° produces N =8 supergravity with G = [SO(1,1) x SO(6)] x R*?

[ Inverso, Samtleben, Trigiante "16 ]

% These supergravities believed to be unique for 30 years...
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Electric-magnetic deformations

e Uniqueness historically inherited from the connection with NH geometries of branes

and SCFT’s
TypelIB : AdSs x S5 (D3-brane ~N=4 SYM in 4d) [ Maldacena '97 |

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

[ Aharony, Bergman, Jafferis, Maldacena ‘08 ]

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

-~ g = 4D gauge coupling
_ 9 elec
[ D=0 g (A CAmag ) J ¢ = deformation param.

[ Dall’Agata, Inverso, Trigiante "12 ]

e There are two generic situations :

1) Family of SO(8). theories : ¢ = [0,v2 — 1] is a continuous parameter

2) Family of CSO(p,q,7). theories: c=0o0r1 isan (on/off) parameter

. [ Dall’Agata, Inverso, Marrani "14 |



The questions arise:

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

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



electric/ magnetic

deformation

v

M-theory

higher-dimensional

origin
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Obstruction for SO(8). , cf. [ de Wit, Nicolai "13 ]
[ Lee, Strickland-Constable, Waldram *15 ]

Holographic
AdS4/ CFT3 dual ?
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(massive) Type I1A

electric/ magnetic higher-dimensional Holographic
deformation origin AdSs/CFT3 dual ?

v v v

[ AG, Jafferis, Varela "15 |

[ AG, Varela’15 |

[ AG, Tarrio, Varela 16, "19 |
[ AG, Tarrio & AG 17 |




electric/ magnetic

deformation
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v

higher-dimensional

origin

v

[ this talk |

Holographic
AdS4/ CFT3 dual ?
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[ SO(1,1) x SO(6) ] X R12 supergravity

[ Dall’Agata, Inverso 11 ]

[ Inverso, Samtleben, Trigiante "16 ]

Higher-dimensional origin as type IIB on R (or S') x S°

New AdSs vacuum with N=4 & SO(4)r symmetry [ Gallerati, Samtleben, Trigiante '14 |

Holographic expectation: N=4 S-fold CFT3 il (CatalGeen 08 (09

[ Gaiotto, Witten 08 |
[ J-fold = S-fold with hyperbolic monodromy J ] [ Assel, Tomasiello 18 (N =3,4)]

[ Garozzo, Lo Monaco, Mekareeya '18 "19 |

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

= Singular Janus solutions :  AdS; x R x M5 }
My = SQ x SQ < I [ D'Hoker, Ester, Gutperle 07,07 (N=4)]

]

]

[ Inverso, Samtleben, Trigiante "16
[ Bobev, Gautason, Pilch, Suh, van Muiden '19, 20 (in 5D)

Superconformal Janus interfaces in N=4 SYMy
[ D'Hoker, Ester, Gutperle'06 (N=1,2,4)]

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

Question : Holographic duals for N =0, 1, 2 S-fold CFT3? [ largest flavour symmetry ]

10 [ see also Bobev, Gautason, Pilch, Suh, van Muiden "19, "20 |



The picture...

Type IIB & S-fold with AdSs x S' x S° geometry

Reduction Uplift method : E7-EFT involving
on R x S° hyperbolic twists Ay along St

[SO(1,1) x SO(6)] x R!2 N =4 SYM

gauging with an AdS4 vacuum with a localised interface

4 l J € SL(Q,Z)HB action
dS4/OFT3

J-fold CFT3y

11



@ S-folds in 4D
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A truncation : Zj invariant sector
[ AG, Sterckx, Trigiante "20 ]

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

Z% action = N =1 supergravity coupled to 7 chiral multiplets z;

(Zi:_Xi+iyi) (y; > 0)

® The model : [ upper half-plane]

7
K= — Z log[—i(2 — Z;)]
i—1

W =2g [z1z5z6 + 202426 + 232425 + (2124 + 2225 + 2326) Z7] +2gc(1 — z4252627)

[ dyonic gauging |

® AdS4 vacua :

N=4 & SO(4)r N=2 & SU(2) x U(1)g N=1 & SU(3) N=0 & SO(6)

=P Most symmetric AdSs vacua within multi-parametric families !!

13



N=0 family of AdSs vacua with U(1)} symmetry

[ AG, Sterckx, Trigiante "20 ]

® | . ocation : [ 3 free parameters ]
( —|_ . 1 ) d ‘
21,23 =C| —X1,23 T 1—= an Zy =25 =26 = 27 =1
V2
® AdSsradius L? = —3/1 & scalar mass spectrum : [ BF unstable |
m?L?* = 6(x2), —3(x2), 0(x28),
3 3,
~ 2 202(x2
V2q2c ! 2 ! 2" i
Vo = —2v2¢°c™ 3.3 :
0 9 _Z+§(X—2Xi)2(x2) i=1,2,3,
3 3 .
_Z+§X%(X4) 1=1,2,3,
—346x%(x2) =123,
® Flavour symmetry enhancements : _ 34+ §(Xi + x;)2(x2) i <7,

2

U(1)> — SU(2) x U(1)* — SU(3) x U(1) — SO(6)
Xi = Xj X1 = X2 = X3 X1,2,3 =0
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N=1 family of AdSs vacua with U(1)?2 symmetry

o . ) 3 [ AG, Sterckx, Trigiante "20 ]
Location : [2 free parameters : Z xi =01
1=1
/b 1 .
21923 =cC (—Xl,g,g + z? and 24 =25 = 26 = 27 = %(1 + Z\/g)
e AdSsradius L? = —3/Vy & scalar mass spectrum :

m2L* = 0(x28), 4+V6(x2), —2(x2),

14 1
(V 162 , —?+5X§i§,/4+45xg(><2) i=1,2,3,
0=——7=gc
2 14 5 1
55 — 4+ 02+ 2, /16 4+45\2(x2)  i=1,2,3,
9 4 6 ¢
75,
— 4+ =y (X2 , =1,2
9 + 4X’L(X ) Z ) 737
e Flavour symmetry enhancements : — 24 1 (xi — xj) %(x2) i<,

U(1)? —» SU(2) x U(1) — SU(3)
Xi = Xj X1,2,3 =0

15



N=2 family of AdSs vacua with U(1) x U(1)r symmetry

[ AG, Sterckx, Trigiante "20 ]

° 10N :
Location : [1 free parameter ]

_ o1 . . 1 .
zlz—zgzc(—x—i—zﬁ), 29 =1c, z4 = 26 =14 and z5:z7:ﬁ(1—i—z)

® AdSs radius L? = —3 /Vo & scalar mass spectrum :

2172 _ . B 9
Vp = —3¢% ", mAL? = 0(x30), 3+ VIT(x2), —2(x4), 2(x6), —2+4*(x6)
— 1+ 47 £ V162 + 1(x2), X2 V/x% +2(x8),

® Flavour symmetry enhancement :

U(1) — SU(2)
x =0
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N=4 AdSs; vacuum with SO(4)r symmetry

[ Gallerati, Samtleben, Trigiante "14 ]
[ AG, Sterckx, Trigiante "20 ]

® [ ocation :

21 = 29 = 23 = iC and 24 =25 = 26 = —27 = (1414)

1
V2

® AdSsradius L* = —3/V, & scalar mass spectrum :

( Vo = —3¢%c ! ) m?L? = 0(x48), 10(x1), 4(x10), —2(x11)

Next step: Uplift to typellB on R X S° using E7@)-EFT

17



()  S-folds in 10D
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Generalised Scherk-Schwarz reductions of Ey)-EFT

[ Hohm, Samtleben 14 ]
[ Baguet, Hohm, Samtleben 15 ]

[ Inverso, Samtleben, Trigiante "16 ]

e SL(8) twist (geometry) :

G¢=1...5 (elec) , ¢ =sinhp (magD

e EFT fields = Twist x 4D fields :

* Type IIB fields = EFT fields :

= p(in) ply
0 0 —p e

0 §U + K yiyd =\ p2yt 0

(U y Y pY

0 P2yl K ot 0

—heg 0 0 A+ )
gw(x,Y) - IO_2(Y).9,LW(CC)
Mun(2,Y) = Uu™ (V) UN"(Y) Mg ()

~N

= GVZ pMmmn

= GY2G e MP,4

= LG (M™ Mpang + Mo MFp5)
= 7G2Gy MPiyup + § €ap By B o) J




N=0 & SO(6) solution [ AG, Sterckx 19

f 1 1 O N

~

F5 = 4(1 +*) V015

Flavour: SO(6) ~ S5

B = A%5b° = 0

&maﬂ = (A7) mys (A71)% J

coshn sinhn
with m,s = ( (1) (1) ) and Aa5< )

sinhn coshn

[R—S' & (hyperbolic) SO(1,1)-twist = monodromy ]

msl — A_l(n)A(n+T> _ <COShT SlnhT)

[ Bak, Gutperle, Hirano 03 ] sinhT" coshT

unstable !!

20 [ Inverso, Samtleben, Trigiante 16 ]



[ List, Tsimpis "09 (local form) |

N:1 & SU(S) SOlution [ AG, Sterckx ’19 ]

Flavour: SU(3) ~ CP2

O

1
ds?, = 0 dsias, + 3V Bdn? +
3

3) 2 6 2 \
\/gdS(CIP’Q—l_\/gT’ ]

~ AR
F5 =3 (5) (1 —|—*) VOI5

BY = A% b = A5 (— HP, () @)

12
— _ [ charged under U(1);, ]
kmoﬁ _ (A t)a7 mfyé (A 1)55 n J
1 0 coshn sinhn
with m.s = and A%g =
70 ( 0 1 ) ? ( sinhn coshn

[ (hyperbolic) SO(1,1)-twist ]

21



N=2 & SU(2) x U(1)z solution

[ AG, Sterckx, Trigiante "20 ]

~

Flavour: SU(2) ~ S2

~

ds* = §A7![dsigg, +dn® + d6? +sin® 0 dg* 4 cos® 0 (03 + 8 A? (of + 03))]
At =6-2 cos(20)

~

Fs = 4A%sinf cos®0 (14 %) {3d(9/\d(]5/\01/\02/\03

—dn A (cos(2¢) df — 1 sin(20) sin(2¢) de ) A o1 A og A 03}

. . . . 4 sin(26
B® = A%, 6%  with b = 75 cost _(Sln¢d9+% sin(20) d(sin ¢) ) A oz + sin ¢ G_Sélgés(z)e) 01M3]
= B wit _ .
by = Lz cos _ (cos¢df + 5 sin(20) d(cos @) ) A o + cos ¢ : i 212(()2(02)9) o1 A 03]

1+sin?6 cos’ ¢  —3 sin?(6) sin(2¢)

—gsin®(0)sin(2¢) 1+ sin®0 sin® ¢ ) J

Map = (A_t)a7 Mo (A_l)éﬁ with mys = 2 A? (

22



[ AG, Sterckx "21 |

@ Holographic RG flows on the D3-brane

RG flows = (flat sliced) domain-walls : dsdy, = 243 g dadz’ + d2?

4

BPS flow equations :

GZA = F |W| and X =+ K1/ 82,7]/\/)

with W = 6% W = m3/2

23



D3-brane and N=4 super Yang-Mills

e c=0: D3-brane » AdSs « DW;

[ DWs metric ] [ AdSs metric ]
ds%o = %92 A_l(zi) (62A(z) Naps dr®dr? + dz2) 4+ AQ(ZZ') d772 4+ d§§5 ,
ﬁ5 = 4g(1—|—*)V015 , B =0,

e~ 0
ma,B = 0 6(1)0 .

J

Note: A(z;) = |za567| " Imzy 567 Imz 23

DW4 domain-wall o . (92)? is
(SYMy) 223 = "Xip3Ti— g~ » A= =Z =2 =ic? ° and
[ 3 free parameters ]
3 3
BPS equations require D Rez = —ZXEO) =0
i=1 i=1

24



Deformed D3-brane

C

e ¢#0: Expansion of BPS equations in powers of (2

-

o

21,2,3

24,5,6,7

2

(g2)*

_(gz)2 2 c?
ZT 1+ 32 cosh” @ Gt )

% ¢ sinh ® (1 — 384 cosh® @, log(gz)>

4e72%0 cosh dy ﬁ (1 + 64 (1 — 3005h(2<1>0))

2
ie—3%0 <1 -8 (cosh2 ®y — 2sinh(2 (I)O)> . 4>

2
3 (1416 cosh® By —— | -
(92) ( + 16 cos 0 g2

2

(92)

< log(gz)>

~

J

. SO this time

3 2

Z Rez; = ¢ sinh ® <1 — 384 cosh? @ ¢ 1
— (92)

log(gz))

25
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(IR) N=1& SU(3) J-fold CFT; <@ SYM. (UV)
/
m2L? = —2(x3) , -2(x2) , —-5(x3) ; 0(x2) ; 4-V6(x2) , 4+6(x2)
Ar = 3(x3) , 2(x2) , ; 3 5 14+v6(x2) 2+6
A_ = 3, 1, 3(x3) ; 0(x2) ; 2—v6 , 1-—+6(x2)
\_
[ 2 irrelevant operators ]
04F—
100 ¢
0.2} 50
0.0F
i 10;
~0.2} 5t
0.4} il
05
10 20 30
z z
— Re(z1,23) — Im(z12,3)
————— D3-brane
—— Re(z456.7) —— Im(z456,7)

26



(IR) N=1& SU(@3) J-fold CFT; <@ SYM, (UV)
m2L? = —2(x3) , -2(x2) , —3(x3) ; 0(x2) ; 4-v6(x2) , 4+6(x2)
Ar = 3(x3) , 2(x2) , g 3 5 14+v6(x2) 2+6
\ A = 3, 1, 3(x3) ; 0(x2) ; 2—v6 , 1-—+6(x2)
[ 2 irrelevant operators ]
04F— S RS-
| 100 ¢
0.2 _ 50"
0.0F :
[ i 10?
~0.2} 5t
0.4} il
05"
10 20 30
z
— Re(z123) (0) — Im(z12,3)
— Re(z4,5,6‘7) X172’3 7£ O . |m(z4,5,6,7) _____ po-brane

27



Geometry

with F(z) = |245,6,7

10D flows

axion

V4

here !!

n =dB + Rezj1 23 dn+ A

( ds%o = %A‘l (ds%w4 + 2 (gc)_2 A H(z) d772) + g_2 F(z) [ds?cPZ + F(z@-)_2 n2]>

! Imzy 567 H(z) = F(z)™" (Imz193)*

A = F(ZZ) Imz1’273

(.

mag

\_

* = A%;b° with

2 .
b + i |2456.7

= (A mys (A5 with m,y(;:(

_|_

|24.5.6.7]°
0

0
|24,5,6,7

g (1 + *) [ (4 —6 (1 — F(ZZ)2) ) VOl((j[[D2 A (’I’] — Rezm?g dn)

(4 Rez1,2’3 —l_ (Rez4,5,6,7)2 (1 T |z4757677

dReng,g ANdnANJ A (’l’] — Rezl,z’g dn)} .

_4) ) volcp, A dn

2 bl = —1 g_2 RGZ475,6,7 Q

)

Note: 6.” = <

~

?é)/
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Geometry

with F(z) = |245,6,7

10D flows

n= dﬁ + Rezl,z,g d77 + Ay

( dsto = 3 A7 (dsbw, +2(9¢) " AH(zi) di*) +97° F(z) [dste, + F (=)~ nz])

-1 Im24,5’6,7 H(Z,) = F(Zz’)_l (Im21,2,3)2 A= F(ZZ) Imz1,273

dmag

~

F5

\_

(Ha = A <d77 AbBTO.P + dbﬂ> with b% 4+ i|24567°b' = —ig *Reza 56,7 £ \

_|_

—(|Z4,5’6,7‘2 + |Z4757677‘_2) (A_t QA_l)aﬁ d77 + ...

g (1 + *) [ (4 —6 (1 — F(ZZ)Q) ) VOl(C[[DQ A (T[ — Rezm?g dn)

(4 Rez1,273 —+ (Rez4,5’677)2 (1 — |Z4,57677|_4) ) VOI(C[[»2 VAN dn

dRezi23 Ndn ANJ N (n—Rezj 23 dn)} . [ anisotropy in SYM,]

29 [ see Mateos, Trancanelli 11, Hoyos, Jokela, Penin, Ramallo "20 ]



Axions in 10D

SU(3) symmetry : ( B =p8- Xi?%,:s 7)) [ = coordinate redefinition (locally) |

General case : (0’1 =0 + gxﬁm n : 05 = 0y + gxgo) n : 03 = 03 — QX:(),O) 77)

S5 metric : d§§5 = da? + cos® a d@% + sin? & (dﬁ2 + cos® 3 d&g + sin® 8 d@g )

... S0 axions induce a fibration of S° over S' characterised by a non-trivial monodromy

symmetry

hy
h(T) = ( ho ) with h; = exp (z Xgo) 09 T) € SO(2) Yi = Xi + 1 2_7T
hs T

Global breaking of symmetries of S5 = matching patterns of symmetry breaking @ AdSs vacua !

- KK spectrum at the N=2 S-fold periodic under X — X + 27T/T [ Giambrone, Malek, Samtleben, Trigiante 21 ]
30



Type IIB on
S° x st

Local change of Type IIB on

coordinates

S x St

E7(7) -EXFT
uplift

xi =0

Ex : N=1 S-folds:

¢»— ¢ — (X1 —x2)1

[ CP2 factor ]
Y=Y — (x1+x2—2x3)7

[UQ) fiber] 8 — 06— x37

3
ZXi =0
i—1

[ SU(3) monodromy to break SU(3) symmetry ]

31

E7(7)-EXFT
uplift

Xi 7 0

Ex : D3-brane:

0; — 0; +x\” n

3
> X" #0
1=1

[ SU(4) monodromy to break SU(4) symmetry ]



4D vs 5D

Relevant branching: SU(8) > USp(8) > SU4) x U(l)g
4D 5D

SU(4) xU(1l)s D SU@B) xU(1) xU(1)s

1, +1_4 — 1(0,4) + 1(0,_4)
A = 5 5D scalars
10_, + 10 — 6o oy + 3o _9oy + 1_g_ + (6/_ + 3 + 1
2 2 g (2-2) T B(-2,-2) T L—6,-2)) T (6(-22) + 322) + L62)) By o) /USH(9)
20’0 — 6(_4,0) + 8(0,0) + 6(4,0)
15 — 8(0,0) + 314,00 + 3(—1,0) + 10,0 5D
6, + 6_5 s (3(_2’2) + 3<272)> + (3(_27_2) + 3(2’_2)) vectors/tensors
1o —  Lo,0) 5D metric
4D scalars
E7(7)/SU(8)
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Relevant branching :

4D vs 5D

SU(S) > USp(8) > SU®M) x U(l)g
4D 5D

@(4) x U(1)s

SU(3) x U(1) x U(1)s \

D
1 + 14 —  lo,e) + 1o,—9)
105 + 10, = (622 + 3(-2-2 + 1(6-2) T (622 + 3@z + 162)
20’0 — 6 —4,0 + 8 0,0 + 6 4,0 (0)
(-1,0) + 80,00 + 6(10) s
150 = 80,00 T 34,00 T 3(—4,0) + 10,0
6 +65 = (322 +3@e2)+ (32-2 +3e-2)
K 10 — 1(0,0) j
4D scalars
E7(7)/SU(8) [ coupling N = 4 SYMjs to off-shell conformal supergravity ]

5D scalars
Eg(6)/USP(8)

5D
vectors/tensors

5D metric

» SU(3)-invariant one-form Vu deformation of N=4 SYMj4

[ Festuccia, Seiberg 11 ] [ Maxfield "16 ]
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Concluding remarks...

( ( D3-brane ) \

v

( N=1& SUQB) )

/ ‘strong™.,
evidence” ™. %
> 4 <

(N=2&sU@) xU@) +er (N=4&SO@))

marginal
deformation

[ Bobev, Gautason, Pilch, Suh, van Muiden "19, "20 ]

New families of N=1 ,2 S-folds and RG flows [ Giambrone, Malek, Samtleben, Trigiante '21 ]

[ Arav, (Cheung), Gauntlett, Roberts, Rosen 21 ]

+ Conformal manifold of 3d N=2 S-fold CFT's [ Bobev, Gautason, van Muiden "21 ]

+ Global aspects of axions ? , 5D picture ? , KK spectra? , Brane set-ups ?

34



Thank you !



Extra material



Singular Janus & S-fold interpretation [ Inverso, Samtleben, Trigiante ‘16
[ AG, Sterckx, (Trigiante) "19, ('20) ]

- Singular Janus (linear dilaton ) :  ®(n,y") = =271 + f(y*) [ S5 coordiantes 1 |

- R - S!' < hyperbolic monodromy Mg = A1 () A(n+T) = (

coshT sinhT
sinhT coshT

- Generalising the A-twist to a k-family (k>2):

(21
_ : _ V2
Ay = Ag(k th k) =
(k) = Ag(k) wi g(k) - 3
Then VAR=DT (k2 — 4)1
_ ko1
with T(k) = log(k + Vk? —4) —log(2) and  Tron(k) > 2. [ hyperbolic ]
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(IR) N=2 & SU(2) J-fold CFT3s

& SYMy (UV)

-

m2L>2

= —2(x4) ,  3-VIT(x2) ; 0(x2)

= 2(x2) , 21+V17)(x2) ;

s(5—VI17) ; 0(x2)

10 20 30

4
S Re(z1,3) — Re(ZZ)
— Re(24,6) — Re(25,7)

100 -
50

40

Z
— Im(z1,3) — Im(ZZ)
— Im(z46) — Im(zs57)




-0.5

(IR) N=4 J-fold CFT; <@ SYM; (UV)

m2L? = —2(x3)
A_|_ = 2 (XB)
A = 1

’

I

)

~

0(x6) ; 4(x4) , 10(x1)
3(x3) ; 4(x1) | 5
0(x3) ; —1(x3) , —2(x1)

J

[ 4 irrelevant operators ]

0.5

0.0

I 1 I I I I 1 I I I I 1 I I I I

1 I I I

0 10 20

Z
— Re(z1) — Re(z23) — Re(zs)
— Re(zs6) — Re(z7)

30

100 -
50+
10¢
5¢
¢
0.5-

y4

— Im(z123) — Im(z47)

— Im(z5)
41



