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Outlook

) Electric-magnetic duality in N=8 supergravity

@) Supersymmetric S-folds



Q Electric-magnetic duality in N=8 supergravity



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)

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

down to 4D produces N =8 supergravity with G = U(1)28 [ Ergy symmetry |

[ Cremmer, Julia 79 ]

Gauged (non-abelian) supergravity:
* M-theory on S7 produces N =8 supergravity with G =5S0O(8) [ de Wit Nicolai ‘82 ]
« Type [TA on S¢ produces N =8 supergravity with G = ISO(7) = SO(7) x R” [ Hull'84]

* Type IIB on S5 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
Type IIB : AdSs x S° (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 ]

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

~ g = 4D gauge coupling
_ a9 elec
[ D=9 g (A CAmag) } ¢ = 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,r). 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
AdS4/CFTs-dual to any identifiable 3d CFT ?
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Obstruction for SO(8). , cf. [ de Wit, Nicolai 13 ]
[ Lee, Strickland-Constable, Waldram ’15 |

Holographic
AdSs/CFT3 dual ?
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() (massive) Type IIA

electric/ magnetic higher-dimensional Holographic
deformation origin AdS4/CFTs dual ?

v v v

[ AG, Jafferis, Varela "15 ]
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Dyonically-gauged [ SO(1,1) x SO(6) ] X R12 supergravity
» Higher-dimensional origin as Type IIB on S! x S5 [ Inverso, Samtleben, Trigiante '16 |

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

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

= Janus-like (varying dilaton) solutions: AdSy; x R x Mj [ Bak, Gutperle, Hirano '03 (N=0) |
[ Clark, Freedman, Karch, Schnabl "04 ]

My = Q2 wS2 %] [ D’'Hoker, Ester, Gutperle ‘07,07 (N =4)]

[ Gaiotto, Witten "08 |

[ Assel, Tomasiello’18 (N =3,4) ]

Classification of (original) interface SYM theories

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

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

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

Strategy : Bottom-up approach
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A truncation : SU(3) invariant subsector [ Warner ‘83 |

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

action of a subgroup SU(3) Cc G

- Gravitini : 8 -1+1+3+3 = N =2 SUSY
- Scalars fields : 70 — 1 (x6) + non-singlets = 6 real scalars (¢, x, ¢, 0, (, f )
- Vector fields : 56 — 1(x4) + non-singlets = vectors (A% A'; Ao, A1)

® N = 2 gauged supergravity with G = SO(1,1),, x U(1), with 1 vector & 1 hypermultiplet

SU(L1)  SU(2,1)
Mscalar — U(l) X U(2)
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AdS4 vacCua ( C # O) [ AG, Sterckx 19 ]

* N=0 & SO(6) vacuum [ 1 free parameter ]

1 —
X = free ; 6_90 — i 62¢ — : o c (_1’ 1) : ‘C‘Q — O

... it turns out to be perturbatively unstable !!

+ N=1 & SU(3) vacuum [ 2 free parameters |

V5e 6 1 .
_ —p __ 20 __ - _ 2 _2 /1 _ ~+2
X_O Y € — 9 € 5\/@ 9 O-E( 171) ) |C| 3 ]‘ o

... the compact U(1). symmetry broken by |(]? £ 0 (charged)

Next step : Uplift to Type IIB on R x S5 using E7x)-EFT [ Hohm, Samtleben "13 |
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N =0 & N =1 supersymmetric S-folds [ AG, Sterckx /19

é ! )
dsiy = 2 VY ¥ dsiqg, + VY e 20 dn? + — [dsépg +Yn?]

VY
ﬁ5= (4+6(1_Y>> Y

AN

v (1 + *) vols

B* = A% b’ = -1V 1A% P H ; Q°

K Map = (A_t)oz7 Mg (A_1)65 j

. 1 _ coshn sinhn

with Y =1+-e*|C)? and A=

4 sinhn coshn
[ Bak, Gutperle, Hirano 03 | unstable ! [ (hyperbolic) SO(1,1)-twist over S <+ -STk monodromy (k >2) ]

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

1 1 —0 1 1 —0
m.s = m.s =
V102 —0 1 V102 —0 1

b’ =0 Y =1 b° +£ 0 Y:g
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N =2 supersymmetric S-folds

[ AG, Sterckx, Trigiante to appear]

Symmetry : SU(2) x U(1)s

-

~

with m,s = 2 A (

1

2

ds®* = A7 [alsids4 + dn* + db? + sin? 0 d¢?* + cos* 0 (03 + 8 A* (0] +03))]
A~ =6 — 2cos(20)
Fy, = 4A*sind cos® (1+ %) [Bdﬂ/\dqﬁ/\al N oo N\ o3
—dn A (cos(2¢) df — % sin(20) sin(2¢) de ) A o1 A oz A 03}
_ 1 [ . 1 . . . 4 Sin(2¢9)
by = 7 cos 6 _ (singdf + 5 sin(26) d(sin @) ) A o2 + sin ¢ 6 — 2cos(20) o1 N\ o3
B® = A%g b’  with ]
by = = cosf | (cos¢pdf+ 4 sin(26)d(cos¢)) A oa+ cose 4 sin(26) A
2 = 5 Cos _ COS 5 sin COS 02 + CO8 ¢ — > cos(20) o1 N\ 03
1+4sin?6 cos? ¢ —3 sin?(0) sin(20)

sin?(6) sin(2¢)

1 + sin? @ sin? ¢

L
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Conclusions

# Dyonic N = 8 supergravity with ISO(7) and [SO(1,1) x SO(6)] x R12 gaugings connected
to massive IIA reductions on 5¢ and type IIB reductions on S5x S!

+ Type lIB (S-folds):  3d interface SYM theories with various (super) symmetries

[ -ST* monodromy (k > 2) ]

(" )

N = Of;S‘?(G) [ N =1 & SU(3) j [ N =2 & SU(2) x U(1) ]
_ ) Y

< Brane set-up (7 branes)? , RG flows? , non-abelian T-duals?
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(Grazas'!

Thank you !



Extra material



E77)-EFT

[ momentum, winding, ... ]

M

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

[Generalised diffts = ordinary internal diffs + internal gauge transfos}

[ Coimbra, Strickland-Constable, Waldram 11 ]

~ Generalised Lie derivative built from an E;¢-invariant structure Y-tensor

LAUM = ANaNUM — UN@N,AM —|—YMN73Q a/\/’AP UQ [ no density term ]

Closure requires a section constraint : YPC v Op @ Jo =0

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

[ massless theories |

y' =" (elec) , 71 (mag)



E77)-EFT

[ Hohm, Samtleben "13 ]

- Eyp-EFT action [ D, =9, —Ly4, |

W

e = /d4ZE Y e [R + ﬁ g*” DHMMN D, Mmn — %M./\/l./\/' f’uVMF,LLI/N
4+ e 1 Liop — Varr (M, g) }

with field strengths & potential term given by

Fu™M = 20,A,M - [4,, A,,]JEM + two-form terms ( tensor hierarchy )

Verr(M,g9) =  —2 MMNONMEE O My + & MMN O\ ML G Mprxc

—2 97 '0my O MMN %MMNg_laMg 9 'Ong — iMMN OrMmg"” ONGuv

- Two-derivative potential : ungauged N=8 D=4 SUGRA when ®(z,Y) = ®(x)
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Generalised Scherk-Schwarz reductions

[ Hohm, Samtleben 14 ]

[ Baguet, Hohm, Samtleben 15 ]
+ 50% people in this workshop / ( 1 0 0 —p 2 cih \\
1 . . A . . .
5\ 2 0 09 + Kytyl —\p2y! 0
e SL(8) twist (geometry) : (U HaP = (8) .
p 0 APy K pt 0

\ K —p e 0 0 A1+ 7?) )j

CMV(xv Y) = p*(YV)gu(x) \

MMN(ZL', Y) = UMK(Y) UNL(Y) MKL(:U)

e EFT fields = Twist x 4D fields : AM@,Y) = p AN () (UM (Y)
B/,woz(xa Y) — p_2(Y) UOzB(Y) B,ul/ﬂ(x)
\BWM(% Y) = =2p72(Y) (U Hs"(Y)onUp"(Y) (t%)r® Bwa(@
( mn _ G1/2 Mmn \
Bn® = GY2Gyp e MPg
e Type IIB fields = EFT fields : Mag = §G (M™ Mpang + Mo MFg)
\Cklmn — _i G1/? ka MP1n + % €ap ]Bk[l “ an]ﬁ/




