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Q Electric-magnetic duality in maximal 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 [ Ery symmetry ]

[ Cremmer, Julia 79 ]

Gauged (non-abelian) supergravity:
+ M-theory on S’ produces N =8 supergravity with G =SO(8) [ de Wit Nicolai 82
+ TypeITAon S° produces N =8 supergravity with G = ISO(7) = SO(7) x RT [ Hull"84]

« TypeIIBon 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
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 ?



electric/ magnetic

deformation

v

M-theory

higher-dimensional

origin

5

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

Holographic
AdSs/CFT3 dual ?
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(massive) Type ITA

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

v v v

[ AG, Jafferis, Varela "15 ]

[ AG, Varela "15 ]

[ AG, Tarrio, Varela ’16, 19 |
[ AG, Tarrio & AG 17 ]
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[ SO(1,1) x SO(6) | X R12 supergravity

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

New AdSs vacuum with N=4 & SO(4)r symmetry

[ Dall’Agata, Inverso "11 ]

[ Inverso, Samtleben, Trigiante "16 ]

[ Gallerati, Samtleben, Trigiante "14 ]

Holographic expectation: N=4 S-fold CFTs ( defectsin SYM ) [Hull, (Catal-Ozer) ‘04, (03)]

[ J-fold = S-fold with hyperbolic monodromy J ]
[ TTUN)] + CSk ]

= Singular Janus-like solutions:  AdS4; X R x M5

Ms =S% x S? x 1

Superconformal interfaces in N=4 SYMy

N=4 N=2 & SU(2) N=1 & SU(3)

Question : Holographic duals for N =0, 1,2 S-fold CFT3?
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[ Gaiotto, Witten "08 ]
[ Assel, Tomasiello’18 (N =3,4) ]
[ Garozzo, Lo Monaco, Mekareeya 18 "19 |

[ Bak, Gutperle, Hirano ‘03 (N =0) ]
[ Clark, Freedman, Karch, Schnabl 04 ]
[ D’'Hoker, Ester, Gutperle ‘07,07 (N =4)]

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

N=0 & SO(6)

[ largest flavour symmetry ]



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 A;) along St

[SO(1,1) x SO(6)] x R'? N =4 SYM

gauging with an AdS4 vacuum with a localised interface

4 ‘ J € SL(Q,Z)HB action
dS4/C,FT3

J-fold CFT3
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@ S-folds in 4D
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A truncation : 735 invariant sector
[ AG, Sterckx, Trigiante "20 ]

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

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

(zi:_Xi+iyiJ (y; > 0)

® The model : [ upper half-plane]

7
K — — Zlog[—i(zi — Z;)]

W =2g [212526 + 202426 + 232425 + (2124 + 2225 + 232¢) 27] +2gc(l — z4252627)

[ dyonic gauging ]

® AdS4 vacua (max. sym. solutions of N=1 BPS equations) :

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 !!
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N=0 family of AdSs vacua with U(1)3 symmetry

[ AG, Sterckx, Trigiante "20 ]

® | .ocation : [ 3 free parameters ]
1 .
2123 =C <—X1,2,3 T ZE) and 24 =25 =26 = 27 =1
e AdSs radius .2 = —3 /Vy & scalar mass spectrum : [ BF unstable ]
m?L? = 6(x2), —3(x2), 0(x28),
3 3,
— — 4+ — 2
V2g%c 1 ; ’ 2 e
_ - 3 3
o= v -7t (= 2x)%(x2)  i=1,2,3,
3 3
_Z+§X?(X4) 1 =1,2,3,
—34+6x3(x2) i=1,2,3,
e Flavour symmetry enhancements : — 34 §(X7ﬁ + Xj)2(><2) 1 < 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)? symmetry

3 [ AG, Sterckx, Trigiante "20 ]

® Location : [2 free parameters : Z Xi =01

1=1

VO 1 .
21,23 = C <—X1,2,3 + @\/?_> and 24 = 25 = 26 = 27 = —6(1 +iVb)

® AdS4 radius L? = —3 /Vo & scalar mass spectrum :
m2L? = 0(x28), 4++v6(x2), —2(x2),
14 1
+ 5% + §\/4+45x?(><2) i=1,2,3,

162 Y
(VO AR 05, 1

LN —\/16+45x2(><2) i=1,23,
9 4 §) ¢

7 5 .

5t fo(xz) i=1,2,3,

5
e Flavour symmetry enhancements : — 2+ 1 (xi — x5) °(x2) 1 <7,

U(1)?2 — SU(2) x U(1) — SU(3)
Xi = Xj X1,2,3 =10
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N=2 family of AdSs vacua with U(1) x U(1)r symmetry

[ AG, Sterckx, Trigiante "20 ]

° ' :
Location : [1 free parameter ]

1

z1:—23=c(—x—|—iﬁ>, 29 =ic, z4 =26 =1 and z5 = z7 = (14 4)

Sl

® AdS; radius L°? = —3 /Vo & scalar mass spectrum :

272 _ _ 2
Vo= —3g%. m2L? = 0(x30), 3+V17(x2), —2(x4), 2(x6), —2+ 4x%(x6)
— 1442+ /16x2 4+ 1(x2), x%2+x2+2(x8),

e Flavour symmetry enhancement :

U(1l) — SU(2)
Y =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 = icC and 24 =25 =26 = —27 = (14 1)

1
V2

e AdSsradius L? = —3/V; & scalar mass spectrum :

( Vo = —3¢%c! > m2L? = 0(x48), 10(x1), 4(x10), —2(x11)

Next step: Uplift to typeIIB on R X S° using E7@)-EFT
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@ S-folds in 10D
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E77)-EFT

[ momentum, winding, ... ]

M

- Space-time : external (D=4) + generalised internal ( Y’ coordinates in 56 of E7g))

[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 = AN@\/‘UM — UN((?N’AM + YMNPQ @\/—AP [J< [ no density term |
Closure requires a section constraint : YPC v Op & Jgo =0

[ massless theories |

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

THR (elec) , @1 =sinhn (mag)

[ Inverso, Samtleben, Trigiante "16 ]
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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 ]

[ Inverso, Samtleben, Trigiante "16 ]

e SL(8) twist (geometry) :

e EFT fields = Twist x 4D fields :

* Type IIB fields = EFT fields :

( 1 0 0 —p % cin \
0 0 4+ Kyt \ Py 0
0 A2yl K pl 0

\ e 0 0 i) )

~N

_ G1/2 A
= GY2Gpp e MP, 4
— % G (an Mma nB + Mmk:a Mkmﬁ )

— _i G1/2 Gk:p MPln + % €af3 IB%k:[l “ an]ﬁj




Flavour: SO(6) ~ S5

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

V2

ﬁg, — 4(1 —|—*) V015

B = A%36° =0

( 1 1 | N

K Map = (A7) mys (A7)

j

with m,s = ( (1) (1) ) and

| Bak, Gutperle, Hirano 03 ]

unstable !!
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coshn sinhn
7=\ sinh 1 coshn

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



[ List, Tsimpis “09 (local form) ]

N=1 & SU(3) solution A, Sterciox 19

Flavour: SU(@3) ~ CP2

s

0 1
ds%o — 10 dS?AdeLL + g % d772 +
3

5 2 6 2 \
\/gdSCngr\/g?? :|

~ 0\ 4
F5 =3 (g) (1 —|—*) V015

B* = A% b° = A% (-2 H",(z;) Q)

[ charged under U(1), ]

_/

" 1 0 4 coshn sinhn
wit = an A% =
el 0 1 o sinhn coshn

[ (hyperbolic) SO(1,1)-twist ]
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N=2 & SU(2) x U(1)r solution

[ AG, Sterckx, Trigiante 20 ]

Flavour: SU(2) ~ S2

-

ds?

F5

B = A% b”

~

DO —

A1 [alsids4 + dn? + db? + sin® 0 d¢> + cos? 6 ((7% + 8 A* (0% + 0%))}
A~ =6 —2cos(20)

4 A* sin® cos® 0 (1 + *) [3d0/\dq§/\01/\02/\03

—dn A (cos(2¢) df — % sin(20) sin(2¢) de ) A o1 A oz A 03}

by = % cos 0 _ (sinpdf + 3 sin(20) d(sin¢) ) A o2 + sin¢ - leilii(eg)@) o1 A 03]
with ] (26)
4 sin(2
_ L L g
b = % cos 6 _ (cos¢df + 5 sin(26) d(cos @) ) A o + cos ¢ 6~ 2cos(20) o1 A 03]
1+4sin?6 cos? ¢ —3 sin?(0) sin(20)

ith =2 A?
W e ( ! in?(6) sin(2)

1 + sin? @ sin? ¢

L
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SingUIar Janus & S'fOld intel‘pretatiOn [ Inverso, Samtleben, Trigiante "16 ]
[ AG, Sterckx, (Trigiante) 19, ('20) ]

- Singular Janus ( linear dilaton ) : (I)(n, yz) = 29 + f(y’b) [ S5 coordiantes ¥ |

- R — S' & hyperbolic monodromy : Mg = A () A(n + T) = cosh T sinh
sinh 7" cosh T’

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

A(k:) = Ag(k) with g(k) = f \/5
Then \ VAT (k2 — 4)3 )
M) = A5 0) Ay 0+ 7)) = (0 ) = -ST* € SL2 Dy

with  T'(k) = log(k + vVk? —4) —log(2) and  Tro(k) > 2. [ hyperbolic ]
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Q Holographic RG flows on the D3-brane

[ In progress... ]
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D3-brane and SYMy

[ AdSs factor ]

e c=0: / \

ds?, = 2g2A7Nz) (244 nogdx®dx? + dz?) + A2(z;) dn? + d§2, |
10 2 B S

Fs = 4L;'(1++%)vols , B*=0,
D3-brane

DW4 domain-wall (g2) 1 o
z = — +1 = 2s =26 =27 =ie 220  and e? = (g2)° .
(SYM4) 1,2,3 X1,2,3 4 5 6 7 (9 ) :

e c£0:

-

non-removable but sub-leading corrections in 1/(¢gz)

~

3 )\ 3N 3 )2 16

A 3 1 2 1 1 2

— 1+ Ao+ =22 )+ I S + cosh? @ 4o
‘ (92) [ ‘ ( ’ 292’) ‘ <€O 4 (gz)? o O(92)4 )]

32
Imzas67 = o~ 3%0 [1 +c 1+ (50 + cosh @ (sinh &g — i cosh @) + .. > ]
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m?L? = —2(x3) , —2(x2) , =3(x3) ; 0(x2) ; 4—V6(x2) , 44+V6(x2)
Ay = 2(x3) , 2(x2) , 5 3 5 1+vV6(x2) |, 2+ 6
\ A_ = 3, 1, 3(x3) ; 0(x2) ; 2—-v6 , 1—+6(x2)
[ 2 irrelevant operators |
0.0-  —
100
-01+ 50?.
—0.2_ 10:_
5
0.3+ i
-0.4r¢ 05
0.01 100.00 106 1010 1014 1018 0.01 100.00 108 1010 1014
ez eZ
— X123 —— X4567 — Y123 —— Yas67 ————- D3-Brane

(IR) N=1 & SU(3) J-fold CFT3

<= SYM, (UV)

~N

28




(IR) N=2 & SU(2) J-fold CFT; <@ SYM; (UV)

m2?L? = —2(x4) |, 3—V17(x2) ; 0(x2) ; 2 (x4) 34+ V17 (x2)
Ar = 2(x2) , fa+vIT)(x2) ; 3 ; 1(3+V17)(x2) (5 +V17)
Ao = 1(x2) , s(6-=VIT) 5 0(x2) ; 3(8-V1T)(x2) , 3(1-V17)(x2)

[ 4 irrelevant operators |

00" I
—O.Zf' 50
0.3
: 10+
-04+: i
- Sr
-0.5+ i
06
_0.7+ 05 ] ] | | ]
0.01 100.00 106 1010 1014 1078 0.01 100.00 108 1010 1014 1018
ez eZ
— X12346 — X57 — Y13 — Y2 — Va6 — Y57 —==—- D3-Brane
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(IR) N=4 J-fold CFT; <@ SYM; (UV)

m?L? = —2(x3) ; 0(x6) ; 4(x4) , 10(x1)
Ay = 2(x3) ; 3(x3) ; 4(x1) 5

A = 1 ; 0(x3) ; —1(x3) , —2(xI1)

/

[ 4 irrelevant operators |

100 -
50
10 -
5
Th
; ] 0.5 l 1 1 -
0.01 100.00 108 1010 1014 1018 0.01 100.00 108 1010 1014 1018
e’ eZ
— X123 T Xas56 T X7 — Y123 — Ya567 ~————- D3-Brane
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Holographic RG-flows :

Question :

IR

AdSs x R (or S') x §°
ds?y = 1 g Ay (dsiys, + f(2:) dn?) + dsZs

Uv

AdS; x S°

dsty = dS?xdsg, T d§§5

-

( D3-brane )

v

( N=1& SUQ3) )

»
(N -2 & U(Z))

|

~

\_

(N =4& 30(4)]

CFTs5 to CFT5 flows?
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[ anisotropic SYM; ]



Summar
y [ Dall’Agata, Inverso 11 ]

[ Inverso, Samtleben, Trigiante "16 ]

+ Dyonic [SO(1,1) xSO(6)] x R12 gauging connected with typeIIB on R (or S') x S°

» Type lIB (S-folds): Gravity duals of J-fold CFT3’s with various (super) symmetries

[ J=- STk monodromies (k> 2) ]

(- )

N = 0t8;S"O(6) [ N =1 & SU(3) ] [ N =2 & SU(2) x U(l)Rj
. 1 )

[ see also Bobev, Gautason, Pilch, Suh, van Muiden "19, 20 (5D approach) ]

+ Holographic RG-flows on the D3-brane : (deformed) SYMs to J-fold CFT3's

< Brane set-ups ? , axions X1,2,3 ( flavour sym breaking ) ? , non-abelian T-duals ?
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Thank you !



