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Q Electric-magnetic duality in N=8 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)28 [ Ergy symmetry |

[ Cremmer, Julia 79 ]

Gauged (non-abelian) supergravity:

# Reduction of M-theory on a sphere 57 down to 4D produces N = 8 supergravity
with G =S0O(8) [ de Wit, Nicolai ‘82 |

* Reduction of M-theory on S! (Type ITA) and subsequently on S¢ down to 4D
produces N =8 supergravity with G = ISO(7) = SO(7) x R [ Hull "84 ]

* Reduction of Type IIB on 5> and subsequently on S! down to 4D produces N =8
supergravity with G = [SO(1,1) x SO(6)] x R'? [ Inverso, Samtleben, Trigiante 16|

% These gauged supergravities believed to be unique for 30 years...
4



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 [ similar for SO(p,q). ]

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 ?



() M-theory



SO(8). theories : physical meaning in 4D

vectors

>

electric
vectors

[D p— a_g(AeleC _CAmag))




SO(8). theories : physical meaning in 11D ...

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



SO(8). theories : holographic AdSs/ CFT3 meaning ...
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() Massive Type IIA

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

v v v
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Why ISO(7). works ?

G = ISO(7) = SO(7) x R”

-----
.....
L]
]
L]
-
L]

magnetic
vectors

\ w = Arg(1 + ic)

>

SO(7)

electric
vectors

[ D=0— gAglg%) — g (AI?RI?C — ¢ Agr mag ) ]
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- M=1,...,56
4D : ISO(7). Lagrangian A=1,..,28
I=1,..,7

»Cbos = (R — V) V014 — 4_18DMMN A\ *DMMN + %IAZ ,Hé\2) A *,Hé) — %RAE H?Q) A H(EQ)

9 [BYA (ot — $01087) — L Ar n Ay A (A7 1§ ger AT A7)

4 Setting ¢ = 0, all the magnetic pieces in the Lagrangian disappear.

% Ingredients :

e Blectric vectors 21 +7): A = AT [sO0(7)] and Al [R7] with HY, = (HLL . H!
(2) (2) (2)

~

e Auxiliary magnetic vectors (7): Ar [R7] with 7:[(2) ; field strength
e E;/SU(8) scalars : My

e Auxiliary two-forms (7) : B! [R7]

e Topological term: gc| ... ]

2

e Scalar potential : V(M) = %XMNRXPQSMMP (MNQMRS + 7 5% 5§)
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AdS, solutions [ AG, Varela ‘15 |

N GO C_1/3 % C_1/3 e—go C—1/3 0 C_1/3 e—cb ig—2 Cl/3 Vb M2L2

T I T B g 4 V7,2,
N=1 su@ | L &2 32 52 i 1+6,4+6

N =0 SO(6)4 0 21/6 0 =75 —325/6 6,6, 2,0

N=0 SO(M;| 0 . 0 _— bl 6, -2 6 _¢

N = Gy i o i S -2z 6.6, 1, —1

N=0 SU®B3) | 0455 0.838  0.335  0.601 ~5.864  6.214, 5.925, 1.145, —1.284
N =0 SU@B) | 0270 0.733  0.491  0.662 ~5.853  6.230, 5.905, 1.130, —1.264

4 N = 2 solution will play a central role in holography !!
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10D : ISO(7). into type IIA supergravity [ AG, Varela 15

/dslo = A1 ds? + gn Dy™ Dy" \

A(3) = Uiy (CIJ + AL ABY + %AIK A AT A .zZlKL + %AI A ATE A ./ZlK)
—I—g_l (BJI + %AIK A\ leJ + %AI A\ ./ZL]) A ,LL[D,LLJ + %9_2 ./Zl]J A\ D,uI A\ D,u‘]
— % 1r Bmn AL A Dy™ AN Dy" + %Amnp Dy™ A Dy™ A DyP |

Boy = —pr (B + 1A N Ay) — g7t Ay A Dp' + LB Dy™ A Dy™
\flm = —ur A"+ A, Dy™ . J

where we have defined : Dy" =dy™+ 39Ky AY  Dul =dp' —g Ay,

The scalars are embedded as

g — 2AMIJKLK K?{L ) Bn — _lAgmp K?] an,uK MIJKS )
Ay = QQAngLK MK MIJK8 ) Amnp — 89Agqu?JKKLMIJKL+A B



N=2 solution of massive type IIA

e N=2 & U(3) AdS4 point of the ISO(7). theory

N~

d§%0 _ g2 (3 + cos 2a)
(5 + cos 2a) B

ool

3 6 sin? o 9sin? o
ds2(AdSy) + 2 da? ds2(CP2 2}
[ s( 4)—|_2 @ +3—|—cos2oz S( )—|_5+cos2cu77 ’

3 o (5 ~+ cos 204) 3/4
e’ = e

3

| Ao = 2402 [2 e300 S 50
3 4 cos 2a & (3 + cos 204)2
. in2 3 — 2
L~ leido Floy = —4V/6 L arona J — 36 ( " a)Q sina da A1,
(3 + cos 2a) (5 + cos 204) (5 + oS Qa)

L3 eiqaO F(4) = 6 voly

7+ 3cos?2 9 2a) sin®
1 12v3 T TBC0S20 4 ol + 18Y/3 T COS2) ST cosa
(3 1 COS 2a) (3 + cos 204) (5 + cos 2a)

. % 1.5
where we have introduced the quantities L2 =2"83"1g72¢z and e® =231 ¢76

4 The angle 0 < o < 7 locally foliates Se¢ with Ss regarded as Hopf fibrations over CP?
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[ Schwarz 04 ]

3D : CFTs dual & matching of free energies e o 00

e 3d SYM + (N=2) Chern-Simons with simple group SU(N) , level k, three adjoint matter and
a cubic superpotential W = Tr(X[Y,Z])

e 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 N > k

[ Pestun 07 ] [ Kapustin, Willett, Yaakov 09 ]

313/67[ 32 2/3 13r5/3 [ Jafferis *10 ] [ Jafferis, Klebanov, Pufu, Safdi "11 ]
F = 40 77 k N [ Closset, Dumitrescu, Festuccia, Komargodski 12 *13 ]

e The gravitational free energy can be computed from the warp factor in the N=2 massive I1A
solution. Using the charge quantisation condition N = —(2785)™> [ €2%4F + By A dAg + L F B2,
for the D2-brane, one finds

1677 8A T 113116 1173 n/5/3 :
e®volg = =212 310 KPP N provided
(27765)8 S6 5

[ Emparan, Johnson, Myers *99 |
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Holographic description of RG flows [ Boonsta, Skenderis, Townsend '98 |
e RG flows are described holographically as non-AdSs solutions in gravity
e RG flows on M2-brane : SO(8)-gauged sugra from M-theory on S7

[ Ahn, Paeng '00 ] [ Ahn, Itoh 01 ]
[ Bobev, Halmagyi, Pilch, Warner 09 ]

[ Cacciatori, Klemm "09 ]

[ Halmagyi, Petrini, Zaffaroni "13 ] i AdS4 ~ AB]M (M2-br ane)
[ Chimento, Klemm, Petri "15 ] i

[

Benini, Hristov, Zaffaroni 15 16 ]

i IR |OAY
AdS;in IR : domain-wall AdSs ~ CFTs
AdS; x X in IR : black hole - AdS, x Yo ~ CFT4

e RG flows on D3-brane : SO(6)-gauged sugra from type IIB on S5 and N=4 SYM in 4D

[ Freedman, Gubser, Pilch, Warner ’99 ]
18 [ Pilch, Warner 00 ] [ Benini, Bobev 12,713 ]



Holographic RG flows on the D2-brane

e D2-brane:

e RG flows on D2-brane : ISO(7).-gauged sugra from mlIIA on S¢

-

dsiy = €%¢ (—€2Udt2 + e Var? + eZW_U)ds%b) + g_2e_i¢ds§6

; 5
eCI) — €2¢

F(4) = 5¢ge? 2V dt A dr A dXs

~N

AdSs in IR : domain-wall

IR

AdS, x Yo in IR : black hole - AdSs ~ CFT3

AdS, x ¥y ~ CET;

r

_/
—=>

\_

DW4
domain-wall

(SYM-CS)

~

J

DW,4 ~ SYM-CS (D2-brane)

AdSs~

uv

CFTs

19



Domain-walls

subsectors

(~ )
SU(3)

>

U(1) x U(1)

>

SU(2)

>

\_ _J

[ AG, Tarrio, Varela '16 + in progress ]

M) |
(o)
(N=2 &‘;UG)XU(U ) ,
\(N=3 % SO<4;)
(N=1 & SUG) |

- RG flows from SYM-CS (dotted lines) and between CFT’s (solid lines) dual to
BPS domain-wall solutions of the dyonic ISO(7)-gauged supergravity
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Black holes (I)

e SU(3)-invariant sector: N=2 model with 1 vector + 1 hyper (universal)

¢ Black hole Anstaz

e Attractor equations

e Unique AdS; x H2

(N=2 & U(3) AdSs vev’s)

[ AG, Tarrio "17 ]

. 2
[dSQ _ 22U g2 4 o200 g2 4 200 -U0) [ ge2 o (S VK0 dqbz\
VE
0
AN Z ANy at — ph SVEO i
K 0 sin v/K
Ap = Ay a ()t — en S5VEO 4 = bt = BN

g Q:mLQEQQMQwa—éLIm(ZV),\

LQZ2 B i [ Dall'Agata, Gnecchi "10 ]
L aqgs, =2z ’ [ Klemm, Petri, Rabbiosi 16 ]

\<ICU,7V> — O 9 )

( 2 (9\3 1 /g\~3 g\3 . \
en 2 (5 e bn — = — (G = —
eh—\/g(m) s Xh Q(m) , €e%h \@(m) , ap=C=C =0,

1 1 2 5 1 1 1 2
p0+§mb8:i6m§g_§, 60+§gbg:i6m_§g_§’
T e
p _:F3.g 3 €1 = 2m g s
Lidsz — 7 1 - m% g_% , %IQ — —2\1/3777% g_%




BlaCk hOleS (II) [ Dall'Agata, Gnecchi "10 ]
[ Klemm, Petri, Rabbiosi "16 |

e Two irrelevant modes (ci,c2) when perturbing around the AdS; x H2 solution in the IR

4 N

: AclSzx Hz to DW.,

. AdS, x H2 to AdS,

. AdS, x H2 to Lifshitz (z=2)

H o ¢ >

: AdSZx H2 to conf-Lifshitz

o /

| AG, Tarrio "17 ]

- RG flows across dimension from SYM-CS or CFT3 or non-relativistic to CFT;

~ Universal (constant scalars) RG flow (&) CFT3 to CFT; | Caldarelli, Klemm "8 |

[ Benini, Hristov, Zaffaroni ’16 |
[ Azzurli, Bobev, Crichigno, Min, Zaffaroni "17 ]

e AdS; x Xg horizons for mIIA on HP9 : STU-models with 3 vectors + 1 hyper [AG "17]

59 [ Hosseini, Hristov, Passias “17 | [ Benini, Khachatryan, Milan "17 ]



electric/ magnetic

deformation

v

() TypellB

higher-dimensional

origin

[ in progress]

v
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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 AdS4 vacuum with N=4 & SO(4) symmetry

» Holographic expectation: N=4 interface SYM theory with SO(4) symmetry & Janus solutions

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

[ D’Hoker, Ester, Gutperle ‘07,07 (N =4)
» Classification of (original) interface SYM theories [ Assel, Tomasiello "18 (N=3,4)

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

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

Question : Simple analytic holographic duals for the N = 0, 1, 2 interface SYM theories with
SU(4), SU(3) and SU(2)xU(1) internal symmetry?
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A truncation : Go=SU(3) invariant subsector [ Warner ‘83 ]

® Truncation : Retaining the fields and couplings which are invariant (singlets) under the
action of a subgroup Gy C [SO(1,1) x SO(6)] x R*?

- SU(®) R-symmetry branching : 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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AdSs vacua

* N=0 & SU@4) vacuum [ 1 free parameter ]

1 o
X = free : R i €2¢ — 7 o c (_1’ 1) 7 ‘C‘Q — 0

... it turns out to be perturbatively unstable

+ N=1 & SU(3) vacuum [ 2 free parameters |
Vbe 6 1 -
_ —p _ VY~ 20 _ ~ . 2 _ 2. ./1 _ 92
X_O y € - 3 ’ € _5m ’ O-E( 171) ’ |C| 3 1 o

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

Next step : Uplift to Type IIB on R x S5 using E7¢7-EFT
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E77)-EFT

[ momentum, winding, ... ]

- 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)
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E77)-EFT

[ Hohm & Samtleben 13 ]

- Eyp-EFT action [ D, =9, —Ly4, |

W

Sepr = /d4:1: d°%Y e [}A% — 4—189’“/ DMMMN Do MmN — %MMN ]:“'/M]:WN
+6_1 £top _ VEFT(Mag)}

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

/f ( 1 0 0 —p 2 cin ;\

) 3 0 00 4+ Kylyl —\p2y 0

e SL(8) twist try) : U B:( T
(8) twist (geometry) (U7")a 0 A2 K 5 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/




Type IIB S-told backgrounds

4 : ! )
dsio =3 VY e dsigs, + VY e 2<Pd772+ﬁ | dsgpe +Y ]

B* = -1V 1e* (A" H, s QF

N[OV

v (1 + *) vols

K Map = (A_t)oz7 Mg (A_1)55 j

. 1 . B 1+ g2 — 11 coshn —sinn
with Y:1+162¢|C\2 and (4 1)75:< 1 >—<

—g1 A1+ 53 —sinn  coshn

- 6(1-Y
F5:dC'—|—%6a5BO‘/\HB:(4—|— ( )>Y

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

N=0 & SU(4) N=1 & SU(3)
1 1 —0 1 1 —0
T \ o 1 T A0 \ o 1
6
Hyp=0 1= Hyp # 0 Y =2
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Summarg

* Dyonic N = 8 supergravity with ISO(7) gauging connected to massive IIA reductions on S°

+ Dyonic N = 8 supergravity with [ SO(1,1) X SO(6) ] x R!2 gauging connected to Type 1IB reductions

on S x S3.
+ N =2 AdSs x S6solution of mIIA = Chern-Simons-matter theories with simple gauge group SU(N)

+ S-folds of Janus-type AdSs X R x S5 solutions of type IIB = interface SYM theory?

+ Holographic study of RG flows on D2-brane : DW solutions ( CFT3/ CFT; & SYM-CS / CFT3)
BH solutions ( CFT3/ CFT1 & SYM-CS / CFTi)

[ Benini, Hristov, Zaffaroni "16 |
[ Azzurli, Bobev, Crichigno, Min, Zaffaroni "17 ]
[ Hosseini, Hristov, Passias 17 ] [ Benini, Khachatryan, Milan “17 ] [ Liu, Pando-Zayas, Zhou "18 ]

“ Further tests/generalisations on the mIIA duality (semiclassical observables, level-rank duality, ...)

[ Fluder, Sparks 15 ] [ Passias, Prins, Tomasiello "18 ]
[ Araujo, Nastase 16 | [ Araujo, Itsios, Nastase, O Colgdin 17 ]

+ N=2 & SU®2)xU(1) interface SYM? ,  SO(8)c theories?
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Thank you all !



... and thanks to the organisers

for such a great workshol:) l
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