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Outlook

() Electric-magnetic duality in N=8 supergravity

() M-theory

() Massive Type lIA:  Flowing to N = 3 CS-matter theory

() Type lIB: S-folds and interface SYM



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 [ Ezny symmetry ]

[ Cremmer, Julia O79 ]

Gauged (non-abelian) supergravity:

Reduction of M-theory on a sphere 5down to 4D produces N = 8 supergravity
with G = SO(8) [ de Wit, Nicolai ©82 ]

Reduction of M-theory on St (Type IlIA) and subsequently on S° down to 4D
produces N =8 supergravity with G =ISO(7) = SO(7) ! R’ [ Hull 084 ]

" Reduction of Type IIB on S and subsequently on St down to 4D produces N =8

supergravity with G =[SO(1,1)! SO(6)]! R1? [ Inverso, Samtleben, Trigiante 016 ]

These gauged supergravities believed to beunique for 30 yearsE
n



Electric-magnetic deformations

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

and SCFTOs
TypellB : AdSs x S (D3-brane ~N=4 SYM in 4d) [ Maldacena 097 ]

M-theory : AdS;s x § (M2-brane ~ABJM theory in 3d)

[ Aharony, Bergman, Jafferis, Maldacena O08 ]

¥ N=8 supergravity in 4D admits a deformation parameter c¢ Yyielding inequivalent
theories. It is anelectric/magnetic deformation

_ g = 4D gauge coupling
_ |
[ D=11 g(A®™"! CAmag) } ¢ = deformation param.

[ Dall®OAgata, Inverso, Trigiante 012 ]

¥ There are two generic situations

1) Family of SO(8) theories : c=[0, 2" 1] is a continuous parameter [ similar for SO(p,9. ]

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

. [ DallOAgata, Inverso, Marrani 014 ]



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 AdS 4 vacua, are these
AdS4J/CFT s-dual to any identibable 3d CFT ?



() M-theory



SO(8) theories : physical meaning in 4D

A
A 0.7:F >

p “ | :Arg(1+ |C)
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[D: |1 g(Aelec! Ci&mag))
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SO(8). theories : physical meaning in 11D E

Obstruction for SO(8), cf. [ de Wit, Nicolai 013 ]
[ Lee, Strickland-Constable, Waldram O15 ]



SO(8). theories : holographic AdS4/CFT 3 meaning E

0



electric/magnetic
deformation

() Massive Type IIA

higher-dimensional
origin

gc = Bgy = k/i(2"s)

11

Holographic
AdS4/CFT 3zdual ?

[ AG, Jafferis, Varela O15 ]



Why ISO(7)c works ?

G =1S0(7) =SO(7) ! R’

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

AQ.?2:3> L
\ | = Arg(1+ ic)
so(7)
070.7?7=4.
AQ.?.:.=>

[ D="!"! gAsy ! 9(ART! CAR? mag) }
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4D : Supersymmetric AdS; solutions

SUSY bos. sym. M 2L?2
N =3 80(4) 3(1 + ) é)(l) ’ (1 il : é)(G) ’ " %(4) ’ n 2(18) ’ " %(12) ’ 0(22)

R 4 12 [ Gallerati, Samtleben, Trigiante 014 ]

(3 + 3)(3) ’ %() ’ %( ) 10(6)
|
N — 2 U(3) (3 + L 1—7)(1) ’ n %(12) ’ n 2(16) ’ " %(18) ’ 2(3) ’ 0(19) | )
[ AG, Jafferis, Varela O15 |
A1) ’ % (6) | g (12) | 0©
| |
- Ty no 1 T\ (27) (14)

N =1 G2 4z 6)7, 16 (11+ 6) , 0 [ Borghese, AG, Roest 012 ]

13z 6", 0™

N =1 SU(3) 4+ 6@ - %(12) 28 3(12) , %(6) , 0% [ AG, Varela 015 ]
(6) (6) (6)
6L , % ,% ’2(1) ’g ’0(8)
# N=2& N =3 >:7@?4:9> B477 :7,C , .09?7=,7 =:70 49

[ Continuous R-symmetry ]
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10D : I1SO(7} Into type IIA supergravity [AG, Varela 615

/dé%oz | ! 1d5421r + Jmn Dym Dyn ’ \

. # . .5
# . .9 .
+ g! 1 BJI + %AIK n NKJ + %AI n N\] n U, DU-J + %g' ZNIJ n DIJI n DHJ
| 2wy Bmn A' " Dy™" Dy" + 1A, Dy™ " Dy" " DyP,

. # . % .
B, =!w B +3AY " &, ¢ 'A " Du' + 3Bmn Dy™ " Dy"

\Aj(l) =l wA +A,Dy™. J

B30=0 BO 3,A0 DQ1AKO4 gk AY | Dy =dp' —g Ay

&30 >.,7,=> ,=0 08-0//0/ ,>

grt = 2AMIJKLK K?{L ) Binn — _lAgmp K?] an,uK MIJKS )

Ay = 9 gAgmn K?J MK M[JK8 ) Amnp — 3 gAgmq K?J KKL MIJKL + Ap, B



N = 2 solution of massive type IlIA

[ AG, Jafferis, Varela 015 ]

¥ N=2& SUB)rxU1)y % ;:497 1 ?230?730"=C

N~

d§%0 _ g2 (3 + cos 2a)

3 6 sin? 9 sin?
- [ds2(AdS4) + 24y o 1 ds*(CP?) + il 772} :
(5—|—cos2oz)_§ 2 3+ cos 2« 5+ cos 2«
3/4 .3
2 5 + cos 2« .
e? = %0 ( ) : Hzy = 24V/2 L2 e3 il 5 J Nda
3 4 cos 2a (3 + cos 2a)
. in? 3 — 2
L7 ed® gy = —4V6 o T 736 BT o

(3 + cos 2a) (5 + cos 204) (5 + oS Qa)

L3 eiqaO F(4) = 6 voly
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B30=0 BO 3,A0 49?=:/@LD42%30 ¢<@, 9 ? 4PUD21 ¢ ¢

6

# &30 ,9XT0< B BABB =107 4&/00>,.> 1 14CP>?24:9>
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N =3 solution of massive type IIA

[ Pang, Rong 015 ]
[ also De Luca et al 018 ]

¥ N =3 & SUQ)rxS0B)y /% ::49? :1 230?238"=C
. # S8’ >4 2'3+c0s2  cod! o 8sin? ! !
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L2 3% B, = sinada A fi; p* + ciip 1P DR A Dii®
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3D : CFT3 duals

+ % .3B04D

+ [ 4:?77:

& OP9R077
[ ,110=4>016E07,

¥ 3dSYMB42>318;26:@ N%' % ?70=8 k)70»7 super CS-matter theory !!

[ Nt = 3 chiral fields ]

-

\_

Wi—o = tr ([0, 2%] ©°)

N =2 & SUQ3)r

~

J

¥ Perfect matching :

+

[ 1=00 0PP0=2C2
28:@?0/ A4, 7:.,74>,74:9

N>k

+ #00D@| % ,;@>?249 )47DOPP *,,6:A
110nem> ,110=4> 70-,9@1+t@1@ %,1/4
+ 7:>>0? @84?=0>.@

082@®134,

:8,=2:/>64

7

[ Nt = 2 chiral fields ]

-

\_

N =3 & SU(2)r

~

Wi—s = 2Z tr ([@', @2])2

J

3d beld theory vs gravitations free energy

2=,A47? ?24:9,7 1=00 09
:8:@?0/ 1=:8 ?30 B,=: 1
49 ?730 8,>>4A0

>

+ 8;,=,9 :39>:099]C0=>

. [ AG, Jafferis, Varela O15 ]

. [ Pang, Rong 015 ]
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3D : CFT3 duals

+ % .3B04D

+ [ 4:?77:

& OP9R077
[ ,110=4>016E07,

¥ 3dSYMB42>318;26:@ N%' % ?70=8 k)70»7 super CS-matter theory !!

[ Nt = 3 chiral fields ]

-

\_

Wi—o = tr ([0, 2%] ©°)

N =2 & SUQ3)r

~

J

¥ Perfect matching :

+

/| 1=00 0M0=2C2

'( ?: %

)

GaiottoNYin type
[ Gaiotto, Yin O07 ]

28:@?0/ A4, 7:.,74>,74:9

N>k

+ #00D@| % ,;@>?249 )47DOPP *,,6:A
110nem> ,110=4> 70-,9@1+t@1@ %,1/4
+ 7:>>0? @84?=0>.@

002134, :8,=2:/>64
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[ Nt = 2 chiral fields ]

-

\_

N =3 & SU(2)r

~

Wi—s = 2Z tr ([@', @2])2

J

3d beld theory vs gravitations free energy

2=,A47? ?24:9,7 1=00 09
:8:@?0/ 1=:8 ?30 B,=: 1
49 ?730 8,>>4A0

>

+ 8;,=,9 :39>:099]C0=>

. [ AG, Jafferis, Varela O15 ]

. [ Pang, Rong 015 ]

:’7@



Holographic description of RG 3ows [ Boonstra, Skenderis, Townsend 098 |

¥ RG RBows are described holographically as non-AdSs solutions in gravity

¥ RG Bows on M2-brane : SO(8)-gauged sugra from M-theory on S

AdSs~ ABIM (M2-brane)

i uv [ Ahn, Paeng O00 ]
IR [ Ahn, Itoh O01 ]
[ Bobev, Halmagyi, Pilch, Warner O09 ]

AdS;s ~ CFT3

[ holographic energy direction ]

¥ RG Bows on D3-brane : SO(6)-gauged sugra from type |IIB on § and N=4 SYM in 4D

[ Freedman, Gubser, Pilch, Warner O99
19 [ Pilch, Warner O00 ] [ Benini, Bobev 012,01



Holographic RG 3ows on the D2-brane

-

¥ D2-brane :

~

A&7, = ei' " eVd2+ & Vr2+ ! U)ds'?z +g ‘e 3 dSée
o _ 21
e” = ez
\@(4) =5ge 0" UVdt#dr#d ,
Ba28Vs i, 'Vsrl and €1 rh

¥ RG R3ows on D2-brane :

IR

AdS; ~ CFTs

ISO(7)gauged sugra from mllA on S¢6

DW4~ SYM (D2-brane)

AdSs~ CFT3

UV

PO

/
—=>

r

DW 4
domain-wall

(SYM)

~




Supersymmetric domain-walls

[ AG, Tarr'o, Varela 016, 019 ]

subsectors
4 )
SUB)k o
> :
[ N=2&sSUGKU() | |
SU(2)r . -
>
\ W,

[ symcs )

~
RS
A

(N=1&G: )

(N=3 & s0(4) )

v

(N=1&SUQ) )

. BPS domain-wall solutions of the dyonic 1SO(7)-gauged supergravity dual to
RG Rows from SYM-CS(dashed lines) and between CFTOgsolid lines)
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Supersymmetric domain-walls

[ AG, Tarr'o, Varela 016, 019 ]

subsectors
(" )
SUB)k o
> :
[ N=2&sSUGKU() | |
o v
SU@) %
- _J

[ symcs )

~
RS
A

(N=1&G: )

(N=3 & s0(4) )

v

(N=1&SUQ) )

. BPS domain-wall solutions of the dyonic 1SO(7)-gauged supergravity dual to
RG Rows from SYM-CS(dashed lines) and between CFTOgsolid lines)
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GY Bow : Peld theory side

¥ Free energy as a function of | 4

N ¢

3" 3
F_ Tr

B . 21/3
20- 2 =)

¥ Marginality of W + F-extremisation

N¢=3chiral fields: ! 1+ 1 o+ 1 3=2

N =2 & SU@B3)r
W=z = tr ([@', ®%] °)

F-extremisation: ! =1 =1 3=

¥ Mass deforming N =2 & SU3)g

#
W=z det =tr [" 5" 21" 2+ (" °)?

1+ (1% &) [1%2(1%" a)?]

[ Gaiotto, Yin 007 ]

for the chiral belds! @

[ Jafferis 010 ]
[ Jafferis, Klebanov, Pufu, Safdi O11 ]

} 2/ 3
[ Fluder, Sparks 015 ]

k1/3N5/3

N¢ =2 chiral fields: 1 1+ 1 o =1

N =3 & SU(2)r
Wi—s = 2E tr ([@', <I>2])2

1
F-extremisation : A3 = Ay = 5

1 ’?-
( - $’ W = %tr F[n 1,n 2]:b2
nt! 1
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GY [Bow : gravity side (I)

¥ Domain-wall solution

holographic
: ( / % energy direction $ / %
N=2%& SU(B)F X U(1)¢ N=3%& SU(Q)F X SO(B)d

¥ Subsector of the ISO(7) theory capturingelevant/ irrelevant deformations

Flavour R-symmetry Flavour R-symmetry
SU(3 X U(1
(3)r Ly SU@)r  x SO(3)4
SU@)r x U1);  x U(1)y
SU(2)r x U(1)q W@exUMa L sy@)p  x Ul)g
Uv RG flow IR
¥ Minimal model with 4 chirals [+ identibcations] |3 )
K=#2 logl#i(zi # m)] # logl#i(za# m)]
SUR)! ULy " 1SO(7) = i L
W=g c+4z:2023+ 25+ 25+ 75 24

P4 \_ )




GY [Bow : gravity side (II)

¥ Domain-wall Ansatz :  ds? = e?A0P)y,, detdz” + dp?

[ gravitino mass ]

¥ BPS equationS - LWA=2W ' !ZI = | 4K|‘p! Z{pW withw = %eK/ 2 (WW)UZ

Holographic dual of GY 3ow (numerical) “ Interpolating massive IlA background

Im z,

0.705!
0.700}
0.695

0.690}

® N =3 & SUQ2)r

w05 seo oes 070 075 o0 S
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electric/magnetic
deformation

() TypellB

higher-dimensional

origin

P6

Holographic
AdS4/CFT 3zdual ?




Dyonically-gauged [ SO(1,1)! SO(6) ]! R!2 supergravity

Higher-dimensional origin as Type lIBon S! &

[ Inverso, Samtleben, Trigiante 016 ]

[ Gallerati, Samtleben, Trigiante 014 ]

New AdS s vacuum with N=4 & SO(4) symmetry

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

[ Bak, Gutperle, Hirano O03 N =0)]
[ Clark, Freedman, Karch, Schnabl 004 ]
[ DOHoker, Ester, Gutperle 007, O0N £ 4 )]

[ Gaiotto, Witten O08 ]

Classibcation of (original) interface SYM theories [ Assel, Tomasiello O18K = 3, 4) ]

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

[ DOHoker, Ester, Gutperle O0N=1,2, 4)]

Question : Simple analyticholographic duals for the N = 0, 1, 2 interface SYM theories with
SO(6), SUB) and SU(2) U(1) internal symmetry using a bottom-up approach ?
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A truncation : SU(3) Invariant subsector [ Warner 083

¥ &=@9.,7809,49492 ?30 1407/> ,9/ .:@:7492> B34.3 ,=0
.?24:9 G [SAR 1P S0@)]! RY?

%" $ >C8807?7=C -=2%.3MOB4 N4 1+3+8 = N=2 SUSY

% .,7,=> 140§/ A (" 6)+non-singlets =P (', E0, P9, 7, =
(0.?2:= 14076*> 1("4)+non-singlets = (A%, AL ARG P =>
¥N=22, @20/ >@;0=2GA42,0,BAPR with AO0.?:= 3C;0=¢

y _SU(L1), SuUR1)
scalar — U(l) . U(2)
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AdSsvacua (cE0) [AG, Sterckx G19

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

| =free e":%, =1L _— . r#C"11) ., [#P=o0

E it turns out to be perturbatively unstable !!

" N=1 & SU(3) vacuum [ 2 free parameters |
 5c 6 1 y ’
| = R 2l = ] | " 2 -2 "2
=0 , e 3 e AT L # (1,1 ,  |# s 1
E the compact U(1) e symmetry broken by |!' |?E£0 (charged)
Next step : Upliftto Type lIBon R " S5 using E7z-EFT [ Hohm, Samtleben O13 ]
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S-folds and (non-) supersymmetric Janus | s serci o1

dsfo= 3 Y € dsigs, + Y€ d?+ dsipe + Y ! °

2 Y
. 1" Y)"
Fs=dC+ 3!y B' I H = 4+6(Y ) Y (1+ ")vols
B' =A'vb =1 LY TAN 1 Hygt
_ My = (A" )P mgg (A" 1 )
42 o | sinh!

with Y =1+ }ez" kiR and A’ Lryt Ly = cosht sinh!

4 2 1+ ¥2 sinh!  cosh!

[ Bak, Gutperle, Hirano ©03] unstable !! [ (hyperbolic) SO(1,1)-twistover S 1 <4+ -STk monodromy (k > 2)]

N=0 & SO(6) N=1 & SU(3)
! ! ! "
1 1 "% . 1 o
Mgy = $ Mgy = $
1" % "% 1 1" % "o 1
=0 Y=1 b E0 y = g

BO



' Dyonic N = 8 supergravity with

Summary

ISO(7) and [SO(1,1) SO(6)]! R2 gaugings connected

to massive IlA reductions on & and type |IB reductions on Rx $°

' massive llA;

[ Nt = 3 chiral fields ]

-

\_

N
N =2 & SU®3)r

Wi—s = tr ([@', ®%] ©°)
J

" Type lIB (S-folds) :

[ -STk monodromy (k >2)]

3d CS-matter theories with simple gauge group SU(N) and adjoint matter

[ Nt = 2 chiral fields ]

~ R
N =3 & SUQ2)p

'( ?: %

| 2 1 521)\2
Holographic dual Wh=3 = ?ﬂ tr ([(I) , P ])
of GY Row \_ J

3d interface SYM theories with various (super) symmetries

(- )
N =0 & SO(6) [ N =1 & SU(®3) j
unstable !!
- J | o
[ see also Bobev, Gautason, Pilch, Suh, van Muiden O19 |
- =,90 >07? @; ! 4970=1,.0 %~ $ 17:B>
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Danke schsn |

Thank you !



