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Outlook

-~ Electric-magnetic duality in N=8 supergravity

-~ Massive IIA on S/ SYM-CS duality

-~ Holographic RG Rows: domain-walls and black holes



Electric-magnetic duality in N=8 supergravity



ﬂ Electric-magnetic deformations I
| i .

¥ The unigueness of the maximal (N=8) supergravities is historically inherited from
their connection to sphere reductions [ cvetic, Lu, Pope 500 ]

AdSs xS (D3-brane) , Ad$xSY (M2-brane) , AdSx S (Mb5-brane)

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

~ g = 4D gauge coupling
L elec
[ D=0-g (A - CAmag) J c = deformation param.

¥ There are two generic situations :

1) Family of SO(8) theories : c is a continuous param [ similar for SO(p,0q)c ]

2) Family of 1ISO(7)} theories: c=0o0r1lisan (on/off) param [ same for 1SOQ,0)c ]

[ DallOAgata Inverso, Marrani O14 ]
[ DallOAgata, Inverso, Trigiante 012 ]



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 ?

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

¥ For deformed 4D supergravities with supersymmetric AdS 4 vacua, are these
AdS4J/CFT s-dual to any identibable 3d CFT ?



Physical meaning in 4D :

magnetic G = 50(8)

vectors |
\ I = Arg(1 + ic)
>
electric
vectors

[ D=0 — g(AeleC — cflmag)}




Physical meaning in 11D E




Holographic AdS 4/CFT 3 meaning E




[ Hull 084 (electric) ]

We study the electric-magnetic deformation of an N=8 supergravity
closely related to the SO(8) theory E

E the G =1SO(7) =SO(7) x R”  supergravity !!

electric/magnetic higher-dimensional Holographic
deformation origin AdS4/CFT 3 dual ?

v v v




Why ISO(7) works ?

G =1SO(7) = SO(7)! R’

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

magnetic
vectors

\ | = Arg(1 + ic)

SO(7)

electric
vectors

{ D=0— gAg'g<g7) — (AR — CAR? mag) }
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A new 10D/ 4D / 3d correspondence

CmassivellA on $ C ISO(7)x-gauged sugra E SU(N)x CS-SYM theorD

‘ | gcC = elec/mag deformation in 4D

gc= F(O) = k/ (2" ) F(0)= Romans mass in 10D

k = Chern-Simons level in 3d

-

Well-established and independent dualities

[ AG, Jafferis, Varela 015 ]
[ AG, Varela 015 ]

Type [IB on $$/N=4 SYM N M-theoryon S 7/ABIJM N mllAon S §/SYM- CS

11



@ Massive IIA on &/ SYM-CS duality
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- M=1,..,56
4D . 1SO(7) Lagrangian (m= gc) A=1,..28
I — 1’ ..,7_..

Lbos — (R — V) VOl4 — 4_18DM MN /\ x DM MN + % | " HI(2) A *H(Q) — % RI H!(Q)m/\ H(2)

H H*

+ m BIA Hper—41yB7 — A AA A dAT + 41k ATE AATL

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

I Ingredients :

¥ Electric vectors (21 +7): A = AU [so@)] and A' [R7] with H é) = ( H(Ié; , H(Iz))
¥ Auxiliary magnetic vectors (7) : ./Zlf [R7] with I-"T(Q)I beld strength

¥ E//SU(8) scalars : M mn

¥ Auxiliary two-forms (7) : B [R7]

¥ Topological term: m[ E ]

| z ” :
¥ Scalar potential : V(M) = (?%X vt X o MME MNQ Mg + 762 68
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AdS, solutions

[ AG, Varela 015 ]

N GO C—1/3 | C—1/3 e—! C—1/3 n C—1/3 e~ % g—2 C1/3 VO M 2L2
N=1 G | = S50 b SR ELER 4nf L1 )
N=2 TU@B) | -3 S 0 -y i 3417, 2, 2
N=1 8su@® | % 5% 872 82 s 4+6,4+6
N =0 SO(6). 0 21/6 0 7% —325/6 6,6,—2,0
N=0 SO(M: | 0 . 0 . _a5 6, -2, -8, ¢
N =0 SU@B) | 0455  0.838  0.335  0.601 —5.864  6.214, 5.925, 1.145, —1.284
N=0 SU(@B) | 0270 0733 0491  0.662 ~5.853  6.230, 5.905, 1.130, —1.264
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N = 2 solution will play a central role in holography !!



10D : ISO(7} Into type IIA supergravity [AG, Varela 615

/défo = A’ 1ds£ + gmn Dy™ Dy" | \

1@(3) = ILL| ,LLJ (CIJ + Al n BJ + %A“‘( n AJL n KKL + %AI n AJK " KK>
tg 1(BJI + %AIK " Ak + %AI " A3) " Dy’ + %9! 2Ky " Du' " Dy
! 3 Ban A" Dy™ " Dy" + gAmnp Dy™ " Dy" " DyP

Boy=1m (B'+ 3AY " A3)1 ¢ *A " D' + 3Bmn Dy™ " Dy"
\‘@(1) =1 Al + Am Dym : /’

where we have defined :  Dy™ # dy™ + 3 g K[} A" o Du #du gAY uy

The scalars are embedded as

mo = 12 AMPKL MR , Bmn = ! L1Agmp Ky 1apf MY s,

Q
|

An = 390gm Ky px MPSS 0 Apyy = %gAgmq K} Krifpl_ MY + Am Brp



N=2 solution of massive type lI1A

L

¥ N=2 & U(3) AdS4 point of the ISO(7)¢ theory

1
3+cos2n)? 3 6 sin’ 9 sin?
dﬁo — L2 ( ) - [d82(AdS4)+ —dOf2 + SI™ « dSQ(CP2)+ In” « ' 2} ’
(5+0082a)! 3 2 3 + COS 2« 5+ cos 2«
3/4 | 03
’ 5+ Ccos 2« . I _
o ) , Ba=24 20%ei% 0% gv gy
3+cCos2n (3 +cos2a)
. I _ in2 ' _ (3# cos
L' i Py = #4 61 22050 J#3 6 ) sinada 1,
(3 +cos2x) (5 + cos 2u) (5 + cos 2n)
L 36‘1_1¢0 p(4) =6Vvoly
I 7+ I _ (9+ 2 in>
+12 3 I 30052042 sint o volgpe +18 3 (9 + cos 2a) sin” a cosa J"da" 1
(3 + cos 2a) (3 +cos2x) (5 + cos 2n)

. % 105
where we have introduced the quantities L2=2' §3' 1g' 2¢z and e®* =21¢ &

The angle 0 < o < 7 locally foliates Se with Ss regarded as Hopf fibrations over CP?

16



3D : CFTs; dual & matching of free energies [ Schwarz O04]

[ Gaiotto, Tomassiello O09

¥ N=2 Chern-Simons-matter theory with simple gauge group SU(N), level K, three adjoint matter
and cubic superpotential, as the CFT dual of the N=2 massive IIA solution.

¥ The 3d free energy F = -Log(Z), where Z is the partition function of the CFT on a Euclidean Ss,
can be computed via localisation over supersymmetric configurations N > k

) " [ Pestun O07 ] [ Kapustin, Willett, Yaakov 009 ]
313/6j7 32 2/3 1385/3 [ Jafferis O10 | Jafferis, Klebanov, Pufu, Safdi (N)il.l ]
— 40 77 k''=N [ Closset, Dumitrescu, Festuccia, Komargodski O12 O13

F

¥ The gravitational free energy can be computed from the warp factor in the N=2 massive IIA
solution. Using the charge quantisation condition N = —(278s)™3" g6 e2%8P + B,y A dBg + 1P BS
for the D2-brane, one finds

1633 8A 3 ,1/3,1/6 51/3 5 5/3 ided
S B8 g VOe= g2 SN proTEe
y +

[ Emparan, Johnson, Myers (599
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@ Holographic RG Bows: domain-walls and black holes
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Holographic description of RG 3ows { Boonstra, Skenderis, Townsefi8

¥ 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

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

[ Cacciatori, Klemm O09 ]

[ Halmagyi, Petrini, Zaffaroni 013 ] 7 AdS;~ ABJM (M2-brane)
[ Chimento, Klemm, Petri 015 ] I

[ Benini, Hristov, Zaffaroni 015 016 ]

* IR UV

AdS;in IR : domain-wall , AdS, ~ CFT;
AdS: x! 2 in IR : black hole - AdS> x! » ~ CFT;

¥ 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 ] [éini, Bobev 012,013 ]



Holographic RG 3ows on the D2-brane of massive IIA

r !

5

¥ D2-brane : e = e

\_

N1

F(4) = 5¢ge?e2W=U) sinh O dt A dr A dO A do

T 3 n " 1
d%o — e4! eZUdt2+ e! 2Udr2+ e2( ! U)dSIZ_|2 + g! 28! 7! dSéG

/

: 7 _ 7 y
with e?Y ~r1 , 2W=U)  p1 and e =e | r

¥ RG Bows on D2-brane : 1SO(7)-gauged sugra from type lIAon $

IR

AdS;in IR : domain-wall
AdS> x! 5 in IR : black hole - AdS4 ~ CFT3
fAdSZ x| 2~ CFTl

» DW4
domain-wall

DW s~ SYM (D2-brane)

AdSs~ CFT3

UV
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Holographic RG Bows: domain-walls

[ AG, Tarr'o, Varela 016 ]

[ N=2 & SUBXU()

v

(N=3 & SO(4) |

v

( D2-brane )

(N=1&G: )

(N=1&SUQ)

RG Rows from SYM (dotted lines) and between CFTOKsolid lines) dual to BPS
domain-wall solutions of the dyonic ISO(7)-gauged supergravity
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Holographic RG 3ows: black hole solutions (1)

¥ Black hole Anstaz

¥ Attractor equations

¥ Unique AdSzx H?2

(N=2 & U(3) AdS; vevOs)

[ AG, Tarro O17]

A=0,1

/ ) * %+, ,\
42 — " U g2 4 U(N gp2 4 2 U() g2, Sillg K0 Ao
K
cos%T#
Al = AL (Ndt$s p ——d$ =
B0 = bo(r) SVEY o 8 o
~ - cos /K 0 VE
Ap = Aga(r)dt — ep p d¢ /
a Q=#L?," MQ *P* & 4Im(2V) \
i | [ Dall'Agata, Gnecchi 010 ]
2= &2Ze ' | L
L ads, [ Klemm, Petri, Rabbiosi 016 ]
\SKU,V%:O , J
( 2 (g\s L g\ 3 9\3 - \
e — —_ (L R ¢n . _
ePfh = 3<m) s Xh = 2(m> , e \/i(m) , ap=C=C =0,
1 1 2 1 1 12
p0+§mb8=:|:8m§g_%, €0+§gbg=i6m_§g_§,
Pl=Fagl, e—timig
37 0 T T !
1 17 1 17
Lingzmm?)g 3 Lﬁz_mm?’g 3




Holographic RG Bows: black hole solutions (ll)

¥ Two irrelevant modes (¢, ;) when perturbing around the AdS 2 x H2 solution in the IR

4 N

. ASH? to DW,

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

H o ¢ )

. AdS, x H2 to conf- Lifshitz

\_ /

[AG, Tarr'o 017 ]

- RG Rows across dimension from SYM or CFT; or non-relativistic to CFT;

- Universal RG Row (0) CFT3; to CFTy [ Azzurli, Bobev, Crichigno, Min, Zaffaroni 017 ]

¥ AdS2 x ! g horizon classibcation in the mlIA/M-theory  STU-models : 3 vectors + 1 hyper

- [AG O17]



Summary

¥ Dyonic N = 8 supergravity with ISO(7). gauging connected to massive IIA reductions on 5.

¥ Any 4D configuration (AdS, DW, BH) is embedded into 10D via the uplifting formulas.
Example : AdSs4 X S8 solution of massive IIA based on an N = 2 & U(3) AdS4 vacuum.

¥ CFT3 dual for the N = 2 AdS4 X S8 solution of mlIA based on the D2-brane field theory (SYM-CS).

¥ Holographic study of RG flows on D2-brane : DW solutions ( CFT3-CFTz & SYM3-CFT3 )
BH solutions ( CFTs-CFT1 & SYMs-CFT )

[ Benini, Hristov, Zaffaroni 016 ]
[ Azzurli, Bobev, Crichigno, Min, Zaffaroni (~)17]
[ Hosseini, Hristov, Passias O17 ] [ Benini, Khachatryan, Milan 017 ]

¥ Recent progress in the holographic counting of BH microstates

¥ New holographic perspective on the one-parameter family of SO(&) theories?
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| Grasgas !
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