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Introduction: AdS;s solutions in String/M-theory

Type |IB supergravity
e Freund-Rubin backgrounds: AdSs x S, AdSsx SEs (T™, YPd, Labc)
e [Pilch, Warner '00], T-duals [Macpherson, Nafiez, Pando Zayas, Rodgers, Whiting '14]

o analysis of general N =1 AdSs backgrounds [Gauntlett, Martelli, Sparks, Waldram "05]
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e [Pilch, Warner '00], T-duals [Macpherson, Nifez, Pando Zayas, Rodgers, Whiting '14]
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11D supergravity

o general N =1 AdSs backgrounds [Gauntlett, Martelli, Sparks, Waldram '04]

o general N = 2 AdSs backgrounds [Lin, Lunin, Maldacena '04]

An interesting class arises from wrapping M5-branes on Riemann surfaces

[Maldacena, NGnez '00] [Gaiotto, Maldacena '09] [Bah, Beem, Bobev, Wecht '12] [Bah "13,15]

AdS; x S* ... AdS: x X x §*



Introduction: AdS;s solutions in String/M-theory

Type IlA supergravity accessible from 11D, but what about adding Romans mass?
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Introduction: AdS;s solutions in String/M-theory

Massive Type |IA supergravity

AdS;x M3 [Apruzzi, Fazzi, Rosa, Tomasiello 13]

Xo X1 X2 X3 X4 X5 Xg X7 Xg Xo

NS5| x X X X X X - - — =
D6 | X X X X X X X - - -

D8 | X X X X X X - X X X




AdS; solutions in massive IIA supergravity

| [Apruzzi, Fazzi, AP, Tomasiello 15] analysis of supersymmetric AdSs x Ms solutions
2 _ 2W 3.2 2
dsjp = e dspgs, + dsiy,

+ all p-form fields preserving the SO(2,4) symmetry



AdS; solutions in massive IIA supergravity

| [Apruzzi, Fazzi, AP, Tomasiello 15] analysis of supersymmetric AdSs x Ms solutions
dsio = e*Vdsiys, + dsiy,
+ all p-form fields preserving the SO(2,4) symmetry

.supersymmetry

3 Spin(1, 9) Majorana spinor € such that the gravitino and dilatino supersymmetry variations

de) =03A=0



AdS; solutions in massive IIA supergravity

| [Apruzzi, Fazzi, AP, Tomasiello 15] analysis of supersymmetric AdSs x Ms solutions

2 _ 2W 4.2 2
dS1O =€ dsAdSs + dSMs

+ all p-form fields preserving the SO(2,4) symmetry

.supersymmetry

3 Spin(1, 9) Majorana spinor € such that the gravitino and dilatino supersymmetry variations

de) =03A=0

* The structure group of M5 is reduced

SO(5) — G

G is the stabilizer group of the supersymmetry parameters: two Dirac spinors 1, 13



AdS; solutions in massive IIA supergravity

| [Apruzzi, Fazzi, AP, Tomasiello 15] analysis of supersymmetric AdSs x Ms solutions

2 _ 2W 3.2 2
dsjo = € dspgs, T dsiy,

+ all p-form fields preserving the SO(2,4) symmetry

.supersymmetry

3 Spin(1, 9) Majorana spinor € such that the gravitino and dilatino supersymmetry variations

de) =03A=0

* The structure group of M5 is reduced

SO(5) —» G
G is the stabilizer group of the supersymmetry parameters: two Dirac spinors 1, 13

dp = 0.A = O ~» differential constraints on the G-structure
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AdS; solutions in massive IIA supergravity

only G = Id is allowed - in contrast to type IIB

| an identity structure is characterized by a local frame

o the p-form fields are expressed in terms of the identity structure
o the equations of motion are implied by

supersymmetry equations

+ Bianchi identities dH =0, dF;, —FpH =0, dF, —F, AH=0



AdS; solutions in massive IIA supergravity

.local geometry - no assumptions

ds?y = €™ |dsdys, + € (a2 + dxd) + %e—“dsg}
4

2 e
ds3 = 3.D.

N2 — 05D, ds? — 20, Ds duds — 3, Dy du?,  my = d — 1 %, d;D

* 0y generates the U(1) R-symmetry

| The solution is determined by two functions (D,,, D)



AdS; solutions in massive IIA supergravity

.local geometry - no assumptions

ds?y = €™ |dsdys, + € (a2 + dxd) + %e—“dsg}
4
0.0,

ds3 = 2 —0,Dyds® — 20, Dy duds — 8,D, du?,  my = dp — I %, dyD;

* 0y generates the U(1) R-symmetry

| The solution is determined by two functions (D,,, Ds) subject to three PDEs:

‘F
A;D, = 30,eMA 4 9% 5 ePs
2Us S 24\/2788

Ay (9,D,) = 302e5M2A 4 10

FO au (asDu - auDs)

361/2s 0sD;

so.e




AdS; solutions in massive IIA supergravity

.assumptions

e (dx{ 4 dx3) = dsg,

+ separability in (s, u) & (x4, x2).

| For zero Romans mass we recover known solutions:

[Maldacena, NGnez '00] [Bah, Beem, Bobev, Wecht '12] [ltsios, Nunez, Sfetsos, Thompson 13]

| For non-zero Romans mass we find

a family of AdSs x £4-1 x M3 solutions with an AdS; origin
M3 = Sz X 1



AdS; solutions in massive IIA supergravity

.assumptions

e*M(dx{ 4 dx3) = f(s, 1)dsF,

++ ...

AdSs x L4 solutions for every genus g
_l_

brane sources as punctures



AdS; solutions with punctures

.local geometry

s z3p—zp'(1—%%)
= E _p/

/
2 _ _2W 2 P 2
dsip =e [dsAdS5 — 9—szs5] : e

dsi = dsZ(Zg) +

3zdz? 9z° kdk? 4  (1—-K)p 5
™ T3 3
P 3p—zp’ [1—k*®  33p—zp/(1—k3)

p = (z—z0) [K(2* + zoz + 2§) — 30z7]

parameters: zg € R, (z; € R,z >0), Le{-11, ke{-10,1}
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parameters: zg € R, (z; € R,z >0), Le{-11, ke{-10,1}

.scaling “symmetry”

z — 1%z, z0 — %20, 71 — 1%z



AdS; solutions with punctures

.local geometry

s z3p—zp'(1—%%)
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/
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.regularity of shrinking S’
P € [0, 27]



AdS; solutions with punctures

.local geometry

s z3p—zp'(1—%%)
= E _p/

/
2 _ _2W 2 P 2
dsip =e [dsAdS5 — 9—szs5] : e

dsi = dsZ(Zg) +

3zdz? 9z° kdk? 4  (1—-K)p 5
+ / 3T 3 / 3 T
P 3p—zp’ [1—k*®  33p—zp/(1—k3)

p = (z—z0) [K(2* + zoz + 2§) — 30z7]

parameters: zg € R, (z; € R,z >0), Le{-11, ke{-10,1}

.singularities
k=0, (z,k) = (2. 1), z=0, p'=0

interpretation as brane sources



Brane sources

.08-plane-D8-branes

k = O region
1
dsZ, ~rV2dsé(z) + r/?dr?, eb ~ F—r_5/4.
0
2 _ 1242 1/2 3.2 ¢ _ —5/4
dS1O = H8 dSH -+ H8 ng, e’ = gSHS
8—mn
Hg = ¢ + gsFoxog, Fo = sign(x°)



Brane sources

.D6-branes

, 1 33/2
2 1/2 2 (zr) 3.2 1/2 2 212 3/4
%Zrds10 rV/ [dsAdS5 — pgzzz ds } + 7V [dr? + r°dsg,] e ~ %—1/21*
dsk = Hg"?ds? + H{%ds?, e = g,Hg ™",

Le 1
Hg =1+ —, Le = =Mq; .
6 + " 6= 5 g



.D6-branes

| flux quantization

1 ZZrFO
ZneJdC‘_M_E 0,
dC,=F, — FoB,

Brane sources

1
(27l )3

VyFo
1871243

JdC3:m:

1
dC3:F4—B/\F2—|—§FoB/\B.

(kzZ +€z]) .



Brane sources

.D4-branes

z = O region

ds120 N (%r cos(@))_w [(2—1/21,2/3(182%‘SS 4 Q1/2r—2/3d8§} ’ e® ~ LQ—1/4r1/3 (%r cos(e))_5/6

Fo
—4/3
ds? = 1p(0)ds? +dr? +12dsZ, Q= (3) " ez/p(0).

D4-branes C D8-branes, smeared on the Riemann surface

| flux quantization

1 Ve
(2n€S)3JdC3 =" g



Brane sources

.D4-branes inside D8-branes

[Youm '99]

1

11
dsip = (HgHa) 2 (—dxg + -+ + dx4) + HiHg* (dxs + - -~ + dxg) + (H4H8)%d7€§.

8
0ZHi+Hg Y 22Hy=0, 3% Hs=0.

i=5



Brane sources

.D4-branes inside D8-branes

N|—

1 _1
ds? = (HgHq) 2(—dx3 + - - + dx2) + HZHg 2(dx% + - - - + dx3) + (HeHg)2dx3 .

0%, He + Hg(05, + 05 )Hs =0, 07 Hg=0.



Brane sources

.D4-branes inside D8-branes

11
(—dx2 + -+ dx2) + HZHg 2 (dx2 + - - - + dx2) + (HaHg)2dx2.

N|—

dS120 = (H8H4)_

—2/3
4
Hg = Qslxol, Hs =14 Q4 <0'2—|—§Q8|X9|3> , 0’ :X%-FX%.



Brane sources

.D4-branes inside D8-branes

after a coordinate transformation

4 \3
x| = (§Q8> A%/3 A = ocos(0), o = Trsin(0)

near the core Hy ~ Q4(rcos(8))%/3 :

3 AN
dsfo — (EQgr cos(9)> Q. 1/21’2/3dsﬁ — Ql}/zr_zﬁdsi] :

dsf = —dx§+---+x5,  dsT = dxZ+ dx§ + dr’ + 17 (d6* + sin®(0)d?) .



Brane sources

.D4-branes

p' =O0region:{z=2z, k ={}

ds?, ~ (cos(0))"? [(Qr)_vzdsidss + (Qr)vzdsﬁ} , ed ~ Flzl(QT)_w (cos(0))>®
0Z

o 4 _ _
ds? =£Q 1ds%g + §z12 (dr* + d®” + sin*(8)ng,) . Q=3z/plz).

D4-branes smeared on 4 and on S$%(8,1{) — delocalized from the D8-branes

| flux quantization




Three classes of solutions

regularity and positivity constraints allow for

oZE[O,Zo]
(=41 k=—-1, (k=0,2>0), (k=41 20 <2z

k = 0:08-D8, z=0:D4-08-D8, (z k)= (zo,1): D6.
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Three classes of solutions

regularity and positivity constraints allow for

oZE[O,Zo]
(=41 k=—-1, (k=0,2>0), (k=41 20 <2z

k = 0:08-D8, z=0:D4-08-D8, (z k)= (zo,1): D6.

ez € [0,z
(=4+1, k=41 2zo0< —2z

k =0: 08-D8, z=0:D4-08-D8, =z =z: D4,

ez € [z, z0]
{=—-1, x=-1

k =0:08-D8, z=2z:D4, (z, k)= (z0,1): D6.



Dual SCFTs

| holographic central charge

7R3
AdS .
Q=—-25_— Je3w 2Py0ls
8Gs



Dual SCFTs

| holographic central charge

”Rids
— _ RG> 3W-2¢ |
a 8G5 Je VOIlsg
[0, zo]
a—i(g(g—ﬂNM —|—§T1N M), N_47T2€§JH' g—OTL>MN

higher dimensional origin : AdS; / 6D (1,0) SCFT



| holographic central charge

0, zo]

08+2n,D8s

Dual SCFTs

3
7R
AdS .
a= = | W ?*volg
8Gg
Mo i.'Tlo




Dual SCFTs

| holographic central charge

E9—Tlo

7R3
AdS .
Q=—-25_— Je3w 2Py0ls
8Gs

- (N_1)no




Dual SCFTs

| holographic central charge

”Rids
a=—225 _ | B3W=20,4]
8Gs J °
[0, z4]
9 n°/?
a 5.16 n1o/2 0 slO

same scaling as the AdSg solution



Dual SCFTs

| holographic central charge

21, o]

a

niR3
Q=955 _ Je3wz¢vo|5
8Gs
9 n5/2
a=———:- ng = 27l F
516 11/2 0 O

same scaling as the AdSg solution

27 [ 1 1 2 >/2
| ENPM2(1— ) + ANPM - T
32 \5 3 15n7%(1— g)3/2

“hybrid”



the end. Thank you!



