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AdS/CFT correspondence

Outline

for half-BPS states

e 1/2 BPS states in field theory & Fermi liquid.

: e Technique for constructing gravity solutions.
Oleg Lunin

e Solutions of [IB SUGRA and Laplace equation.
Institute for Advanced Study
e Solutions of 11D SUGRA and Toda equation.

e Summary.

H. Lin, O. L., J. Maldacena, hep—th/0409174
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Breaking supersymmetry in
AdS/CFT

® Strings on AdSs x S° «— N = 4 SYM

e Theories with fewer supersymmetries

— field theory: adding superpotential
— gravity: less supersymmetric backgrounds

Klebanov, Tseytlin '00; Polchinski, Strassler '00;

Klebanov, Strassler '00, Maldacena, Nunez '00

— gravity solution <= vacuum of field theory

e Breaking SUSY by looking at nontrivial states

— no change in the Lagrangian
— gravity solution < state in A’ = 4 theory

— states preserving some supersymmetries
correspond to regular geometries

Half—BPS states in ' =4 SYM
e N =148YMonS? x R:

— chiral primaries:
Tr(Z™) ... Tr(Z™),
— symmetry: S® x SO(4)
e Action in 1/2 BPS sector:
1

1
S /dtTr {—|11¢Z|2 - —|Z|2}
2 2R?

Z = ¢1 +ipr

e Matrix model description: harmonic oscillator
— set of harmonic oscillators: o) = Tr[(a)"|

— eigenvalue basis & Fermi liquid
Py

Berenstein '04
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Branes and states in field theory

e States with small A = J:

— field theory: Tr(Z71) ... Tr(Z™)

— small ripples on the Fermi sea

— perturbative states in string theory
® Supersymmetric branes

— giant gravitons expanding on S° or S°.
McGreevy, Susskind, Toumbas '00

— field theory: excitation of a single eigenvalue:

_ L)
N -1’ N -1
Hashimoto, Hirano, ltzhaki '00

Z ~ e“diag (77, __n

Py

A

e QOur goal: exact solutions of SUGRA
o AdS; x S*: giant gravitons with S° x S2.

Technique for constructing gravity
solutions

e Assumptions
— bosonic symmetries: SO(4) x SO(4)
— bosonic fields: metric and ()
— existence of Killing spinor:

1
VMn+@FM1M2M3M4M5 F§3M2M3M4M5 FMn —0

e Reduction on S® x S®: spinor in 4D interacting
with gauge field and 2 scalars
e Using bilinears of Killing spinor

Gauntlett, Gutowski, Martelli, Pakis,
Reall, Sparks, Waldrum '02—'04

K, — —é&v,=
LTINS kL0 12— —K?

Ly = &y
— L is an exact form, K" is a Killing vector

ds? — h2dy* — h™2(dt + Vidx')? + hyjda’da’
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1/2 BPS geometries in Type 1I1B
SUGRA

e Explicit geometry and Laplace equation

ds* — —h7%(dt + Vidz') + h*(dy® | dzidx?)
+yeGdQ§ + ye_Gdflg
Fsy = Fuda" Ade? AdQs + Fde® A de” A dSs

F = dB,(dt + V) + BydV + dB
— functions appearing in the solution:

h™2 — 2y cosh G, ydV = *3dz
L 5 9 2 1 4 2ty
Bt:_iye ; dB:_Zy >|<3d( yz )
: L2 2 5 L3 z— 3
Bt f— _Zy (A dB = —Zy *g d( y2 )
— solution is parameterized by one function z
1 %)
2= tanh(G), 0;0;2 + yay(iz) —0
y

¢ potential singularities: RR — y=10

Regular solutions:
general description

e Laplace equation and boundary conditions
— 6D Laplace equation for & — %
—regularity at y = 0: 2 = j:%

. 1 .
2 7.2 ~G3R2 g2 2 132
hedy” +ye ~dSl3 @) (dy” + y~dQ3)

e Boundary condition for a generic state

_
o

e Plane y — 0 < phase space of the oscillator
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o AdSs x S°

p—

Examples

rrfiy?

20/ (P 8 142

e (Giant) gravitons

e PP wave and its excitations

Z2

T an/me

2.2
drérs

Topology and fluxes

e Two types of closed five—manifolds

\1\
e Different topologies: non—contractible spheres

e Quantization of fluxes:

. Area) _ 1
/dB (Area),_ 1

N — —
47T2l?;

27T2l§

e Energy and higher moments

Aoy- (Labdtd) 1 /‘é@.z
2mh 2 \JD 2mh
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1/2 BPS geometries in M theory

e Bosonic symmetries: SO(6) x SO(2)

27 2 AN
ds?, — E%Edﬂg+gj13—dﬂg
2)\h2 - 674)\ ) D )
- 3 (dt + Vidz") +4m2h2 (dy + e dx)
9,D

h—1+ y2e—6)\’ e A

y(1 — yayD)
e Solution is parameterized by one function D

which satisfies 3D Toda equation:
AD+ 82" =0

e Boundary conditions at y = 0

x

8,D =0, Ry—0

H

DNIOgy, 5_>0

e Boundary condition at |nf|n|ty

Solutions of Toda equation

.AdS7XS4
276 2
eDh, ZE(1+Z)COSQ Ay — L 3r*sin 0
.AdS4XST

D —6 o,
=47, 1+Zsm€

2\ /4
T = (1 + Z) cosf, 2y= L 3rsiné

e PP wave
2 1 2 2
p_ 75 2 s Ty
el = =2 = —rir Ty = =2 — £

e Translational invariance in x1: linear equation

D 2
€ _p;

1

pd,V =y, 0,V =z,

Ward '90

e Compactification of x;: type IIA gravity duals of
the BMN matrix model
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Solution of gauged SUGRA

e M theory on S*: gauged SUGRA in 7D
— field content: SL(5, R)/SO(5) coset,
SO(5) gauge field, five 3—forms

Perini, Pilch, van Nieuwenhuizen '84

— 1/2 BPS black hole: symmetry group
SO(6) x SO(3) x SO(2) x U(1)

Liu, Minasian '99

e QOur goal: regular supersymmetric solution

— symmetry SO(6) x SO(3) x U(1)
— excited fields:

73 .
Vi — e "Xg  Ozx3 iA,o0  Ogys

2
03,2 €Xlayxa O30  O3xs

]7 A,uIJ:

g = exp(ifos) exp(—pos) € SL(2, R)/U(1)

e Regular solution exists and gives el

Relation to known solutions

e N = 2 superconformal field theories
— 16 supercharges, SO(4,2) x SU(2) x U(1)

— double analytic continuation of 11D solutions:

2 2
dQ5 — _dSAdSE,?

t—
— different boundary conditions

— example of a solution
1.1
D 2
& - — — —
Maldacena, Nunez '00

— new feature: space ends at y = 1/2:
Yo~ P 2w

e M2 brane with mass deformation

— |IB with 1 isometry — [IA — M theory
— Bena & Warner solutions with regular BC
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M2 brane with mass deformation

e M2-M5 solution with 16 supercharges
— gauged SUGRA: SO(4) x SO(4)

Pope, Warner '03

— M2 branes polarized into M5 Bena, Warner '04

e Relation to our solution

— 1IB with x| isometry — [IA — M theory

— harmonic function of Bena & Warner:
g Z
h = — 8 = ——
yz? Ig 16

e Dielectric M5 branes and Young tableaux

—

e Asymptotic geometry: AdS; x S*.

Summary

o Geometries dual to chiral primaries: no

singularities or horizons

e All 1/2 BPS gravity solutions for type 1IB
— reduction to 3D Laplace equation
— boundary conditions and free fermions
— explicit solutions in terms of integrals
— fluxes and topologies

e All 1/2 BPS solutions of 11D SUGRA
— reduction to 3D Toda equation
— specific boundary conditions
— examples: AdS, pp wave
— new regular solution of gauged SUGRA

e Future directions

— properties of the new geometries
— 1/4 BPS states




