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® Bulk/Boundary Correspondence

Gauged N =8 Supergravity in five dimensions
@ N=1 Supersymmetric phase of N'=4 Yang-Mills
® Renormalization group flow between supersymmetric phases

® Flows to Hades and the Coulomb branch

@ Conclusions



Y i O; = Gauge Invanant

Yang-Mills Operators
D3-brane
=l - v: di? + dz? + do? + do? dU?
= [W(_ + dz{ + dzj + dz3 ) + \/4ﬂg'NW +\/41rg.Ndf15]
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Anti-de Sitter: AdS. S°
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—Ssale]
& _ /—> Zsale] /7 e i
| o =0 gs =0
where gsN — oo
® ¢(=,U) = ¢9(z) on the "boundary" brane, which is located at
U=o0

® Ssele| is the classical IIB supergravity action evaluated on the
classical solution with boundary conditions above
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® Consider the IIB Supergravity theory in terms of an effective
ﬁve-drfﬁ@ﬁmﬁm field tmy on AdS,

* —_——e e

(30 ._'?L{_G,R)/SO(G) <> Myp Tr(X* XP) )
10 ¢ 10 <> mg Tr(A® X% + cec.

Ggl & SL(2,R)/SO(2) -=> Couplings: gynp O y

® Complete non-linear structure of five-dimensional supergravity
theory determined by:

@ Field Content @ Supersymmetry @ Gauge Symmetry (SO(6))

€ '"I N=8 S"Pe’y’“m‘tﬂ Embedded :
in F'w | IIB S '

_—ﬁ-

L e Dtmemmm | ( upergravity

\

| . Behaviour of N =4 Yang-Mills to all orders under these mass
perturbations will be determined by Yang-Mills

® Field Content e Supersymmetry e Global Symmetry

and by the (non-linear) equations of motion of
Gauged N =8 Supergravity in Five Dimensions
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AdS Vacuum rCont‘ori}ll’llln
of Supergravity / of Yang-Mills

Provided(?) AdS vacuum is stable
® CM charge of new fixed point follows from the cosmological

CIR = Cuv

Arr . .
Henningson and Skenderis, hep-th /9812032
=>  Stability

eneral dogma: Supersymmetric vacuum of supergravity
=¥ Good vacuum of the underlying string theory

IR phases of Yang-Mills }
at Finite N

Unbroken CentralCharge
Constant




‘potential of gauged N =8 supergravity in five dimensions
letermine the phase diagram of AN =4 Yang-Mills
tm um soft-supersymmetry breaking (i.e. by masses)

® There must bean N'=1 supersymmetric phase of N =4
Yang-Mills theory obtained by turning on some (very specific)
masses and flowing to the IR:
[nq where ®; ,i = 1,2,3 are the N'=1 chiral superﬁeldsj

® This phase must have an SU(2) global symmetry and a U(1)
R-symmetry

- 27
® This phase must have: c/r = 39 CUV

® General dogma suggests that this phase should be a feature at
finite N

This MN=1 phase of N =4 Yang-Mills has been identified as one of

a class of fixed points discovered by Leigh and Strassler (hep-th /9503121
by purely field theoretic methods ... = (®; have y; = —1 ,i=1,2

S.S. Gubser, M.Strassler, private communications
Karch, Lust and Miemiec, hep-th/990104 1

D. Freedman, S. Gubser, K. Pilch and N.P. Warner, hep-th /9904017

® Central charge matches perfectly
® Operators generating the Yang-Mills flow correspond properly
with the supergravity fields defining the critical point

@® Small oscillation analysis in supergravity correctly matches
with the anomalous dimensions at the non-trivial fixed point

® Supergravity predicts more anomalous dimensions that those
computed by field theory........



Girardello, Petrini, Porrati and Zaffaroni, hep-th /9810126
Distler and Zamora, hep-th/9810206

etry Use a new radial variable, p, for which:

dz3) , p~log(U),U = o

—O%; 0 « p

Asymptotically AdS,
ﬁ.
U.V. Fixed Point
p — 00

-
I.R. Renormalization group flow

® UV fixed pointis N =4 Yang-Mills theory

® Use the supergravity equations of motion to determine RG flow
under the appropriate relevant perturbations

® Flow of masses (and couplings) are obtained from the (classical)
ehaviour of supergravity fields as a function of p

® RG flows under mass perturbations will be entirely determined by
the equations of gauged N =8 supergravity in five dimensions

® c-theorem for: Girardello et al. , hep-th /9810126
D. Freedman, S. Gubser, K. Pilch

and N.P. Warner, hep-th /9904017

rﬁm generalized holographic principle is correct then we must A

be able to find a flow (= supergravity kink) that interpolates
m the N =4 phase and the =1 phase and preservesN =1




RG Flow

———— —— ——— e

ravity kinks that obey the first order equations:

h = \5 [‘r'«?p-ld(?j) ¢t — 39 Adabe(¥;) fd] = 0‘\

04 _ - ﬂ‘. p— gWg ")FE = 0
k‘ﬂ_-_-#p 8 b(‘PJ') [ =

for some choice of supersymmetry parameters €%

® First equation determines the evolution of the scalars, ¢

® Second equation determines the 5-metric (A(p)) in terms of
the supergravity scalars, ¢

Typieally find that there is an eigenvalue, W(@,) , of the tensor W, (¢,)
such that the equations of motion become

’/'
dp; _ g W A =-Iw
. dp 2 Oyp; 3

EU = W)" ~ W"’3J > [Flow = steepest descent of c-function]

_onsider the two parameter, relevant perturbation:
@1 Tr(X 3) + @ Tr((X® X°) + (X® X°))
this sub-sector the supergravity potential is

_ g g
Z:law - 2 |w|

where W is a superpotential:

ﬁE% [colh(2qo1) (0® - 2) -(3a°+2)] , and o =eve®?
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e1 Tr(* A*) + ¢ Tr((X® X®) + (X® X%))
® Flow = steepest descent of superpotential, W
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Showing path of steepest descent. Showing path of steepest descent
Origin, ¢, =@, = 0,in center. Origin, ¢, =, = 0, bottom left.

® Exponents = dimensions of operators
® Note the parabolic behaviour < N =1 Supersymmetry
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® Two possible (inequivalent) orientations

® These flows preserve SO(4) x SO(2)

L ] @'hese flows preserve N =4 Supersymmetry ]
=

®
® Flow to infinite Vand W ........ is this physical?

o
hese two flows cannot involve turning on a scalar me
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A place or state of punishment wherein the souls of
thoge who die in God's grace may make satisfaction
for past sins and so become fit for heaven

ﬂd"fm & Mug © Tr((.!"!’)) ~ & 0as ’I&-((X@Xc))
S = exp(M) € SL(6,R)/SO(6)

w = -1 Tr(Ss7)
N
A=-w
Oe; ’

. mw N =4 Supersymmetry y
where @; is an orthonormal basis for the scalars

Convenient gauge choice:
S5T = diag(e¥s,e%a 2 04 W 250) Y =0
J

eneral flows are complicated, but far from the UV fixed point the
flows stabilize on one of five directions:

® = +(,1,1,1,1,-5)u  SO(5) Invariant
@ F=+(1,1,1,1,-2,-2)u SO(4) x SO(2) Invariant

® 3= (,1,1,-1,-1,-1)  SO(@3) x SO(3) Invariant

Corresponding 5-metrics: Regular for the SO(5) and SO(4) x SO(2)
ﬂﬁWs with > 0, and the + choice. All other flows have naked time-like
sularities that can be reached in finite distance..... This however does
-xm MMMIy make them unphysical from the Yang-Mills
SPeclive.... (see talk by Steve Gubser)
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Normalizable
~ AdS Mode

. First order equations select an initial velocity:
® N=1 Flowto IR fixed point: pg ~ pe 2P
® N =4 Flow to Hades: v ™~ ¢

~\

2 Represent states of
_ the Yang-Mills theory

Massive RG flows
Flows through States of the system

r'm N =4 supersymmetric flows must be flows along the Caulomt?
L\_kﬁtﬂf!c]?l.....‘... ..(see talk by Steve Gubser concerning brane distributions) -

1"




family of N'=1 supersymmetric flows that

® There is a smaller, but similar family of N =2 supersymmetric
flows to Hades

® Are all supersymmetric flows determined by a superpotential, W?

@ Supersymmetric flows are steepest descents of the c-function. Is
m m fm' non-supersymmetric RG-flows?

@ Critieal points and Yang-Mills phases:

® Are there stable, non-supersymmetric phases
® What is the Yang-Mills meaning of unstable

TR

® Can one compute the other anomalous dimensions in the N =1
supersymmetric phase, e.g.

® Arithemetic of E¢ ) and Yang-Mills phases
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® Gauged N/ =8 supergravity is a powerful tool for studying

® N =8 supergravity potential gives the phase diagram
of softly-broken N'=4 Yang-Mills

® Supergravity kinks can be used to describe RG flows

yauged N =8 supergravity knows about the N =1 IR fixed
poifit of Leigh and Strassler: Highly non-trivial test of the
non-conformal, non-linear exetnsion of AdS/CFT.

®  The Coulomb branch (or at least a small part of it) emerges
directly out of gauged N'=8 supergravity

® Coulomb branch physics is a necessary part of the original
Maldacena conjecture

® Useful for further study .....
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