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Introduction

e The AdS/CFT correspondence relates string theory on a AdS space to a
CFT on the boundary of AdS.

e The best studied example relates |IB string theory on AdSs x S5 and
N =4 SU(N) Yang-Mills theory.

e Theduality is expected to hold in less symmetric situations, corresponding
to deformations of the original correspondence.
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Janus solution and interface CFT

Janus solution is a simple dilatonic deformation of the Ad S5 x S5 background
of 1IB supergravity.

Named after the two faced Roman god of beginnings, endings, doors and
string dualities.
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The Janus solution is a deformation of AdSs x Ss where the dilaton is non
constant and one parameterizes the noncompact space using AdSy slices

ds® = f(p) (dp® + dsys,) + dsgs

The five form and dilaton are given by

Fy = 2f(1)2dp Awaas, + 2wgs, ¢ = o(p)

The undeformed AdSj is given by f(u) = 1/cos?*(u) and ¢ = const. The
coordinate u ranges from p € [—mw/2,7/2].

The equation of motion can be reduced to

21 cC
f/f/:4f3_4f2+@_7 ¢/ _ 30
o7 T
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For a nonzero ¢y the coordinate p ranges from u = [—pug, o] with
o > 7T/2.

The dilaton ¢ approaches two constants values near u = +pug

0.5

0.5 1 1.5

The Janus solution is 'fat’ dilatonic domain wall with a AdS,; world-
volume.
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All supersymmetries are broken, since the dilatino variation is always nonzero

o\ = iPMFMB_le*—iPMNPGMNp€

The solution is nevertheless stable against a large class of perturbations
[Freedman et al. hep-th/0312055].

Near © = 4o the metric has the following asymptotic behavior in global
coordinates for AdSy
1

ds® ~
T (0 F )2 cos? A

(cos® Addp® — dt* + dX\* 4 sin® \dQ3,)

in Poincare coordinates for AdS,

1

ds? ~
(1 F p10)?22

(sz,uQ — dt* + dxf + d:z;%)
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In global coordinates the boundary consists of two halves of S° at 1 = 0,
joined at the pole of S3 where A = 7/2.

In Poincare coordinates the spatial section of the boundary consists of two
three dimensional half planes joined by a two dimensional interface.

The dilaton behaves as

lim () = 6 + 6 (1 F po)* + -

p— £ o
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Interface conformal field theory

The standard field operator mapping of AdS/CFT relates the constant part
of the dilaton ¢ ~ 224 with the insertion of the operator dimension A = 4
operator L' =trF? + ...

In Poincare coordinates the boundary corresponds to two half spaces. Since
the action of SYM theory is given by

1
S:/d4m2 L

9y mr

The dual of the Janus solution can be viewed as a theory where the YM
coupling constant makes a jump across the interface

gyar(z™) = g\ (1 + eO(2™))
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where ™ is the coordinate normal to the three dimensional defect.
X1=0

XTT

’XO,l,Z

Iym- Iym+

The position dependent gauge coupling breaks all supersymmetry, since
the supersymmetry variation of the Lagrangian is

1 _
L= (0:.X" — (0:0)S")

— Typeset by Foil TEX — 9



Michael Gutperle (UCLA) MBG60 Cambridge
Nevertheless the theory inherits many properties of the original N=4 theory,
and several checks of the correspondence have been performed [Freedman et
al. hep-th/0407073].

There are no degrees of freedom localized at the interface ™ = 0. The

presence of the interface breaks the conformal SO(4,2) symmetry down to
SO(3,2) (just as in the case of a boundary CFT). The SU(4) R-symmetry
is unbroken by the interface CFT.
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Classification of supersymmetric Interface CFTs

The original Janus solution breaks all supersymmetry. In Freedman et
al. hep-th/0407073, it was shown that on the field theory side some
supersymmetry can be restored by adding 'Interface counterterms’.

The theory was written in terms of N = 1 chiral and vector superfields. The
interface terms break the R-symmetry to SU(3) and there is one unbroken
supersymmetry subject to the spinor projection

(1—|—z’fy5’y”)e = 0

The theory exhibits N = 1 interface susy, meaning 2 real unbroken
supercharges.
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In the following we want to answer the questions systematically

e |s the solution of Freedman et al. the only solution 7

e Can interface counterterms be added to get theories with more
supersymmetry ?

e Can one classify all interface theories with supersymmetry 7
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The action of N = 4 Super Yang-Mills is given by

Lo = —75t (FWF,W)—2—92tr(D“¢2Du¢l)+4—92tr([¢2¢3][¢%¢”])

7

2921:1' (@Z”VMDMD) + 2%}21:1' (DM@EVL%)

+2igztr (W'Cp'lo", ] +9TC(p")*[9", v*])

Where p', ¢ = 1,---,6 are the SU(4) Clebsch-Gordan coefficients
(SO(6)gamma matrices). The scalars ¢ and spinors ¢ transform as a
6 and 4 of the SU(4) R-symmetry respectively. The theory has a N =4
superconfomal invariance.
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The supersymmetry transformations are given by

50Au — i@%C—’i@uw
bop" = iC'Cp' +ipB(p') "
Sotp = %WV“’”C +(Duqbi)v”l?(pi)*(*—%[qﬁi,aﬁj]pijc

The original interface theory is given by a space dependent coupling constant
gy m(x™), which makes a discontinuous jump at ™ = 0. The interface
counterterms are localized at ™ = 0. The interface will preserve SO(2, 3).

In order to avoid technical complications we introduce a smooth function
gy m(x™). This breaks the conformal symmetry.
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location of interface xTt

One checks for the existence of 2+1 dim Poincare supersymmetry, which in
the limit gy a7 (™) — gy m(1+ Agyp©O(2™)) to superconformal symmetry.

The Lagrangian is modified by terms proportional to 0, gy psand (87TQYM)2

L= LO + £7jnterface

where Linter face = 0 for constant gy s and contains all terms of scaling
dimension 3 consistent with gauge symmetry and 2+1 dimensional Poincare

— Typeset by Foil TEX — 15



Michael Gutperle (UCLA) MBG60 Cambridge

Invariance

In the superconformal limit 0,9y ~ d(z™) and the interface terms are
localized at 2™ = 0.

The supersymmetry transformations are modified
0P = 50(1) + 5interface(1)

The condition of interface supersymmetry then reads that the complete
susy variation of the new Lagrangian vanishes

0L = 0oLy + 00Lint + 0intLo + OintLint = 0

The variation of the original action can be expressed in terms of the
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supercurrent and Noether variation of the original action.

MBG60 Cambridge

1 Org
g ( WC)SW + 2— XW + 5O£znt + 5@n7§£0 + 5znt[/znt =0

g°

up to total derivatives
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The complete set of possible interface operators is given by

Ox

Ly = (gg)tr(y Py p+ y Jpyp' o)
_%yéjk (W'Cp*ep +TC(p" ") y") )

Lo = Sl (00,(6'07) + 2:50 0,07 — is* 6167 )
871' 2 17 (Y]

Loz = (2g€1) 2 tr (9'¢)

with respect to the SU(4) R-symmetry the operators transform as

yli]_ 2’121@20/ 2421@20/
Y2 : 15 Z9: 15 y3 : 10 ® 10 23:104 10
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The interface supersymmetry transformations are
5int¢i — 5intA,u — 07 5znt¢ — (@rg)XZﬁbz

with some arbitrary 2™ dependent spinors Y*

The vanishing of the variation can be decomposed by demanding that
independent field combinations like ¢'), ¢'0,¢, F,4, D,¢' and
[0, 9"

The SO(2,1) Poincare symmetry can be used to further decompose the
equations

for later convenience we defined

Y = yy'p” Ys = —yi" (p7F)
Zo = 25 p¥ Z3 = —zéjk (pijk)* (1)
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The equations for unbroken susy are given by

(1) ¢ =Yy B("
(2)  Yap'C=—(p")"y"BC" + 21 (p7) B
Or 1. ..
(3)  —pCHyip(+ P”a—g — 1 Yap"C + Ya(p) " BCT - 325" (") " B¢
+2257C — (p))* (21" + 237)p"C + () (2" + 28)p"¢ = 0
Or , 1
@) = g+ Y
O0C . 1

Y50 — 25 0¢
6)  x'=—(z +25)(p?)y" B¢

@ <zy1+iy2—1>< )BT~ Yala + )¢

() PzﬁL = iy1p'C +
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*87T’77TBC* L

—2 ()Y BC — (27 + 27 (p7)
Org

0

The SU(4) symmetry SYM action and covariance of the interface

Lagrangian allows to find the general solution to these complicated set
of equations.

Firstly one can gauge away Y5 and diagonalize Y3

1
Y2 — O, Y3 = eng = ew ¢

7 = —aiys (I-4p1 0 6])
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Zs = 8Y3+ 32iy "B ® B
2 = (42 (" + 2N

Where (3 is an eigenvector with unit eigenvalue of D3. The number of linearly
independent vectors (3 determines the number of unbroken supersymmetries.

The theory with N = 1 interface supersymmetry is given by choosing

a =b = c =0 and corresponds (after rescaling of fields) to the theory of
Freedman et al.
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There are theories with extended N = 4 and N = 2 interface supersymmetry
where y1 = Yo = Z5 = 0 and D3 given by

(I) b=c=1 et =1 SU(2) x SU(2)
(1T) b=c=0 6 arbitrary SO(2) x SU(2)
(I1I) b=c#0,1 =1 SO(2) x SO(2)

Theory () has N = 4 interface supersymmetry and (Il,IIl) has N = 2
interface supersymmetry.

The theories with extended supersymmetry have a superconformal limit,
a gy dependent rescaling of the scalar fields eliminates the (9,gy ar)?
terms.
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N=1 Supersymmetric Janus solution

The SYM analysis shows that there is a ten dimensional supersymmetric
Janus solution which is dual to the supersymmetric interface theory of
Freedman et al. The approach we are pursuing is to write down the most
general ansatz consistent with the symmetries and solve the conditions for
the existence of an unbroken supersymmetry.

The solution is of Janus type to guarantee the interface CFT structure.

The symmetry of the ansatz should respect the symmetries of the interface
CFT

SO(3,2) x SU(3)
The superpotential interface counterterms have dimension A = 3 and are
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in the multiplet transforming as 10 @ 10 of SU(4). The operator field
correspondence maps these operators to the second rank AST potential of
[IB supergravity.

The N =1 interface conformal field theory corresponds to one unbroken
supersymmetry from the five dimensional supergravity point of view.

The SU(3) symmetry can be implemented by noting that S; can be
constructed as a U(1) fibration over C'P;

dszs = (dB+ A1)° + dsgpz

since CP, = SU(3)/(SU(2) x U(1)) and S5 = SU(3)/SU(2).

The metric ansatz corresponds to Janus like slicing of AdS5 and a squashing
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of the five sphere
ds® = f? (d,u2 -+ dsid&l) + f1(dB + A1)* + f22d82C'P2

Where f1, fo, f4 all depend on 1 only.

The ansatz for the complex third rank AST is
G=ae’NAy—ibe* NAs+ce® N Ay —ide* N Ay
Where a, b, c,d all depend only on 1
e” = fi(p)(dB — Ar), €' = fa(p)dpy
and A, = dA; is the Kaehler form on CPBs.
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The fermionic fields are the dilatino A and the gravitino 1;;, are complex
Weyl spinors. The supersymmetry variations of the fermions are

’iPMFMB_lg* — iFJWNPG]\/[Npg

A = | 24
oYy = Dyue+ 42% sy nporsT T e
+%(FMNPQGNPQ —9rNP Gy np) B
The gravitino variation implies (_ = 0.

The dilatino variation for (. implies
(c+d)(c"—d") = fYB]*(f)~
The integrability conditions (6.0 —d6c )1, of the gravitino equations imply
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for the C'P; directions

/

J2
f2
f}—? — fafs =
The fiber component gives
f1
fi
fi_fifs

3f1 2 f22 f4f5
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The AdS, component gives

i (@ f4>2_
fa f2+f4 =1

It can be shown that solutions to these first order equations are also solutions
to the equations of motion.

A simple solution of this system of equation can be obtained by setting
a = 0. All functions of the solution can then be obtained from a single
function 1) satisfying

cz \°
(W) = (1+9—p28w6) — 9

where p and C5 are integration constants.
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The relations for the metric functions fi, fo and f4 are

2 02
fi = Z4+9p26w2
_ P _¥
f2 — f4¢7 fl—f4

and similarly for the functions b, ¢, d of the AST.

This solution is presumably closely related the ten dimensional lift of the
supersymmetric Janus solution found in five dimensional N = 2 gauged
supergravity [Clark and Karch, :hep-th/0506265]
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The equation can be easily solved numerically The dilaton is given by

0.5

0.5 1 1.5
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the metric functions f4 and fi, fo are given by

120}
19¢

100}
. 1875}

80;

60/ //185

40¢ | |
-1.5 -1
\& 20¢

-1.5 -1 -0.5 0.5 1 1.5
@
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the functions ¢ and d of the AST are given by

0. 03}
0. 02}
0.01}

MBG60 Cambridge
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The AST field does indeed correspond to a interface counterterm
localized on the defect:

For the Poincaré metric of Euclidean AdSs

1
ds® = — | dz* + Z dx?

2

Near the boundary of AdSs5, where z — 0, a scalar field ®,, of mass m
behaves as

(I)m(za 33) ~ ¢non—norm(33)254_A + anorm(ZE)ZA

The metric of the Janus solution has a slightly more complicated asymptotic
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structure

3
1
ds* = (dz2 + E dx? + z2d,u2) 4
2,2 )

(1 F po)?2 P

the boundary is reached by €2 = (1 F 19)?2% — 0. The AST field satisfies

c(p) = const(poF )’ + -

Which corresponds to a dimension A = 3 operator in the CFT. The non
normalizable part, gives the operator insertion

Ae(p)

Cnon—norm — lim €
e—0

const
(T Mo)3

= lim
e—0 €
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2
lim const ('LL T ,uo)
(LFp0)z—0 z

Which vanishes away from the interface where z # 0. l.e at the boundary
1 — £ away from the defect. There is no operator source.

At the interface z — 0 the operator source blows up, indicating a delta
function source localized at the interface.
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Conclusions

e The Janus solution is an interesting deformation of AdSs X S5 solution
leading to a dual interface CFT

e A complete classification of supersymmetric interface CFT's was given

e A gy dependent rescaling of the scalar fields allows a superconformal
limit for all supersymmetric interface theories.

e The interface theory of Freedman et al is the only N =1 (up to SU(4)
rotations).

e Interface CFTs with N =2 and N = 4 supersymmetry were found.

— Typeset by Foil TEX — 37



Michael Gutperle (UCLA) MBG60 Cambridge

e A ten dimensional solutions of the N = 1 supersymmetric interface CFT

was presented. The interface counterterms are produced by turning on
the AST field.

e The equation governing the solution are as complicated as the nonsusy
Janus solution
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Open questions

e |t is an open question what the supergravity solution of the N = 2 and
N = 4 theories are.

e |t would be interesting to investigate whether the Janus solution
(supersymmetric or not) can be obtained from the near horizon limit
of a brane configuration. The supersymmetric solutions might be more
tractable in this respect.

e |s the supersymmetric Janus solution related to intersecting brane
configurations with the same amount of supersymmetry and the same R-
symmetry ? In particular if one takes the back reaction in Karch-Randall
into account ? How would the localized degrees of freedom disappear ?
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