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AdS/CFT without supersymmetry

:'rtheless the fact that any theory on
IS0/ the extend that it is well defined has

'"_:'Iéoundary seems to be quite general.
(Closest to S-Matrix one can define)

® Also it is believed that small (even non-
supersymmetric) deformations of known
dual pairs give rise to "good” duals.

:'O'Look for non-supersymmetric deformatlons that
inherit some of the non-renormalization theorems
of the N=4 theory.
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S= Scrr(N) + 7 / d"20ma.(2)
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=\While being order by order in the
= perturbation y, will sum up all orders in A.
®. For simple perturbations (like the ones I am
going to consider) Feynman diagrams can
incorporate the perturbation to all orders in
y while being only perturbative in A.
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% How does regularization work?

~ e Stumbling block: “small” set of known
examples of non-supersymmetric CFTs in 4d
with exactly marginal couplings

(approximately zero)
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2
2 I for x3 < O
g(x)_{g% for 3 > 0

The Field Theory:
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—1  forax3 <O
+1  forxz3 >0

ieldl lheory:
theory is given in terms of

ing——

» The perturbation parameter is
g1 — g5
’y pu—
97 + 95
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| NI::IL‘Theory:

G '_ljamics associated! withi this interface is

@100k scenario of E & B fields at the
ieriace of two different materials

;"éhe far-fetched application one could envision
would be the analysis of domain walls across
which o, jumps

in the FT

ifé:é'scribed above.
® 4 supercharges can be restored by adding

counterterms (new Yukawa couplings) on the
interface, but they break SO(6) to SU(3)

® Janus has SO(6) and no supersymmetry
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SUMMARY — The field theory:

¢ The Janus field theory describes N=4; SYM
clese toran interface across which the
coupling constant; jumps

e [he situation Isianalogeus to the usual
interfaces in E&M| between two different
materials

o Supersymmetry. isicompletely broken, but
the field theory is firee of diseases.
Confiermal Invarianceris preserved.

pPergravity:

Elanus field theory is a particular
MpIE Of arderect confiormal field theory.

85ince there are no degrees of freedom
_*—* localized on the defect for Janus, we often
— refer to it as an interface CFT.

» As such it fairly straight forward to embed
it into supergravity via AdS slicings of AdS
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"\,.. -

S determine the"boundary
ilc only its conformal structure

H"_:*("Which is the place at which the metric
diverges quadratically as z ! z,).
e Define boundary metric:

dsbound lim £2(z)ds?

Z—>Zb

2 f 2 d
Sboundary,2 — f Sboundary,l

1

» The corresponding field theory has to be
conformal, the operators transform as

(f1/f)

Andreas Karch, U. Washington (KITP QCD-Strings Conference 11/15/04)



AdS/CFT without supersymmetry

Upergravity:
€lient: slicings of AdS:

ds? hase = 2A<T>ds4d + dr?

.:OH AdS, but they lead to different “natural”
choices of f. For Minkowski at r ! 1 chose:

ds? = 2"/ L(—at? + dz?) + dr?

e—fr/L

— __dS4 It is however also the subgroup of the
= 50(4,2) conformal symmetry of the
poundary CFT that leaves the line X;=0 in
the boundary CFT invariant.

® Note that this is the symmetry of an ICFT or
DCFT.
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19 again f=e#! e " as the natural
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is just the right setup to capture the

—  physics of an ICFT or DCFT!

e Boundary conditions at r ! § 1 determine
couplings of the left and right CFT. Degrees
of freedom on the defect live at r=0

=% No contribution to 4d beta function.
Asymptotic freedom is not lost.

® [n the supergravity dual D5 brane probe
lives on central r=0 slice

Andreas Karch, U. Washington (KITP QCD-Strings Conference 11/15/04)
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left AdS 4 right AdS 4

D5
Probe

CFT ONTHE
BOUNDARY

LOCALIZED
FUNDAMENTAL FLAVOR

-

-

BCifferent boundary conditions on

= corresponding bulk field atr! § 1
® Gauge coupling in the field theory
is dual to eP’@n jn the bulk
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2 2A(r) 4.2 2
ds® =e dsigs, + dr® + dS2
b = P(r)
with boundary behaviour as r — +oo

1
e® — g1, et — Zell/k

C measures jump in coupling constant
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PEergravity:
| 2
Pioo = Po & e+ O(c3)

Dy oo — P
2

7=tanh( )=§C+---

Expanding SUGRA in powers of ¢ maps to
Conformal perturbation theory

r/L
-1.5 -1 -0.5 0.5 1 1.5 —
From inner to outer curve c takes values 0.2, 0.8, 1.3
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From flat to steep curve c takes values 0.2, 0.8, 1.3

PEergravity:

SRE= =150 theanus solution s free of

HiVatlire singularities

jercurvature actually remains small in
BSLNG Units as long as the 't Hooft coupling is

':ar'ge on both sides
-8 Feynman diagrams are a good description as
long as the coupling is small on both sides

® For protected correlators conformal
perturbation theory is good for small y

Andreas Karch, U. Washington (KITP QCD-Strings Conference 11/15/04)
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.

EeRV/eisaw in the field theory that 4
=slpercharges can be restored by adding
defect localized counterterms, at the cost of

breaking the global SO(6) down to SU(3)
e Can we find the supergravity dual for this?

"‘1.‘

definition of 1B string theory on Janus
ESliggests that the Janus solution is stable
=% Jpdeed stability can be proven also from the
= gravity point of view using Witten-Nester like
positive energy theorems under mild
assumptions

Andreas Karch, U. Washington (KITP QCD-Strings Conference 11/15/04)
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SUMMARY" == SuUpergravity:

s ICFI and DCFTs are dual ter AdS, sliced
backgrounds| that asymptote toAdS:

® Janusis duallto a smooth, stable, NON-
SUPERSYMMETRIC, SO(6)) invariant
background of this type in I1B: gravity that
is supported by only dilaton: and 5-form.

® Analytic expression validi to all erders in ¢
cani be given for A(r), but it is convenient
to express| the result order by order in ¢

ziric) we now want to
Ichlate correlation functions using

__;r_ » Conformal Perturbation Theory
~ » Feynman Diagrams

e Argue for non-renormalization properties
inherited from the N=4 and compare weak
and strong coupling results

Andreas Karch, U. Washington (KITP QCD-Strings Conference 11/15/04) 19
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- -

cofre)
point function vanishes in CFTs!

L O () = &

® This form is fixed by rotation invariance and
scale transformations, but |x| is not invariant
under translations, so C has to be 0.

-

® Higher n-point functions are also less
constrained; e.g. 2-pt function contains a

free function of €=(x-y)?/(X; Ys)
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®iEor CFT with large central charge the

= normalization constant C is large, so that for
a far away domain wall one can have
approximately constant vacuum expectation
values (for, say, the Higgs) while the cc is

still forced to vanish

. S,..4. gives the value of the corresponding
coupling with which the dual operator is
added to the Lagrangian

® S ;. determines the 1-pt function

Andreas Karch, U. Washington (KITP QCD-Strings Conference 11/15/04)
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e Corrections to metric start at order e®"/L, so
the e**/- term that gives <T,,> vanishes as
it should

shfiormalfPErUration thesry werhave to
€ tnen-trivial order:

(£(2) = - [ d*ze(z3) (L@ L))o

—e ‘T he zeroth order term <L>,_, vanishes

® The correlator on the rhs is in the
unperturbed N=4 theory

® <> is a protected 2-pt functions. Its value
is exact too all orders in the 't Hooft coupling

Andreas Karch, U. Washington (KITP QCD-Strings Conference 11/15/04) 22
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"\,.. -

. -4

e Completely agrees with SUGRA after taking
into account that y=2/3 c + O(c?).

Andreas Karch, U. Washington (KITP QCD-Strings Conference 11/15/04) 23
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SUMMARY = Correlation Eunctions:

® One point function of L can be calculated
in two) different regimes.

® Grayity calculatesiat large "t Hooft
o 'f :;IIE 7o U el mosil’ 2 5m 1 Y/

® LOMi.-1.al8 2ril..- 23S L Iheory calculates
o-der oy coArr e Cf) e, 2h2)
yon o NI A RELE § a3 101
since <L>ranar<Lu>arerprorected in
the fulllN=4
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e Direct Propagator gives divergent contact
vanishes in N=4 SYM against
scalar and fermion bubbles.

Andreas Karch, U. Washington (KITP QCD-Strings Conference 11/15/04) 25
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SUMMARY ---Feynman Graphs:

e Standard perturbation theory agrees with
boeth: gravity: and/ CPT.

® [t gives the result order by order'in the ‘t
Hooft coupling, but toall'orders inyy

® From the point of view: off Feynman
diagrams the exact agreement between
the free theory and the strongly coupled
gravity: result looks like ar miracle

THE BOTTOM LINE:

o ANDREAS LEARNED HOW: TO USE
POWERPOINT

Andreas Karch, U. Washington (KITP QCD-Strings Conference 11/15/04) 26
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THE BOTTOMLINE:

® Janus is a stable, non-supersymmetric
background of string theory:

e [t's dual isiani interface conformal field
theory, that is under controlland can be
analyzed! either vial Feynman diagrams) or
CPT

s Certain one-point functions are protected
and! yield perfect agreement between
weak and strong coupling results
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