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Tﬁe AdS/CET duality, =

Maldacena; Guliser, IK, Polyakov;®

RElates conformal gauge theony in 4 dimensions

i str{' grteery on5=d Ant=de Sitter space times

aRSEicompact space. For the JN=4 SYM theory
S ( ompact space Is a 5-d sphere.

_ 2 SO(2 4) geometrical symmetry of the AdS:
._ace iealizes the conformal symmetry of the
= gauge theory.

- ® [he d- dlmenS|onaI AdS space Is a hyperboloid
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SAVigenia gauge theory Is strongly coupledisthe. .
EIUSTOT Cunvattresefi therdual Aasgsand of the
SEdlcompact space becomes large: f—_ SNENY

Y

S"rr]nr‘? I such a weakly curved
geckground can ke studied in the effective
(J.Je -gravity approximation, which allows for
== arnost of explicit calculations. Corrections to it
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== ‘pfoceed IN powers of

® Feynman graphs instead develop a weak
coupling expansion in powers of A. At weak
coupling the dual string theory becomes difficult.



=r:sh The candldate string dual Is

— 'AdS X S2/I". Kachru, Silverstein: Lawrence, Nekrasov,
-~ Vala; Bershadsky Johanson

s However, dimension 4 double-trace
operators made out of twisted single-trace
ones, f O, O_,, are induced at one-loop.
Their planar beta-functions have the form

Br=art+2yfA + 1
b, =0



[FD=y2= 'amnhen there Is noireal
'f]xec IRt for f.

pPIot of a one=leep, SUN)X
ory discriminant, 9, and of
d state closed strm mZ on
'the eJrJe WItHOUTTHERDEITENE
=1 , k-1 labels the tW|sted sector
ror 2NGIEss of Zy, orpifolds with global
SUE .,-symmetry that are freely
sum:c 0N the 5-sphere, and x=n/k.

-S|mplest fireely acting non-susy
mple IS Z. where there are four
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oOf falelfe com—pllcated

“a Cube The
stability/instability
regions agree between
one-loop gauge theory
and string theory.
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stanle

ARy nen-SUSY abelian orifield contains
i —

IPEIEOISI IS appears te rem
orour* Js from a lis t‘ EFlarge NI perturatively

gauge theory and free closed string on an
orbifold. Why? In the presence of tachyons, the
standard AdS/CFT decoupling argument
probably fails.
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. QuarksAniE@uark Potential

=@Irection Is dualite; the
| cale ofi the gauge
WearsimallkzissthesUNslange z.

Sk 'rles that are conformal (not

s confining!). The quark and anti-

= guark are placed at the
poundary of Anti-de Sitter space
(z=0), but the string connecting
them bends into the interior
(z=0). Due to the scaling
symmetry of the AdS space, this

gives Coulomb potential (validacena;
Rey, Yee)




StifgNeoreticcApproach, toe

irje A 0S COITESPONUEnCe
RRSUCIH 2 Way that the guark-
£lf] Jguark petential is linear
rl_ Margerdistance.

ASCartoon” of the necessary
metrlc s

® The space ends at a
maximum value of z where
the warp factor is finite.
Then the confining string
tension IS  [EElEw—.

Amay’




SESeveral T0=dimensional background h

ESETgUa itatweﬁg pertles-a wWn (IF'
C0) mr Space Isjactuall rn_lxed” With the

5~ Jgs

Witten (1998) constructed a background in
'rng U |versaI|ty class of non-supersymmetric
__ _;_OL e glue gauge theory. While there is no
ymptotlc freedom In the UV, hence no
dlmensmnal transmutation, the background

serves as a simple model of confinement.
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Ay e . —
gonfinement In SYM theores,. .

lRUeEUCTIoN of minimal®
UEISYIINE IN=1Dfacilitates
SENSUUCHEN 01 galge/sting ataiies.

ANNSETl tool is to place D3-branes
2iaiiapped D5-branes at the tip of
ZN6E0 CoNne, €.9. the conifold.

_ e~10 d geometry dual to the gauge
= "”'_ e on| these branes is the warped
:-’u-"'deformed conifold (K, Strassler)

ds .‘il__, = p~Y/ “l___?.‘.__,'l (— L___r_f.f. )2+ l___.l.f. )2 ) h L?‘}:hﬁ

£ IS the metric of the deformed
conifold, a simple Calabi-Yau space

defined by the following constraint on
4 complex variables:




s nrtherOVAthEre is a logaritihimic running of the
igercouplings. Surprisingly, the S-tormsiux;
10", also changes logarithmicallyFwith the
IK, Tseyitlin

) _s-the-exqalanai-ieﬁ-m-me-dual
WIIXSU((k=-1)M) SYMFtheory coupled to
gliliidamental chiral' superfields A;, A,, By, B, ?
J6VEl phenomenon, called a ,
LEikEs place: k repeatedly changes by 1 as a
_'-sult of the Seiberg duallty IK, Strassler
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In the IR. The -

_, cally generated confinement scaleNs: P

IS the same

4_ 31 J‘\ _411 __11\

ayiy” YN 3‘\

f\1
B=¢. iy, BY B.

Qpay T AN, AN,

acguire expectation values and break the U(1)
symmetry under which A, -> e A;; B, -> e'@ B,.
Hence, we observe conflnement Wlthout a mass
gap: due to

there exist a Goldstone boson and Iits massless
scalar superpartner.



.&_
g SUGRA haskgrounds; ==Y

- Gubser, Herzog, IK; Butt), Grana, Minasian,

A

dsiy = H 1V 2de,,dr, + c“ds?

](') — {"f'q -+ ”f-.’(,—q H(i'} + f':)'"'l 4+ 79 Z (.«.‘:) — 2a i€ ) + v _ll"f.-:i} —+ 'ffi'-.‘cl
1=1

* Additional radial functlons enter into the ansatz
for the 3-form field strengths. The PT ansatz
preserves the SO(4) but breaks a Z, charge
conjugation symetry, except at the KS point.



GMPZ Usedlthe method! of SU(3)
stiuctures to-derive the complei;e-set Ofi—

s At large t the solution ap :)roaches the KT
~cascade asymptotlcs e.g. |




- The [esollenperameter U is proportional

= \/arious quantities have been calculated as
~a function of the modulus U=In |C].

® Here are plots of the string tension (a
string at the bottom of the
throat Is an chromo-
electric flux tube) and of the dilaton
profiles Dymarsky, IK, Seiberg



" BPS Domainh V\{al_lg_,

1 cannot depend on the
fo'nic pranch modulus. This is |

— mdeed the case, which provides a §

— check on the choice of the UV
poundary conditions, and on the
numerical integration procedure
necessary away from the KS
point.



flux (g/M)

- Dashed line refers to belng far along
“the baryonic branch (near the MN
limit) where T(q) ~ sin(rg/M)

e Solid line refers to the KS
background
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S Allfei this provides us with an - -lsam
solution gjf«: @%f_fl-d flargmm

SUPErSymmetric gauge theories.,

SMIISISoUId BE a goed playgrounc

LESTINT ,J /arious Ideas.

SEIMe: esults on glueball spectra are

_ a};ﬁ dy available, and further calculations
;—e OﬂgOIng Krasnitz; Caceres, Hernandez,
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=mbedding in Flux Compactifications
‘f"" I

S NBRYWarped throat embedded into 2 g
coipEctification with NS-NS'and R-R
ilEslEaGE tosasmallatiohetivesn :
HENRISCAIE At the DOLom Of the troat J . mage roa
JERIESTNg scale.

Rariclell, gl hjm Verlinde; 1K, Strassler; Giddings, Kachru, Calabi.-Yan
Holrrnm}“ KLT KKLMMT

."'—-

R ﬂ?— ie dual cascading gauge theory the
-"“jﬁ' scale is the confinement scale:

= confinement stabilizes the hierarchy
petween the Planck scale and the SM
or the inflationary scale.

® Cascading gauge theories dual to
“standard model throats” may offer
Interesting possibilities for new physics

beyond the standard model. cascales,
Franco. Hananyv. Saad. Uranga. ...



. nilationany Universe
Al Steinhardt) IS a very

rmrImJ .dels withrvery flat
OJFr‘fJ rmrf‘ hies proven to be difficult.

15 mu [D-branes. Dvali, Tye, .

' w_ar—ped deformed conifold is

— embedded into a string

= compactification. An anti-D3-brane is
_added at the bottom to break SUSY

and generate a potential. A D3-brane

rolls in the throat. Its radial

coordinate plays the role of an -

Inflaton. Calabi-Yau

Kachru, Kallosh, Linde, Maldacena, McAllister, Trivedi

L]
image throat



LA relaté'a-suggestlon fior D- brane

[ a i

J(—-)r cI/0)
'AFI/‘—\JI‘jfz

0" il Jms. space Is asymptotlcally
ﬂat JFwe ignore effects of
- compactification. The plots are

fer two different values of U~¢.

* No anti-D3 needed: in presence
of the D3-brane, SUSY is broken
by the D-term &. Related to the
~D-term Inflation’ Binetruy, Dvali;
Halyo
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PiF D7=PIrNES and o compactlflcatlon
c,al spoll the flatness of the potential.
Hfine-tuning” seems to be needed, as
,‘ hls IS currently under investigation with
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aumann A. Dymarsky, L. McAllister, A.
gan and P. Steinhardt.
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Conclusmn_}__—...

IeLohout its hlster /, SEHNC theory has been

ey RYIEd Wit th et eoI o strong Interactior

IENAAS/CET correspondence makes this
cORECion precise. It makes a multitude of
/el ficall statements about strongly coupled
confonmal (non-confining) gauge theories.

.‘...,z-e-.- ts extensions to confining theories provide a

— = Eew geometrical view of such important

= phenomena as dimensional transmutation, chiral
Symmetry breaking, and quantum deformation of
moduli space. They allow for calculations of
glueball and meson spectra and of hadron
scattering in model theories.




 —
least for a

RIS rEcenimprogress offersinew tantalizin
IEPES AL an analytic approximation
meyAve achievedtaleng) this rou
Jrlrge RAUmMBEr of colors. ) =

1' HIENENSTMUCHIWOIKTIO e doNE Tir tnlS Nope IS
LON9 ego me a reality. Understanding the string
dIElSH of: Weakly coupled gauge theories remains
£1f1) 16 iportant open problem. Phenomenological
SAUS QCD approaches to it appear to give nice
aesults

_______..r_' -

-~ Embeddlng gauge/string dualities into string

~ compactifications offers new possibilities for
physics beyond the SM, and for modeling
Inflation and cosmic strings.
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