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fh1ch describes a dynamic space-time
~ fluctuating around a special curved

— background

ds? = e (=dx 3 + dx? + - - -+ dx2.) + dy?

¢ For an introduction, see the January 2009
Physics Today article. i, 3. maladacena
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SNIfiENgravitational energy of a massiVe™
PELICIE 1S propombnal to B8 "lé rises
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® Obviously, a low energy quantum particle
behaves is if it were moving in the d
dimensions near y=0.
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Lo It 'ar obvious that even motie
diBNYTthE extrardimension yamayre
Eproduced by ad-dimensional QFT.

SANiCllal Dackground with' enhanced
ymn etry IS A(Y)=y. This is the Anti-de
Jlr a[space of constant negative

,, ’ ature

- he symmetry under e

corresponds to the scale invariance of the

dual QFT. The full symmetry group of

AdS,.; space is SO(2,d) corresponding to

the conformal invariance in d dimensions.
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EoIsaNdUantum state ofilength scaleia
ENERIFthe energy ~ 1/a.
By gérfé ming scale transformations

SHENCENIobtain states of all possible
JJ/"IS. =

e dual’gravity theory the extra

— '—.'_- _—

= coordinate y labels the size of the
“state. The size is ~ eV.

® Objects fall to smaller y due to the
gravitational potential. In the CFT
this corresponds to the state
expanding to lower its energy.
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AdS; x S°

— which for small r approaches
whose radius is related to the coupling by
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Maldacena; Gubser, IK; Polyakov:Witten

J Relies N dimensions,.
'i‘J s'rr]nr' theory 0)f) 5 d' Anti-de Sitter space times
Ompact space. For the A=4 SYM theory

OIMIPaCh Space is a 5-d sphere.

za 1ies the conformal symmetry of the gauge
= th‘eory.

o The Ade+1 space IS a hyperboI0|d
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SMhEn a gauge theory is strongly c;)%eg&he :
EUIUSIeT curvattreefithe dual AdSsand of: the"
S-c| mpact space becomes large: LR SN
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r‘ﬁund can be studied in the effective
er) gravity approximation, which allows for
— % ost of explicit calculations. Corrections to it
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.—ﬁ—‘pfoceed iIn powers of
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® Feynman graphs instead develop a weak
coupling expansion in powers of A. At weak
coupling the dual string theory becomes difficult.




f The dlmenS|on of a short operator IS
related to mass of the corresponding field
In AdS space:

® For example, EEESNZZn
massless dilaton.

| is dual to the
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» SUGRA Nils ds of m~1/L are often dualito
OPEALON protected by su persvmﬁtry.
eI dimensions are independent of A. -
SHIE .protected operators, e.g.

I‘E
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(jK onishi = UT (

JI“ uaI o massive strmg states which
= are much heavier:
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= AdS/CFT predicts that at strong coupling
~ their dimensions grow as AY/4.

® This growth of most operator dimensions
at strong coupling is a striking prediction
of AdS/CFT.
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.- uments proyvide a solid motivation for
A S BIFCONFESPONEENCE;, DULTILS Prool Nas
floe ya been found.
) TE gl ecome a time-honored tradition to

une V. assume that the correspondence holds.

jisiconsistently yields plausible predictions.
-_a"‘fl‘o test the duality one needs to solve for some
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~ non-BPS gauge theory quantity as a function of

A and compare the strong coupling expansion
with string theory in AdS. There is a growing set

of successful tests. Erickson, Semenoff, Zarembo; Pestun;
Beisert, Eden, Staudacher; ...
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To recltjes the nUmber off'Stipersymmetries
IPACS/ECEI, We ma place the stack of \

’-I

DR EESTA L tHEN PO a 6=E  RICEISTic
corle £ Ws 105€ Dase Is a 5-d Einstein space
I

-
. ds% = dr® + r*ds5.

SENG the near-horizon limit of the

ackground created by the N D3-branes,

- - we Slﬁd the space AdS: x Y, with N units

= of' RR 5-form flux, whose radius is given
o)/

e This type IIB background is conjectured to

be dual to the IR limit of the gauge theory

on N D3-branes at the tip of the cone X.
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J Th' onifold is a Ca1ab| Yau 3- foId cone X
JAJ(“ E 1clp) the onstrar Z:.--'—n 0)]
SOIplex variables.

Tes ase Y'is a coset T! which has
mmetry SO(4)~SU(2)AXSU(2)B that
g;&q’otates the z's, and also U(1); : o=eam

0 The Sasaki- Elnsteln metrlc on T1 s

€ [0,27],¢ € [0,47]

® The topology of Tilis S2 x S3.
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e To ‘so“ivgithe conifold*constraint

(EeZ="0'we introduceranotherssét of
sonvenient coordlnates

Z:( iz :1—;‘5 _ Cwy wy :( ajby aiby
2l 4iz? =B it Cwy wy obi  ashy

27T 'n:s ctlon of gIobaI symmetrles is

a (_ , F l b
g SU(2) x SU(2) symmetry ( . L _ ( ) R
E ;:; o ) 2 a2 ) \ b ) by
=" (L, 7 E:-il ': :'f"zﬁ'.« ’ 3

e -{"‘ R-symmetry
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=% ﬁere IS @ redundancy under

—

It may be fixed by identifying
and imposing ja1]? + aa]? — [br]? — [ba]? = O




Sl theTfielditheory thisvisiimplemented by*
2 UC ‘gauge symmetry and.li:sa'ﬁgF"
CEREILION. . ,
IRHE TR'GaUge theory of D3 branes a
tr)e ex of the conifold, the coordinates
2l a5, bl, b5 are replaced by chiral
ESuperfields. For a single D3-brane it is
"'-- ecessary to introduce gauge group
U(1) X U(1). The A’s have charges (1,-1);
the B’s (-1,1). The sum’ U(1) is free.

¢ [he moduli space of this gauge theory is
the conifold.
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siihe W=1"SEHiFon N D3-branes at the apex:of*™
Eenifold has:gauge group SUN)XSUN) s
goupled! to bifundamentallchiral superfields A,,
AT )i d B Bomin e NNt wittens
SNIEIR Charge of each field is 1. This insures

(@R anomaly cancellation.

SRHE Unigue SU(2),xSU(2), invariant, exactly

B arginal quartic superpotential is added:
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~e This theory also has a baryonic’ U(1)
symmetry under which A, -> €@ A.; B, -> e B, .
It starts out as a U(1) gauge symmetry on D3-

branes, but its gauge coupling flows to zero in
the IR.



conifold, a simple Calabi-Yau
space defined by the following
constraint on 4 complex variables:




SShhears factor Is finite at the  tip of t éh@igarz
aspequired for theicelor confineEment:

hps(0) e

2 rr .strlng tension, is proportlonal to h(0) -2

-~ Dirr in the IR. The
— dynamlcally generated confinement scale IS

o The pattern of is the same
as in the SU(M) SYM theory: Z,y -> Z;



o Al df'tm‘vides us withran , I
Difaclass;of: 4-d large N confininges ™ s
SUPERSYMMELtric galige theories. ™

2 Trils srlet]fe PDELC wf) QLOL,_In,d.'I:.OI;___ ........ —
SulEling strongly cotpled gauge theory:

= hyper approximation to av=1
SUPENSYmmetric gluodynamics.

SESOEme results on glueball spectra are

':.::-:3‘3 ﬂ_a ble Krasnitz; Caceres, Hernandez; Dymarsky, Melnikov; Berg, Haack, Muck;

——— = -
= Benna, Dymarsky, IK, Soloviev; ...

- ®.Possible applications of these models to new
physics include Randall-Sundrum warped
extra dimension models, KKLT moduli
stabilization in flux compactifications, as well
as warped throat D-brane cosmology
(KKLMMT).
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SNNindamental string at the bottom of the warped
seiormed conlioldisidualite:a . confining strng. A
DESHIIENS AU A CERAINTSOIILONIC StFRNG dle to
Spentaneously broken baryonic U(1) symmetry in
WHENNEAL. Tihere is also a rich spectrum of (p,q)
SUIIGS.
eRUponrembedding of the warped throat into a flux
= compactification, these objects can be used to
== baél COSMIC Strings. Copeland, Myers, Polchinski; ...
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"5","__-'Détectable Via gravity wave bursts? pamour, Vilenkin
~ ® This throat is not the " standard model throat” but
another, inflationary throat,” dual to a hidden

%ecigor gauge theory with confining scale ~10%4
eV.

Es




,)rJve" be difficult. Recent strlng theory
wn rrJr ORSISENMBVIRGNDERERES Dyali e -

SKKE/KKEMMT model, the warped deformed

f“Jr]JL)_G Jssembedded into a strlng compactification. An

,Jnr1~ =hrane Is added at the bottom to break SUSY
dfgenerate a potential. A D3-brane rolls in the

rr'e. IS radial coordinate plays the role of an

Ja on Kachru, Kallosh, Linde, Maldacena, McAllister, Trivedi

warped throat
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- ® Gluing the throat into a Calabi-Yau manifold
modifes the inflaton potential. Large r
perturbations of the throat geometry
correspond to adding operators to the gauge
theory action. Baumann, Dymarsky, Kachru, IK, McAllister
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e In the warped conifold throat, the lowest
dimension is 3/2. Balancing the two terms
can lead to an inflection point.
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SHIREUr recent work we showed thats

Ifadinary. anti=selfigdual 3-form field
St PErtuAICNS, FNEESAY
iayACrEate Important corrections to' D3-
Bianeipotential at quadratic order through
thie eglations

B

~® For example, (2,1) forms A correspond to
superpotential perturbations in the
conifold gauge theory which, as expected,
create potential at quadratic order.

dA =0
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I effect'im%'ntial for the

IigenNeanbe fine-tuned to
HeVelenNnilection point.
STIEIANTECUON! POINTS may e
AEHIEVEGNIIMOdElS with explicit

PyABranesiin the throat.
Balmenn Dymarsky, IK, McAllister,
SLEIlErdEKrause; Pajer
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%‘%&I’ds’ of Inflection Point
— Inflation were also recently
~considered in string theory by
Itzhaki and Kovetz; Linde and
Westphal; and in MSSM inflation
by Allahverdi, Engvist, Garcia-
Bellido and Mazumdar; ...







~% For Iarge Neot, B Nex
~ Which' is around 0.933.

o The running of the spectral
iIndex is small for eSS
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SRINIOUGhoUt Its nistery, string theery has been

LERWWIned with the theory of streng;

Iritereietioniss —

SHINEVAGS/CET correspondence makes this

sOINECLION precise. It makes many dynamical

Sueiteiments about strongly coupled conformal

S Galge theories.

wrExtensions of AAS/CFT provide a new

~ geometrical understanding of confinement,
chiral-'symmetry breaking and other strong
coupling phenomena.

® Possible applications of the new methods
include BSM physics and cosmological
inflation.




