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e Off N DirichlEt8=hranes realizes

5 _' SymmeticSUM)gauges .
A4 dimensions. It also creates a
;7: ackground: oft 10-d theory of
uperstrlngs (artwork by E.Imeroni)

“which for small r approaches EEES

® [For an introduction, see the Physics
Today January 2009 article Solving
Strongly Coupled Field theories via
Curved Spacetimes’ 1k J Maldacena.



" Waldacena; Guhbser, IK, PolyakoV':'\/\/Tffg
elaie conformal gauge theeny Inf 4 dimensions
WEISUING LHEO 0N 5-d Anti~de SItter space times
5 compact Space. Eor the V=4 SYM theory.
SN compact space is a 5-d sphere.

E geometrlcal symmetry of the AdS; space
—= _.‘E Hlizes the conformal symmetry of the gauge
_theory

~— * The AdS, space s
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To rect] g- ‘e number off SUpPersyimmetries
MPACS/C , We ma Iace the Stack of N
D3-0rares ciipleiowoicis=ol Hicejle
cofle /S WElgse 9aserIs a 5-d Einstein space

\(a

.

"'I- rf*,\ :rfi’ =+ 7r- :1'5}

el Jm@ é mear-horizon limit of the
errfr"a created by the N D3-branes,
= Ve find the space AdS; x Y, with N units

— of RR 5-form fiux, whose radius is given JRRN

hy F = avam)
e This type 1B background Is conjectured to

pbe dual to the IR limit of the gauge theory

on N D3-branes at the tip of the cone X.

Kachru, Silverstein; Lawrence, Nekrasov, Vafa; ...
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T d -
sonifiold |s a CaTIabl Yau 3-fioldicone X

A .

‘*grt ANV HECE Al Z_.;...-___o 0)
Iex variables. Candelas, de la Osa

J 5 c 3581 Y is a coset T2 which has
=S\ metry SU(Z)AXSU(Z)B that rotates the
= .‘S— and also U(1); : m=rm

___l---— __—'
= W

g
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= _' -The Sasaki-Einstein metric on T+ is

* The topology of T1 Lis 82 X S3.
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SiThe W=1"SCrir on N D3-branes at the apex of
WIENGHRIfold has.gauge group SU(N)» —
selpled to bifundamental chiral superfields A,

AT (NN andBrBowin [N - kowittens o

SNIENRECharge of each field is %2. This insures
BEHEranemaly cancellation.

o T ji'que SU(2),xSU(2), invariant, exactly

_-T'rginal guartic superpotential is added:

e W = eeM tr A; B, A; B
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= This theory also has a baryonic U(1)
symmetry under which A, -> e@ A,; B,-> e B, ,

and a Z, symmetry which interchanges the A’s
with the B’s and implements charge conjugation.




_-_-_ -d geometry dual to the
| _theory on these branes Is

conifold, a simple Calabi-Yau
space defined by the following
constraint on 4 complex variables:
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*  rcothxr —1
—( sinh 2z — 2x)%/3
sinh” x

85 In the IR. The
dynamlcally generated confinement scale IS

® The pattern of IS the same
as in the SU(M) SYM theory: Z,,, -=> Z,



o) parlson oft warp factors in the AdS, warped
= Conifold, and warped deformed conifold cases.
= merwarnped conifold solution with 11, =0 has an

= lnacceptable naked singularity where h=0.

- & Jmis Is how string theory tells us that the chiral
symmetry breaking and dynamical scale
generation must take place through turning on
the deformation l1|,. The finiteness of the warp
factor at r=0 translates into confinement.
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sladilissquared of the S8 at t= Giggsg
estiing units. .. |
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WHER G:MEIS Iare ﬁe curvatures; are
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sTays strong In the L
asymptotically free,

I therSUGRASOIUTC

reh; Ie I soelving® this confining gauge

when gM is small, the curvature

(in the UV).

n the dual gauge theory the coupling

V. It Is not
out rather undergoes

a cascading’ logarit

nmic RG flow.



SNIENAEEPN O quark anti-
diElSpeLEntial 1S

foLlriel i ey

STigl tlons 0) f QCD The
uooe i0raph, from the
ELET di- Senior Thesis of V.
=EVicek shows the string
"'th‘eory result for the

“Walped deformed conifold.

® [he lower graph shows
lattice QCD results by G.
Bali et al with r; — 0.5 fm.

clLizl] tlvely similarstortha:
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fiNing string tension IS g ;7
S 12 (a)2g. M

tIU m

arer the nommalizanle medes localizes
I tlnrthersupergravity limit (at large g, M)
S scale Is

2/9

O

T, ~ g M (M gruebair)?
'm-'gl-:_:.eb,_-;__gg ~ MK ™ AT 8 9s ( glueball )
_'_-;r 8 _.1_!( ¥

—
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r._

e F;r- of the n-th radial excitation scales as
ﬁ-‘@a’ﬂ' 7'(gS M) (see, for example the recent plots from &

'—-:B'enna Dymarsky, IK, Solovyov). This is the behavior [
= found in Kaluza-Klein theory, but not in QCD.

- Gly-ebans with spin > 2 have much higher masses:
ms ="

® This separation of scales is a new phenomenon found
for theories with reliable gravity duals.
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IRtHEN R the galige thepRy cascades gown {0
.‘U(zl\'/l‘ WBESIAIEES Y (219 efeltle[eNe) feit] ¢ ,

ffec EJ\/“ [y has N:~=N_.
e o.- ;. @ and anti-baryen operators.  seiberg

A= eriNe g0 AN

iy’ AN, 1 Ne

iN,
B=¢, . AN, B‘l B,

Qpay T AN, AN,

: eﬂ/EVs and break the U(1) symmetry under
_: which A, ->edA ;B ->efaB, Confinement
Wwithout a mass gap:
creates a Goldstone boson and Its
massless scalar superpartner. Baryonic branch of

the modull space




IMENCOIgESponding backgrounds are. —
resolve

- The dilaton is non-constant for these
-more complicated backgrounds. Its
variation grows with the modulus U.
This creates a potential for a mobile
D3-brane: Dymarsky, IK, Seiberg




SPAFeIFtIS pProvides us with an
oiRcReieSsiol 4-d large N confining —
SU[IENS) mmetrlc galige theores. =
[NIEsSITOLIG0EAC gpediplaygroundifern.. .
JrllrI/Jr of s rongly coupled gauge theory:

H-. approximation tor A=1
0 Jer\ yimmetric gluodynamics.

> SO e results on glueball spectra are already
==Wailable, and further calculations are

= “gO|ng Krasnitz; Caceres, Hernandez; Dymarsky, Melnikov; Berg, Haack, Muck;

-

- ,Benn“a Dymarsky, 1K, Soloviev

®: Possible applications of these models to new
physics include RS warped extra dimension
models, KKLT moduli stabilization in flux
compactifications, as well as warped throat D-
brane cosmoloav (KKILMMT).



xolINnilationary Universe
precht, Steinhardt) IS a VEIY

SHURONTeUE]S with very flat
PEIEIEISTES ProvEN| to be difficult.
REGCENNSUING LIEOR constructions

S arpedideiormed 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
cooerdinate plays the role of an :
Inflaton. Calabi-Yau
Kachru, Kallosh, Linde, Maldacena, McAllister, Trivedi

image throat



U( |)o 2o |
poulos parameter g
r fls m_rr €5 the throat a
WelPEdrdeormed conifold.

r ne-r" D3-brane potential

SIdIS space IS asymptotically

— ;—Jf We Ignere effects of

'—'Cﬁmpactlflcatlon and D7-branes.

= Jihe plots are for two different
-values of U=C.

® 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




Effecis of DZ-ofzlglesieiglelo
SOIPECTITICALION generically
SpINhE; flatness of the

pog_g_f all- Non-perturbative
Siiiects introduce the KKLT-

,sype superpotentlal W = Wy + A(X)e ™
“where X denotes the D3-

prane position. In any warped
throat D-brane inflation

model, it IS Important to
calculate A(X).

warped throat

bulk CY
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Jallge theory on 1« Dr-branes wrappingla
RGeS, has coupling [EEREERE =

SRIIENIBNFPE turatlve suerotentlal

e IRUIE Iong throat apprOX|mat|on the warp
Z Lg_, o1 can be calculated and integrated over a
— "CyCIG eXpIICItIy Baumann, Dymarsky, IK, Maldacena, McAllister,

I\/Iurugan.

e |f the D7-brane embedding Is

then

FGa) "
"\ f(0)



* The F-"?é‘f‘m-potential i v=1 SUGRA is

the F-term potential is found to be

— Burgess Cline, Dasgupta, Firouzjahi; Baumann, Dymarsky, IK, McAllister, Steinhardt

1 -
+ (B kW, W o + c.c) + =k W W5
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enerHa Iy gives Hubble-scale

CoNEcions torthe inflaton petentiall, so
NEStUNINgG IS needéd
J]‘me =~ ulolifieinle ACCOIIPIN [y T —

115101110)
-p_otential g

= W where h, IS the large
?-'r‘f warp factor at the bottom of the throat.

~® \We have studied a simple and symmetric




- Trlg gffggive poﬁ'ﬂ‘tia| for the

IgheeiReEnRERcally. has a local
edifglim andl miniume. IEcan e
fiNEEned to have an Infecuon
OOlfIt,

Maotlon n- e nfiection pomt
seIIIIOUNICEIEnoLgh’ e-folds of iR

ig IJdEJJf' ‘Baumann, Bymarsky, 1K, McAllister,
Steinfe lrrlr =

i
B o T
—r =

=R ;éls of Inflection Point
'_"alﬁﬂatlon were also considered in
“string theory. by Itzhaki and

- Kovetz; Linde and Westphal,

and in MSSM inflation by
Allahverdi, Engvist, Garcia-Bellido
and Mazumaar;
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ustzl slovarolliogmmilells s
r - . — l — ( " ” = 66) 'f+l’ MB

2n(oc

Which Is around 0.933.

® The running of the spectral
Index 1s small for T

1000
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iy [SHolfe glem with fine-tuning of {__h
izl onditions 1S alleviated oy

LL)J(J_‘:J [f e DBl action. Underwood:

Ea330r1, Grege
IMENCLECIOr thajectory slows
WEYVHREAISTNE  Inflection point,
ZIERlIENErge number of e-folds
NiiE) ne produced in the slow-roll &
=== mfﬁ €.

"‘"‘*"El'hls IS not ~ DBI Inflation’ but
~ the DBI dynamics slows down
‘the rolling away from the
Inflection point and prevents the
field from running through It.
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EVENNVHENFBDY=RIENES 00O ENIEItE
iR there ane effects that modify the
]”f On pOtentiaI. Baumann, Dymarsky, Kachru, IK, McAllister

| ﬂ_ are the large r perturbations of the
= fhreat geometry, which in the gauge

— ip—

"__——-‘__ - -

27’}-_3_'theory correspond to adding irrelevant
eperators to the gauge theory.

AK = ¢ / &0 Mze XTXOn = AV =c M§FZ|Fx|?Oa

¢ raat —



= In the warped conifold throat, the lowest
dimension is 3/2 corresponding to




o o ) )
Voamal®) + M5H : ) — ( —
b3/bs @) N [ ( M pl, - Quv

® But we may modify the throat by imposing

discrete symmetry

| Which projects
out the lowest operator.



-“’*g*l'hls leads to a tunable quadratic term In
~ the inflaton potential

r f 0N 3 2 ! 2
Vpsps(@) + BH ¢

e With moderate tuning, the potential is flat
enough for inflation. Ffirouzjahi, Tye; Bean et al



*’geometrlcal view of such important phenomena as
-~ dimensional transmutation, chiral symmetry

- preaking, and guantum deformation of moduli

space. We have also discussed the baryonic branch

of this theory, described by the resolved warped

deformed conifolds.
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> Errigelele]] g gauge/strlng dualit 'ih..ﬂ-r
Sirlf -compacUﬁmﬂ':lQns offers new
0055]9)] ,: Jeemodelingyniiation;

szIctlation| ofi corrections to the mflaton
POLENUAINS Important for determining It
UHIEAVE arped throat D-brane inflation

fglel dels can be fine-tuned to produce slow-
:::, olll T\wo generic possibilities are Inflection
== fPomt Inflation, and potential with a

~ Coulomb and a tunable quadratic term.
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