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IGNECLeE: the number of SUpersymmetries
IVAGS/CRIL WE M3 Iace the stack of N
D3-0rengs 2" CHENUPrOIFENGPERRICEI=iE
SINEDONIIOSE DASE IS a 5-d Einstein space

\(4

__'.'_: '_'.,-_ rfs‘{ — dr? + 'rzdsf-

rame he Aear-hoerizon limit of the

errfr" round created by the N D3-branes,

== = e find the space AdS; x Y, with N units

— of RR S-form flux, whose radius Is given
by

e This type 1B 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.

Kachru, Silverstein; Lawrence, Nekrasov, Vafa; ...
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.', ’ ~ . _— ) | ] —-d
wha 636 c Z:o 0) )4

metry SU(2) AxSU(Z)B that rotates the
~ ‘S— and also U(1), : e

‘s The Sasaki- Elnsteln metrlc on T4 is
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€ [0,27],¢ € [0,47]

* The topology of Tl lis S2 x S3.



s he W=1"SCrir on N D3-branes at the apex of
"Lhe senifold has,gauge group SU) ——
soppled to bifundamental chiral superfields A,

r\,, i (N, N)E e PRI (N, ) ERTETTEE,

e r{ charge of each field Is 2. This insures
U I)Q nemaly cancellation.

- r n# nlque SU(2)xSU(2)g Invariant, exactly

glnal guartic superpotentlal IS added:

W = ekl ¢y -13,1‘-13;

® 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.



Es D5braneswrapped
82 at the tip ofi the

d geometry dual to the
S=Oalge theory on these branes is

,_,'.-i-fefwarped deformed conifold @k,
=== Strassler)

1/2 L ) ( — [.._-‘.'11..':'{: ..]H + [.__-1';':'.'.'1..' }“) + hY/ zlﬂu{?w;

conifold, a simple Calabi-Yau
space defined by the following
constraint on 4 complex variables:
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L cothxr — 1

p (sinh 22 — 22)1/3
sinh” =

| In the IR. The
dynamlcally generated confinement scale IS

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



0] iparison of warp factors in the AdS, warped

CoRINeld, and warped deformed conifold cases.

;---_'_e warped conifold solution with M, =0 has an
= (Upacceptable 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 1|,. The finiteness of the warp

factor at r=0 translates into confinement.



e gauge duall of this hackgrounaNs
SU I\/I)xSU((k DV SYM| theory coupled
w-r inpamentel el supeifields AL Ay,
57, B, . A , takes place: k

rer-: sgitedly chianges by 1 as a result of the
berg duality Ik, strassler
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— — (dlagram of RG flows from a review by M. Strassler)
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Jlieraditis=Sauared of the S? at t=04is .

Estiing units. ..
WHENND, M IS Iarg—ﬁe CUVatures are
erlH ,\, yWhRere ana terSUGRATSOIUNE
sieliablerin —solving” this confining gauge
'£heur.5

when gM is small, the curvature

— Qets small at large t (in the UV).

“* [n the dual gauge theory the coupling
- stays strong in the UV. It is not
asymptotically free, but rather undergoes
a cascading’ logarithmic RG flow.
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: ;_ek shows the strlng

—""_H'E— -

""theory result for the

~ Warped deformed conifold.

® [he lower graph shows
lattice QCD results by G.
Bali' et al with ry, — 0.5 fm.
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IHENGORINING String tension IS Ly

The gluggells aifeinlepledletliZz1ole prleleles lo gzl |4l
pEZIgsIallf. Inrtne supengravity limit (at large g, M)
MIENMTIESS SCale 1S
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T s ™ Gs M {._,'?n-'gl'r_t.e:br::.-ﬂ_..}

Mglueball ™~ MK K ™~ —
? g. Mo

e F;r- 6f the n-th radial excitation scales as
ﬂgneﬂ 7’(9S M) (see, for example the recent plots from
”"—=B'enna Dymarsky, IK, Soloviev). This is the behavior

= foundin Kaluza-Klein theory, but not in QCD.
. Glgeballs withi spin > 2 have much higher masses:
m= ="
® This separation of scales is a new phenomenon found
for theories with reliable gravity duals.




RudENIRNAE gauge, theony, cascaﬂesﬁmn fo—
) &_" VDX SU(M). Thi“-SU(ZI\/I) gauge greup

A = e tNe A% AN

iy AN.IN,

IN,
B= ¢, iy, B‘l ..B.

vy aq N, AN,

== symmetry under which A, -> e A ; B, -> e B,
- Hence, we observe confinement without a mass
gap: due to

there exist a Goldstone boson and its massless
scalar superpartner. There exists a baryonic
pbranch ofi the moduli space
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IMENCEIHESPONdINg backgrounds are
resolvec _ Is

,_é are plots of the strlng tension
'—-'-’-( string at the bottom
_Of the throat Is an
chromo-electric flux
tube) and of the dilaton profiles as a

function of the modulus U. pymarsky, IK,
Seiberg



SAIROIFNISTPIeVIdES US Wibhran, -
SIRCRCIESS 01 4-d large N . confini
SIUPENSymmeEtric gatige theories.

Triis saigtlfelge zle/goel gzlVe

JzurI/m.e S rongly coupled gauge theory

seENesultsion glueball spectra are already
rrvrulrrf 2 and further calculations are

OHJ@ ﬂg Krasnitz; Caceres, Hernandez; Dymarsky, Melnikov; Berg, Haack, Muck;

=Eenng E ymarsky, 1K, Soloviev

-l#-_—f .

POSSIb|e applications of these models to new
physu:s Include RS warped extra dimension
models, KKLT moduli stabilization in flux
compactifications, as well as warped throat D-
brane cosmology (KKLMMT).
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rmrlmJ MedEls with very flat
oom rmr__“’ cSipreveni to e difficult.

D-branes. Dvali, Tye, .

ed deformed conifold is
-,.-Je'm edded 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

1mage throat
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J(—)o 2L Qn.' )
f:. /er— qj_ poulos parameter &

rme_.r" DS-lrane potentlal
JIRIS SPACE! IS asymptotically
f _-"':If We lgnere effects of

= Compactification and D7-branes.
= The plots are for 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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Effecis gf Do feiglesieiglele
corfgelel 1f|cat|on genencally
5001) e Sflatness of the
0otef) _al. Non-perturbative
Sitects introduce the KKLT-

prane position. In any warped
throat D-brane inflation

model, It Is important to
calculate A(X).

, e’SUperpotentlaI W = W, + A(X)e™
“where X denotes the D3-

warped throat




'augeﬁeory on n D7-branes Wra_[;.)ping*a
2SCYCIER 1S coupling EEEEEE s .
SRIENIRNEPEiLbative SUerotennal

clegariels ogige D3-brane Iocatlon through the
vvrrroee volume

lm ife long throat apprOX|mat|on the warp
er can be calculated and mtegrated over a

N OXD
1 ' \ D7

I_‘_.___ l-,_

I\/Iurugan.

 |f the D7-brane embedding IS




SHhe EEtermrpotential int V=1 SUGRA.,is

]}: — F 2K [Dvu ;“\EQDQH — 3k “U W ] h = 7'lfP2 = 877

the F-term potential is found to be

— Burgess Cline, Dasgupta, Firouzjahi; Baumann, Dymarsky, IK, McAllister, Steinhardt
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; E 1 =
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enerLIa Iy gives Hubble-scale

soNections torthe inflaton petential, so
NEStUNING IS needéd
Jrf]\—‘ “yolifiigre ZCCOMPISIEG Y TIE D= -

o . "D 1
Vo = D(r\U ™=, Diry=D (l - —
D 7) ) \ w2 (T3r2)2

-p_otential

= re the KKLMMT model with anti-D3
= Diane, BEEM where h, is the large

_.-—__.—-1.—-'—

= warpifactor at the bottom of the throat.
& \We have studied a simple and symmetric




SIEEfiEective poﬁ'ﬁ‘tial for the

iigieRdEnENically has a local
eIl andi minium. [t cemn e
INE=tUNEd: to have an Infection
QUIfIL,

Matlgg) m- e niiection pomt
sIIpIoUlICE enoLgh e-folds of  [Fae

I£) J']dEJOf Baumann, Dymarsky, IK, McAllister,
Stelrif lrrlr =

o,
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= _els ofi Inflection Point
-=f' —lﬁﬂatlon were also considered In
~ string theory by ltzhaki and

- Kovetz; Linde and Westphal,

and in MSSM inflation by
Allahverdi, Engvist, Garcia-Bellido
and Mazumaar;







Uzl slow=rollfaritilee s
r ns— 1= (2n — Ge) b

21)(Qc

.which IS around 0.933.

® The running of the spectral
iIndex Is small for K *

1000
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IENSehIEN With fine-tuningl o -
I el pnditions 1sfalleyviated! hy -
LIsifle F' e DBI action. e. Underwood
J‘ngd_r__r_ O tralectory siow
JEIWIINEAIT the Inflection point,
ZReRthENaroe number of e-folds |
rIELy. e produced in the slow-roll &
NEgime:
fﬁi gaistisTaet DBl Inflation’ but
= the DBI dynamics slows down
- the rolling away from the
Inflection; point and prevents the
field from running through It.

e *'—




geometrlcal view of such important phenomena as
-~ dimensional transmutation, chiral symmetry
- preaking, and quantum deformation of moduli
space. WWe have also discussed the baryonic branch
of this theory, described by the resolved warped
deformed conifolds.



- Fmo,cc- 0| gauge/stringl dualit A0
St —compactlﬂwﬂgns offers new
BESSINIIEsHoInodelinanilatiopy I
pafiidulEigaPICs IrNES On resolved warped
rléurr ed conifolds may be related to D-
iEImNafiation.

| C:: ulatlon of non-perturbative corrections

*-g-——#* O the inflaton potential is important for

-~ determining if the warped throat D-brane

~— inlfation models can be fine-tuned to
produce slow-roll. In some cases, explicit
tuning leads to Inflection Point Inflation.




