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Erem D-branes to AdS{hg_ET--

which for small r approaches




Conebrane Duallt‘l_.ets__.....

e
SNIGNEUUCE the number of SUPErSymmetries
PAES/CEIL We ma place the Stack of N
D3-greiflgseliiglonilonoieineiiol Moejilel
corie ¢ rose Wase IS a 5-d Einstein space
Y:

-:' - db\ f— d]’ —|—.f l‘_l’b}

Teudrief he fear-horizon limit of the
orw_, ground! created by the N D3-branes,
SWesfind the space AdS: x Y, with N units
= 0f RR 5-form flux, Whose radlus IS given
-by
e This type I1B background Is conjectured to

pe dual to the IR limit of the gauge theory
on N D3-branes at the tip of the cone X.

Kachru, Silverstein; ...




DB-branes on the Conifold
—

fla omfold IS a Carlabl Yau 3-foldi cone X
e GO aSifelal Z_.:...-___o 0)]

a=1

N

> Jis ase Y Is a coset T+ which has
~ syn metry SU(2) AxSU(2)B that rotates the
~ —7's, and also U(1)R . — -

.-u—_;-"?-_.,r_-

—

® The topology of T1 Lis 82 X S3.



SNIGSeIVE" the conifiold constraint
det Z = 0 we introd-uce another set of
SONVERIENTLCOE)G Ps rek

2= (5l Z) = () = (o o)

- me"z 1N of global symmetrles IS

o fl
x SU(2) symmetry - L . — R
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R-symmetry :

which Is partly fixed by imposing

|lf?!.-1|2 + |{I-Q|2 — |‘l')1‘.£ — ‘h-{|_’. =0
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- J't rerrlells to guotientithe.s

e
(initl the gauge

a~ e“a,b~e
SAilNaYestieNmeaning ofithes

,'* ez, b,, b, are replaced by chiral
superflelds For a single D3-brane It is
necessary to introduce gauge group

U(1) x U(1).



SCET on N D3-branes at the apex of*™
SoNifold has,gauge group SUN)SEN) S
BupIEd| to blfundaﬁ'%'ﬁtal chiiral superfields A,

), JfJ (N, N) = etnfe SRS muiﬁmmn___.-

SRIENRECHArge ofi each fields Is 2. This Insures
JlEHEranomaly cancellation.

= T 'ne"?" SU(2)xSU(2)g Invariant, exactly
rglnal guartic superpotentlal IS added:

W = ekl ¢ A; By, -1 B,jr

e This theory also has a baryonic U(1)
symmetry under which A, -> e2 A,; B,->e? B, ,

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



REs0lution and.Deformation s

SETelare toaell-knowniCalabi-Yaulblow-upsic
trie coglifelfe Singularity.

> Tre de_ grmation” replaces the constraint on the z-
coorcllpreiicisie)
3 2,2+7,2+7,2472,2= 2
S 5 Teplaces the singularity by a finite 3-sphere.

e_ln the ~small resolution’ the singularity is replaced
Py a finite 2-sphere. This Is Implemented by
modifying the constraint on the a and b variables

b1]% + [ba]* — |aq]? — |as]* = u?



sli@gests, that In the ga_uggjaeﬁﬁ]ﬂaer

lution is achiéved by giving VEVS to

relssuperdfield

SWE=Gieexample, we may give a VEV to only
GIENOT: the four superfields:

BIie dual of such a gauge theory Is a

——

& yesolved conifold, which is warped by a

=—o —

== '?s‘gtack of N D3-branes placed at the north
— pole of the blown up 2-sphere.

Ly)dztdx,, + \/m ”h,i




~» The em €Y metricronrthe resolved
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/14 (3/2)I(1+ 1)



I

/
stack of D3-branes

s A previously known smeared’ solution
corresponds to taking just the 1=0
harmonic. ThIS solution Is smgular Pando Zayas,

Tseytlin

an explicit “localized’ solutieni s



* No mesonic operators, e.g. Tr (A; B;), have
VVEV’s. This Is a baryonic branch’ of the
gauge theory.



—= Strassler) §

_ BE W] D5 branes Wrapped
i :82 at the tip of the

'—Cc .

—\/ ALY

e Warped deformed conlfold (IK

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




COITESPORCUENCE
J 5 ch a\Way that the guark-
Zigil uark potentialiis linear
Zinl ey erdistance.

J_ / -*‘cartoon” of the necessary
NELFIC; IS

® [he space ends at a
maximum value of z where
the warp factor Is finite.
Then the confining string
tension IS  [EElE—.

Qmad’




IHE Warp factor is finite'at the ~endjof
SPACE” t=0, as required for thes
sontinement: h(t)= 2~ v I(t)

I

[ &

. rcothar — 1 10/37 s N9 _8/3

I(t) = / da - ——(sinh 2z — 22)1/3 | v =2193(g,Ma')2e—8/3
Ji sinh® x

- r arstandard warp factor a2 , which
leasures the string tension, is identified

== W|th h(t) 22 and is minimized at t=0. It
plews uUp at large t (near the boundary).

® The dilaton Is exactly constant due to the
self-duality of the 3-form background




ieNadits=sguared of‘the‘-at!t—gg.g
IESUANG UNIts =

WHERNCENVINSYANOE, iRELCUv/atuNES &
SINENIFEVE yw ere, and the SUGRA solutlon
BElianle inselving’ this confining gauge
WIEGH:

e I
T

SSREEVEn When g.M is small, the curvature

= gets small at large t (in the UV). The

= SUGRA description of the duality cascade
IS robust.
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A alousfy__ light gluehalls s

1 . 1 4/3
Trig coninliglefSIiaeRERSIARISN “« = 5,5 172 (a/)2g, M
= Mg 0t LT

[eallstare the normalizable modes localized near at small t. In the
rrnvl o/ lng |t (@t large g, M) their mass scales are

T g ™ 4 w:ur { ﬂz‘gl‘!.{-f:br.‘:.-ﬂ_:]b

Mglueball ™~ TMRKK ™ "
’ gsMa'

Cur]ou;l\' M2 of the n-thi radial excitation scales as n? T./(g, M)

-,-l" —

e

g
I e
—

E=OIN _;>> g; M we instead expect from semi-classical string quantization

T e

i

Iniorder to eliminate the anomalously light bound states, we need a small g, M,
which requires a departure from the SUGRA limit.

Even for small g, M, SUGRA becomes reliable in the UV (at large t).



L e :
g running off couplingss

SNEN arge radius; asymptotic solution; is
Eliccienized Dy ogalithimic deViations
'J:rOr’ AdSS x TLA IK, Tseytlin

o T 'f- Aear-AdS radial coordinate is

~ 3g.Mda’ oo T (7 Jra
_ wo In(r /o)

)1 A\ ddy — sinbadfs A dos)




> ok ransla%e"‘s nto log

WRIeEreITthe gauge
soNpIings through
o Tria Welfo) feieie)feleay/ el
OIRENN=0r selution
Jogar_‘}f mically.

—-—

qux dual to the BEREE
AUMBber of colors, also

changes logarithmically V)= 8+ 0 e
with the RG scale. . "




SO mparison of warp factors in the AdS,

ﬂ—‘—= WWarped conifold, and warped deformed

conifold cases. The warped conifold (KT)
selution, which has a naked singularity,
should be interpreted as asymptotic (UV)
appreximation to the correct solution.
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V IXSU((k=a)M) SYM theeryAcoupled
fundamental chlral Superfields A, A,
A SHEIMERGNR, called™a

, takes place: k repeatedly

-

SUGM) x SU—1]M) 7,
—

g<<g

% & SUEM) x SU(fk—1]M)
oo o =lel

SU(E—2]M) x SU(E-1M) 8 \"_

: ® ST '1 2IM) x SU(—-1]M) - << 1
= o~

B
SUE=2]M) x SUY[k—3]M) % ’;

g==g



IRRSENE mor.of the Com,fgjd.@@'b‘adev

,,,,, /rJ aicalsdEiomationleRtieconifoldh
EHEENS the selution smoeeth, and explains the IR
c)) /nmmic- i the gauge theory.
- Dimens In the IR. The
| _r_l,_/i : |caIIy generated confinement scale IS

i . -
.-—'|" '_".___. -
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- The pattern of IS the same
as in the SU(M) SYM theory: Z,,, -> Z,

® Yet, the IR gauge theory Is somewhat more
complicated.



A= gi1--INe _1 ar  A®Ne

oyt aNn, 1 Ne

"i'-l“\,"ﬂ
E}_ (_;1 E\ Bil B C

pay] "t N, AN,

Fsymmetry under which A, -> e2 A,; B, -> e'2 B,.
IHence, 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




e .

EIKS splution IS part ofi a moedull Space i
imng SUGRA hackgrounds, ™ /=) \V

- Gubser, Herzog, IK; Buttl, Grana, Minasian,

""]'“1(1 — H™ 1/2 “dr,dr,, + ¢ rf 2
9
d u“] = ["'f'-“i‘:j + a’e™9 "'J [f‘l2 + r%] + Y Z ('r'? — 2ae;€, ) + 1 v [F‘% -+ r‘h‘Qﬁ]
i=1

=-i=-_
= radlal varlable t.

~ s Additional radial functions 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.



S BEIVIPZ USed the method of SU(3)
Sueulres torderive the.completesset ofi
sotpled first-order eguations.

AN ES I O thelMtegration'is that the
Walrliactor and the dilaten are related:

H(t)=H (t—-_?"i (0 — 1) Dymarsky, IK, Seiberg
m_:_w e lAtegration constant determines the
— modulus U: p@e Where

s At large ¢ the solution ap :)roaches the KT
~cascade asymptotlcs '




ameter U Is propertional

u_ﬂ('aﬂ

Tris fel nfiﬁmimdwamedmlefmmed
seiNeIBsHS dlalite the  baryonic branch’
I ine efell
cle'form'-

The reseluib

- .'_-bn But we always have the
== Cdscade’ asymptotics at large t.

s 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 as a function of the modulus U=In
|C| Dymarsky, IK, Seiberg
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SIRENER IECENT PAPEF, Bgnna, Dymar c_l_ii,
soniinmed the presence of the 1c

sENEUENSAates on therstiing theeny/ side: ofi the
A AIESENIEPEIMEURCHORS are calculatec
ISIRERME: EUclidean: D5-brane wrapped over the
sadefomed conifold directions, with: certain
werd velume gauge fields turned on (they are
= determined by the supersymmetry conditions).
j_ 1e behavior of the D5-brane action as a
- function of the large radius cut-off is in complete
~ agreement with the expectations in the
cascading gauge theory.




e VAlIRGIFtRISTpreVIdes uswithr an G

) [M)ile)gpof @ class ofi 4-d large g
SUPERSYyMMmEtrc gelge: thECHES
IR liouldbe i podiplayBTodNO s
IESHING Vareus Ideasranout strongly

olf digauge theory.

Omeresults on glueball spectra are

Jrf idy available, and further calculations
,-j alie: OngO|ng Krasnitz; Caceres, Hernandez; Dymarsky, Melnikov; Berg,
*"H"éck Muck

: _- H|gh energy scattering of bound states Iin
confining gauge/gravity models has also
been studied successfully, e.g. the recent
work on BEKL pomeron.

Brower, Polchinski, Strassler, Tan




: onclusmn__‘).. =

PIEGING D3-branes at T’re ‘tiprof a €Y cong; such as
| ONlieleNeanseyACS/CRILCUalIiESWIth AV=1
VINMENY breakingfin the gauge theory

25 \Warped resolved conifolds.

I J Wrapped D5-branes at the apex produces a
sesea0ING contining gauge theory whose dual is the
Wru-:e d defermed conifolds.

e ﬂa'rs example of gauge/string duality gives a new
geometrlcal view of such important phenomena as

: ~dimensional transmutation, chiral symmetry
preaking, and guantum deformation of moduli
space. We have also discussed motion along the
paryonic branch of this theory, described by the
resolved warped deformed conifolds.




