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Towards a Holographic Dual of Large-N QCD

N; D-brane probes = Open Strings

Gravity = Closed Strings

=
QCD = SU(N,) Yang-Mills + N; quarks

Mystery of strong interaction dynamics 1

Dynamical Probes

(especially in ‘t Hooft limit: N, ! 1, N; fixed )

— Phenomenology (mesons, baryons,...)

Plan

* AdS/CFT with Flavour

* QCD from D4/D6

* N.=1, N~=1: SxSB and meson spectrum
(goldstone boson)

* N.=1, N;>1: Holographic Vafa-Witten

* N, finite: n° physics

» Baryons and Skyrmions
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AdS/CFT with Flavour QCD
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On D4-branes: 4+1 SU(N,) SYM = Gluons + Adjoint Scalars and Fermions

Compactify 4-direction with antiperiodic boundary conditions for Adjoint Fermions Witten

* Renders theory four-dimensional at E ¢ My, = 1/ Ryg

« Breaks SUSY: Gives masses to Adjoint Fermions (tree level) and Adjoint Scalars (one-loop)

With D6-branes: N; flavours of 3+1 Fundamental Scalars + Dirac Fermions , + W,
« Fundamental Scalars aquire one-loop mass

» Fundamental Fermions remain massless because protected by chiral U(1),

So do we have QCD at E ¢ My, ?

Dr. David Mateos, Perimeter Institute (KITP QCD-Strings Program 11/04/04)



Towards a Holographic Dual of Large-N QCD

So do we have strictly QCD ?

No, but many features are captured,

E
My

Naco

and confining theory in its own right.

‘ Aacp & E ¢ My ! Weakly coupled gluons + quarks

e
Gym (M) N

But: /\QCD » M €

Decoupling msp ng N.¢ 1

String description has:  Curvature » l/ 5
Oym Ne

Supergravity approximation sy ng N, A1l

The Vacuum: D6-brane Embedding and SxSB

N

N=1 D®6:

D6-brane probe in D4-brane background:

. D4 01234

Asymptotically A !1): r

Unbroken SUSY: r = m,
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Field/Operator Correspondence: r (A) <= 0= 151#

Vacuum embedding: Choose a and adjust b for regularity ==p <1Z¢) (mq)
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The Vacuum: D6-brane Embedding and SxSB

Finite bump remains =) SXSB
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Towards a Holographic Dual

of Large-N QCD

(Pseudo) Scalar Meson Spectrum

A

SxSB ==> Pseudo-scalar Goldstone boson. k2 =10:

D6

Regular, normalizable fluctuations: d@» e'“** f (), M,2=-Kk?

=

89—plane
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(Pseudo) Scalar Meson Spectrum
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Scale set by M,

Scalars

Pseudo-scalars

mg ($y)
I?

(analytically!)

Degeneracy?
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(Pseudo) Scalar Meson Spectrum
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Holographic Vafa-Witten Theorem and N; >1 Spectrum

QCD with N; flavours of mass m, >0 === U(N;), is not spontaneously broken

In brane picture U(N;), is gauge symmetry:

N D6-branes

Unbroken NA DB| =& Dﬁﬁ’&%ﬁf}?jfuwkﬁ?: 0,

on D9-brane

Dr. David Mateos, Perimeter Institute (KITP QCD-Strings Program 11/04/04)



Towards a Holographic Dual of Large-N QCD

Finite N, and 77’ Physics

U(1), is anomalous: @Ljffl = )\]X[—i FF A= g%MNC

/ \

Physics of n* tied to ©-dependence

Massless quarks =) 9 can be shifted away by chiral rotation

m=)  Physics depends only on B + Ne@ = Ix sz )
Inlarge-N,:  Eym = %XYM 02 + O(NLC)

= V(®) =Ly (04 Nr6)° +0O(L)

4N N
Expanding: m727/ = #XYM = O(Vﬁ) Tadpole = xyp 0 Ny ¢

Veneziano-Witten

Shifting away 0 with D6-branes
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With N; D6-branes:
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D6-branes

fS; C1 = Ny¢¢
Under chiral rotation @! @+ a

= 9!0+N o
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Generation of n’mass

String corrections to n/propagator:

~ O(Ny/Ne)

Dé-branes

Dé-branes
l Gauge theory

s String analog of de Rujula-Georgi-Glashow:

Ll (a9 PPN N sl |
'\ Splits U(N;) singlet from non-singlets...

Provided n’-glueball coupling is non-zero at p=0! Shown in SUGRA limit
from D6 couplings

A guantitative test: the tadpole

Master substitution 8! 8 + N; pimplies

/V(¢) =xymON;op+ -

Open string calculation (D6-branes): Closed string calculation (no D6-branes):

0:[5101 mp 0~ FH x 6

= xIp=Fg=dC7#0 = $Evac = fSpacetime |F2‘2
=> Spe = [peC7 = dxy m?

2 N, 3
=> V(¢) =xymONs¢ Wit Xyy = %M?(K
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Baryons: Constituent quarks vs

Quark model Identical group-theoretic yaqonar
Baryons < —— predictions at N, !'1

Share SU(2N,) % SU(N,) £ SU(2),i,

Dashen&Manohar, Jenkins

Holographic explanation?

AdS
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Conclusions

How close string theory
can get to QCD remains to be seen...

But at the very least it provides a new, geometric way
of looking at old problems.
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