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FEGNURE [ FOUNDATIONS LECTURE |l: APPLICATIONS

« QCD in a nutshell « NN interaction
* Hydrogen atom in N dimensions * Baryon masses
e e HNE Imit of QCD * Axial current

« Mesons, baryons and its interactions
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rum & Quark Model

Hadron spec

Wave function
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Particles in Nature are color singlets
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QCD in a nutshell

Quantum Chromo Dynamics = gauge theory of the strong interactions

Fritzsch, Gell-Mann & Leutwyler

SUc(3) gauge group |
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Gluons are in the adjoint representation
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QCD in a nutshell

Asymptotic Freedom

David J. Gross, H. David Politzer & Frank Wilczek, 2004

o July 2009
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Non-perturbative methods

4+ Chiral Perturbation Theory

Too much to say about for a two-hours lecture

S-iijce OCD

Jo Dudek lectures next week !

e l-iioe N limit of QCD

'll try to give you an overview
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Mass [GeV]

Effective Field Theory of QCD in the chiral limit

Ny — ==

chiral limrt SUL(3) x SUR(3)

> (quaiP qry+ Arg D qry)

l=u,d,s

1

1
I, = 5(1 — Y5)q gr = 5(1 + 75)q

Doublets of opposite parity ?

Spontaneous symmetry breaking Nambu-Goldstone bosons

Eight light ps mesons

[Three (very) light ps mesonsj
<

Eight (three) massless pseudo scalar particles !
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Hydc_)_g_en atom in N—dimension_yv_ith N very large !
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G.t'Hooft, 1974

t'Hooft double-line notation | t'Hooft Iimit
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i i
4 A

Planarrty

Planar diagrams

Non-planar diagrams

Leading order Feynman diagrams In
the large Nc limrt are planar with a
minimum number of quark loops
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Mesons in the large Nc limit

Basic assumption: QCD in the large Nc limit is a confining theory and quarks,
anti-quarks and gluons must combine In order to give a colorless state.
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Baryons in the large Nc limit

antisymmetric color singlets

YYYYY

N, quarks s qZl ch2 qiN c

Yy oo0o

Hp =N, m+ N, t+V+N (m+t+wv)=N.h

- o i

current quark mass  quark kinetic energy + potential energy .
UL EEEEEEEE P - E.Witten, 1979
1
= I (— v
Ne
MB B O(NC) # of quark pairs two-quarks interaction

Interaction between quarks negligible ~ O(1/N)

Potential felt by any individual quark — ~ O(1)

WB(Z1, .- - 2 = NG
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s U Mesons are very narrow

| NC —
Meson-meson interaction

Mesons are free and non-interacting

Meson-baryon coupling constant

Meson-baryon scattering

mesons are scattered by baryons

Meson decay
VN

=
2
I
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Spin-Flavor symmetry
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cancellation between diagrams
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Baryon-baryon interaction

Spin-flavor structure of the NN potential

Kaplan, Savage & Manohar, 1996

Box and cross box diagram cancellations

Banerjee, Cohen & Gelman, 2002

V(T) = VC(T) S (01 : 0-2)(7_1 . TZ)WS(T) - (7'1 : TQ)WT(T)Slg ~ Nc

OBE potential at leading Nc ACC & E. Ruiz Arriola, 2010
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| /IN¢ - Chiral Perturbation Theory

Nucleon and Delta masses
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| /IN¢ - Chiral Perturbation Theory

Axial current ga
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Summary

* Large Nc limit is a fundamental feature of QCD

semliisinel restricted to low or high energies, sefiiE s o=
Gefisldefed a” non-perturbative method fo solve QCIBEEESIEHE
energlies

* There are a lot of situations where quantities in the large Nc
imit are not far from the real world Nc=3

* The combination of the large Nc limit & ChPT looks promising
to explain recent lattice QCD results for hadronic quantities
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