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The Standard Model of Particle Physics
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* simple = An anomaly-free renormalizable relativistic quantum gauge field theory,
  invariant under the gauge group   
  which spontaneously breaks via a scalar field to 

SU(3)C ⊗ SU(2)L ⊗ U(1)Y
SU(3)C ⊗ U(1)Q
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Strong Nuclear

Quantum ChromoDynamics (QCD)

Nature can be described by a remarkably simple* theory



Nuclear Forces
Most of our mass comes from nuclear forces!
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New discoveries in Nuclear Physics
Zoo of exotic quark configurations discovered
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Figure 1: Hadrons discovered at the LHC, plotted as mass versus preprint submission date [1].
Only states observed with significance exceeding 5� are included. Hollow markers indicate
superseded states.

quantum numbers. These symbols are supplemented by a subscript J to indicate the spin,
except for pseudoscalar and vector mesons. The mass, in units of MeV/c2, is added in
parentheses after the symbol for mesons that decay strongly, though in practice the mass
is often omitted for familiar states. The electric charge is also specified as a superscript,
as appropriate, i.e. it can be omitted for isospin singlet (I = 0) states where only one
charge is possible.

Following the discovery of charmonium-like and bottomonium-like states with I = 1,
this scheme has been expanded to introduce the symbols Zc and Zb for such states with
PC = +� (see note (1) in Table 1). The symbols ⇧c,b, Rc,b and Wc,b have likewise been
reserved for such states with PC = �+, �� and ++ respectively, although few such
states are currently known. The symbol X is reserved for states with unknown quantum
numbers.

The naming convention for qq̄0 mesons with non-zero strangeness, charm or beauty
quantum numbers is given in Table 2. As for mesons with zero net strangeness or heavy
flavour quantum numbers, the symbols are supplemented by a subscript J to indicate the
spin, though this is usually omitted for the lightest pseudoscalar and vector mesons of
given flavour quantum numbers. The mass, in units of MeV/c2, is added in parentheses
for mesons that decay strongly, and a superscript ⇤ is added for states with natural
spin-parity, i.e. JP in the series 0+, 1�, 2+. For these states, the electric charge is always
specified as a superscript. The charge-conjugate neutral mesons are distinguished by an
overline, following the convention s ! K, c ! D, b ! B. As a result, and with the
convention that the flavour quantum number and the charge of a quark have the same
sign, the K0, D0 and B0 mesons have positive strangeness, charm and beauty quantum
numbers, respectively.
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Many types of nuclear particles
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Baryons (fermions) Mesons (bosons)

A zoo of particles — How to understand?

molecules (nuclei)

hybrids

glueballs
tetraquarks

pentaquarks



Observing Hadrons
We observe strongly interacting hadrons through reactions in accelerators/colliders
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Observing Hadrons
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We observe strongly interacting hadrons through reactions in accelerators/colliders
• If the interaction is sufficiently attractive, particles can form a resonance

Unstable hadron which decays 
via strong nuclear interaction

Has a mass and finite lifetime
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Observing Hadrons

11

Particle Data Group (PDG)
The Review of Particle Physics (RPP)
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We observe strongly interacting hadrons through reactions in accelerators/colliders
• If the interaction is sufficiently attractive, particles can form a resonance
• Resonances can appear as enhancements in the cross-section / amplitude
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Observing Hadrons
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Particle Data Group (PDG)
The Review of Particle Physics (RPP)
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We observe strongly interacting hadrons, through reactions in accelerators/colliders
• If the interaction is sufficiently attractive, particles can form a resonance
• Resonances can appear as enhancements in the cross-section / amplitude
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Modern Nuclear Physics

Hadron 
Spectroscopy

Hadron 
Structure

Few-Body 
Matrix Elements

Reaction 
Phenomenology

Nuclear Reactions 
from QCD

Lattice QCD

Scattering Theory

Effective Field 
Theories

Connect low-energy hadron & nuclear physics to QCD

• Quantitatively describe few-body reactions and their impact on observables




