


Symmetries in Nuclear
and Particle Physic

+ 1. Symmetries in Physics
+ 2. Interacting Boson Ma




» Introduction

» Constituent quark model

* Mesons and baryons

+ Stringlike collective model

* Masses, magnetic moments and
electromagnetic couplings
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...and many
more!




"Quarks. Neutrinos. Mesons. All those damn particles
you can't see. That's what drove me to drink.

But now I can see them!" "Particles, particles, particles."




In 1961, Murray Gell-Mann (1929)
and Yuval Ne'eman (1925-2006)
proposed independently to classify
the strongly interacting particles
(hadrons) according to their
electric charge, isospin and

strangeness into multiplets of
SU(3) flavor:

Periodic table of elementary
particles a la Mendeleev!




SU(3) Flavor

+ Extend SU(2) isc
flavor symmet
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In 1964, Barnes et al. discovered the !
at Brookhaven precisely as Gell-
Mann and Ne'eman had predicted! iliK'
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In 1964, Murray Gell-Mann (1929) and George Zweig (1937)
independently introduced the idea of quarks and suggested

that baryons consists out of three quarks and mesons out of
a quark and an antiquark.

James Joyce - Finnegan's Wake
“Three quarks for Muster Mark"
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Vector meson
octet and singlet

Pseudoscalar meson
octet and singlet
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Baryon decuplet

N Baryon singlet









qqq Baryo

Internal degrees of free
spin

flavor
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$a,(ATT) = Juuu

decuplet :

decuplet :

oas(AT) = o uud) + fud) + du)

$l- 5= sl

octet : ¢p,(p) = ludu) — |duu)}
octet : op,(p) = 2 |luud) — |udu) — |duu)
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Baryon Wave F

* Internal and spatial deg
* Physical states are ¢
» Pauli principle:
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excited states of the proton

E=4.879 Gev \

8=10°

*MWM W

Elastic scattering
(divided by 15)

(nb/GeV sr)
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Mass formula (dynamical symmetry)

M? = Mg + M?(space) 4+ M?(spin — flavor)



Bijker, Iachello, Leviatan
Ann. Phys. 236, 69 (1994)
Ann. Phys. 284, 89 (2000)

octet decuplet
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Nucleon Mac

Proton 1, = (p| 2 |p) = (b — pg)/3







Hth Hcalc

3y 5.556

2 + Ky 2.732
Pu + 21y —0.092
3y —2.916

2uy + s 3.001
tu + g + Us 0.267
2L T+ s —2.557
Mty + 2s 0.626
g+ 2pus —2.198

—1.839

56+1.9

—2.02 4
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Nature of the Roper N(1440)P,, ?
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Roper is not a Q36

At short distances consistent with Q3

At large distances may be important
Ungaro - MENU 2007
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Etruscar



»+ Successes of the CQM

* Masses, magnetic moments,
electromagnetic couplings

» But, also some systematic deviations

» Transition form factors at large
distances, strong couplings

» Exotic (non-qqq) degrees of freedom



» Close - Introduction to Quarks and Partons
(1979)

* Halzen and Martin - Quarks and Leptons (1984)

+ Griffiths - Introduction to Elementary
Particles (1987)

* Perkins - Introduction to High Energy Physics
(4th edition, 2000)

- Thomas and Weise - The Structure of the

Nucleon (2000)



* Close - The Cosmic Onion (1983)

» Pickering - Constructing Quarks (1984)

* Crease and Mann - The Second Creation (1986)
* Riordan - The Hunting of the Quark (1987)

+ Lederman and Teresi - The God Particle (1993)

+ Veltman - Facts and Mysteries in Elementary
Particle Physics (2003)

* Lederman and Hill - Symmetry and the
Beautiful Universe (2004)
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