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The mathematical basic of the theory of eight fold way comes
from the theory of groups in particular the Lic group SU (3) an
abbreviation, for special unitary group of 3 x 3 matrices, with a
condition that reduces the nine components to eight. Each component
stands for some conserved quantity. The eight components are: The
three components of isolople spin; one component corresponding to
hypcrcharge Y; two opcrators that change ¥ from up or down by one
unit without changing the clectric change and 10 more °V°‘“‘(°‘5
that change both ¥ and churge by one unit. Violation of ast tour

ion i 2 s of
operators by part of strong Internction is what §t\|\|\gcs the masse
multiplets and causes them (o form super multiplet.

15.5 with isotopic spin and mass
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810 QUARKS

The unitary symmetries were only to act as intermediate step to further explore the structure of
matter. With the successes of the SU(3) symmetry, new questions were also raised. For instance,
why nature allows only 1, 8, and 10 multiplets for the hadrons, while SU(3) group does possess
lower multiplets like 3, 3%, 6 and 6*. This led to the proposal that the hadrons may have
constituents which fill these multiplets. Historically, M. Gell-Mann" in 1964 suggested the idea
of quarks to explain the existence of a large number of baryons (of half-integral spin) and meson
(of integral spin) states. He further suggested that the hadrons are composed of three varieties of
quarks, up (), down (d) and strange (s). The variety of quarks is now formally called flavour.
Like leptons, all the quarks carry spin %2 /. Quarks fill the fundamental multiplet 3 of the SU(3),
called flavour symmeltry. Accordingly, antiquarks were assigned to 3* multiplet:
u
3=|d|, 3*=(@.,d,5)
s

With this scheme, he explained the existence of all the multiplets, he then observed baryons
(as three-quark states) and mesons (as quark-antiquark states). Thus, regularities in the observed
hadron spectrum could be understood through the following group-theoretical decompositions
(generalization of concept of addition of angular momenta) of the direct-products into the direct-

sum of the multiplets under the SU(3) group:
Mesons (q7) =3 ®3* =188,
Baryons (qgq) =3 ®3©3=108®8810. (8.6)
aryons belong to singlet, octet and decuplet.

8.5)

Thus, mesons form octet and singlet, whereas the b:
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Charm, Bottom and Top Quarks

Di
. els;:covery of (3096 MeV) meson in 1974 required a new
N lg;gmmodaled within the three-quark scheme. Similarly,

demanded the existence of a fifth quark, named bottom.

quark, named charm, as it could not
observation of ¥ (9460 MeV) meson
Some of the hadrons, like D-and
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B-mesons and A%, T A} baryons containing one of these quarks have been produced i g,
high-energy experiments. These developments indicated that nature seems to take the basic
pattern of the first generation of two quarks and two leptons, and recreate it at higher energjes,
So the quark-lepton analogy, namely the number of quarks and leptons be the same, suggesteq
the existence of a sixth quark, called fop, which has been created by colliding high energy
(500 GeV) p and 75 beams at Fermilab in 1994. In all, there are six types of quarks, three wi,
two thirds the charge of a proton and the other three with one thirds the charge of an electron, A}
six quarks have different masses and other quantum numbers (Table 8.10). Note that mass of the
top-quark, which is an elementary particle, is even larger than that of the gold atom.

Like leptons, the quarks are divided into three generations: (. d). (c, s), and (1, b). o
generation consists of a pair of leptons (one charged and one neutral) and a pair of quarks
(carrying charges of 2/3 and —1/3). Stable matter is made of the first generation which containg
the electron, the electron neutrino, the u-quark, and the d-quark. The reason for the existence of
other generations are not known except that minimum number of generations must be three to
allow CP-violation, which seems to play a significant role to explain matter generation in the
universe, and to explain small amount of antimatter in it. There are six antiquarks also. They are

d, i, 5, ¢ b and 7. Their basic properties are shown in Table 8.11.
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RESONANT STATES
Particles States of very short life, of the order of 109 saconds
which decay Into two or more particles, atleast one of which is
invarfably a meson, are termuod s ‘resonant particles’ or resonances.
Most resonant states result from the strong interaction of a high energy
meson (xror K) with.a proton, Reler to Fig, 15,1, x'.p scaltering curve
shows a resonance peak nt n plon energy of 195 MeV, The width of
the peak at half maximum s 120 MeV corresponding to an average
life of about 5 » 10=* secancy, Such o short life clearly indicutes o

particle state which deeay by strong interaction. This stiate is termed
1thus bedomes aobviouns thal

Uy tresonance’ o trasonunt poeriele,




