TABLE 32-4 Partial List of Heavy Hadrons, with Charm and Bottomness (L, =L, = L, = 0)
Baryon
Anti- Rest Mass  Number Strangeness Charm  Bottomness
Category  Particle  particle  Spin  (MeV/¢%) B s ¢ b Lifetime (s)  Principal Decay Modes
Mesons p* D™ 0 1869.4 0 0 +1 0 10,6 % 1079 K + others, ¢ + others
D’ Lt 0 1864.6 ] 0 +1 ] 42 x 1078 K + others, gor ¢ + others
D Dy i} 1969 il +1 +1 0 47 1079 K + others
T/l (3097)  Self 1 3096.9 0 ] 0 0 0.8 X 107  Hadrons,e'e”, p'u”
Y (9460) Self 1 9460.4 0 i} 0 0 1.3 % 107®  Hadrons,u*u,ete, r'r
B~ Bt ] 5279 ] 0 0 -1 15 X 1072 D" + others
B" B i} 5279 ] 1] 0 -1 15 % 1072 D" + others
Baryons A} AZ 3 2285 +1 0 +1 ] 20 x 107%  Hadrons (e.g., A + others)
23t = 3 2453 +1 0 +1 0 ? Al ot
o s : 2454 +1 ] +1 ] i) Al #®
ot > 3 2452 +1 (] +1 ] ? Arn
AP A 3 5640 +1 0 0 -1 L1 X 1072 JA”, pD7~, Al wtaa

Today, the truly elementary particles are considered to be the six quarks,
the six leptons, and the gauge bosons that carry the fundamental forces. See
Table 32-5, where the quarks and leptons are arranged in three “generations.”
Ordinary matter—atoms made of protons, neutrons, and electrons—is
contained in the “first generation.” The others are thought to have existed in the
very early universe, but are seen by us today only at powerful accelerators or in
cosmic rays. All of the hundreds of hadrons can be accounted for by combinations
of the six quarks and six antiquarks.

TABLE 32-5 The Elementary Particles’ as Seen Today

The elementary particles
are quarks, leptons,
gange bosons

Gauge bosons Force First generation Second generation Third generation
Gluons Strong | Quarks u,d 50 bt

W 7y Weak | Leptons e v, By, T, U,

¥ (photon) EM

"Note that the quarks and leptons are arranged into three generations each.

[ CONCEPTUAL EXAMPLE 32—7_| Quark combinations. Find the baryon
number, charge, and strangeness for the following quark combinations, and
identify the hadron particle that is made up of these quark combinations:
(a) udd, (b) uu, (c) uss, (d) sdd, and (e) bu.

RESPONSE We use Table 32-3 to get the properties of the quarks, then
Table 32-2 or 32-4 to find the particle that has these properties.
(a) udd has

Q_ +%8_%€_%8_03

B=3+3i+3=1,

S§=0+0+0=0,

as well as ¢ = 0, bottomness = 0, topness = (. The only baryon (B = +1)
that has @ = 0, § = 0, etc..is the neutron (Table 32-2).

(byut has Q = 3e — 3e =0, B = 0, and all other quantum numbers = 0.
Sounds like a 7° (dd also gives a 7", and we say a 7" is uu + dd).
(cusshas @ =0, B= +1, § = —2, others = 0. This is a Z°.
(d)ysdd has Q@ = =1, B=+1, § = =1, somustbe a ™

(e) buhas Q= -1, B=0, §=10, ¢ =0, boltomness = —1,
This must be a B” meson (Table 32-4),

lopness = (.

| EXERCISE B What is the quark composition of a K~ meson?

SECTION 32-9 Quarks
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