}?Efmzm TO CLASS IF(CA TrOoN S

WE ChAsSIFY PARTICLES W A NuUMBER
OF wAYs

ACET!S co BACK "o THE /N ?@buczaﬂ/
LECTULE AND  Leook Y MERE DETAZL
AT THE PROPERAZTIES OF CoME OF

~H+E DENIZEANS OF THE SURBATONIC
oo

Twe EX7R EH&/ ML o RTANT Ce BSESIFICATION
A T7RIR v T/S ARE.

o SPiN /5'7,4715 77

o FORCE(S) SceEW
BY PARTICLE



| =——

L] L™
PARTICLE SPIN /57:47-_ weark | EM QTM‘-
'3 GAUEGE X v X
wt z*° RBoSoNS L~ v X
FLUON™ ¥ x V‘
LEPTONS
NEwWIRIiND V| FERMION L X X
ELECIRON €| FeERsrtion v v x
MUSAT A Felriton v v X
TR < | FERMion v v ¥
HADEeoN S
MESoNS RoSeNS v’ v O
BARLYONS Ec@ MiensS v [ v
duarks | reemons | v |V |V
FeRceS AC7T WHEN PARTICLE(
COoALL ng/ Au7 ALSc wHEN THE )

J)EcAY



Is the Universe Made of These?




Table 2.2. Fundamental interactions (Mc* = 1 GeV)

Gravitational Electromagnetic Weak Strong
field boson graviton photon w*, Z gluon
spin-parity ok 1= g g 1-
mass, GeV 0 0 Mwy = 80.2 0
Mz =91.2
range, m o0 00 10-18 =< 10~1
source mass electric ‘weak ‘colour
charge charge’ charge’
. Gy M? e? G(Mc?)? e Et
@ = ey r =
Couplng dxhc amhe (he)?
SRl lorW = 17 =1.17x 107°
typical cross- 10-3 10-% 10730
section, m?
typical 10-% 10-10 10723

lifetime, s
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Fig. 5.6 A photograph by Andérson and Ned-

dermeyer of a positive muon coming to rest be-
fore it decays in a cloud chamber that was

activated by a Geiger counter inside the chamber.

(The counter lies horizontally across the centre
of the picture ; the circular structure is part of
the counter.) The incoming muo i

track at the upper left of the picture. The track

cg:;hmundandbecamas_t_ﬁgk_ermerthemum '

loses energy in traversing the glass walls and
copper cylinder of the Geiger counter. The

chamber was not sensitive enough to record the

track of the positron produced in the muon’s

decay. The muon travels 2.9 cm after emerging .

from the counter, -- . -
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Table 1.5. Constituent quark masses

Quantum Rest mass,
Flavour numbek GeV/c?

£l AVO p 3
up or down — my >~ mg >~ 0.31 ®
strange S =-1 ms =~ 0.50 -
charm C =+1 me. > 1.6 Lo
bottom B=-1 mp > 4.6 =
top T =+1 m; >~ 180 N

R /lel

vl C E +2/2
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EM
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Fig. 1.7. The mass spectrum of leptons and quarks. The values shown for neutrinos are
upper limits from direct measurements, and the solar and atmospheric neutrino anomalies
(see Chapter 9) suggest even smaller masses. Other important mass scales are also shown:
the Fermi or electroweak scale at 100 GeV, typified by the W= and ZY boson masses; the
Planck mass scale, of order 10' GeV, at which gravitational interactions are expected to
become strong (see Chapter 2): and the value, k7 = | meV, of the cosmic microwave
radiation (T' = 2.7 K) in the universe today.
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