The Structure of Matter
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These por’ricle_s) exist on their own These particles only exist bound together
Charge = -1 ; Charge =0 Charge = +2/3 Charge =-1/3
(| =| ELECTRON (¢) d ELECTRON NEUTRINO (v,) UP (u) g DOWN (d) ) 9
Constituents of S Re;pogsiblg f(Tr elecT’_rrici’ry R?r:ely in’riroc’rs with Mass ~ 3 MeV/ic® @ Mass ~ 6 MeV/c o
ordinary matter. 4"'_' and chermica reoczlons. oher marier. Protons are made up of two up quarks and one down quark.
= Mass = 0.51 MeV/c Observed 1956. Neutrons are made up of one up quark and two down quarks.
. = | MUON () MUON NEUTRINO (v,) CHARM (¢) STRANGE (s)
2 These parficles £ | A heavier relative A relative of v ! A heavier relative A heavier relative
9 existed in the 2 | of the electron. d | Discovered 1060, @ of the up quark. ‘ of the down quark.
g early moments T | Discovered 1937, ' Discovered 1973. Evidence 1947. 9
° affer the Big Bang.| | & | Mass = 0.106 GeV/c? Mass ~ 1.2 GeV/c? Mass ~ 0.1 GeV/c’
E Now they are
8 cosmic rays and ‘€ | Aheavier relative of the Indirect evidence 1975 The heaviest quark. A heavier relatfive
% af particle D | electron and muon. Directly observed 2000, Discovered 1994, ) of the down and ‘
2 accelerafors. T | Discovered 1975. J ? Mass ~ 175 GeV/c sfrange quarks.
o | Mass = 1.78 Ge\//c2 Discovered 1977.
§ Mass ~ 4.2 GeV/c’
B Until recently it was generally thought that the neutrinos have zero mass.
é Several recent experiments suggest that the mass of the neutrinos is not zero.
?é— ALL OF THE ABOVE PARTICLES HAVE AN ANTIPARTICLE COUNTERPART.
% A paricle and its antiparticle can annihilate to produce the A particle - antiparticle pair can be produced from a force-
g bosons that cary forces, e.g. e'e —>vy. carrying boson, e.g. Z—> bb, y—> e'€.
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