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P2.1 [4 + 4 = 8 points]

(a) Show that the combination of two successive Lorentz transformations
with parallel velocities β1 and β2 is equivalent to a single Lorentz

transformation with velocity β =
β1 + β2

1 + β1β2

.

(b) Show that the set of all Lorentz transformations with this composi-
tion rule forms a group.

P2.2 [4 + 3 = 7 points]

(a) A particle of mass m is produced with energy E and decays after
traveling a distance ℓ. How long did the particle live in its own rest
frame?

(b) Use the result of part (a) to determine the separation between the
production and decay vertices of a B0 meson, of mass 5.3 GeV, car-
rying an energy of 65 GeV. The ability to tell the two vertices apart
in such decays is of tremendous value to the studies of the top quark
and to the searches for Higgs boson(s) at the Tevatron, the LHC, and
the ILC.

P2.3 [4 points]
Determine the maximum energy which can be carried off by any one of
the decay particles, when a particle of mass m0 at rest decays into three
particles with masses m1, m2, and m3.

P2.4 [3 points]
How many times per second does a proton, fully accelerated to 980 GeV,
go around the Tevatron? The radius of the Tevatron is 1 km and the mass
of the proton 931 MeV.

P2.5 [3 points]
Explain why the processes γ → e+e− and e− → γe− cannot occur in free
space. The first process represents the decay of a photon into an electron
and a positron, while the latter represents the emission of a photon by an
electron.
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