
Spring Quarter 2026 – UCSB Physics 25
Homework 4

Due May 1, 5 pm

• Problem 1

A pion at rest (rest mass mπ) decays into a muon (rest mass mµ) and
a massless neutrino. Find the energy of the muon. Note: the neutrino
does have a mass but it is much smaller that mπ and mµ. If you are
curious look this information up, somehow).

• Problem 2

The Large Hadron Collider (LHC) at CERN collides two beams of
protons head-on, with energy of 7 TeV per beam. Thus the laboratory
frame is the center-of-momentum (or center-of-mass) frame, and in each
pp collisions the full 7+7=14 TeV of energy is available to create new
particles, at least in principle. Now imagine that we want to replicate
the LHC pp collision by accelerating a single beam of protons and
smashing it into a stationary liquid hydrogen target. What would the
energy of the proton beam need to be to achieve collisions at the same
center of mass energy.
Note: the rest energy of a proton is m0c

2 = 938 MeV; work in the
approximation E >> m0c

2 when appropriate.
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