Homework September 4, 2019
Due: September 11.
1. An the antiproton facility FAIR in Germany an antiproton beam will collide with
either a hydrogen or deuterium target. (The target can be considered at rest in the lab
system.)
a) What is the momentum (in the lab system) of the antiproton beam for producing the J/ψ
resonance: p̃ + p → J/ψ?
b) Consider a pentaquark baryon Pc that can decay as Pc → J/ψ + n. At what mass of Pc
the momentum necessary for its formation on the deuterium target, p̃ + d → Pc , is the same
as the one found in the question a) ?
(Feel free to neglect small mass difference between proton and netron as well as the binding
energy of the neutron and proton in deuteron.)
(Look up the masses of the particles in the Tables.)
2. a) A charged pion π + decays as π + → µ+ νµ . What is the energy of the muon in the
rest frame of the pion?
b) One of the decays of a charged Kaon is K + → π + π − e+ νe . What is the maximal possible
energy of the positron emerging from this decay (in the rest frame of the Kaon)?
3. The solar mass is about 2 × 1030 kg, the distance to the Sun is about 150 million
kilometers and the angular size of the solar disk is about 0.5◦ . The energy flux arriving at the
Earth as photons is about 0.14 W/cm2 (the so-called solar constant). The energy generation
inside the sun is initiated by a slow (weak interaction) reaction p+p → d+e+ +νe , where d is
deuteron, followed by much faster electromagnetic and strong interaction processes (ending
mostly in formation of 4 He, and the total energy generated about 6 MeV per each initial
proton), so that the overall probability is determined by the cross section of the slow initial
reaction. Using these data estimate:
a) The cross section of the initial reaction (in cm2 )
b) The lifetime of the Sun (in years)
c) The total flux of neutrinos on Earth (in cm−2 c−1 ).
(You should be able to estimate the speed of the protons by considering the Sun as a
gravitationally bound ball of gas.) This is an “order of magnitude estimate” type of problem.
Thus moderate numerical factors, say, like 3, can be ignored.
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