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1. In a two-body-to-two-body reaction, the flux F of the incident particle (particle1) to the
target particle (particle2) is to be written as F = 2E1 · 2E2 · v12, where v12 denotes the relative
velocity of the particle 1 w.r.t. the particle 2, and pS1 ‖ pS2 is supposed. By using the relation
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And if we let p be the magnitude of the momentum of the particle 1 or 2 in the center of mass
system of the particle 1 and 2, show
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The dLIPS of a two-body decay of a particle with mass m in the center of mass system can be
described as follows:
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Using this, show that a cross-section of a two-body-to-two-body reaction can be described as
below:
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2. The cross-section of the νe scattering via charged current is calculated to be
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In case that a νe with high enrgy Eν(Eν ≫ me ≫ mν) collides with an electron target at rest,
show the following:

σ∼ 1.7× 10−41Eν cm
2 Eν in GeV

by using GF ∼ 1.17× 10−5GeV−2 , where we suppose ~c∼ 197MeV · fm
Next, consider a slow neutrino, for example, in the case of a neutrino with the momentum of
pν = 5.2× 10−4 eV and the mass of mν = 50meV, calculate the cross-section of the neutrino with
an electron target at rest.
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