PHY 4154 Quiz
19th Sep, 2025 (Max Marks: 10)

Question 1 (4 marks) An electron and a positron collide head-on. In the collision, the
electrons disappear and are replaced by two muons. If the initial velocity of the electron and
the positron is 0.99999¢ each, find the kinetic energy of each of the muons (in MeV or
MeV/c?). You may work in natural units if you prefer. (Take m, = 0.511 MeV, m, = 105
MeV)

Solution: Given that m, = 105 MeV, and m, = 0.511 MeV, and v = 0.99999c.
Thus 7. = (V1 —0.999992)~! = 223.6, where v = 1/,/1 — v2/c2.

The initial energy F; = 2v.m.c? which is equal to the final energy E I

Thus By = 2 x 223.6 x 0.511 = 228.6 MeV

Also Ef = 27y,m,c?. Thus v,m,c* = 114.3 MeV

The kinetic energy of the muons is y,m,c? — m,c* = 114.3 — 105 = 9.3 MeV

Question 2 Draw Feynman diagrams for each of the following processes (use the least amount
of vertices). The quark content for the different hadrons is [B¥(ub), K™ (u3), ¢(s3)].

1. (1.5 marks) gg - H — ete putpu~
2. (1.5 marks) BT — K*¢

3. (1 mark) ua — v, v,
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Question 3 (2 marks) Given that the quark content and isospin for pions is as follows:

Name Quark content |1, I3)

Tt ud I1,1)
w0 ut or dd I1,0)
T ud |1, —-1)
KO ds 2,—1)




