
Physics 661 Mid-term Exam

Eight problems.
Maximum Score = 200.
Two hours (120 minutes).

1. (35 points)

(a.) State which of the following reactions are allowed by the conservation laws and which
are forbidden. If the reaction is allowed, state the dominant interaction. If the reaction is
forbidden, give the reason.

1. π0 → γ + e+ + e−

2. e− + p→ n+ νe

3. µ+ → e+ + νe + νµ

4. K− + n→ Λ + π0 + π−

5. Ξ0 → Λ + π0

6. ρ0 → π+ + π−

7. K0 → π+ + π−

8. Σ0(1385)→ Σ+ + π−

9. Σ+ → K− +K0 +K0

10. π0 → γ + µ+ + µ−

11. p→ π+ + π+ + π+

12. νµ → µ− + e+ + νe

(b.) For those reactions allowed, draw the simplest Feynman diagram at the quark/lepton
level.

2. (20 points) A homework problem showed that a scalar particle (JP = 0+) cannot decay to
three pseudoscalar particles (JP = 0−).

(a.) Can a pseudovector (or axial vector) particle (JP = 1+) decay to three pseudoscalar
particles? Explain your answer.

(b.) Can a pseudoscalar particle decay to two vector particles? If yes, give an example.

3. (20 points) (a.) Consider a neutral meson where the quark/anti-quark system has a total spin
zero, with orbital angular momentum `. What values for spin-parity (JP ) are allowed for each
value of ` = 0, 1, 2, 3?

(b.) Now consider the neutral meson system with the quark/anti-quark system in a total spin
one state. What values for the spin-parity will be allowed for each case of ` from 0 to 3?
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4. (25 points) Consider the decay of vector mesons to electron-positron pairs. Estimate the
relative widths for the rates of ρ→ e+ + e−, ω → e+ + e−, and φ→ e+ + e−,
that is Γρ→e++e− : Γω→e++e− : Γφ→e++e− .

5. (25 points) Consider neutrinos produced at the surface of the Earth from the interaction
of incoming cosmic rays. Assume the source of the neutrinos will be π± production in the
interactions and the subseqent decay.

(a.) What is the dominant decay process for the π±? What neutrino flavor is produced?

(b.) Consider the subsequent decay of unstable particles produced in the π± decay. What is
the final approximate ratio of νµ to νe, considering the neutrinos produced in the initial π±

decay and the subequent decay of unstable particles produced in the π± decay?

(c.) Explain how to use this knowledge to test for neutrino oscillations at an underground
detector observing neutrinos and measuring their incoming direction.

6. (30 points) The magnetic moment of the proton is +2.793 n.m. (1 n.m. = qPSP/MP =
e/2MP ). The quark model explains this in terms of the quark magnetic moments,

µp = 4/3µu − 1/3µd.

(a.) From the above expression of the proton magnetic moment and using the symmetries of
the quark model, predict the neutron magnetic moment in n.m. units.

(b.) Assuming the strange quark has a mass of 500 MeV and the up and down quarks have
masses of 340 MeV, predict the magnetic moment in n.m. units of the Σ+.

(c.) Estimate the magnetic moment of the Ω−. Be sure to show how you arrive at this estimate

7. (20 points) The following figure illustrates the internal orbital angular momentum in a three-

quark state, where ~L = ~L12 + ~L3

(a.) What are the possible values of J and P for baryons where L12 = L3 = 0?

(b). What are the possible values of J and P for baryons where L12 = 1 and L3 = 0, or L12 =0
and L3 = 1?
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8. (25 points) The following figure shows the pion-proton cross section as a function of center of
mass energy.

Consider the resonance in the π−p cross section under the arrow.

(a.) What does the absence of this resonance in the π+p cross section tell you about the isospin
of the resonance? Explain.

(b.) From the data presented in this figure estimate the mass and the lifetime in seconds of
the particle represented by this resonant peak

(c.) Measurements of this particle determines its spin to be 5/2. Explain the internal angular
momentum structure of the quark system which leads to this total spin, including the spins of
the individual quarks and the orbital angular momentum.
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