
PHYS4940 Particle Physics Fall 2012 HW #1

For discussion in class at 2pm on Thursday 30 Aug 2012

(1) Estimate the neutrino event rate (in events per day) for the Daya Bay “near” detectors.

Assume the detector is 20 metric tons of scintillator with composition CH2 situated 400 m
away from a 4 GW nuclear reactor. The source of power is just the Coulomb energy of the
two roughly equal-size isotopes that result from fission of uranium (Z = 92 and A = 235).

Assume the two lighter isotopes are just touching after fission. To a good approximation,
the radius of a nucleus with atomic mass A is R = 1.25A1/3 fm. Also assume that these
isotopes undergo four β-decays before ending up with something on the valley of stability.
The mean energy of these neutrinos is ∼ 4 MeV, and the detection reaction cross section is

σ(ν̄ep → e
+
n) = 9.3× 10−42
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You can check any “Modern Physics” text to connect cross sections and event rates, or see
Griffiths Sec.6.1, but most of this problem is more or less just common sense.

(2) This problem will give you a glimpse at how the quark model ties together some aspects
of the weak interaction, as well as how we calculate decay rates. Consider the two decays

n → pe
−
ν̄e and µ

− → νµe
−
ν̄e

They are obviously related. In fact, after correcting for the masses of he final state particles
(“phase space”) the two decay rates are almost identical, but differ by several percent.
In modern language, this difference is due to “mixing” between the quarks. To a good
approximation, this mixing is described by a 2× 2 unitary matrix, characterized by a single
angle θC . This matrix is the upper left corner of Griffiths equation (2.6), and mixes the u

and d quarks with the c and s quarks. Recall that the quark makeup of the neutron (proton)
is udd (uud), that is n → pe

−
ν̄e turns a d quark into a u quark, but with a factor cos θC at

the vertex where a quark emits a W
± and a different quark.

The quark makeup of the mesons π+, K−, and D
0 are ud̄, sū, and cū. (For the antiparticles

π
−, K+, D̄0 they are ūd, s̄u, and c̄u.) Using cos θC = 0.97 from Griffiths (2.6), and realizing

that the decay rate is proportional to the square of the amplitude, estimate the ratio of the
decay rates (that is, the decay “branching ratios”) for D0 → K

−
π
+ and D

0 → K
+
π
−. It will

help to draw “quark line diagrams” for these decays, along with n → pe
−
ν̄e, and identifying

the correct dependence on θC at each vertex. (These diagrams are, essentially, the decay
amplitudes.) Compare your answer to the data, which can be found at

http://pdg.lbl.gov/2012/tables/rpp2012-sum-mesons.pdf

The agreement is rather good. Try again for D0 → K
−
π
+ and D

0 → π
+
π
−. The agreement

isn’t horrible, but not quite as good. Can you identify why?


