HW #10 (221A), due Nov 19, 4pm

1. We would like to find the ground-state wave function of a particle in the
potential V' = 50(e~*—1)? with m = 1, i = 1. In this case, The true ground-
state energy is known to be Ey = 39/8. Plot the form of the potential. Find
a variational wave function that comes within 5% of the true energy.

2. Neutrinos oscillate via the Hamiltonian,
2.3

m2c
H =\ +m2ct = o|j] + = 1
7+ (1)

where the m? is a three-by-three matrix
m? = UDU", D = diag(m3, m3,m3). (2)

We parameterize the unitarity matrix U with four parameters 615, 613, 03,
and 0 as

1 0 0 C13 0 813€_i6 C12 512 0
U = 0 Ca3 S93 0 1 0 —S12 C12 0 (3)
0 —S93 (€23 —81362'(S 0 C13 0 0 1

where other five unimportant phases are already dropped. We ignore the
spin degrees of freedom. The notation is sjo = sinfiy, co3 = cosfas, ete.
Three species of neutrinos are represented by

1 0 0
|ve(P)) = 8 ®[p),  |vu(p) = (1) ®[p),  |v-(P)) = (1) ®[p). (4)

(a) First consider the two-by-two case, by taking the limit 615 = 613 = 0.
Show that the survival probability is
(m2 — m3)c’t

4h|p]

P(v, — v, t) = [(v|e Y u,) 2 = 1 — sin® 203 sin®
(5)
(b) For [p] =1 GeV/c, and m2 —m3 = 2.5 x 1073 eV?/c?, plot the survival
probability as a function of the flight distance L = ct so that the
oscillatory behavior can be seen.
(c) Consider full three states, and show that P(v, — v.) # P(ve — v,) if
J#0.
(d) Show that the time-reversal invariance would predict P(v, — v.) =
P(v. — v,), and hence ¢ # 0 violates the time reversal invariance.



