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1. Express the Fermi constant G = 1.166 x 10~°GeV 2 in SI units.

2. Indicate which forces (EM, strong, weak) do conserve or do violate these symmetries:
a) isospin
b) isospin’s 3" component I3
¢) flavor
d) parity
e) charge conjugation
and for each of these symmetries indicate an experiment, which established its violation.

3. Consider the following reactions among particles or particle decays:
A +p—71'+n
b >y +y+7
pu- —e +ette
7t — ut+u,
e) T — U+
A = p+e i
gp+p—7y
hyn —-p+e”
Dn—p+mn-
DA — KO+ 70
Ky, +e” —e + e
Dv,+e” = v, +e
Indicate for each case, if the process is allowed or forbidden, reason if forbidden, and
type of interaction if allowed.

4. How thick should be an iron absorber to reduce the flux of a 1 GeV neutrino beam by
two? and to reduce the flux of a 1 GeV photon beam by two?

5. In the decay ®°Co — ®Ni** + e~ + 1, the intensity of the emitted electrons has the form

I(B,9) =14+ af cos?
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where = v/cis the speed of the emitted electron and ¥/ is the angle between the electron
direction an the spin of ®*Co. Deduce the value of «.

Show that the left-handed and right-handed spinors
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ur(p) = 5(1 —¥5)u(p, —) ur(p) = 5(1 + 5 u(p, +)

are eigenstates of the helicity operator A = §'- 7/|p] in the massless limit.
The same calculation should show that
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5(1 +75)u(p, —) ur(p) = 5(1 — ) u(p, +)

in the same limit.

Show that the charge-raising weak current
1
(7" = w5 (1 =17 ue

couples an ingoing negative helicity electron (positive helicity antineutrino) to an outgo-
ing negative helicity neutrino (positive helicity positron). Neglect the mass of the electron.

The particle decay sequences
=t +y, and pt=et +u. 4,

show evidence of parity non conservation. What observable quantity can be measured to
show this effect?

Draw the Feynman diagrams for the following decays and reactions (label correctly all
incoming and outgoing particles):

A U — e Ve,

b))t — et v v,

e = e

dpte =,
Write down the corresponding amplitude (do not calculate it) in the Fermi theory (no
propagator).

For a particle described by a spinor u(p, \) we can define the polarization four-vector
su(p, \) as

sl ) = 51 N ysu(p, )
Show that
s-p=20
and that
s?=—1
. . . 1 0
Then calculate s,, for a particle at rest (p = 0) with xy = ( 0 ) and y_ = 1

Suppose that for a particle at rest the polarization four-vector is given by s* = (0, 77) with
77 = 1. Show that in a frame, where the particle moves with momentum p, the spin vector

st is given by
U7 - p)

(E+m)m
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