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Particle Physics Homework Assignment 10

Prof. Costas Foudas 01/02/22
Problem 1: Show that ¢’3 =—ga

Problem 2: Show that in the Pauli Dirac representation the matrix C satisfies
C=-C'=-Cc"=-C"

Problem 3: Show that
Y, =C¥?P and ¥, =-¥'C"'

Problem 4: As shown in Homework Assignment 9 the spinor
Y’(x) — \/E(_,IA ))(2 o X
G-p

has negative helicity and can describe a neutrino with negative helicity which has been
detected in nature. Show that the charge conjugate of this spinor represents an anti-
neutrino with negative helicity which has not been detected in nature. This means that
the interaction which is responsible for the production of neutrinos violates the charge
conjugation symmetry.

Problem 5: Use the charge conjugate spinor of a neutrino with negative helicity from the
previous problem

R P

which as we have seen has negative helicity and calculate its parity inverted spinor

TPC :

Problem 6: Consider the Majorana representation of the Dirac matrices which is given by

0_00'2 1_1.0'30 2_0—0'2 3__i0'10
/ 0'20’? 00'39? 0'20’]’ 0 o'

Show that in this representation ¥, = ¥ . In this representation one can define a
spinor x = ¥Y+Y%,_ . Show that y, provided that it represents a neutral particle, is also
a solution of the Dirac equation which is real and satisfies x = x. . In other words it
represents a particle which is identical to its antiparticle.
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Problem 7: Show that the particle and antiparticle spinors can be expressed as

@ W) = TR (om)
(b) o(p,m) = %f?’" x 00, m)
where
1] o]
"V (0,m) = g w0, m) = (1) ,
v v
[0 o]
oom) =[] . oP(om) = |7
g U

Problem 8: Show that

(v p,+m)y’(v" p,+m) = 2E(y" p,+m)

Problem 9: Show that

2
@ 2 up,m) ® & (p,m) =y p,+m

2
® 2 op,m) ® 8 p,m) = y*p,—m
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