Symmetry in Particle Physics, Problem Sheet 5
1. Consider a scalar quantum field ¢(z). Show that
(0l (2)[p) = e~ *(0]¢(0)[p) -
Then show that, if we perform a Lorentz transformation A,

(0[6(0)[p) = (0]¢(0)|AD) -

2. Consider the function

dq

Az —y, p?) = —@'/ 2n) (6—iq-($—y) — 6itI~(:v—y)) O(¢")6(¢* — 1) .

Show that

(Az,p?) = Az, p?) if A e LT

(=2, 1%) = =A(w, 1?);

A(z, u?) is a function of z? and €(z) only;
%A(ﬂ? - Y, “2)|x0:y0 = _53(f_ @7),

Az, p?) =0if 22 < 0.
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3. Consider the annihilation operator a(p), acting as follows
a(P)l0) =0,  a(@)p) = (27)°2E0°(F - P).

Show that af(p)|0) = |p).

Hint. The vector a'(7)|0) can be written as the following superposition

a3p' d3p] d3pl
T — ~\ | = 1 2 ~
a (@|0> CO|O> +/ (277)32Eﬁr Cl(p )|p> +/ (27T)32Eﬁ’1 (27T)32Eﬁ'2 02(p17p2
4. Let ¢(z) be a hermitian scalar quantum field, given by
d3ﬁ —ip-x ipx T
o) = [ ey (el + )
Show that imposing the commutation rules
[a(P), a(@)] = [’ (D), a’ (@) =0, [a(p),a(7)] = (27)*2E0° (5 —

gives [¢(z), ¢(y)] = 0 for (z —y)* < 0.
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