QFT MIDTERM SOLUTIONS

PHY 610 QFT, Spring 2015
Midterm Solutions

1. (a) Thereisa U(1) symmetry acting as 1 — €1, oF — et 0o = e Py, 03 > €03

(b) Using either j* = (0L£/00,¢)dyp, or varying the action under a spacetime dependent symmetry

transformation 6(x), and collecting the coefficient of 0,6, we get
g = i(p10"p1 = 0" p1p] — 20" 05 + " paip)) -

The Noether charge is
Q= /d3x i (9918%; — %0107 — 020°p% + 60902903) )

Substituting the mode expansions

dgk 1kx —ikx -
pj(x) = / m(%‘(k)e ket b}(k)e ), J=12

yields

3
Q= / (27373’;% (al ()a1 (1) — by ()] (k) — ab(K)aa (k) + ba (K)BE (K) )

that is, the Noether charge counts the difference between the number of ¢; and ¢, particles (with
antiparticles contributing opposite signs).
(c) Atpu = 0thereisa U(1) x U(1) symmetry, acting as ¢; — e 162

P1, P2 > €722,

(d) When ¢ = 0, mi = mg, the symmetry is enhanced to an SO(4) symmetry rotating ¢; =
(1, 1, Ra, Sps). The Noether current is

g =10"0i(Ta)ije;,

where (7, );; are the (hermitian) generators of SO(4) in the defining representation.
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+Zﬁ/d421 §AI1A11A1y + 8AIyA%1> + O[)\4]
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(i) (s—m2+ie+u—m2+ie>

iv. BB — BB
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