SET 8 — due 2 December

1. [30 points] Calculate the differential and total cross sections for eTe™ anni-
hilation into two massive scalar particles ¢T¢~. You will have to fill in several
intermediate steps: (a) [5] ¢ is a complex field. If you had two real fields, the
kinetic part of the Lagrangian would be

L= 50617 + (8,02, )

Defining ¢ = (61 + i¢2)/+/2, convinee yourself (and me) that the appropriately
normalized kinetic part of the £ = (8,¢)*(8,¢). (b) [10] Next, you must figure
out what is the conserved current. By considering a global gauge transformation
& — (1+1a)¢ show that the Noether current is J, = —ie[¢pT8,¢ — ¢8,¢1). As
a final hint, make sure that your vertex for v — ¢(k;) + ¢(kg) is proportional
to (k1 — ko). (c) [15] After completing the calculation, contrast the angular
distribution, threshold behavior, and asymptotic energy behavior to that of
ete™ = putp~.

2. [ 20 points] Srednicki (around p. 570) says that the effective Lagrangian for
the decay of the 7° meson to a pair of photons is

o2
3272 [

7O P F, Fop (2)

where fr is a dimensionful constant, about 95 MeV. You can understand most
of this when I tell you that the 7° is a pseudoscalar field, and to make £ a
scalar, it couples to the electromagnetic field through E . B, which is the tensor
expression in Eq. 2. The 1/f; just makes the dimensions correct. Find the
decay rate T' for 70 — +y. Srednicki says that the decay amplitude is

e?

T = 47'(2f E“Vpakluel,,kzpégg (3)
™
(T think there is a missing i...) and
a?m?
= o (1)
6473 f2

To get this, you’ll need

e The formula for dI" from Set 6



e A factor of 1/2 from two identical photons in the final state (plus poten-
tially other 2’s...)

o The magic identity
ea‘g"”eag,,a = —2[8h5, — 5467) (5)
e and the Feynman gauge polarization sum trick

D eu(Nes(N) = —gu (6)
A
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