PARTICLE PHYSICS 1 : EXERCISE 9

1) Properties of the chirality operator

Using the properties of the y-matrices and the definition of the chirality operator 4° = i7y%y142+3,

show that
(a) (0°)=1
(b) ¥t =+°
(¢) Py ==

2) Chiral projection operators

Show that the chiral projection operators Pr = $(1 ++°) and P, = 1(1 — +°) are indeed
projection operators, i.e. they satisfy the following properties :

Prp+ P, =1, PrPr = Pk, P P, = Py, PrPr, =0

3) Differential cross section for e"u~ — e~ p~ scattering

Using helicity amplitudes, calculate the differential cross section for ey~ — e~ p~ scattering
in the following steps

(a) From the Feynman rules of QED, show that the lowest-order QED matrix element for
e U — e puis

62

My = — 29 [@(ps)yu(p1)] [@(pa)y"u(p2)],

(p1 — p3
where p; and p3 are the four-momenta of the initial- and final-state e™, and p, and p, are
the four-momenta of the initial- and final-state p~.

(b) Working in the centre-of-mass frame, and writing the four-momenta of the initial and
final-state e as p}' = (E1,0,0,p) and p5 = (Ey,psin6, 0, p cosf) respectively, show that
the electron currents for the four possible helicity combinations are

1(p3)¥*uy(p1) = 2(Enc, ps, —ips, pc)
Yuy(p1) = 2(ms,0,0,0)
Y*ur(p1) = 2(Eic, ps, ips, pe)
Y ur(pr) = —2(ms, 0,0,0)

where m is the electron mass, s = sinf/2 and ¢ = cos /2.
(¢) Explain why the effect of the parity operator P = ~° is

Puy(p,0,¢) = uy(p,m — 0,7 + ¢).

Hence, or otherwise, show that the muon currents for the four helicity combinations are

uy(pa)y"uy(p2) = 2(Fac, —ps, —ips, —pc)
Ty (pa)y*uy (p2) = —2(Ms,0,0,0)

Uy (pa) Y ur(p2) = 2(Eac, —ps, ips, —pc)
Ty (pa) Y uy(p2) = 2(Ms, 0,0,0),
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where M is the muon mass and E, = /p? + M? is the muon energy in the centre-of-mass
frame.

For the relativistic limit where £ > M, show that the matrix element squared for the
case where the incoming e~ and incoming p~ are both left-handed is given by

4ets?

Mpr]? = ———,
(pl —p3)4

where s = (p;+p2)?. Find the corresponding expressions for |[Mzr|?, [Mgr|* and | M g|?.
In this relativistic limit, show that the differential cross section for unpolarised e~ = —
e~ p~ scattering in the centre-of-mass frame is

do 2a* 1+ ;(1+cosf)?
Qs (1 —cosf)?
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