Collinear Photons in Z° Decay

The matrix element M; for the decay Z°(P) — p~(p1)u*(p2)v(q) is

My = ceuP) (@) ale) (15— = —(av = axm)

—(gv — gars)v" r ;_ mﬂv"“) v(p2)-

In the region where p~ and -y are nearly collinear, M; in the limit m, — 0 can
be approximated by

M; = ee, (P)el(q) a(pl)fy“]é LT g(gv — ga7s)7"v(p2).
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A. Draw the diagram for this term in the matrix element, labelling the
momenta. 1
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The differential phase space can be exp)ifessed in an iterated form with

additional integrals over the jet 3-momentum P, = p} + ¢ and the jet invariant
mass P? = (pp + )%
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B. Verity this by using the identity
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C. Y gpins [M1|* has an explicit factor of 1/(2p1.g)*. Show that if it is actually
proportional to 1/(2p;.q), the integral over P? diverges logarithmically as
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The sums over electron and photon spins are given by

Sulp)alp) =p, Y en(@)es(q) = —gas + -q‘f%%gi@,

spins spins

where 7 = (|7],—¢) if ¢ = (|71, 7)-
D. Use the collinear approximations p; = z(p; + ¢) and g =~ (1 — 2)(p1 + q) to

express the ratio p;.G/q.q as a function of z. - _
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In the square of the matrix element, the product of the Dirac factor associated
with the p™ line and the photon wavefunction factor is

ea(9)ep(@) (b + )y u(p) () (B1 + 4)-

E. Use the sum over electron spins to simplify the Dirac factor.

(732) 7 2. utgaip Ty = (£ 170 7 (50 )

The contribution from the term —gqs In the sum over photon spins is

(1 + ﬂ)( - 7a?517a) (1 + ).

F. Use the Dirac identities y,¢v* = —2¢ and g = 2a.b¢ — a®§ to reduce this
in the collinear limit to 2p;.q (#1 + ¢) multiplied by a function of z.
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The contribution from the second term in the sum over photon spins is

é@l L) (g + Td) G+ ).

G. Use the Dirac identities @fff + ¢6¢ = 2(a.b¢ — a.cf+ b.cd) and
dld = 2a.b ¢ — a*§ to reduce this in the collinear limit to 2p;.q (B; + ¢)
multiplied by a function of z.
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