Soft Photons in Z° Decay

The Feynman rule for the photon-muon vertex is —iey*.
The Feynman rule for the Z%muon vertex is i(gy — gays)v*
The wavefunction factor for an external Z° line of momentum P is ,(P).

A. Draw the tree-level diagram for the decay Z%(P) — u=(p1)u*(p2).
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B. Write down the matrix element M, for the decay 2% — u~u™.
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C. Draw the two tree-level diagrams for the decay Z°(P) — p~(p1)p*(p2)v(q)
in which a photon of momentum ¢ is radiated.
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D. Write down the matrix element M, for the decay Z° — pu~puty.
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The matrix element M; for the decay Z°(P) — u~(p1)ut(p2)v(q) is
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My = eeu(P)eg(q) ulpr) (’Y (gv — gays)¥*

+(gv — gays)v" -

The spinors satisfy @{p;)($; — m) = 0 and (P2 + m)v(ps) = 0.
The photon polarization vector satisfies g%¢,(g) = 0.

The term in M, from radiation of « from the p~ line has the factor
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E. Simplify the denominator using the facts that the 4~ and v are on shell.
rrg)—m" = F42p g+ g0 s = wH2pgr0-m =2p7
F. Use Dirac algebra to eliminate $; from the numerator.
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G. In the soft-photon limit, express the term above as a simple scalar factor
multiplying (p;).
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The soft-photon limit of the corresponding term in M; from radiation of
from the pt line is
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H. Express M, in the soft-photon limit as a scalar factor multiplying M.
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