PARTICLE PHYSICS 2 : EXERCISE 9

1) Z decay rates
After correcting for QED effects, including initial-state radiation, the measured ete™ — ™
and ete” — hadrons cross sections at the peak of the Z resonance give

o'(ete” = Z— ptp7)=19993nb and o%ete” — Z — hadrons) = 41.476 nb

a) Assuming lepton universality, determine I'y/T"z and T'pagrons/T'7z -

b) Hence, using the measured value of I'y = 2.4952 + 0.0023 GeV and of T',, = 167 MeV,
obtain an estimate of the number of light neutrino flavours.

2) Forward-backward asymmetry
Show that ete™ — Z — u*u~ differential cross section can be written as

do 8
q ™ (1+ cos®0) + gAFB cos 0

where Apg is the forward-backward asymmetry :

Np — Np

App = 2B
FB NF+NB

Hint : start from the expression of the differential cross section given in the lecture

do

dQ
(where a and b are constants related to the couplings of electron and muon to the Z and k is a
normalisation factor) and derive Ny and Npg by integrating over the angle.

k- [a(1 4 cos® 0) + 2bcos 0]

3) Muon asymmetry

From the measurement of the muon asymmetry parameter,
A, = 0.1456 £+ 0.0091,

determine the corresponding value of sin? 6y .

4) Feynman diagrams

There are ten possible lowest-order Feynman diagrams for the process ete™ — ,u_y_uu(_i, of
which only three involve a WTW™ intermediate state. Draw the other seven diagrams (they
are all s-channel processes involving a single virtual W).

5) Top quark decay

Verify that the momenta of the final-state particles in the decay t — Wb in the centre-of-mass

frame of the top quark are
L mi —miy
pr=—
th

Use the fact that my, < my to approximate p*.
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6) T polarisation

The average tau polarisation in the process ete™ — Z — 7777 can be determined from
the energy distribution of 7~ in the decay 7= — 7« v,. In the 7~ rest frame, the 7~ four-

momentum can be written p = (E*, p*sin 6%, 0, p* cos 0*) where 0* is the angle with respect to
the 7~ spin, and the differential partial decay width is

a)
b)

dr ()?
1 ).
Toosd & o~ (14 cos6")

Without explicit calculation, explain this angular dependence.

For the case where the 77 is right-handed, show that the observed energy distribution of
the 7= in the laboratory frame is

dI'_-

3 Eﬁi X T

where x = E/E,.
Hint : Using the appropriate Lorentz transformation, show that
dr'_-

;

dE,-

E7T TT*_ TE*‘
27ET( + Y Bp" = 7 EY)

T IT

Then, using E. ~ myz/2, show that the additional terms in the parenthesis are negligible.

What is the corresponding 7~ energy distribution for the decay of a LH helicity 7.

If the observed pion energy distribution is consistent with
dr
e 1.14 — 0.28z = 0.86x + 1.14(1 — x),
x

determine A, = [(c])? — (c})?]/[(c})? + (cR)?] and the corresponding value of sin? fyy.

Hint : A, can be measured as
_ N =M

N 1+ Ny
where N, and N; are the number of produced left- and right-handed taus respectively.

A,
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