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The harder lepton’s energy spectrum for the decay sequence Z%— 77~ — u*e ~ X is sensitive to the
7-coupling parameter £ay, where & is the Michel polarization parameter for 7~ — /" vv, and
ap=—2a.,v./(a?+0v2) with a; and v, describing Z°— %7~ at tree level. Because of a factorization
property, radiative corrections to such energy-energy correlations are as tractable as for 4A.g; however,
this test does not require instrumentation of longitudinal beam polarization.

PACS numbers: 13.38.+c, 12.15.Ji, 13.35.+s, 14.60.Jj

The 7 lepton first seen' at the SLAC ete ™ storage
ring SPEAR in 1975 has been extensively studied.?
While it may be a sequential lepton in the standard mod-
el of electroweak interaction, at present, there are serious
difficulties? in understanding the measurements of its de-
cays into one charged particle, and very little is known>*
about the chirality structure of its charged and neutral
electroweak couplings.

It might seem that simple precision tests of the chirali-
ty of the 7’s electroweak couplings must await a pro-
grammatic decision at the SLAC Linear Collider (SLC),
or the CERN collider LEP, to use polarized beams? in
ete ™ collisions at the Z°% However, we find that for
the decay sequence

Z°—> T (utvn) (e v )

the muon-energy-electron-energy correlation function
will provide a very simple definitive test without beam
polarization and with only indirect and calculable effects
of initial-state QED radiation. This follows because (i)
such functions are independent® of the polarization state
of the decaying particle, here the Z 0 and because (ii)
some corrections due to finite e, u, and t masses are
negligible in the precision range of current interest at Z°
energies.

Using (i) and (ii), we have analytically obtained at
tree level the full sequential-decay correlation function

I(E4E,,cosyz,)
=T(EgE.,cosy;, )1+ A(ELE,cosyz,)]  (2)

in the Z° rest frame, where E;, are the observed
charged-lepton energies and y;, is the angle between
their momenta. The “analyzing power”

U(EgE,.,cosyz,)
T(EzE,.,cosyg,)

A(ELE.,cosyz,)=Ean 3)

is proportional to the Michel & parameter for 7~
— [ “vv decay (£= =1, respectively, for a VF+ A4
charged-current coupling) and also to
_le—s =12
H= P 2
le—w 12+ 24 -]

@

a

where 1, 3,1, are the usual helicity amplitudes describing
the coupling of the Z° to ¢+ and v~. The functions T
and U are defined below in Eq. (7). Unlike the
forward-backward asymmetry for unpolarized beams,
here

—2rl1 — Cm/M)A? =240,
a = b= ,
B+ —Cmd/M)] al+4ov2

where r=a./v,=( —4sin%6y) ~' assuming lepton
universality. Consequently, ay is much more sensitive to
sin’6y than Afz*  [8an/dxw=7.8 for sin’6y =0.23
and BAFB/axW =1.5ay (aaH/GxW) =O.238(6(1H/6xw)].

For ut and e ™ back to back, Figs. 1 and 2 show the
tree-level contour plots of 7T and A. As the opening an-
gle of y;, decreases we find as expected that both the
available phase space and I of Eq. (2) decrease rapidly.
Here, however, as y, decreases, in contrast to generali-
zations” of Yang’s parity test, there is only a slight
dependence on cosy;, due to approximate helicity con-
servation in the Z°— t*¢~ amplitudes, so 4 remains
positive in the region approximately bounded by
E;=E, =M/4. Therefore, cosyz, can be integrated out,
and after folding events about the diagonal E;=E,, the
energy of the lighter lepton can also be integrated out.
The resulting harder lepton’s energy spectrum

Ixy) =TGy)1+AKy)], xy =En/E max, (6)

()

is shown in Figs. 3 and 4.

The function I(xy) at tree level for M >>m, can be
easily checked by many readers. Conceptually it is sim-
ple, which should help in accessing the limitations from
anticipated systematic errors for detectors at SLC or
LEP. For 107 Z° events, using all = — u*vv and
e ¥ vv channels, the statistical errors are Say =0.016
and 6£=0.063. Since the 7 decays into u and e have the
least background, they are the cleanest decay channels
for ay determination. In principle, the 7— zv and
t— pv channels among others are also good decay chan-
nels to study. Since they are two-body modes the 7 rest
frames for two-body pairs are accessible’ and, depending
on many factors including possibly new physics, it might
be useful to include some of them in a test (the statistical
errors reduce to Say =0.0053 and 6£=0.026). Mea-
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FIG. 1. For g and e back to back, the contour plot of

T(E;E.) for a Z° mass M=91.9 GeV.

surement of charged-particle energy correlation func-
tions for various one-prong t modes in Z°%— ¢~
might also be a helpful constraint in resolving the t
missing-decay-modes problem.

For a precision test of ay to be feasible, a prime re-
quirement of course is that all radiative-correction
effects and I'z/M effects be correctly included in the hel-
icity formalism,®” so I(xy) has a precision of ~10 ~3 or
better.®? By time-reversal invariance, f,1, =,
where the latter is the helicity amplitude for
I1t1~— Z% Thus, “oblique corrections’ can be includ-
ed in ay as in the starred renormalization approach of
Kennedy and Lynn,'? which has been used in a state-of-
the-art calculation'' of Afz*  for a polarized e ~ beam.
So, from ay = — A, using for instance Refs. 5, 10, or
11, one can estimate the sensitivity level of 7(xy) to my,
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FIG. 3. The T(xy) factor in the harder lepton’s energy
spectrum, I (xy) =T (xp)[1+A(xy)].
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FIG. 2. The analyzing power A(EzE.) for sin’6, =0.23,
E=+1.

mpy, and to new physics. Next,!!' the ta,n, amplitudes
are modified to include the known weak vertex correc-
tions and the final QED corrections!”!2 for Z°
— z+v7r7. Next, in the factors for 7+ —1 ivﬁ, the
electroweak corrections’® to S(x)=(E;)2(—1+2x),
R(x)=(E;)?>(3—2x) will induce corrections ~10 3,

much as for the electron spectrum in muon decay, since

T=R(E})R(E3)+E2S(ET)S(E)cosHf cosbs,

(7
U=S(ET)R(E})cosOf+R(ET)S(E})cosb;,

where 6 is the polar angle of / % in the t T rest frame.
Finally, this correlation function I(E,,—,Ee,cosy/ﬁe) must
be convoluted with the Z° resonance line shape'!!'* to
include the I'z/M effect and the initial-state QED
corrections, and then the remaining integrations per-
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FIG. 4. The A(xy) term in the harder lepton’s energy spec-
trum.
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formed to obtain 7(xy).

Our principal point is that the exceptional properties
of I(xy) warrant its careful analysis for the decay se-
quence Z°— 't~ — ute "X at SLC and LEP. A
definitive measurement of £ and of ay for the r lepton
obviously has fundamental implications within, and
beyond, the third family and the standard electroweak
model.
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