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Philippe ROSSELET
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A method is suggested of determining the mass Mz of the Z0 resonance, the ratio

%:«,E of its vector and axial coupling constants to electrons, that same ratio for the coupling
e

to 's, and the product g2 of the electron and T coupling constants. The method requires
only measurements near the Z0 peak: of the 1T-lepton forward-backward asymmetry; of
average energies of t-decay products; and of the forward-backward asymmetry of these
average decay product energies. The method is model independent. It has the advantage of
being essentially insensitive to errors associated with the luminosity measurement and of

depending only a little on radiative corrections.

1. Background

With the high-statistics data we expect from LEP, measurement accuracy of key
parameters may be limited more by systematic than sfatistical errors [1]. As a check of
systematic errors, it will be useful to have different determinations of the same parameters
using different techniques such that the biases due to systematic errors be small and not
the same. One may also want to reduce to a minimum the need for theoretical assumptions
(e.g. the standard model [2]) to validate the final results. The method described here is
meant to complement measurements based on the line shape [3] and other means [4]. It has
been designed with the intention of minimizing both systematic errors and theoretical

assumptions.

The reaction that will be used here is

e +e' o Z +(y) >+ +(Y). | (1)
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Our only assumptions are that the Z0 resonance is made of a single boson of spin 1 and that
reaction (1) can be analyzed using the six-step picture of Fig. 1, which we describe below.

.. S . .
a) The two incident electrons ¢~ and e, of energy \/7_ each, start interacting. At

this time they may radiate photons by internal Bremsstrahlung. In that case, they lose
energy and become virtual electrons. At the end of this step, the electrons now labeled e
and e*™ form an object of effective mass Vs* <+s .

b) The two electrons e~ and e+* annihilate into a Z0 boson of mass Vs* .

¢) The Z9 boson decays into a pair of T's. Each of the t's makes an angle 6* in the
70 rest frame with respect to the incident €* of the same sign. We will pay special attention

to the case where one of these 1's can be used for polarization measurements. At this step,
*

%k
that T lepton may be off the mass shell. We label it T*. It has an energy ET = \IZL_ in the
70 rest frame.

d) If the T lepton of interest is off the mass shell, it radiates y's by final state
%
Bremsstrahlung. In any event, the final 7 in this step is real. It has an energy Eg < —25—

in the Z9 rest frame.

¢) The T we analyze for polarization measurements decays into neutrino(s) and a nt
or a L. For the sake of simplicity, we will not consider other decay modes for measuring
polarization. This ® or 4 may be off the mass shell. It will be called ¥ or u**. It has

%3k sk
an energy E_ or Eu , < E¢, in the ZO rest frame.

f) If the decay product n** or u** is off the mass shell, it emits y's by internal
Bremsstrahlung. In any event, it is now a real particle, ® or p, with an energy which we
now define in the laboratory as Enor Ey; . That & or u may traverse the detector and be

recorded.

This six-step picture is assumed to be approximately correct [5, 6], except for very
forward and very backward production angles, i.e. in regions escaping detection by present
LEP detectors [7]. Step a) produces a spectrum of effective masses Vs*, i.e. of masses of
Z0 states in steps b) and ¢).  In the rest frame of these states, the angular distributions of

. . . do _ .. Q%
the differential cross section d(coso™ (cos6%) and of the 1~ average helicity P*(0%), at step c),

averaged over all values of Vs¥*, are functions of four s-dependent parameters [6, 8],
which we call the average form-factors Fy, Fy, F2, and F3.



— 99 _F(1+c0s?0 %) + 2F,cos0 * @
d(cos6 *)
P*(6 )_ (1+cos 9*)+2F cosO * 3)
(1+c0529*)+2F cos@* '

where 6™ is the T-production angle in the Z0 rest frame, defined at step ¢). The T+ and 1~
helicities are anticorrelated with a coefficient almost equal to ~100%. The 1+ average
helicity is — P*(8*). The average form-factors are related to averages of physical quantities
known as the forward-backward asymmetry AFB, the average T polarization Apg|, and the

7 polarization forward-backward asymmetry APol

2<0059*>=5‘=£Am 4)
E 3
F2
<P*(9*)>=— =Ap01 (5)
FO
2<P*(6’*‘)cos()*>=5=iAf§f1 (6)
F,_ 3

where the symbol < > around a quantity denotes an average of this quantity. In Egs. (4) to
(6) and only in these equations, it represents an average extended over the entire solid
angle. The experimental determination of Agg, Apol, and A ; does not require luminosity

measurements.

We describe how to determine the ratios of the vector and axial coupling constants
from Agg, Apol, and AEBI in Sec. 2. In Sec. 3 we show how to get the resonant mass Mz

and the product of the couphng constants g2, Finally, in Sec. 4 we describe a method of

measuring AFB, Apol, and A Pol experlmentally



2. The ratio of the coupling constants

The vector and axial coupling constants to electrons (T leptons) are called gy, and

gae (gvr and gag) and a is the fine structure constant (s %) . For the sake of simplicity,

as in ref. [6], the coupling constants are expressed in units of the electron charge, instead

of units involving the weak interaction Fermi coupling constant. It follows that the

standard model predictions for our coupling constants are larger by the factor — 1 than

sin20,,

the expression given in ref. [9], calling the weak angle Ow. The average form factors F's
satisfy the following equations

F,= %OS—Z[U +28y.8v.R + (gl + gie)(gir +g3)Q] )
F = ——[2gAegMR + 48y, 80 8v:8a:Q] ®)
F,= %[Zgwng +2(gh+ 2h)2v. 20 Q] ©)
F,= —7&[2gAegwR + 28y, 8 a0+ 82)Q] (10)

where U, R, and Q are averages over the spectrum of Z0 masses V's*, taking into account
e~ and e* Bremsstrahlung (i.e. radiative corrections in step a) of Fig. 1) and the beam
energy spread. Let p be a function expressmg the spectrum of values of s* for a given

value of s. It is essentially a function of (1 — —) [6,9]. Then:

U_fpfj_8%)ds*(1 11
S Jp(l s) S (s*) (D

R_ [ p(l— ﬂ) ds* Re{x(s*)} (12)
S S

S s*




Q _ s*Y ds* Iy(s*)P »
P s e | 12
1 (14)
x(s*) =
1—~§42-+i—£;-
s* M,

where T is the width of the Z0 resonance.

In the lowest order Born approximation the function p is the Dirac distribution
*
6(§—S~— 1). Thus U, R and Q are simply equal to 1, Re{x(s)}, and |x(s) |2, respectively.
*
With radiative corrections, p(1 — S?) is a weighting function for which an approximate

expression will be given later in Sec. 3.

We restrict our analysis to data taken near the top and on the slopes of the Z0 peak,
Mz
r

cbntn'bution of U =1 is small in Eq. (7) and we will neglect it from now on. Equations (7)

where x(s*) is of the order of and thus much larger than one.  This means the

to (10) become four homogeneous linear equations for the variables R and Q, so R and Q
can be eliminated using two of the four equations. Two constraints remain. They are
homogeneous relations between the average form factors Fo, F1, F2, and F3. Dividing by
Fo, the terms Fy, Fy, and F3 become AFRB, Apol, and AI;EI defined in Egs. (4) to (6).

2 th .
T Eac
= (g_vAPol"l]—A_ (15)

)
At 1— (&)
Ear

2

4 . 1+(gVeJ
Ve Eae

[("‘AFB) Sv. _AP01:|_A—‘7
gAe

3

Ae

(16)
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The physical quantities A, Apol, and A§§1 depend on the incident energy s,

but the coupling constants gve, gae, Evt, and gar do not. It follows that Egs. (15) and
(16) define a straight line in the three-dimensional space of the observables Agg, Apgl, and
AIP,EI. If data have been taken at several energies s near the Z0 peak, it can be checked
that they lie, within errors, on a straight line in the space of the variables Apgg, Apol, and

AI;gl, and also that this line is one of those defined by Egs. (15) and (16). That straight

line test is a test of the consistency of all the values of Agg, Apgl, and AI;EI obtained at
different energies. Any set of measurements of Agg, Apol, and Aggl at any energy permits

us to compute %Z—i and gg%: by solving Egs. (15) and (16) for these ratios. The results

obtained at different Vs can be averaged to get the best accuracy. It is remarkable that this

determination of the ratio of coupling constants and the straight line test are independent of
%k

the value of the initial energy Vs , of the form of the function p (1 — §s_ ) used in Egs. (12)

and (13) to describe radiative corrections in the initial state, and of the Z0 width I". This is
true as long as U is negligible, i.c. as long as we use only data near the Z0 peak.

If the values of Apg) and of % AI;gl are equal to one another within experimental

errors, then the ratios of coupling constants ggVTe and gg%‘- are also equal to one another
e 1

within errors and electron-T universality can be envisaged. We can determine a more
accurate value of Apy| by combining the measurements of the average and of the forward-

backward asymmetry of the 1 polarization. This more accurate value can then be

8Ve _ 8Vt _ 8V wih that
gAe gAt £gA

reads

introduced in Eq. (15) where, at the same time, we set

assumption of electron-T universality, the equation for %}\'

2
£a Bv _(4 ) (gv) —
Ap | == +3== —Ag1+|=||=2.
Po(gv gA) 37" |: ga (D

It can be used for estimating i—: . For purpose of illustration, Fig. 2 shows the relation

between Apg] and Apg deduced from Eq. (17) for different values of the ratio g: . Given a



value for Arg and a value for Apy for the same s, a point can be plotted on Fig. 2 and a

corresponding value of % can be determined.

If Apg determined using this method with reaction (1) is equal, within experimental
errors, to the forward-backward asymmetry obtained from p pair production, p-t
universality may be envisaged. Then, also using the muon data, a more accurate value for
AFp can be introduced in Egs. (15) and/or (17).

3. The Z% mass and the product of coupling constants

The mass Mz and the product g2 of the coupling constants to electrons and T's can
be extracted from the s-dependence of the data. This time one needs an approximation for

%
the function p (1 —§S—) . That function can be introduced in Egs. (12) and (13) to obtain
an s- and Mz-dependent expression of R and Q. Then the ratio RQ gives a prediction,
which depends on the coupling constants, for the quantity Agg, thus for Apg) and AI;;% 1

since the latter are bound to Agg by Eqgs. (15) and (16).

. 2
) iAFB = _12_ 4gVegAeg2V1gAt + 2k(s)gAchtg (18)
3 g 8" +2k(s)gv.8v
1R
k(s)=—— 19)
g'Q
4 (20)

gt = (gl +g%.) (g% + £he)

Since the computation of % using Eqgs. (12), (13) and (14) depends on Mz and I,
and since the quantity k(s) of Eq. (19) depends also on g defined by Eq. (20), a general fit

of the predictions to the experimental data would allow us to determine all or some of these
79 parameters. We will use a more analytic approach instead, to demonstrate the limited

influence of radiative corrections on Mz and g.



After the ratios 8¥¢ and 8Y have been determined using the method described in
g Ae gAr '

Sec. 2., the quantity k(s) can be obtained experimentally for each initial energy Vs at which
AFp has been measured. Solving Eq. (18) for k(s), one gets the formula for the

experimental value of k(s)

AFB -4 chgAe§VtgA1:

1 g o)
2 BacBar _ BveBwe ﬁ .

2 2 AFB
g g \3

which depends only on Arg and on the ratios of coupling constants.

4
k() == =

In the Born approximation, if beam energy spread can be neglected,

2
%: WMz 22)

Thus, in the plane of the variables é and k(s), the theoretical prediction of Eq. (19) for k(s)

. . . 1 1 .
represents a straight line that crosses the k = 0 axis at ~= ) and whose slope is

S Z
Mz2 . dk 2
— . At the point where k(s) =0, — = —5—.
g2 P dVs  g2Mz

satisfactory, an estimate of Mz and g by a fit to the data points would be straightforward.

If the Born approximation were

Note that the Z0 width, I", would not enter the theoretical prediction of k(s) and then could
not be determined from these data alone.

To be more accurate, but still neglecting the effect due to beam energy spread,
radiative corrections as given by ref. [6] for step a) of Fig. 1 (i.e. in the initial state), can be

. R . .
introduced to compute ok For data taken near the Z0 peak, in lowest order of the ratio

—I\EI‘_Z , only the form of the function near s¥ =sis important. Thus we make the following

approximation
p(v) ~ " (23)
where

v=1—~s— 24)



y=2%(ln—mS?— 1) =.108 (25)

and me is the electron mass. Using v as the integration variable, the integrals of Egs. (12)
and (13) become integrals fromv=0tov = 1.

b3
R - il—wr—Q = _[;y vt X894, (26)
Z

In lowest order of MLZ’ the integral of Eq. (26) can be equated to the same integral but from

v =0to v = oo, and then evaluated using standard integration techniques in the complex

plane of the variable v.

1=y
. T —y 1 { . T
R-i—Q-= — 2mi x(s)(1+1—)] Q27)
Mz~ 14 1-e*™ M,

From Egs. (14), (19), and (27), we derive a relation between k(s) and v/s. In

r . .
lowest order of Vo this relation is
V4

_ Vs =M, | _ { 2&} m
(1 y)arctan{2 = }—arctan k(s)g - + = (28)

Given Mz, g, and I', Eq. (28) defines a relationship between the measurable
quantities k(s) and ¥s. One can expect that a plot of k(s) versus Vs defines a curve that
intersects the k(s) = 0 axis at a value v'sg of Vs

\/s_0=M2+—12:tan AL EMZ+O.192%. (29)

2(1-v)

From vsg, Mz can be extracted accurately, even if we know a much less good
approximation for I'. The value of I" obtained from the line shape should be satisfactory
[3, 10]. The constant g can be extracted from the slope of k(s) at that intersection Vs = Vsg
with the Vs axis. That slope is equal to
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dk 2(1-v) 172

= = . 30)
s g’M |:1 + tan?—1" } g M,
Z

2(1~)

The expenmental determination of Vs yields g with very little dependence on the value of

I. There are non-linearities as soon as the quantity

\/— Vs M, tan-— = 0.34 ——= Vs =M,
r 2 r
is not negligible with respect to 1. These are essentially generated by radiative corrections.

(3D

Note that data near the Z0 peak are very valuable precisely because not only the term U in
Eq. (7) is negligible, but also radiative corrections are less important for small values of
the quantity A of Eq. (31). Note also that Egs. (28), (29), and (30) reduce to the Born

expression for y=0.

To illustrate these properties, the relationship between Vs and k(s). g2, as predicted

by Eq. (28), has been plotted on Fig. 3. The parameter MLZ for this curve is the measured

value 0.028 and the parameter yis 0.108, i.e. the value derived from Eq. (25). The curve

does not depend strongly on MLZ as can be seen from Fig. 3, where the variation due to

110 standard deviations from the measured value has also been plotted.

The best estimates for Mz and g will be achieved by a general fit of Eq. (28) to the
values of k(s) obtained experimentally using Eq. (21). The fit corresponds to the following
operations on Fig. 3. Using trial values for Mz and g, plot points of ordinate k(s)- g2 and

of abscissa I\\I/I_z Then submit them to a horizontal translation to fit Mz and a vertical

scaling adjustment to fit g so as to get the points superposed to the solid curve. The width
I" plays a role in Eq. (28) only when ¥ # 0, which shows that I" gets involved only via
radiative corrections. That width would not be accurately estimated by a fit without using
luminosity measurements. It should probably be obtained from the line shape [3, 10].
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A similar but less elaborate method of determining Mz from the forward-backward
asymmetry and T polarization measurements has been described in ref. [11]. The

determination of g% , i% , and g was not detailed there as it is in this paper.
(7 T

FB

4. Measurement of Apg, Apol, and APol.

To determine AfB, Apol, and Aggl experimentally at any Vs, we cannot simply use

the quantities cos8* and P*(8*) defined at step c) in the ZY rest frame and appearing in Egs.
(4), (5), and (6), because they are not part of the data provided by the detector. Other
quantities, experimentally accessible and correlated to cos8* and P*, will have to be
substituted. Corrections for distortions introduced by that substitution will have to be
applied, corrections which can be computed by Monte Carlo techniques. Our goal is to use
experimentally accessible quantities that are strongly correlated to cos8™ and P* because
then corrections will be small and, in principle, flaws and model dependence of the Monte

Carlo generator will be less important.

The parameter App defined in Eq. (4) is equal to an average of cosB*. There are
several good approximations for cos8™. In the detector, the data for one event of reaction
(1) includes two energies E_ and E; and two angles O_ and 0. in the laboratory. The
energy E_ (E4) is the energy of the charged decay products of the negative (positive) T
lepton. The angle 6_(6,) is the angle made by the sum of the momenta of these decay
products from the T=(t*) lepton with the negatively (positively) charged incident electron
e~ (e*). To take into account the fact that high-energy t-decay products are more likely to
travel in the same direction as their parent T leptons than low-energy ones, one may want

to use the following approximation cos® for cos6*

E _cos6_+E, cos0,

32
E_+E, ©2)

cosO =

At colliders, all detectors are sensitive only to particles emitted in a limited solid
angle that includes 90° from the beam axis. Let us call Cjjp, the limit for | cos6_! and
| cosB4 | below which efficiency of detection may be considered good and let us select

only events with both 6_ and 6, within that limit. The reconstructed events will
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correspond to values of cos® given by Eq. (32) falling necessarily between —Ciim and
+Clim . To determine AfB, one can measure the average < cos@ > of cos6 between —Cjip
and +Cjjm and correct it to obtain an estimate of the average of cos6* between —Cjim, and
+Cjim. Note that the latter average is of course still different from the average over the

entire solid angle which figures in Eq. (4). Using Eq. (2), and replacing ;—(1) by % AFB,

4 2C2

<cosh*> = — A lim (33)
3™ 3402
4 2C2 B

<cosh >= — Ay —2 + O (AFB, APol, Apyy) (34)
3 FB 3 +C§m FB 0 Pol

where the term ¢y (AgB, APol, AEI) is a correction equal to the difference between

<cos® > and <cos®* >. That term can be computed using a Monte Carlo program
such as KORALZ [12]. For Monte Carlo events, both angles 6* and 6 are known. The
distortions due to lack of detection efficiency for different angles 6 can be taken into
account by detector simulation. Thus < cos6* > and < cos6 >, therefore the difference
¢rg (AEB, Apols AIF,EI) can be computed. In principle, it is a function of all three

parameters Afg, Apol, and AI;,};, since these parameters affect the distributions of decay

products in regions where detection efficiencies and distortions due to equipment
limitations or experimental cuts may not be uniform. Of course, almost all modes of decay
of the 1 lepton can be used to determine a value for cos0 according to Eq. (32) and thus
can contribute to the measurement of Agg.

As can be seen from Egs. (3) and (5), Apol is the average helicity of the 7 in the
Z0 rest frame over any symmetric interval of cos8*, between —Cjim and +Cjjn, in
particular. The average helicity of T leptons is related to the average energy of their decay
products (see [6, 8] in particular) but, in our chain of steps described in Sec. 1 and Fig. 1,
P*(6*) is the t* helicity at the end of step ¢) and the t-lepton decays only in step ). The
changes in the T polarization during step d) are small [13], but, to reduce them even further
in the sample of events, it is advantageous to eliminate events with a 7y of large energy in
step d). Let Ejjm be a small yenergy. We will make experimental cuts to reject most
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events for which a y emitted in step d) has an energy larger than Ejin, in the Z9 rest frame

and keep the bulk of those for which
%k

E.-E =—‘/%_——E,<Enm

T

(35)

%
where, as defined in Sec. 1., T\[S_ and Er are the 7 energies in the Z0 rest frame before and

after step d) respectively.

For the polarization measurements we further restrict the sample of events to T
decays into v and pvv. Assuming that the average helicity P* is unchanged during step
d), we deduce relations between the average polarization Apg) of the sample and the
average energies of the decay products n** or u**. Neglecting the 7 and 1 masses,

<E, >= % (3-A,,)<E > (36)

<E, >= 516 (7T+A,,)<E, > 37)

where < E¢ > is the average of the energy E; . This average depends on the initial energy
s and on radiative corrections in the initial and final states, i.e. in steps a) and d) of

ok * %
Fig. 1. However the ratio of < En > and < Eu > does not depend on these quantities

because it does not depend on < E; >:

¥k
<E_ >
— = = . (38)
<E, > 3 T+A,,
Note that the average energy of Eq. (36) is decreasing with Apg] while the one of
Eq. (37) is increasing. Because of that, the ratio defined in Eq. (38) is also more sensitive
to Apol than either average energy of Eqs. (36) and (37).

For the data provided by the detector, the test of Eq. (35) can be approximated by

the requirement that, in every event used to measure polarization, there be no y-energy in
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the laboratory larger than Ejjy detected in the solid angle covered by the detector

electromagnetic calorimeter:
Ey1ab < Elim - (39)

Test (39) is a good approximation for test (35) because y's from Bremsstrahlung in step d)
of Fig. 1 are emitted at a small angle with respect to the T direction in the laboratory and
have a good chance of being recorded in the electromagnetic calorimeter.

*k * % ' '
The energies En and Eu in the Z0 rest frame at the end of step ¢) of Fig. 1 will

have to be approximated by the energies Er and Ey, in the laboratory after the last step,
since only Ex and E}, are measured in the detector.

<E,> 10 3-A,, B
- = — —= 4 A Ap Ap, 40
<Ep> 3 7+Ap01 ¢Pol( B Pol Pl) ( )

where ¢po1 (AFB, Apol, AI;,EI) is a correction term, presumably small, equal to the

E- > < E >
bif

<
<E. S Eu ~ and

difference between . That difference can be computed by

* %
<E >

i
ok
generating Monte Carlo events [12]. In Monte Carlo events indeed, both E; and En , (or

& % %k %
Ej, and Eu ) are known, the test of Eq. (35) to select the sample for <E1c > (or

% %k
<E " >) and the test of Eq. (39) to select the sample for < Eg>(or <E;;>) can be made.

The effect of lack of efficiency can be simulated to account for the distortion of the averages

¥ %k
<E. > <E_ >
due to the detector. Therefore both < E" 5 and % » and thus their difference,
H <E_ >
)

can be estimated.

Though P*(8*) and so Apy] have been defined as the T~ average helicity, the t+
decays into 's and H's can be used just as well. The 1+ average helicity is opposite to the
T~ one but the decay asymmetry parameters are opposite too. The average energy of the T+
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decay products should be the same as the T~ ones. Thus 7's of both charges can be used
to determine Apol and be included in the averages < Ex > and < Ey; >.

FB

For APol s

one can make a similar development as for Apy) . One has to average

Er cos8 and Ey; cosB on the same samples of events as for Apg].

4

<E_cos6> 10 3‘5 Ara . . |
<E, cosf> =—3— 7 4 AP +¢Pol (AFB’APOI’APol 41)
. + = Apg

where (1)1;};1 (AEB, APol, A};,?l) is another correction term, to be computed by Monte Carlo

%k %k
. *
. < Eq cosO > <Eg cos8* >
as the difference between
<Ey cosf >

and

%k %k e* .
<E cosf8* >
i

Equations (34), (40), and (41) can be solved to get estimates of Afgg, Apg], and

AFB

pol » Which can be used in the analysis described in Secs. 2 and 3 of this paper. Note that

luminosity measurements are not used to determine Afg, Apgl, and AI;,EI. In the

analysis, they are used only in Sec. 3, indirectly, when a value of I' measured with the
line-shape is introduced into the computation of radiative corrections.

5. Summary and conclusion

Under the hypotheses that the Z0is a single spin 1 resonance and that the effect of
radiative corrections can be approximated by the six-step picture of Fig. 1 and of Sec. 1,
three quantities describe the data that can be obtained without luminosity measurement for
reaction (1) at each value of the initial energy V's . They are the quantities Agp, Apol, and
Aggl of Egs. (4), (5), and (6). They completely determine the angular distribution and the

1 polarization properties in the Z0 rest frame [6, 8].
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Measurements of Agg, Apol, and Aggl at any energy Vs are described and justified

in Sec. 4. Let 0 be the angle in the laboratory defined by Eq. (32) and let the interval
between —Cjim to Clim be the range of cos@ for which we accept T pair events. Let 8* be
the angle in the Z0 rest frame defined in Sec. 1 at step c). For experimentally obtained
events, one can measure the average < cos6 > in that interval and, for Monte Carlo events
[12], one can compute both < cosd > and < cos6* > in that same interval. The average

< cosO > over the real events as well as the difference ¢rB (AFB, Apol, All:,lgl ) between

the averages < cosf > and < cos8* > over the Monte Carlo events can be introduced in
Eq. (34).

¥k %k %
Let Er (Ey) and En (EH ) be the m (W) energies defined at steps f) and e) of

Sec. 1 respectively. The averages <Egp >, <Ej, >, <Eg cos6 >, and <Ey cos® >

can be measured for the experimental data while these same averages plus

* % % * 3k N %k %
<E7t >, <EH >, <E1t cosf8* >, and <E

u cos0* > can be computed for the Monte

Carlo events. The averages < Ep > and < E; > over the real events as well as the

. FB <Eg> <E*™; >
difference @pol (AFB, Apol, Ap,) between _ E: S and :‘ET,‘%

computed using

the Monte Carlo events can be introduced in Eq. (40). Similarly, the averages of energies
times production cosines can be introduced in Eq. (41). To minimize the size of the
corrections, an experimental cut in 'y energy detected at large angle from the beam direction
(i.e. in the electromagnetic calorimeter) is suggested, as explicitly formulated in inequality

(39). Note that such a cut also helps out in rejecting t-decays involving n0s.

From Egs. (34), (40), and (41), AFB, Apol, and Al;(?l can be obtained at various

values of Vs. Then, from these measurements, four s-independent parameters can be

determined. They are the ratios Bve and &of the vector to the axial coupling constants
gAe gAt

of the Z0 to electrons and © leptons respectively, the mass Mz of the 70 resonance, and the

product of coupling constants g2 (in units of electron charge squared) defined by Eq. (20).

In the lowest order Born approximation, these four parameters contain all the information

supplied by the quantities A, Apol, and AI;ISI at all energies Vs, regardless of the Z0

width I". In the real world, in spite of the presence of radiative corrections, the ratios
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8ve and Y= can be determined experimentally at each Vs using Egs. (15) and (16) of
Ehe Ear

. . . s*
Sec. 2, without having to use a value for I, or a value for Vs, or an expression p(1— < )

for the radiative corrections in the initial state. The mass Mz and the product g2 can be
determined using the method justified in Sec. 3. For this purpose, the quantity k(s) of
Eq. (21) can be computed at each value of Vs using Apg and the ratio of coupling
constants mentioned just above. Then Eq. (28) can be fitted to all the set of values of k(s).

*
For this fit, some approximate estimate of I" and of the distribution p(1— S? ) is needed

in order to compute a correction. The line shape may be used for the determination of T".
Determining I" without using the data provided by the cross section line-shape does not
seem advisable, in spite of the fact that the line-shape requires the data from the luminosity

monitor.

In this paper, some approximations have been made but not corrected for.
Among such approximations, there are the ones neglecting the term U in Eq. (7) and the
remaining helicity changes in step d) of Fig. 1 [13]. Though these corrections can be
computed by Monte Carlo when we test the standard model, they have not been spelled out
for sake of simplicity. If electron-t universality and/or p-t universality may be assumed,

this determination of Z0 parameters can be strengthened, as stated in Sec. 2.

As a check of both systematic errors and of the standard model [2], the values of Z0
parameters obtained by the method described in this paper can be compared to those given
by a fit of the standard model parameters to the data from the line shape [3]. To check
systematic errors, they can also be compared to the measurements obtained by experiments

using polarized beams.

The authors are indebted to Ms. J. Barrera for her help in producing this

manuscript.
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FIGURE CAPTIONS

Fig. 1

Fig. 2

Fig. 3

A representation of the six steps constituting the reaction

e'e” —>Z°(y) > t(y)

[, wwy)

nv(y)
See Sec. 1.

The relationship between Apgl and Agp for several values of % according to
Eq. (17) that is, with T-lL universality assumed.

k(s)-g* as a function of ﬁ as predicted by the Born approximation (dashed line)

and taking radiative corrections into account (solid line) as predicted by Eq. (28).
The dotted range around the solid curve represents the variation due to a Z0 width
which is £ 10 standard deviations away from the measured value of I' =2.536 £
0.029 GeV/c2.
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