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ABSTRACT 

The ratio of the number of hadronic events to that of muon pairs in 

electron - positron annihilation at the mass of the weak neutral boson 

permits a determination of the top quark mass. 
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It is now known that the postulated sixth, or top (t), quark has a 

mass above mz18.5 GeV’ *beyond the reach of ~the operational elec- 

tron - positron storage rings. With an new generation of accelerators 

being planned specifically to produce the neutral weak boson Z” at reso- 

nance, there is a distinct possibility that evidence for the t quark be 

first obtained in the analysis of decay products of the Z”. This possi- 

bility becomes probable by the realization that the production, by 

hadron beams, of systems containing the t quark proceeds at such low 

rates2 as to be lost in the background, and by considering the rate of 

production of a resonant (tT > system in e+e- annihilation. The 

expected electronic width3 of such resonances,the inverse square depen- 

dance of the cross section on center-of-mass energy (EC,), the energy 

resolution and luminosity of the accelerator” ,a11 presage an arduous 

search. It is thus important to restrict such a search to an energy 

interval as limited as possible. 

Consider now the production of tT pairs at Ec,,,=M, the Z” mass. In 

all that follows we adopt the standard model5 of weak and electromag- 

netic interactions, in which the mass and partial widths of the Z” all 

are functions of a single parameter, the sine of Weinberg’s angle sine,. 

In this model three generations of colored quarks (q), forming weak 

isospin doublets, have both vector and axial-vector couplings6 to the 

20. The partial width for Z” +tT is calculated to be 

~t(R)=3.(M/24n).Cg,2B(3-R*)+2g~2R3] (1) 

where B= 4 1-(2m/M)* is the t velocity in units of the speed of light and 

the couplings’ are g,=(e/2sinG,cos8,)(~ - (4/3)sinZ6,) and 



g ,=e/( 4s 

sintO,= 
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n8,,,cose,) with e the unit charge. The measured value* 

2250.01 results in (ga/g,)z=5.8~0.8, with a threshold factor 

dependance predominantly cubic for ve 

Thus the rate of tT production at the 

by the threshold factor as indicated 

loci ties 131. 3g,2/(2g,2+g,2)=0.49 . 

Z” shal 1 be noticeably modulated 

in Fig. 1 where the ratio p=rt(R)/ru 

of the top quark partial width to that of a massless up quark is shown 

as a function of m. With the present lower bound on m, the threshold 

suppression of ty production is about 22%. 

Within the standard model, p can be expressed in terms of the experi- 

mental ratio r of the number Nh of hadronic events to that of muon pair 

events Nww produced at Ec,=M, 

rlw rh 
p= 1+ r --- 

ru ru (2) 

where rh is the hadronic width calculated for three quark generations of 

massless, colored, weak isospin doublets, rww is the w’p- partial width 

and Tu is the partial width into u quarks . The ratios of widths in Eq. 

(2) are smooth functions9 of sin2ewr and the main contribution to the 

error in p arises from the error in the experimental value r=Nh/Nww 

rather than from the uncertainty in sin*f3,,, measured at the Z”. Consi d- 

ering a sample of lo6 ZO’s, N,,=31,000,Nt,= 730,000 and sin2~,=0.22t0.001 

results in the t quark mass error determination shown in Fig. 2. 

In summary, we have shown that the relative magnitudes of the vector 

and axial vector couplings of the weak neutral boson to weak isospin +i, 

charge +2/3 quarks leads to a supression of tT Z” decays that follows 

the third power of the quark velocity. The threshold suppression 
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reduces appreciably the total Z" width, and its magnitude can be used, 

within the standard model, to estimate the t quark mass. Furthermore, 

the error in the mass determination, while considerable, is of the same 

order as the energy level separation3 of the excited vector meson reso- 

nances. It thus circumscribes the resonance search to the relevant 

energy interval and may greatly facilitate the study of tT spectroscopy. 

Finally, the magnitude of the threshold effect will have to be experi- 

mentally established before attempting to infer the number of neutrinos 

from the total Z" width. 

Discussions with Prof. S. Brodsky and encouragement from Profs. 

D.W.G.S. Leith and G.J. Feldman are gratefully acknowledged. This work 

was supported by the Department of Energy, contract DE-ACD3-76SFDD515. 
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FIGURE CAPTIONS 

1. The suppression factor of t? decays of the Z” as a function of the 

top quark mass for sin28,=0.22, II=90 GeV. 

2. The error in the determination of the top quark mass as a function 

of the top quark mass for sample of lo6 ZO’s. 
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