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Abstract 

The recent results from the three experimental groups at TRISTAN on the electroweak physics are re­
viewed. On the leptonic sector, the total cross sections and the forward-backward charge asymmetry of 

and r + r ~ productions are updated, and we obtain a^/a.,-= 1.14±0.09 from those measurements. 
The is smaller than the standard model prediction by 2<7. The polarization of r in r + r ~ production 
is measured, which gives a constraint on the vector coupling vr. The total cross section for multihadron 
production R is updated. The R is in good agreement with the standard model prediction, which leads to 
an upper limit to the mass of top quark at 350 GeV/c 2 (90%CL). The forward-back ward charge asymmetry 
for qq production is measured for charm quark by D** reconstruction and for bottom quark by large px 
leptons. The result of the bb charge asymmetry, combined with the results of the other experiments, leads 
to a lower limit to the B®B® mixing parameter rs at 0.18 (90% CL). 

Introduction 

In this report, the recent results from the three 
experimental groups at TRISTAN on the electroweak 
physics are reviewed. At the energy region of TRIS­
TAN, between 50 and 64 GeV in the center of mass 
energy, the interference between 7 and Z° propaga­
tors is very important. The fermion pair production 
at this 7 — Z° interference region is now predicted 
precisely by the standard model using the parameters 
measured at SLC and LEP on Z° pole [1]. There­
fore an at tempt is made to compare the results from 
TRISTAN with the prediction of the standard model. 

Lepton pair production 

The and T+T~ productions are the simplest 
reactions to test the standard model. The three ex­
perimental groups at TRISTAN measured these quan­
tities between y/s=b0 and 64 GeV. The differential 
cross sections have been translated to the tree level 
Born cross section using the radiative correction cal­
culated by Fujimoto and Shimizu [2]. The total cross 
sections and the charge asymmetry are obtained by 
fitting those differential cross sections to the follow­
ing expression. 

The measurements by the three groups are combined 
in Fig.l and Fig.2. The smooth curves in the fig­
ures are the standard model predictions with the fol­
lowing parameters; sin 2 9w=0.230, m^=91.1 GeV and 
Fz=2.50 GeV, and the data points at the lower en­
ergies are the results by the experiments at P E P and 
PETRA [3]. These parameters will be used to calcu­
late the standard model predictions in the rest of this 
report. 
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Fig. 2. Forward-backward charge asymmetry for 
and t + 7 ~ productions. 

The Rrf is larger than unity at the TRISTAN en­
ergies as predicted by the standard model, but is 
apparently smaller than the prediction. This tendency 
exists also at the PETRA energy, and is about two 
standard deviation effect at TRISTAN. The charge 
asymmetry is consistent with the prediction of the 
standard model. 

Fig. 1. Total cross sections for and r+r~ produc­
tions normalized by the lowest order QED cross section for 

production. 



To look at these results from a different aspect, 
the da ta on R and the asymmetry are fitted with the 
s tandard model expression leaving the coupling con­
stants of p, and r as free parameters, while those of 
electron are assumed as the standard model values. 
The values of a / s determined by this fit are listed 
in Table 1. The a M is consistent with the s tandard 

Table 1. The values of the axial vector couplings de­
termined by fitting all the da ta from PEP , P E T R A 
and TRISTAN. 

model but ar is slightly smaller. This possibility has 
been reported by P E T R A before, especially JADE has 
pointed out that the ratio of a M to aT averaged over all 
the available da ta from P E T R A is 1.26±0.15, which is 
l,7cr larger one [4]. This ratio becomes 1.14±0.09 by 
adding the da ta from TRISTAN. It should be noted 
though that the experiments at LEP measured the 
partial decay widths of Z°1 and fi — r universality has 
been confirmed with œ5% error at Z° pole [1]. 

Polarization of r 

The s tandard model predicts the polarization of 
the final state fermion, which can be observed in r + r~" 
production. It should be emphasized that in the ex­
periments at \fs « m# , the interference between the 
vector and axial vector couplings of Z° produces the 
polarization, whereas the polarization is produced by 
the interference between 7 and Z° at the TRISTAN 
energy region. 

For the polarized T ' S the angular distribution of 
the decay products in the r rest frame is asymmet­
ric, which leads to a characteristic distortion of the 
laboratory momentum of the decay particles. For two 
body decays as r~ —• p~vT and r " —* TT~VT, the lab­
oratory momentum of p or IT distributes as follows, 
where x is a normalized momentum and a depends 
on the spin of the decay hadron, 1.0 for w and 0.46 for 
p. 

Therefore by fitting the momentum distribution of w 
or p with this expression with a free parameter P, 
the polarization is calculated. For leptonic decays 
r~ —» (TvtVr, the polarization is obtained by a similar 
procedure using the following expression. 

The values of R depend on the top quark mass mt 

through the radiative correction factor, and the the­
oretical curve also depends on it because sin 2 9w in­
cludes mt dependent radiative correction. Hence the 
da ta in Fig.3 are fitted with the standard model pre­
diction of R leaving mt and Aj^ as free parameters. 
From this analysis, we set the upper limit to the top 
quark mass at 350 GeV/c 2 (90% CL). 
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Fig. 3. The R ratio measured at PEP, PETRA and 
TRISTAN [7]. 

To calculate the vector coupling of r , these da ta are 
combined with the previous measurements by CELLO 
(AFB(PT) = +0.01 ± 0.22) [5] and MAC ( A F B ( P T ) = 
+0.06 ± 0.07) [6], and we obtain vr = -0 .93+0 .60 . 

Hadronic cross section 

The total hadronic cross section in e + e ~ annihila­
tion is expressed traditionally as a ratio R. This is an 
important quantity which directly reflects the effect 
of strong and weak interactions. To calculate R from 
the number of the observed hadronic events we use the 
radiative correction factor calculated by Fujimoto and 
Shimizu which includes all the electroweak diagrams 
up to 0(a3) [2]. The results from the three groups 
are combined and shown in Fig.3 with the standard 
model prediction. The points at ^ = 5 8 , 63.6 and 64 
GeV are the new measurements in 1989—1990. 

From the measurements of x distributions of p±, 
Î T ^ , e± and / i ^ the average polarization of r and its 
asymmetry are obtained as; 



Charge asymmetry of heavy quarks 

The forward-backward charge asymmetry for qq 
productions also becomes very large at the TRISTAN 
energy region. To measure this asymmetry, the flavor 
and charge of the quark have to be identified. VENUS 
uses D*^s to identify charm events and to distinguish 
c and c jets. The D° candidates are selected in the de­
cay modes; K^it^y K^^TT0 and K^n^n*^, and the 
mass differences between the possible I?* ± 1 s and the 
D° candidates is plotted in Fig.4. Taking the com-

and TOPAZ use /i ± ,s_, and VENUS uses both e ± , s 
and / i ± , s to identify 66 events. Out of the \i inclusive 
events selected by the JJL detectors, 66 events are en­
riched by requiring the large transverse momentum to 
the /x's. The major background is /x's from charm de­
cays, which is estimated by LUND Monte Carlo pro­
gram [8], and subtracted from the angular distribu­
tion. VENUS identifies inclusive e± by the match­
ing of the shower energy and the track momentum 
and 66 events are enr ichedby making a cut in the 
electron pt at 1 GeV. The 66 charge asymmetry mea­
sured by those analyses are summarized in Fig.6 with 
the theoretical curve and the previous measurements 
[10]. These data will be used to estimate B°B° mixing 
later. 

Fig. 6. Forward-backward charge asymmetry for bb events 

The measurements of qq charge asymmetry of 
an individual quark flavor is only feasible for heavy 
quarks, and then only with a small efficiency. Alterna­
tively we combine all five quark flavors and study the 
asymmetry by distinguishing between negatively and 
positively charged jets. We define the jet charge asym­
metry by the following expression, where the positive 
jet is a jet in the direction of the positively charged 
initial quark, i.e., u, d, s, c and 6. 

The expected asymmetry is only +10% at the TRIS­
TAN energy. 

In the analysis by TOPAZ, the charge of jet is 
defined by the following two methods, where the sum­
mation runs over all charged particles in a jet. 
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The forward-backward charge asymmetry of 66 
productions are measured using prompt leptons. AMY 

Fig. 5. The cc charge asymmetry measured by VENUS at 
yfs - 58.5 GeV. The data by the other groups were taken 
from [91. 

binations with the mass difference below 150 MeV, 
35 JD** candidates are selected including 9 estimated 
background events. From the angular distribution of 
D*^s we obtain that the charge asymmetry of charm 
quark is —0.42Îo'i9 at an average center of mass en­
ergy 58.5 GeV (Fig.5). 

Fig. 4. Mass differences between D° candidates and 
T T ± - D° system (VENUS). 

method 1 



method 2 

A jet with the larger Qj€t is identified as a positive jet. 
A probability of correct charge assignment for each of 
the quark flavor is studied by LUND Monte Carlo 
program [8], and we estimate that the initial quark 
charge is identified with 70% probability if c*=0.8 and 
0.4 are chosen for the method-1 and -2, respectively. 
The jet charge asymmetry is calculated from the an­
gular distribution of the positively charged jets as 
+0.091±0.014±0.016 at an anaverage center of mass 
energy 57.9 GeV. 

B ° W mixing 
The B°B° mixing parameter can be estimated 

from the observed charge asymmetry of 66 event com­
bined with the results of the other experiments. The 
mixing parameter rd has been measured by ARGUS 
and CLEO as follows. 

a 

Fig. 7. Allowed values for and r s . The region (A) is 
determined from the measurements of ?d by ARGUS and 
CLEO, and (B) is determined from x* 

Fig, 8. The la and 90% CL allowed regions for and 
TS determined by combining all the available data. 

rs ( Fig.7 ). Combining these two results together, 
the allowed region of and rs is determined as in 
Fig.8. The most probable value for and rs is indi­
cated by *, and the contours are one sigma and 90% 
confidence level allowed regions. Prom this plot, we 
conclude that the full mixing is favored for SjJBJ mix­
ing, and the lower limit to rs is 0.18 at 90% confidence 
level. Zero mixing ( r s = 0 ) is excluded at 95% confi­
dence level. 

Fig.9 shows how the limit to rs depends on the 
assumption on the values of fd and f$. The horizon­
tal axis is a ratio f8/fd under an assumption 2fd + 
/ s = 0 . 9 , leaving 10% probability for bottomed baxyon 
production. The previous assumption corresponds to 
fs/fdz=0A in this plot. The most probable value of 
rs depends on the assumption of fs/fd but rH=0 is 
excluded at 90% CL independent of the assumption 
unless fs/fd < 0.3, where rs can not be smaller than 
one. 

Conclusion 
Three experimental groups at TRISTAN improved 

the measurements on the lepton pair productions at 
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In Fig.6, the da ta points are fitted to this expression 
with a free x assuming the s tandard model. From this 
fit we obtain that x measured from the charge asym­
metry is 0.131 ± 0.054. This value is again combined 
with the measurements on the same sign dilepton pro­
ductions, and we finally obtain x=0,139±0.032. In­
troducing an assumption, /<f=0.375 and fs=0.150, the 
measurement of x 1 8 expressed on the plane of rd and 

This probability x, is expressed in terms of fs and 
the fractions of and J9° in the final states, and r ' s 
as follows. 

On the other hand, U A l , MAC and Mark-II have re­
ported the measurements of same sign dilepton pro­
duction in pp or e + e " interactions, and they obtained 
the average probability that b quark decays as b. 

In the measurement of the charge asymmetry of 66, 
the observed asymmetry will be smaller than the true 
asymmetry of the 66 production. This ratio is ex­
pressed using x °f t h e same definition as; 
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Fig. 9. The most probable value of rs and its lower limit 
depend on the ratio fs/fd- However an assumption " r 5 = 0 " 
is excluded at more than 90% CL over the wide range of 
the ratio. 

the 7-Z° interference region. Adding the new results 
on the cross section and the forward-backward charge 
asymmetry of and r + r ~ productions, the ratio 
of the axial vector couplings, a^/aT has become closer 
to one, but is smaller than the s tandard model 
prediction by 2a. 

The polarization of r in T + T ~ production is mea­
sured by AMY and TOPAZ, which provides a direct 
measurement of the vector coupling vT. Combining 
the da ta with the previous results by CELLO and 
MAC, we obtain vr = ~0.93±0.60. 

The total cross section for multihadron produc­
tion R is updated. The R is in good agreement with 
the standard model predictions, which leads to the 
upper limit to the mass of top quark at 350 G e V / c 2 . 

The forward-backward charge asymmetry for qq 
production is measured for charm quark by D** re­
construction and for bot tom quark by prompt leptons. 
Using the result of the bb charge asymmetry and the 
other experiments an allowed region in the — rs is 
determined. From this analysis a 90% CL lower limit 
to rs is set at 0.18. 



DISCUSSION 

Q. C. Buchanan (UCLA): If fs/fd were ~ 0.2, would 
the B-mixing analysis still be o.k. or would it become 
inconsistent? 

A. M. Yamauchi: I believe that the mixing analysis 
excludes values of fs/fd below 0.3. 
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