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ABSTRACT

Model-independent measurements of quantities sensitive to the electroweak
physics at TRISTAN energies are propoised for the processes e+e~ —»• e+e~,
fi+fi~, T+T~, hadrons and heavy-quark (charm- and bottom-quark) jets. Fac-
torization of the scattering amplitudes into the part which is sensitive to short-
distance electroweak physics and the rest which is sensitive to long-distance
QED and QCD corrections is made, and uncertainties in the latter are studied
quantitatively by using exisiting programs. Electroweak observables are then
chosen for each processes such that the uncertainty from the long-distance
physics is small and that they can be updated when we reach a better under-
standing of the QED and QCD corrections. The new scheme will make the
data from high luminosity TRISTAN experiments useful for particle physicists
of the present as well as those of the future generation.
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1 Introduction

The e+e~ collider TRISTAN is the first world class particle accelerator in Japan.

The Japanese high energy physics community enjoyed an exciting era of conducting ex-

periments at the energy frontier of e+e~ collisions between 1986 and 1988, succeeding

PETRA, untill it was superceded by SLC. During this short period, TRISTAN experi-

ments received world attention with persisting hope of a discovery of the top quark, or

that of a forth generation quark, and new exotic particles that are difficult to observe at

the SppS collider at CERN. Even after the energy frontier was moved to SLC and the

hope of a new particle discovery at TRISTAN faded away, TRISTAN experiments were

still gathering largest numbers of high energy e+e~ annihilation events untill the LEP

collider at CERN started producing thousands of Z bosons a day in 1989. A notable

achievement of TRISTAN during this period is the first identification of the evidence for

the triple-gluon coupling in the four-jet-like hadronic events.

Since 1990, TRISTAN started the high luminosity experiments, whose main physics

targets were

(i) precision electroweak measurements at the highest e+e~ energies off the Z peak,

(ii) detailed study of QCD jets at intermediate energies between PEP/PETRA and
SLC/LEP, and

(iii) study of the photon structure and two-photon collision physics.

The studies (i) and (ii) are unique for TRISTAN even after SLC and LEP started ex-

periments on the Z resonance, while the two-photon physics (iii) at TRISTAN remains

competitive because the two-photon collision cross section is only logarithmically sensi-

tive to the total e+e~ energies and because experiments at SLC/LEP suffer from huge

"backgrounds" from Z boson decay events.

The aim of the TRISTAN Electroweak Working Group is to give the results of these

measurements, especially those of the precision electroweak experiments off the Z res-

onance, the item (i) above, useful and long lasting value. The TRISTAN data should

readily be compared with the data obtained at SLC and LEP, as well as with those ob-

tained at low energy experiments, and they should be presented in a form which will be

useful when compared with data obtained by future experiments at LEP2 and at linear

e+e~ colliders. The data should give as much useful information as possible and they

could be unambiguously analysed by an independent physicist who doesn't know how

TRISTAN experiments were conducted.

In order to achieve these goals, all the TRISTAN data should be reported in a form

which is free from detector details and is readily comparable with the data from SLC

and LEP, while they should be as free from theoretical assumptions as possible. When
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postulating of certain theoretical assumptions are unavoidable to avoid dependences of the

data on detector details or to achieve compatibility with the SLC/LEP data, they should

be stated clearly and unambiguously such that an independent researcher can re-interpret

the original data when the underlying assumptions turned out to be in-accurate.

In order to maximize the information that we obtain from TRISTAN experiments,

each experiment should make every effort to minimizing the systematic errors. Further-

more, whenever a common systematic error arises among data from the three TRISTAN

experiments, they should be clearly and unambiguously identified. We, physicsts who

have worked with TRISTAN, have the responsibility to leave the data of such quality. It

is our responsibility for the world physicists of our generation and the future, as well as

for the people of Japan who allowed us to conduct such wonderful act of exploring the

secret of nature at its depth.

With such motivations common in mind, the TRISTAN Electroweak Working Group

was formed in September 1994, by physicsts from the three TRISTAN experiments, AMY,

TOPAZ and VENUS collaborations, and from the theory group. I presented a summary

of the status of the working group activities at the 3'rd Workshop on TRISTAN Physics

at High Luminosity, held at KEK on November 16-18, 1994. However, due to absolute

lack of time and because of my incapability, I could not prepare a good written report

of my presentation. I appologize sincerely the organizers of the workshop, the readers

of the proceedings and especially the working group members who had made excellent

contributions to the workshop.

Let me very briefly summarise what have been studied by the TRISTAN Electroweak

Working Group members and what have been reported at the workshop.

2 Small Angle Bhabha Scattering

Small angle Bhabha scattering (9 < 10°) is important as the luminosity monitor

which is least sensitive to theoretical uncertainties, because at small angles the process

is dictated by the wellknown theory, QED. Nevertheless, due to technical difficulty in

simulating multiple photon radiation accurately, various Monte Cairo (MC) generators

have been developed. J.Fujimoto and K.Miyabayashi reported comparison of various MC

programs at TRISTAN energies and at SLC/LEP energies. Tests of the most popular

generators, BHLUMI2.0 and BHLUMI4.0 have been performed for the TOPAZ luminosity

monitor configurations. Errors in these MC event generators are estimated by comparing

their results with those obtained by a combination of the benchmark programs LUMLOG

and OLDBIS. Physical precision of 0.15% level may be achieved by using BHLUMI4.0 at

TRISTAN.

Y.Kurihara reported on the QED-PS (Parton Shower) program being developed by

the KEK Minamitateya Collaboration, which sums up the leading logarithmic corrections
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to all orders. It is an improvement over the LUMLOG program which sums up the leading

logarithms up to the (al<)3 order.

3 Large Angle Bhabha Scattering

Large angle Bhabha scattering (6 > 10°) is relevant as the luminosity monitoring for

AMY and VENUS experiments. Here the scattering cross section is more sensitive to the

electroweak physics, but the dependences on the electroweak parameters are moderate

for the total cross section and they can be studied by suitably modifying the minimal

Standard Model (SM) predictions.

A very detailed study of the luminosity measurement by using the large angle Bhabha

scattering data has been conducted by the VENUS Luminosity Task Force, and the results

have been reported by S.Odaka. By making use of the semi-analytic program ALIBABA,

the Task Force found that the ZFITTER program produces an error as large as 0.7% at

TRISTAN energies. This is because at TRISTAN energies the emission of two collinear

hard photons are more important than at SLC/LEP environments. The program ZFIT-

TER assumes a simple factorized form in the evaluation of such configurations in order to

perform an analytical integration, whereas ALIBABA makes an exact numerical calcula-

tion in the order o2 level. They confirmed that the error of ZFITTER diminishes to zero

on the Z pole. By evaluating carefully both the physical and technical accuracy of these

programs, the VENUS Luminosity Task Force concluded that the overall uncertainty of

the large angle Bhabha scattering cross section at VENUS is 0.6%.

Model dependence of the luminosity measurement by using the large angle Bhabha

scattering should be presented carefully. This should for instance be done by artificially

shifting the Z boson mass in the SM, or by adding an extra Z' contribution. Such

information will be useful if a deviation from the SM is established in the future.

Large angle Bhabha scattering has information on electroweak physics. Discussions

have been made on how to present the electroweak data which are corrected only for

the QED radiation effects. Differential cross section daJd cos 0 and its integral in the

backward region | cos0| < 0 may give useful information.

4 Muon Pair Production

M.Miura and T.Tauchi reported the analysis of the process e+e~ —»• /.i+fi~. The

total cross section and the forward-backward asymmetry wich are corrected for the QED

radiation effects only are estimated from the data taken with the VENUS selection criteria:

Elt-,E^>-Ebeam, (4.1a)

0acol<lO°, (4.1b)
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I cos ̂ + j < 0.75 , (4.1c)

or with the criteria where the condition (4.1c) is replaced by

| cos£„+1, | cos 6>M-1 < 0.75. (4.2)

QED radiation corrections are then studied by using MC generators KORALZ-V3.8,

KORALZ-V4.0, and Fujimoto-Shimizu program, and the semi-analytical ALIBABA, as

well as by ZFITTER. A care is needed since ZFITTER does not allow a symmetric cut

like (4.2).

Most importantly, the initial-final interference effect of a hard photon radiation is

found to be significant at TRISTAN energies for the Forward-Backward asymmetry, ApB.

It makes the corrected asymmetry to shift by 1.5% (ZFITTER) to 1.9% (KORALZ-

V4.0). At the highest level of approximation, where O(a) exact matrix elements are

supplemented by O(a2) leading logarithmic corrections and the soft photon exponentia-

tion, the agreement for the total cross section aMM is found to be at the 0.1% level between

KORALZ-V4.0 and ALIBABA. The agreement of the 0.2% level between ALIBABA and

ZFITTER has also been established after the error in ZFITTER due to its oversimplified

radiator function is corrected for at TRISTAN energies. The asymmetry ApB is found

to agree excellently between ZFITTER and ALIBABA, but that of KORALZ differs by

0.35%.

5 Tau Pair Production

K.Fujii and M.Miura reported studies of arT and ApB by using the VENUS selection

criteria for the e+e~ —> T+T~ candidate events. Especially studied is the effect of the

correlation between the polarizations of r + and r~ which is expected to be nearly 100%

at TRISTAN energies. Effects of the polarization correlation on the detection efficiency

has been studies by using TAUOLA on KORALZ. It has been found that the polarization

correlation makes the efficiency about 1% larger, and hence aTT is lowered by 1%. Further

detailed study is needed for establishing the dependences of the corrections on the detector

and on selection criteria. Corrections to the asymmetery A^B should also be studied.

6 Total Hadronic Cross Section

K.Miyabayashi reported a detailed study of the QED radiative corrections to the total

hadronic cross section. The basic structure of the correction can be expressed as

= I e(a?) RQED(X) cr^isx) dx, (6.1)
*f Xm'tn
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where RQED(X) 'S the radiator function which can be calculated accurately in QED, sx

is the invariant mass squared of the hadronic system, and e(x) is the detection efficiency.

Experiments at the cm. energy of -y/s observe the total hadronic cross section <7had(s).

What contains the information on the short-distance electroweak physics is the quantity
ffhad(5a:) ineq.(6.1).

Basic problem of extracting <r^ad(s) from the above identity is that the model depen-

dence is unavoidable. Eq.(6.1) can be re-expressed as

/ e(x) RQED{X) ^ Y Y dx, (6.2)

which is an identity. By introducing the theoretical assumtption

(6.3)

for the ratio of the short-distance cross sections inside of the radiator integral, we find

where the denominator factor is defined by

e • (1 + < W = f <*) ^QED(Z)
 q y( f l g ) T H dx. (6.5)

The theoretical uncertainty due to the assumption of (6.3) should be estimated in the

above quantity. It has been found that the uncertainty is small for relatively large

value of Smjn, since at large enough x value the approximation (6.3) is excellent model-

independently. Optimal value of xm\n should be obtained by minimizing the theoretical

uncertainty and retaining maximal information from the data.

There has also been a proposal that all experiments should present the detection effi-

ciency function e(x) and the QED radiator function RQED(X)I together with the observed

cross section cr^^s), in order to give the information free from theoretical uncertainties.

Although this proposal is worth serious consideration, I believe that it is more important

to study carefully the theoretical uncertainity in the correction factor (6.5) and present

the result of such studies clearly. In this way, the TRISTAN total hadron cross section

data will become compatible with the corresponding data presented by SLC and LEP

experiments. [Note, however, that at present the LEP experiments report the "peak cross

section" cr^^(m2
z) which differs from the definition adopted in our report by a factor of

(1 + a/x). This can easily be corrected for before a comparison is made.]

I repeat here that the uncertainty in the theoretical assumptions should be studied

outside of the SM, e.g. by varying mz artificially within the SM amplitudes, or by adding

an extra Z' boson contribution which is compatible with the present data. This is because

re-evaluation of the TRISTAN data will become necessary when such non-standard physics

gets a serious attention.
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7 Heavy Quark Production

M.Sakuda reported details of the present schemes to measure quantities related to

heavy quark production at TRISTAN energies:

a°(s), Ac
FB(s), (7.1a)

Extensive discussions were made on how to assess the dependence of the results on models

of hadronic shower formation, and on perturbative QCD corrections. It has been pointed

out that the perturbative QCD correction depends on details of how the heavy quark jet

and its orientation are defined. Several schemes for minimizing the model-dependence

in these quantities have been discussed, such that the data could be re-evaluated when

our understanding on the hadron shower is improved. Importance of the correlations

among errors of each quantity in eq.(7.1) has also been stressed. Further study along

these directions are needed.

8 Conclusions

The final report of the TRISTAN Electroweak Working Group should be presented by

the end of the callender year 1995, and it should be published swiftly so that all TRISTAN

experiments can present their final data according to a common general approach.
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