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SEARCHES FOR NEW PARTICLES AT TRISTAN

Akiya Miyamoto
National Laboratory for High Energy Physics

ABSTRACT

Recent TRISTAN results on searches for new particles, such as charged higgs, lepto-
quark, colored lepton and abnormal dE/dx particle are presented. As an indirect search, fits
by a Z' model to Ryq4, Ry and Ay data below 29 are updated including the latest TRISTAN
data and parameters of Z' to reproduce slightly high Ry.4 and low Ry are studied.
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1. Introduction

Since the begining of TRISTAN, May 1987, each TRISTAN experiment has accumulated
about 35 pb~! in the energy range /s = 50 GeV to 64 GeV. All TRISTAN groups had been
searching extensively for new particle productions as energy frontier experiments till LEP
and SLC started operation last summer. The new particle searches done so far at TRISTAN
are summarized in fig.1. Target particles are shown by vertical axis and searched modes are
described in the figure. Fourth generation b’ quark decaying through FCNC (¥ — b+, bg) was
searched in four-jet and isolated v modes for the first time. No positive evidences of these
particles were found and mass limits close to the beam energy were obtained. Now these
limits are superseded by SLC and LEP results. Recent new particle searches at TRISTAN
which are not included in fig.l are described in the next section.

Other topics related to the new particle searches include the study of the effect of Z’

considered to explain the slightly high Rpeq and low Ry below Z0[2’3]. We discuss this in
section 3 including the latest TRISTAN data. Finally, a summary with a brief comment on

new particle searches at future TRISTAN ends this paper.
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Fig.1 Summary of mass limits of new particles
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2. Recent results on searches for new particles

2.1. CHARGED HIGGS

SUSY models require at least two higgs doublets. Therefore a charged higgs(H¥) is
naively expected, which has been searched by TOPAZM and VENUS[S]. In the minimal
SUSY modelm, charged higgs’ can be pair produced by ete™ annihilation through v or Z
exchange and its cross section is uniquely determined as: do/df) = 3—%;(70[33 sin? 6, where B

and 6 are the velocity and the production angle of H, respectively,
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and Cy, C4, and C{,’r are couplings of electron and H*; Cy = (1 —4sin® 0y )/ f,Ca = -1/,
and Cff = (=2 + 4sin® Oy )/ f with f = 4sin by cosOyy.

On the other hand, the decay amplitude of H* depends on the ratio of the two vacuum
expectation values which are unknown. Therefore two decay modes, namely H~ — Tv, and
s¢, were considered in the search. The H~ — b¢ decay mode was not considered, since it
had a better efficiency and would give more stringent limits. The event signatures to be
searched for are (1) two jets + two jets with each jet pair having the same invariant mass,
or (2) two jets + a 7 with a large missing p; , or (3) an acoplanar 7 pair, corresponding to
the combinations of the decay modes. TOPAZ searched for these three signatures based on
23.3 pb~! data taken in the energy range /s = 52.0 to 61.4 GeV and obtained mass limits
as shown in fig.2. A combined limit, mg > 22 GeV, was obtained if the hadronic branching
fraction was 0.6. VENUS searched for signatures (2) and (3) and obtained preliminary limits
slightly higher than those of TOPAZ .
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2.2. LEPTO QUARK AND COLORED LEPTON

Lepto-quark and colored lepton are expected in various composite and technicolor models.

Searches for these particles were carried out by AMY[8] and VE NUS[SJ. Lepto-quark(x) is a

spin zero color triplet with a fractional charge and is assumed to be produced through photon

exchange in e*e~ annihilation and to decay into an up type quark and a neutrino or a down

type quark and a charged lepton[gl. Therefore AMY and VENUS searched the signatures:

(1) two acoplanar jets with a missing transverse energy, (2) two jets with an isolated lepton,

and (3) two jets with two isolated leptons. No excess in these signatures was observed and

imporoved mass limits of lepto-quarks were obtained(fig.3).
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Fig.3. The 95% C.L. limits of the mass of (a) first generation lepto-quark and (b)

second generation lepto-quark as a function of the decay branching ratio to up type
quark and neutrino. Solid lines are the AMY results, dot-dashed line is the VENUS
and dashed lines are the JADE results"”).

The signatures used in the above are also applicative to the search for colored lepton.

Colored lepton(lg) is a color octet partner of the ordinary lepton expected in the composite

models. I can be pair-produced by s-channel photon exchange. Using a form factor, F(g?),

its cross section is expressed as oy, = 8F(g%)0,.,. f(B), where f(8) is a threshold factor: f(£) =
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B(3— B%)/2 for 1 and f(8) = 8(3 + 8°%)/4 for vs. Since I3 decays into a lepton and a gluon
(Ils — lg), lg’s signatures are: (1) two acoplanar jets (vg) or (2) two jets and two isolated
leptons (Igt). In the case of the color octet electron(eg), t-channel eg exchange diagram also
contributes. In this case, the cross section is o = 32%1(7\;—;7; and eg could show up as an
increase of the hadronic R ratio. In the AMY’s search, no excess of these signatures was

obsereved and new limits as shown in fig.4 were obtained.

2.3. ABNORMAL DE/DX PARTICLES

(11]

TOPAZ has a time projection chamber as its central tracking system" ", which allows
particle identification through the energy loss measurements with a 4.6% resolution. Using
this feature, TOPAZ has searched inclusive productions of abnormal dE/dx particles, namely
heavy stable particles or fractionally charged particles. Candidate events were selected re-
quiring at least 3 good tracks. To reject overlapped ete™ tracks due to 7y conversions at the
beam pipe, 7y and Bhabha events were rejected requiring that the number of neutral clusters
with an energy greater than half the beam energy should be less than 2. A dE/dx distribu-
tion for good tracks in the selected events is shown in fig.5. Bands for e, #/7, K,p and d are
clearly seen. Search regions were defined as p/Q> 2 GeV and a dE/dx more than 4 ¢ away
from the bands of the known stable particles. In the search regions, 3 tracks were observed,

which were found to be overlapped tracks. Thus no events with abnormal dE/dx particles

were observed. The 90% C.L. mass limits on the abnormal dE/dx particles were obtained

assuming the following cross section formula; o(ete™ — ¢3.X) = Fygx 4’53‘26;)2%(3 — B?). The

results are shown in fig.6 .
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Fig.6. The 90 % C.L. limits of the form factor, Fggx for the productions of abnormal
dE/dx particles of charge (a) 1, (b) 4/3, and (c) 2/3. Previous results by TPC"and
JADE[mgroups are shown by dashed and dotted lines, respectively.

3. Constraint on Z’ to explain slightly low R;; and Rpee
(4]

As discussed by the previous speaker 1 , below Z° the Ry seems slightly low and the
Rpqq slightly high(fig.7). Though the deviation from the standard model is 1-to-2- level, It
is interesting to study the effect of Z' including the latest TRISTAN data, since Z' can cause

such trends.

In models with an extra U(1), the neutral current Lagrangian is expressed as a sum of

photon, Zo, and Z' currents:
—L = eJiyAu+ L By + 9205 23,

Current eigen states, Z? and Zg, mix with an angle 8 g to formm mass eigen states, Z; and
Z,, where Z; is the Z9 with a mass 91.1 GeV and Z, is Z"

A cosfg sinfg Z?
Zy)  \ —sinbp cosbp )\ 28]

The masses of Z’s are related to the mixing angle as, tan? g = (Mﬁ? - M%l)/(Mé2 - Mgf),

where Mzo = My [ cosgy -

The lowest order cross section of fermion pair production by e*e~ annihilation including

v, 2% and Z' propagators is

do o

T = {1+ cos O [JAF P + 1ATFRI7] + (1 — cos0)*[|Al? + 14,7}

where Af]’»"s are helicity amplitudes Af]f = Q.Q5 +g‘1’l-g{js/szl +g§.—g{js/szg, (¢,j = L or R),

gt{i’s(a =1 or 2) are ffZ, couplings, and s,_’s are propagator factors sz, = s — M%u +
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Mz, Tz,. If O is non zero, the ffZ4 couplings mix as

{ glf.- =g(1){00505 +gg{sin0E
f

93 = —9y! sin 6 + gy! cos O
Therefore the f fZ° couplings would be different from the standard model expectation, which

could be observable by precise measurements at LEP-1.

Even if 6 = 0, Z' in a suitable mass range can cause some deviation of the R ratio from
the standard model. Fig.8 shows Ry and Rj.q including the Z' effect normalized by the
standard model values. While the effect is negligible at LEP-I, it is significant at TRISTAN

and is to increase Rhqq and decrease Ry;.
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Fig.7. (a) Rpad, (b) Ru , and (c) Ay data used for the fit. For the display purpose only,
data are combined into several energy bins taking properly into account the common
errors in a experiment. In (b) and (c), gy and 77 data are combined. Solid line is the
standard model values, while dashed lines are a fit by the Z, model (Mz, = 120 GeV and
0 =0.08).

To see the allowed region of Z' parameters to explain the observed 1 ~ 2o deviation of
the Ry and Rpad data, a Z' fit was made using the data on Ry, Ryr, Rpads App, and A--
from PEP/PETRA/TRISTAN[IS'IG] including preliminary TRISTAN data reported by Dr.
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T. Sumiyoshi [5]. In the x? calculation, common errors among measurements of a observable
by a single experiment were properly taken into account. The data used in the fit are shown
in fig.7. In the fit, Mzo and sin? 8y, were fixed to 91.170 GeV and 0.23, respectively, while
My =80.0 £ 0.6 GeV[w] was included as an adjustable parameter.

3]

As for the couplings, a super string inspired Eg model[ was assumed. In this model, Fg

breaks down as follows, resulting in 2 extra-U(1)’s (2 extra Z’s).
Ee¢ = SO(10)xU(1)y = SUB)x U(L)y xU(l)y = SUB) x SUR)x U(1) xU(1)y x U(L)y

These extra Z bosons are parametrized as Zg = Zy cos § + Zy sin 8. Zg includes Z, and Z,
as special case. When 8 = tan~!{/3/5, Zg is called Z,. This analysis is an extension of
previous analyses[3'17’18] with the inclusion of new TRISTAN data and with the latest Mzo

and My values.

Fig.9 shows x2,;, of the fits at several values of 3. x? for the standard model was 248.5
with NDF=322. The reductions of x2,;, of about 8 wereobserved in the 3 range : éwi,@i%w.
The fit results in the case of the Z; model are shown in fig.7. An improvement of the fit is
clearly seen. However, this result alone cannot assert the esistence of a low mass Z', since
even for the standard model, x2/NDF is much less than 1. This may imply too conservative
systematic error estimates or unknown correlations among experiments, inevitable for the
analysis combining experimental data. High stastics data by a single experiment is highly
awaited. The allowed region of Mz at the 90% C.L., Ax? = 2.71 above x?,, is shown in
fig.10 together with the previous results[s'ls]. If the Z, is a scurce of the slightly high R4
and the slightly low Ry, Mz, between 100 GeV and 170 GeV is favarable (90% C.L.).
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Fig.9. Minimum chi-square values(x2,,) Fig.10. Allowed region of the mass of Z'
obtained by the fit. x%,;,s were obtained at at 90 % CL. Dashed lines are the results by
several values of  and solid line is drown to Hagiwara, et.a.lls]. Dotted and dot-dashed

connect these points for eye guide. Dashed lines are the fit by M. Sakuta[w] including
line is the x? value of the standard model. recent VENUS data and neutrino experiment

data, respectively.



135
4. Summary and future prospects

Since the begining of TRISTAN, all the experimental groups searched for new particles
extensively. Recently, charged higgs, lepto-quark, colored lepton, and abnormal dE/dx par-
ticle were searched for. No positive evidence was found for the production of new particles

and improved limits were set. Those are now objectives for LEP.

As an indirect search, ete™ data were fitted by the Eg inspired Z’' model. For Zz with
%wfaﬁf%w, x? improves by about 8 compared to the standard model. High statistics data in
the TRISTAN region are highly awaited to avoid the difficult treatment of error correlations

among different experiments fateful to such analysis as presented here.

Finally, new particle searches at TRISTAN in future is briefly described. TRISTAN
is going to install super-conducting quadrapole magnets this summer to accumulate more
than 300 pb~! in a few years. With this high luminosity, two kinds of new particle searches
are possible. First is a search for photino by a measurement of single photon processes.
(ete™ — v 77). At TRISTAN, the background from ete™ — v is relatively small. With
the 300pb~! data, we will be sensitive to m up to 80 GeV if my = 0. The other topics is
the study of the Z' effect. At present, the error of the R ratio is dominated by statistics.
However, with the 300 pb~! data, the systematic error will be dominant and be a few % level

is expected, which is crucial for the study of the Z' effect (fig.12).

Author wishes to thank M. Sakuta and R. Najima for discussions on the Z’ fit.
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