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A search for the pair production of charged Higgs particles decaying via the H = — v mode
has been made in e *e ~ annihilations at center-of-mass energies between 50 and 60.8 GeV using
the AMY detector at the KEK collider TRISTAN. No evidence for their existence is observed
and 95%-C.L. mass limits are presented. The result has been interpreted in terms of the tang
parameter in the Higgs sector.
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The two-Higgs-doublet model' allows three neutral?
and a pair of charged Higgs bosons. In the model
(“model I1”) in which one neutral Higgs field ¢{ couples
exclusively to d-type quarks and leptons, while the other
#9 couples exclusively to u-type quarks and leptons, the
charged-Higgs-boson decay modes are determined by a
matrix element that depends on the ratio of the vacuum
expectation values, (¢9)/(¢{)=tanp. Figure 1 is a plot of
the predictions for various decay branching ratios for the
charged Higgs boson as a function of tanB. Constituent
quark masses have been used in the calculation of the
branching ratios. This is a conservative assumption. The
use of current quark masses would produce a larger
branching ratio for the H ~ — v mode. At small values
of tanp the decay is dominated by H ~ — ¢s whereas at
large values of tanf the decay is dominated by H ~ — v.
Together the H ~ — ¢s and H ~ — tv decay modes cover
about 88% of the total branching ratio of the charged-
Higgs-boson decays while the H ™ — v decay mode
never exceeds 72%. The 95%-confidence limit on the mass
of a charged Higgs boson from several experiments® at the
DESY and SLAC storage rings PETRA and PEP is 19
GeV. In grand unification models, a large top/bottom
mass ratio motivates a large value for tang.! We place
limits at the larger values of tanB by concentrating on the
H ™ — tvdecay mode.

Massive charged-Higgs-boson pairs decay to acoplanar
7 pairs. The four 7 neutrinos in the final state will carry
away on average about 7 of the available c.m. energy,
providing a signature of missing energy and transverse
momentum. We have searched for acoplanar t-pair
events with the 1-vs-1 and 1-vs-3 charged-track event
topologies.

The AMY detector® at the KEK collider TRISTAN is
described elsewhere. Events with two and four charged
tracks (p > 0.5 GeV/c and |cos®| <0.85) which balance
charge are selected. For four-track events, a 3-prong
cluster must be found where the sum of the two-track
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FIG. 1. Effect of tanf on branching fractions for charged-
Higgs-boson decays assuming a charged-Higgs-boson mass
of 20 GeV/c2. Curves are calculated assuming Kobayashi-
Maskawa mixing and quark masses given by m,,ms; =325
MeV/c?, m; =500 MeV/c?, m.=1.6 GeV/c? and m,=5.0
GeV/c?.

opening angles for the three combinations is less than 60°.
The direction of the 7 is defined as that of the charged
track in the case of 1-prong 7 events and the vector sum of
the charged tracks in the case of 3-prong 7 events. The 7’s
are required to be in the barrel region of the detector
(]cos@| <0.71). Single- and double-tagged two-photon
events are suppressed by rejecting events with more than 5
GeV of energy deposited in the end-cap calorimeters. The
background from e*e ~— z¥7~ is suppressed by re-
quiring the 7’s to have acoplanarity ©O,cp>20°. The
background process ete "— t*7r 7"y will produce
acoplanar 7’s. We suppress this background by rejecting
events that have a single neutral-energy cluster greater
than 0.3V (5 GeV in end cap) or have photons of 5 GeV
or more with less than 1 GeV of accompanying energy in a
cone of half-angle 30° about the photon direction. The
process e e ~—ete “tt7~ (0-tag) will also produce
acoplanar 7’s, but with low visible energy. We require the
visible energy to be + (+) < E,is/v/s <0.6 (0.55) for 1-
vs-3 (1-vs-1) topologies. Backgrounds are further sup-
pressed by requiring the net transverse momentum in the
event to be greater than 0.05v/5 and | cos6p| < 0.8, where
Op is the polar angle of the vector sum of the momentum.
To reject two-photon produced electron pairs and muon
pairs in the barrel region, we impose the following
additional criteria on the 1-vs-1 topology. The
momentum of each charged track is required to be more
than 2 GeV/c; the invariant mass of the two charged
particles must be more than 2 GeV/c?; and events where
both charged tracks are identified as muons [matched
muon-drift-chamber and central-drift-chamber (CDC)
track] or electrons (Espyc/Pcpc > 0.5) are rejected.

With these selection criteria, the expected background
level from e e ~— eeee, e te ~— eepp, e te ~— eerr,
ete”"— 11, ete"—gqg, and e*e — eeqj, taken
together are 1.8 £0.3 (0.14 £0.14) events for 1-vs-1 (1-
vs-3) selection. One candidate event is found of the 1-vs-1
topology and none for the 1-vs-3 topology in a 27.5-pbs !
data sample. The selection efficiency for e‘te~
— HYH ™ — t%v.1 v, varies from 1.8% *0.25% for a
Higgs-boson mass of 5 GeV to 15.6% *0.35% for a
Higgs-boson mass of 25 GeV. Given one observed event
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FIG. 2. Region in the tanf vs charged-Higgs-boson-mass
space excluded at the 95% C.L. by this experiment.
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with an expected mean of 1.9 events total background, we
conservatively estimate the 95%-C.L. limit to be four
charged-Higgs-boson events.® Figure 2 shows the 95%-
C.L. limit on tanf as a function of charged-Higgs-boson
mass. The region between 10 and 20 GeV/c? and
tanf > 2 is excluded.
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