
r 'i, CMU-HEP--91-10d,

DE92 002769

REMARKS ON PSEUDOSCALAR HIGGS PARTICLES"
LING-FONG LI

Physics Department, Carnegie-Mellon University, Pittaburgh, PA 15_18

ABSTRACT

It is suggested that Z decays into three pseudoscalar Higgs particles can be a
useful process in search for Higgs particles beyond the standard model.

The scalar particle in the standard model plays the important role oi"generat-
ing the spontaneous symmetry breaking which will give masses to gauge bosons and
fermions. It is quite remarkable that in the standard model a simple Higgs structure, as
SU(2) doublet, can generate the right structure to accommodate the phenomenology at
present energy. In the gauge sector, this simple Higgs structure gives the mass relation
M_v = M_cos28w, which seems to be well satisfied experimentally. In the fermion sec-
tor, the wide range of masses, from me = 0.5MEV to mt > 89 GeV (J), is attributed to
the Yukawa couplings which are intrinsically not universal. This wide range of Yukawa
couplings is one of the mysterious features of the standard model and has motivated
many attempts to go beyond the standard model in order to have a better understand-
ing. There are many other motivations to go beyond the standard model. Some are
more compelling than the others. Popular schemes include models with supersymme-
try, Majoron model for massive neutrinos and left-right symmetric models.

In almost all of these extensions of standard model, the Higgs sector will have
more particles and many new parameters which will make the quantitative predictions
of these models quite uncertain. Generally, in addition to the standard model neutral

scalar H (CP even), there will be neutral pseudoscalar A (CP odd) as well as charged
scalars H +. Th,'. charged scalar will show up in e+e - total cross sector as 1/4 unit
of _(e+e - --,/_+/_-) and this result is independent of representation content of Higgs
because of the universality of electromagnetic interaction. The search for CP even
neutral Higgs has been discussed extensively in the literature.(2) In particular, in the
Z-decays at LEP, the Bjorken process(3) Z --, Z'H _/.ZH has provided a very useful
tool for the search and has yielded a bound mlj > 44Gev. Here we will discuss the
search for pseudoscalar Higgs. Since pseudoscalar A is CP odd, it cannot have the ZZA
coupling. So one can't use the Bjorken processes to search for A in the Z decays. It has
been suggested that a bremstrahlung from b-quark("l) might be useful in the Z-decay
search. Here we suggest that the decay Z--, AAA through t-quark loop could be a
viable alternative. (See Fig. 1.)
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Fig. 1. Z decays into 3 pseudoscalars through t-quark loop

Note that Z decays into 2 identical scalars or pseudoscalars is forbidden by Bose
statistics and angular momentum conservation. Quantitative calculation of the pro-
cesses Z --, 3A is quite tedious. Here we will make some orders of magnitude estimate.

The matrix element for Z (p) ---, A(kl) + A(K2) . A(ka) coming from the t-quark
loop is of the form

M(Z -. 3A) _ [(k,. e)(k2, ka) + (k2. e)(k_, ka)

+(ka. e)(kl, k2)]f(kl, ks, ka) (1)

ftor (?) Vuk w oupUngoft-quk k:,),
is a symmetric function of kt, ks and ka, coming from the loop integration. On the
dimensional ground we will make the approximation, f -,, (1/mta).

The decay rate for Z -. 3A is of the form

!

r(z -. 3A)__ 2M---_.p • IMI2 (2)

where p is the phase space given by

f a daklp = (2_r)_61 (p - kl - ks - ka)II (21r)a2wi (3)i=1

Assuming Mz >> MA, we will approximate the phase space as p _ M_. Then we
get

r(z --_ 3A) _ Mz _- 0.23(GeV) (4)

This is certainly a gross overestimate because there will be factors of (1/41r)
coming from loop integration as well as phase space. More likely the decay width will
be of order of (scale down by (1/4_) '_)



F(Z ---, 3A)_ 10-4GEV and

B(Z-. 3A)~ 10 (5)

Thus it seems possible to search for this decay at LEP if the estimate in (5) is
not overly optimistic. The pseudoscalar Higgs A will decay into fermion pairs and give
6 fermions in the final state. This signature is probably quite distinct that the search
for it is not too difficult. It would be of interest to make a more reliable calculation

of this decay. Note that same calculation also applies to the decay Z --, 3H, which can
provide an alternative to the Bjorken process.
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