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We find that the existence of charged Higgs bosons 0—or charged hyperpions P —may enhance the
nonleptonic decays of the pseudoscalar t-flavored mesons T~. This, in turn, would induce a difference in

the average kaon multiplicities expected for two-jet events in Tb and Tb decays and therefore provide a

possible way to discriminate between Tb and Tb production in e e annihilation.

I. INTRODUCTION

It was recently pointed out' that the weak interactions are
expected to dominate the decays of the heavy-flavored
mesons T~ and T~', which are composed of the hypothetical
heavy t quark and light quark q. This result arises from the
estimates that the vector T~' and pseudoscalar T~ states are
separated by less than a pion mass, the strong decay
T~ ~ T~m is then kinematically forbidden, and the elec-
tromagnetic transition T~' T~y is strongly suppressed,
yielding widths of just few eV. On the other hand, in the
valence-quark approximation, the weak hadronic total decay
rate is simply given by the t-quark cascade transition
t b $ (qq'+ Iv), the light quark q acting as spectator,
which yields widths of order a few keV (Ref. I). Correc-
tions to this approximation are given by nonspectator contri-
butions, which are in general negligible except for the T,

'
rnesons, ~here the annihilation of the tq system in the s
channel through the exchange of a 8'boson gives a sizable
contribution. 2 In the scenario outlined above, the final
states in e+e ~ T~Tq, T~'T~ would be essentially identical
to those in the e+ e tt continuum above threshold, and
it would be very difficult to discriminate between T~ and T~

production.
In the present note we study the effect of charged Higgs

bosons H —and charged pseudo-Goldstone bosons P — (hy-
perpions) on the nonleptonic decays of the T,

' and T»
mesons. These particles are predicted in most extensions of
the standard electroweak model, in all its supersymmetric
versions, and in the extended hypercolor (EHC) models. »

If these particles exist with mass lower than the mass of the
t quark and their coupling to fermions is proportional to the
mass of the heaviest fermion available, it is known" that
the decay of the t quark will be dominated by the production
of real H — (P+—). In this case, both T» and T»" mesons
will decay predominantly into H +—(P —+)+ X, the final states
in e+e T~T~, T~'T~ wi11 be again identical to those in
e+e tt continuum above threshold, and it would be also
very difficult to distinguish between T~ and T~ production.

In a previous note, one of us studied the purely leptonic
decays of the T~ and Tq' mesons in the framework of some
models which predict H — (P —) particles. It was pointed
out that since only "light" leptons can be produced in these
decays, helicity suppression is active, and the leptonic T~-

meson decays then will proceed via weak annihilation into
while the leptonic T~-meson decays will proceed

through H — (P +—) annihilation. Even though it was found
that some of the leptonic decays of the Tb meson could be
comparable to the leptonic Tb' decays, a measurement of
these decay modes would not discriminate between Tb and
Tb production. In the present note we will find that if H-
(P +—) exists with mH ( m„ they will induce measurable ef-
fects in the nonleptonic decays of Tb' and Tb mesons.
Although these effects are expected to be too small to be
used as an evidence for the existence of H (P +—), they-
can be used to discriminate between Tb and Tb' production.
In particular, we have found that the presence of H —+ (P+-)
may enhance some of the nonleptonic annihilation decays of
the Tb meson. This in turn will induce that the average
kaon multiplicity expected for two-jet events in Tb decay is
slightly greater than the one expected for two-jet events in
Tb' decays. The production of either Tb or Tb" is expected
to have a very small cross section in almost any reaction,
except, perhaps, in the case' that a t-quarkonium state de-
cays by a spectator mechanism into (tt) (tb)+ W virtu-
al (H real), where the (tb) system will fuse to form a Tb
state 26'/0 of the time and a Tb' state 74'/0 of the time.
Therefore, if the production of Tb and Tb' is experimentally
feasible in this way, one could distinguish between Tb and
Tb" production by studying the average kaon multiplicities in
events like e+e two jets+ lv (large pT).

II. NONLEPTONIC ANNIHILATION DECAYS

A simple analysis of the mass dependence of QCD effects
in t-quark decays indicates that one can safely neglect
strong effects and use simple 8'-exchange diagrams. ~

Consequently, the spectator model for T-meson decays is
well justified and only the vector meson Tb may have a
sizeable nonspectator component through annihilation via
W exchange. 2 %e will assume that the heavy t quark exists
with I,(M~ in the context of the three-generation exten-
sion of the standard model. For simplicity, we assume that
nature uses either elementary Higgs fields or the hypercolor
scheme but not both, and that the H+—(P +—) -fermion cou-
plings can be parametrized as
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l.,„=i(~2G )'t2H+Iu[CtUxMM&(I+y5)+ C2M„UxM(l —y5)]d+ C3M, t (I+y )8]+H.c. (2.1)

where the symbols u, d, v, and e refer to the conventional type of fermions of charges 2/3, —1/3, 0, and —1, respectively,
M„d, are the corresponding diagonalized mass matrices, and UKM is the conventional Kobayashi-Maskawa matrix. The
coefficients C, in Eq. (2.1) are rather model dependent. They are of order unity in some "monophagic" hypercolor
models, and for the standard model with two Higgs doublets, C, =g t/g 2, q2/qt, or 1, where hatt and q2 are the respective
Higgs-field vacuum expectation values. '0

We are going to take separately the two possibilities that H+ {I'-+—) exists with either mH) m, or mH( m, . In the first
case, the decay widths of both T» and T»' mesons are determined mainly by the spectator diagram shown in Fig. 1(a), and it
is given by

3GF'm, ' 192C22mp(Ct2 Ub2mb'+ C2'Ug'm, + C3 m, )
I s t b qq'+In =—,I+

64»r 206m~"
(2.2)

where the second term in the large parentheses is the H-+-

exchange contribution and in general is negligible. In the
second case, if mH & m„ the decay widths of both T~' and

T» are now determined by the diagram shown in Fig. 1(b)
for the crcatlon of a real 0—:

J2GFC2 Ujb m,
I'tt t bH+

16m
(2.3)

+

The nonleptonic decays of the charged mesons T~" and T~

will have characteristic three- or two-jet events depending if
they arise through spectator [Fig. 1(a)] or annihilation [Fig.
1(c)] diagrams, respectively. In the last case, since only
"light" quarks can be produced, helicity suppression is ac-
tive, the exchange of H +(i —+) is -helicity suppressed for
the vector state, and T~', q2q3 is detcrmiend only by 8' —+

exchange:

GF' fy' U~t' U23'Mr'""'=
4 (I-M,2/M 2)2 (2.4)

where M, = m, + m», and fy(T,') is proportional to the T»'

wave function at the origin. Simple potential-model calcula-
tions indicate' that fy(Tb') = 700 MeV, fy(T,') = 90 MeV,
and fy(Td') =70 MeV. On the other hand, the exchange
of 8'+-is helicity suppressed for the pseudoscalar state and

T~, q2q3 is determined only by 0-+ exchan. ge:

3GF fy Ut U23 Mr (Ctm~ C2m, )'(C~—m4+C2'm3 )
g~(M, '- m„')'

{2.5)
where fy(T») —fy(T» ).

A simple comparison of Eq. (2.2) —(2.5) shows that the
annihilation branching ratios for T~" and T~ are negligible
except in the case that mH & m, for T~, and for the T~
meson in the case that MT —mH, where we would have a
rcsonanccllkc phenomenon. In spltc of this, thclc 1s thc in-
teresting possibility that for some channels the T& and Tb

annihilation widths might be comparable if mH & m, . In
particular, we expect the most striking effects in the decay
channels Tb, TI,

' cs, cb. If we take as a maximal choice
C2= 10 and the experimental bound" mH ~ 15 GcV, then
from Eqs. (2.4) and (2.5) it follows that"
I'(Tb cs)/I (Tb'~ cs) —65 if m, =25 GeV, m0=15
GeV; and I (Tb cs)/I'(Tb' cs) —15 if m, =40 GeV,
mH = 25 GCV. We obtain similar results in the case
I ( T,—cF)/r ( T,'- ct ).

III. KAON MULTIPLICITIES

E

FIG. 1. Dominant Feynman diagrams involved in the weak decay
of Tmesons: (a) spectator diagram, (b) decay into a real H —+, and
(c) annihilation diagram.

In this section we explore the possibility that the nonlep-
tonic annihilation channels of T& could be comparable to
those of the vector meson Tb. As far as thc purely leptonic
channels are concerned, it was pointed out'7 that the most
stl lklng slgnatul cs ln thc pl oductlon of Tb and Ty arc
expected in the leptonic and semi-inclusive decays
Tb, Tb' lv, (large pr) le+ few soft hadrons. We now
study the average kaon multiplicities expected for two- and
three-jet events in Tb and Tq' decays as a possible way of
distinguishing between Tb and Tb' production.

It was pointed out by Bigi and Krasemann' that the an-
nihilation decays of Tb' should differ from cascade decays in
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gd+ 5 gluoIls

cs + 4 gluons~ ss+ 4 gluons+ 8;,ft (3.1)

which has to be compared with the following cascade chains:

their flavor content. In particular, they found that, if one
considers only the effect of virtual 8'exchanges, then the
average kaon multiplicities expected in these decays differ
by about one unit. In order to get this result, it is necessary
to assume that in the annihilation reaction the decay
proceeds via a 8'boson which fragments into three color
doublets of ud and cs each and into three lepton doublets
ev, p,I, and 7v. The further development into the observed
final state is assumed to be driven by only soft gluons,
whose transition into ss is suppressed. Thus the annihila-
tion picture leads to the following chains:

= 1.1—1.3 for the Tb annihilation mechanism, and
(Nx} = (Wg} =4.4 for both Tq and Tq' cascade mechan-
isms. Therefore, we have that including the new channels
open by the possible existence of H +(P—+—) with mH ( m„
there is a difference of about half unit between the average
kaon multiplicites expected for the two-jet events in Tb and
Ta' decays. On the other hand, if H +(P ——) does not exist
or mH ~ rn„ then the only available channels arise through
chains (3.1) and (3.2) and we should expect an average
kaon multiplicity of about 0.7—0.9 for the two-jet events
coming from Tb decays.

Finally, we would like to comment on the possibility that
the annihilation channels Tb", Tb cb might be also impor-
tant. In this case we have to include two more annihilation
chains:

—ss+2 gluons+2m„«+ V„,„, . (3.7)

P(g ss) —7 —
&

P( 8'h+, d cs) —)

(3.3)

(3.4)

lead to different average kaon multiplicities ( Nz }= (Ntr }—0.7—0.9 for the annihilation chains (3.1), and
(Xa}= (Xx}—2 for the cascade chain (3.2). Incorporat-
ing the charged Higgs boson H +— (P-+) into the picture, we
have to add the cascade chain

Tb" ( Ta) bb + Hh+, d ss + 2 8;,r, + 2 8'h„d+ Hh, „d, (3.5)

and the annlh11atlon cha11l:

SS + 2 8'„f,+ 3 8'h„d

The following crude estimates for the probabilities for a
gluon turning into ss and for the fragmentation 8'h„d cs,

In this condition, the probabihties (3.3) and (3.4) have to
be modified to

P( Wh+„q cs ro cb) ——„'

P(Hh+„d cs or cb) ——',

(3.8)

(3.9)

As a consequence, the total average kaon multiplicities
expected for two-jet (annihilation) events become (Xx}= (Wg} —0.9—1.0 for Tq' decays, and (Nz} = (N~}—1.2-1.3 for Tb decays if mH & I,. The cascade chains
(3.2) and (3.5) remain unaltered even if these new channels
are opened, and their average kaon multiplicities are again
given by (%~}= (Xg}—2 if there is no JI+, and

(Wx} = (Xx}=4.4 if there is a H with mH & m, . —

Tb~ cs+4 glUons ss+4 gluoIls+ H,oft (3.6) ACKN0%LEDGMENTS
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