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The exclusive production of a pair of heavy-quarkonium states ¥ (=¢/J, Y, ¢, ..

.) from the

decay of the Higgs boson in the standard model is studied in the approximation of zero binding
energy. The branching fractions could only be as large as 10™° around the kinematic thresholds.
The alternative process H — V'y is also studied and found to have branching fractions usually

less than 1073,

In the standard model,! a neutral Higgs boson
remains in the spectrum of physical particles after the
spontaneous breakdown of the gauge symmetry. The
unknown mass my of the Higgs boson can fall into a
range from 300 MeV to 1 TeV without endangering
the theory or contradicting present experimental lim-
its.2 Searching for the Higgs boson is important in
understanding the symmetry-breaking mechanism.
The search for the Higgs boson would be a goal of
high priority in future high-energy accelerators.
However, the experimental difficulty lies in the ab-
sence of techniques for tagging the heavy particles
which are the dominant decay products.>*

In this paper we study the Higgs-boson decays into
heavy vector quarkonium states ¥V (=/J, Y, and the
presumed ¢-quarkonium ), namely, the processes
H — VV and also H — Vvy. These produced quar-
konia could easily be identified via their subsequent
decays into lepton pairs. The rates are usually
suppressed by the binding effects.

Firstly, we calculate the partial width for
I'(H — VV). Figure 1 illustrates the lowest-order di-
agrams for the process H — VV. Within the zero-
binding-energy approximation,® mg= %my, the mo-
menta of the heavy quark Q and the heavy antiquark
Q are equal. The amplitude T for producing a pair of
V¥ of the momenta p and p’ and polarizations e and e’

is given as
T =3 (128asmdo¥/ my*) (V2GrmgH) /2

x(2p-e'e-p'— (my*—2mHe-e'l . 1)

4
Here the factor 5 comes from the color factor. The

wave functions at the origin are measured through
the leptonic decay width I',:

¢02= myzl‘ee/161ra2egz . (2)
The values of ¢’ for ¢/J and Y are, therefore,

¢o*(y/J)=0.04 GeV?
¢0(Y) =04 GeV?3 ,

3

respectively. We also set the strong coupling con-
stant ag=0.3 in our calculations. For the {(#t) pro-
duction, we assume m ;=40 GeV and approximate
the wave-function value ¢’ from the calculation
based on a Coulomb-type binding potential

$o’=as’my*/ 21w . 4)

The partial decay width T(H — VV) is

F(H—'VV)=l 1 2:|7,|21_4ml,2 172 (5)
22 877 spins
2147ras2\/§Gme2mH ¢02 2 4mV2 6my4 ‘ 4m 2 2
= 5 71 11— +—7 ll— 5 (6)
mgy mpy my

The nature of identical particles in the final state gives rise to the first factor %

dominant decay channel H — QQ,

I'(H—00) =3(\/§Grmgzmu/8ﬂ')(1 —myYmy?)¥?
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in Eq. (5). In comparison to the

¢)
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FIG. 1. Lowest-order QCD diagrams for H — VV. Three
other similar diagrams are not shown.

we obtain the branching ratio
T(H—VV) 2"n’as’¢o’
T'(H—Q0) 27mys

(1—4myY my®HV?
(1—my my?)*?

4my2 6my4

my? myt

(®)

Our results are shown in Fig. 2. The branching
fractions could only be as large as 10~° around the
kinematic thresholds. They might be too rare for
detection even though their identifications are
simpler than other dominant channels.

Now we study another process, H — Vy, the in-
verse Wilczek® mechanism. The rate is bigger than
the previous one as only one binding vertex VQQ is
involved. The amplitude is

T= \/348@6 (GFMQ ¢02/\/§) 1/2(”1[12'_ m;/z)“1

x[2p,-eypy-e,— (mg*—my*e, eyl . (9)
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FIG. 2. Ratio of I'(H — VV) to T(H — QQ) vs my for
the cases V' =y/J, Y, or {, assuming m =40 GeV.
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FIG. 3. Branching fraction of H — Vy vs my for the
cases V' =y/J, Y, and {, assuming m ;=40 GeV.

Here e, and ey are the polarizations and p, and py
are the momenta of y and V, respectively. The par-
tial width is

T(H—Vy)=672Grmyaeg? (my*—my?) (do/ my®) .
(10)

Figure 3 illustrates the branching fractions versus
my for the cases V =y/J, Y, or the hypothetical ¢-
quarkonium of mass m;=40 GeV. The branching
fractions lie in a range below 1073, It should be no-
ticed that the zero-binding approximation fails for the
soft-photon emission when my = my, and the results
are overestimated.

Our conclusion is that the quarkonia are produced
quite rarely from the decay of the Higgs boson. They
can only be observed in a copious source of the Higgs
bosons. )

Note added. The decay of the Higgs boson into
quarkonium states has been studied previously by M.
Bander and A. Soni [Phys. Lett. 82B, 411 (1979)].
Their approach to the process H — V'V is different
from ours. They do not include the gluon line in Fig.
1 so that the quark lines cannot all be maintained on
shell. This requires knowledge of the off-shell
behavior of the form factor, which is not well under-
stood at the present time. By taking a rather mild
form factor, they obtain a much larger branching
fraction B (H — VV') than ours, which we believe, is
based on better known parameters.
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