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ABSTRACT

The correction to the ete —tf cross-section near the
threshold which is due to the standard model Higgs
exchange is calculated at myy,, =m.

© Hucruryr sidepwod ¢usuku CO AH CCCP

The existing limitations on the mass of the {-quark [1] indicate
that it decays in a half-weak way by the W' 4+ & channel and is
of a large width (I'~180(m:/my)° MeV [2]). The large width of the
quark makes the ete™—t#f cross-section in the near-threshold region
a calculable «alive» function of the f-quark mass my, its width T
and the QCD coupling constant a [3—5].

In a number of the recent papers (see, e.g. [6—8]) the
ete~—tt cross-section near the threshold was calculated in detail
in terms of the nonrelativistic approximation suggested in [3].
These calculations take into account not only the chromodynamic
(QCD) interaction, but also the interaction with the Higgs boson
which gives a noticeable contribution to the cross-section for a
heavy enough f-quark. The latter is incorporated as an addition to
the chromodynamic potential of the Higgs boson:
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where m , is the mass of the Higgs boson, m;, is the quark mass and
v=246 GeV is the Higgs field vacuum expectation value. However,
no mention is made of the applicability of such an approach and the
derived result is used at arbitrary large m

In the present note we would like to pay attention to the inappli-
cability of the potential approximation at m ,;>m; and to have a cor-
rect result for this range. Indeed, for the potential approximation to
be applicable, it is necessary that ¢{-quarks be nonrelativistic in all
intermediate states. There is no difficulty in seeing that the momen-

3



ta of the order of m, are characteristic in the exchange by the
Higgs boson. Therefore we may use this approximation only under
the condition m,< m,. For heavier Higgs bosons, that is when
m y=>my, the interaction becomes essentially nonpotential. It is con-
venient in this case that at these masses the interaction with the
Higgs boson involved and the QCD interaction are separated in
space. Indeed, in the exchange by the Higgs boson the characteristic
distances belween f- and t-quarks are of the order m, ', while in
the case of the QCD-interaction the distances

~Ipl T =[m (S —2m,+.r)| '/

are typical, where /S is the invariant mass of the produced pair.
For this reason, the contributions of the QCD and Higgs interac-
tions to the #f production cross-section near the threshold factorize,
i.e. this cross-section may be represented as
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where o ,;”” is the cross-section of the process with only the involve-
ment of the QCD interaction in final state, and the correction A" is
calculated with the QCD interaction switched off. Factorization (2)
has an accuracy of ~|p|/m, The ALY may be calculated with the
same accuracy- just at the #f production threshold, i.e. at S=4m?.
Finally, the width of the ¢-quark may be neglected in A" calcula-
tion up to the terms having the order I'//m, . It should be noted
that the said above may concern not only the ¢f production in ete—
annihilation, but also any other mechanisms of ¢f production near
the threshold.

Since A''<C0.1 at the existing limitations on m; [1], this quan-
tity may be calculated in the one-loop approximation. In the case of
the tf production in ete™ annihilation, the problem reduces to the
calculation of the one-loop correction to the ¢f vertex of the vector
current in the mass shell renormalization scheme, at

pi=mi, (p+4p_)?=4mi. (3)
Here p . —the momenta of the quark and of the antiquark. Calcula-
tions are performed in the standard way and give
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where p=m ,/m; and the function f(p) if of the form

I 1] il 2, :
[mm (?—i— /4 — 1 )1 p=>2; =
{ﬁarctg@, P i
p’(4—p

We will present the asymptotics of A, At m ;> m.
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And at m < m &LHJ:QEM, where
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We would like now to compare, at m ,>m; the correction to the
cross-section, which was obtained when using potential (1), with
the correct correction (4). For this purpose, note that formula (7)
gives the first correction to the cross-section on account of the
potential (1), which is easily checked by the direct calculation. As
ﬂ;f”gﬂ.l within m ,>m;, formula (7) is true for the full correction
in the potential approximation.

Figure 1 shows the values of the ratio A”/AY" depending on
p=my/m:. As it is seen, at p>1 its value differs strongly from
unit, i.e. the potential approximation gives incorrect results at
m y=my. Note that the potential approach, which has been applied in
Refs [6—8], and the approach which is being developed here, have
formally a common range of applicability

lpl < mymy. (8)

Really, with the existing limitations on m, , taking into account, the
inequality (8) cannot be very strong. Nevertheless, it is easy to see
that if they are fulfilled, there is good agreement between the
results of [6] and our result (7).
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