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1. Introduction

Electron-positron annihilation experiments are crucial for testing the Standard
Model due to their simplicity and the clarity of the initial state. Consequently,
several lepton colliders are currently under consideration and construction,
including the Circular Electron-Positron Collider (CEPC), the International
Linear Collider (ILC), the Future Circular Electron-Positron Collider (FCC-
ee), and the Muon Collider. One advantage of lepton colliders is their clean
background, which makes them suitable for precise measurements of gauge

boson properties, including those of the Z%boson.
These colliders enable the measurement of rare decays of the Z%boson, such
as its decay into quarkonium and triply heavy baryons. When the center-of-
mass energy reaches approximately 91 GeV, the Z° boson can be produced.
This boson has a short half-life and decays into leptons, quarks, and hadrons.
To date, 56 decay modes have been reported, with branching fractions
measured for most of them. Since the contribution of primary radiation is
minimized at the Z%pole, calculating the branching fractions of Z%decays into
heavy triple baryons, as well as the production cross sections of these baryons
around the Z%pole, holds unique significance in fundamental particle physics.
An accurate description of the production rates of triply heavy baryons and
their production cross sections in electron-positron annihilation at the Z° pole
can significantly aid laboratory measurements of these particles. To achieve
this goal, it is essential to calculate the fragmentation functions of these states.
The fragmentation process is characterized by the global fragmentation
function D (z,u). Based on the reasons mentioned above, this article calculates
the branching ratios of I'(Z°~ Q.. +X) and w To achieve

Ft()t tot

this, the fragmentation functions of D, ,, ~and D, are first calculated

using pQCD within the framework of the quark-diquark model. Subsequently,
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0
the branching ratios of 12" 2w #4) apd I'Z° >, +X) are calculated
r

tot Fmt

using pQCD.

2. Methodology
Figure 1 shows the Feynman diagram for the fragmentation of heavy b or ¢

quarks into triply heavy baryons ;. and ., respectively, in the quark-

diquark model. It is assumed that the final state diquark D and the initial heavy
quark Q move in parallel to form the baryonic bound state.

The fragmentation function for the production of a triply heavy baryon in the
S- wave state, at the initial scale p, is defined as follows [12,14]:
Dyys (z.t0) = [ITs [ & (p+k +k'=p')d 'pd’kdk 0

Where the integral is taken over the phase space of the final state. In this

expression Ty is the amplitude of the production of the baryon bound state.
After performing the necessary calculations, we obtained the fragmentation
function of the heavy quark Q into triply heavy baryons, which is as follows:

Cpfgm'mpmyal F(z)

Dy 5z, 4
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my, ky 0, .
Where f=—-,6=——,y=—. In figures (2) and (3), the behavior of

mg mg my
fragmentation functions . and Q.. in terms of z are given. The total
fragmentation probability (F.P) and the average fragmentation parameter (z),
two important parameters in the hadronization process, are given respectively
as follows:
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F.P=[D(z)d

(5)
J.:z D (z )dz
ILD (z )dz ©)

The values of these two parameters have been calculated according to
equations 5 and 6, and the results are presented in Table 1. These values were
determined based on full QCD in a previous [16]. The differential decay rate
of Z° boson into triply heavy baryon through direct quark fragmentation can
be written in terms of the fragmentations of heavy quarks into these baryons
as follows [12]:

arz° s P+ x) = > 5t (20 — it )+X 1D, (2. 10)
1

-

(7

Table 1 The total fragmentation probability (F.P) and the average fragmentation
parameter (z) for processes ¢ -, . and b —»Q,,. considering the values of

m, =1.25GeV m, =4.25GeV ¢« .mp =5.5GeV andf; =0.25Gel «

(F.P)x10°° (z)
Process 0, (Ger )
[16] Our [16] Our
results results
b—>Qy,,. 34 5.367 5.290 0.539 0.562
c—>Q. 1.48 2.459 2.475 0.446 0.490

Where T is the decay rate of the Z° boson decay subprocess into QQ pair.
After the evolution of the fragmentation functions to the scale u = % and

performing the calculations, the branching ratio of the Z® boson to the triply
heavy baryons is equal to:

F(ZO —> Q + X) J'dZ F(ZO

~QQ) Dg_,q(z, my+my)

1—‘[0[ tm (8)
The decay rate corresponds to the subprocess of Z° decay into the OQ pair is
Iz 0 QQ) , for which the branching fractions

r, _ |
—Z=2¢€ =(12.03+0.21)% and ?—*””:(15.1&0.05)% have been

tot tot
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measured, which T',, =2.4952 +0.0023GeV is the total decay widths of Z°

[6].

3. Results and Discussion
According to the parton model, a Z° boson is first produced in electron-
positron annihilation or proton-proton collision, which subsequently decays
into a heavy high-energy quark-antiquark pair. During the hadronization
stage, this pair fragments into baryonic- bound states. Assuming that the
dominant mechanism for the production of triply heavy baryons is the
fragmentation of heavy b and ¢ quarks. The main goal of this paper is to
calculate the branching fractions of the Z° decay into triply heavy baryons via
the direct fragmentation of b and c¢ quarks. To achieve this, we first present
the fragmentation functions of b and ¢ quarks into baryons, calculated to the
first order in QCD perturbation theory within the framework of the quark-
diquark model. Subsequently, we calculate the branching fractions of the

Z decay into these baryons. In this article, the decay ratios of T(Z "o QX))
r

tot

0
T(Z~ >, +X) have been calculated according to relation (8), and the
F tot

resulting data are provided in Table (2).

and

0 0
Table 2 The branching fractions [z > +X) and [(Z" > Oy + X)

rtol‘ Ftal‘
considering the values of m, =1.25GeV , m, = 4.25 GeV, mp = 5.5 GeV, and
fs = 0.25 GeV.
0
Qooon

Process rz %FQQQ 9,
b = Qppe 8.11x107
c = Qpee 2.95x107°

4. Conclusion

The main motivation for conducting this work is twofold. The first reason is
that electron-positron annihilation experiments, due to their simplicity and
clarity of the initial state, are important tools for testing the Standard Model.
The second reason is the existence of various designs for constructing high-
energy lepton-lepton colliders. Therefore, the results obtained from this
research can provide useful guidance for researchers aiming to detect and
produce these particles in such colliders. This is especially relevant as several
lepton colliders are currently under examination and construction.
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Fig. 1 The Feynman diagram of the production of triply heavy B in the heavy quark
Q fragmentation in the quark-diquark model.
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