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1. Introduction

The measurements &; meson mass and lifetime in CDf [1] and O [2] experiments were
the first steps in the experimental research of heavy quarkonia with ftgpem. The obtained
experimental results are in a good agreement with the theoretical predittiche B; mass [B[},

]:

mgP" = 6.27564-0.0029stat) 4 0.0025sys) GeV,
r‘r’gc = 6.3000+ 0.0014stat) + 0.0005sys) GeV,
M= 6.25+0.03 GeV;
as well as for the decay timf [B, n,@,@ 10]:
150" = 0448 53%(stat) £ 0.032(sys) ps
50 = 0.475' 3355(stat) £ 0.018(sys) ps
8% = 0.48+0.05 ps

TheB. meson is observed at Tevatron only in two decay moBgs> J/@mandB; — J/( +
p+vy. The investigation of other decay modes is possible at at LHC, wheré 208events with
B. mesons per year are expected. This huge amount of events will allow o tdieanformation
on the production cross section distributions, on the decay branchit@frs, and in some cases,
on the distributions of decay products. And absolutely new resultB.otlecays have already
obtained at LHC: th®. decay toJ/{ + 3 has been first observed by LHCb collaboratiprj [11].

TheB. systems do not have strong and electromagnetic annihilation decay modets tis
reason the exiteB. systems laying below8 + D threshold have the decay widths by two order of
magnitude smaller than the widths for analogous exited states of charmoniupotmaium. All
exited B, states after a set of radiative transitions decay into the lightest pselatostede (0).
The lifetime of this state is comparable with the lifetimes ofBoAnd D mesons and essentially
differ from lifetimes of other lightest quarkoniaj. and np. This is why B, meson provides a
unique possibility to investigate the both strong and weak interactions.

The mainB. decay modes, such & — J/¢ + (v, B — J/@YmandB; — Bé*)p were theo-
retically studied in details (see, for exampl [6] L2, 13]). For all thesegsses it is assumed that
the factorization approach is valid: the ded&y— heavy hadrorW* is followed by the decay of
the virtualW-boson. The transition form-factors for the proce®3es> heavy hadror-W* can be
estimated within QCD sum rules, within quark potential models, or in the framegifdidht-cone
quark model.

In our recent articled 14, 1L5] we have studied Byadecay process with several pions in the
final state, such a8, — J/ +nmandB; — Bé*) + nrrwith 1 < n < 4. The factorization approach
have been used in these calculations. The characteristics of the Vifthakon decay have been
adopted from the experimental data pr- v; + nit decays fom < 3 and from the experimental
data onrt mesons production in the proces®™ — 47t

The modules for calculation of these decay amplitude are implemented into EviGgam
package[[16]. Therefore the detailed simulation of these decays in then&iical condition of
real experiments is possible now. In this paper we describe the installatdarsarg the developed
modules.
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2. Calculation technique

To calculate the decay amplitudes
we assume that the discussed processes
can be represented as the decBy —
heavy hadron- W* followed by the decay
of the virtual W-boson. An additional as-
sumption should be made that the only one of
the constituent quarks decays weakly, mean-
while the other quark remains the same (a 5. () O
typical diagram is presented in F{g. 1). c

Within this approach the amplitude of
the process can be written in the form

Figure 1: Typical diagram foB; — V (P) + nirdecay.

GrV,
o [Be— I/ +nm = Fﬁmal(uR)%J(/;“?'f,

wheregy is the polarization vector aV*;
AV is theB, — J/ @ +W* transition vertex:

A, = (3/ Y|V (1— v8)b| Be) = ¥ — . (2.2)
Vector and axial currents are equal to
Y = (/P |Cyub| Be) = ie" P e paaghy (6?), (2.3)

Ay = (I/P|Cyuysb| Be) =
e (o) + pu (6% pe.) F2 (o) +au (6% pa,) FA (0F), (2.4)

wherepg, andp;, are the momenta .- andJ/(-mesons;

q= Ps, — Py/y is the momentum of virtualV-boson;

P = pP8; + Py/y:

sf/'” is the polarization vector of/y meson;

andRy (9?), F{\(g?), FA(9?), FA(9?) andRy (g?) are form-factors oB; — J/ ¢ +W* decays.

In the tree approximation the paramegf ur) is equal to unity. Higher-order corrections
lead to dependence of this factor on renormalization sgalfL7]. Numerical values fogy (LR)
at different scale are calculated {n][12] . For the prod&ss- J/y + nmt the value ofur has been
chosen to be equal to the mass value of the deckygdark:

a(my) =14

The form-factors were calculated within different nonperturbative@gghes: QCD sum rules
[LZ], potential quark modelg][9], and Light-Front quark mod¢l$ [18, 18 our article we use
exponential parametrization of these form-factors (see[Jab. 1):

F(0?) = Fi(0)exp{—c10® —cq*} . (2.5)
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The decayB. — B; + nrris described by analogy with B. — J/@Y+nm
the decayB; — J/ + nm. The same formula for the am- F (0) c1 c
plitude is used with the other parameter set (see[fab. 1). [ A, | 5.9 | 0.049| 0.0015
The amplitude for the decad8t — Bs+ nrrcan be writ- A, | -0.074] 0.049] 0.0015
ten in more simple form Vv 011 | 0.049| 0.0015
B; — B +nm
o [Bc — Bs+nm = Gf/\écsal(uR)%Bss\%, (2.6) F,(((;) S:; C2
Ao | 81 | 0.30 | 0.069
where A. | 0.15 | 0.30 | 0.069
%Bs — <BS’E(1— VS) b’ BC) — f+(q2) Pu +f (qz)qu \% 1.08 0.30 0.069
(2.7) Bc. — Bs+nm
The detailed information aboW* decay is not needed fi(0) | C2
to obtain the integrated branching fractions, as well as the f+ | 1.3 | 0.30 | 0.069

branching fraction distributions ogf. Let us consider the

decayB; — J/YW* — J/ynrras an example: Table 1: Form-factor parameters for
different SR form-factor sets.
1 Gav2 .
dr (Be — J/Y#) = 2M 5 Daf Vel e)dd (B — I/ ynm), (2.8)

where Lorentz-invariant phase space is defined according to

d3p.
N 4 4 |
Using the following recurrent expression for the phase space
2
dd (B — J/YW* — 3/yn) = ‘;‘qua (B — J/WW*) dd (W* — nr) (2.10)

one can perform the integration over phase space of the finahstate

/ dd (W* — n7) el = (quQv — &Py ) or (0) + quavpr (), (2.11)

where spectral functiongr | (qz) are universal and can be determined from theoretical and ex-
perimental analysis of some other processes, for examplev,nrt decay or electron-positron
annihilatione®e™ — nm. (See [I4[ 5] 20] for details.) It is worth to mention, that due to the
vector current conservation and the partial axial current consemspectral functiom, for n > 2
is negligible in almost whole kinematical region, so it can be neglected in the estim&tinm > 2.
For the purposes of our article, however, a more detailed descriptioguged for the multipion
final state.

In the framework of resonance model the decaygvbfboson can be described in terms of
virtual p- anda;-mesons exchange (see typical diagrams presented ifj Fig. 2).

If there is onemr-meson in the final state (see Hi§. 2a), the vertewo6f— mtransition can be
written in the form

(" [(du)y-a|W) = frky, (2.12)
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Figure 2: Typical diagrams fow* — nrrdecay in resonance approximation.

wherek is the momentum ofrmeson and;; =~ 140 MeV is its coupling constant. In accordance
with this interaction vertex the effective polarization veotyrin this case has the form

&) = frky /. (2.13)

Note, that this vertex violates the axial current.
The decays of virtualV-boson into multipion final states are described within resonance model
in terms of virtualp- anda;-mesons exchange (see typical diagrams presented ifj Fig. 2b,c).
TheW* — mrt i® decay is saturated mainly by contributions of virtpalandp’-mesons (see
Fig.[2b). The corresponding effective polarization vector can be writte

€27 = Fp (0F) (k1 — K2) (2.14)

wherek; , arer-mesons momenta affig (q?) is thep-meson form-factor (se€[p1]). The difference
in 79- and 7T -meson masses is neglected, thus the viNddloson in this decay has a transverse
polarization. It should be noted that the width of iheneson must be taken into account.

TheW* — 3rr-transition is saturated mainly W* — a; — prr— 3mrdecay chain. Following
[B] one can write the effective polarization vertex in this case as

2V/2
&' = —i 5 Fal0) {Bp(S2)Vay + Bo(s1)Vau } (2.15)
where « @)
V1o = Kiop —Kay — q;lqlézg (2.16)
and
s12=(q—ki2)% (2.17)

Parametrization dB, (s) function is presented iff [R1]. It can be clearly seen, that if one negleets
difference between charged and neutraheson masses the above expression in transverse and the
axial current is conserved. In EvtGen package this transition wasedallzeady in TAUHADNU
model.
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3. Software structure

For the Monte-Carlo simula-
tion of the discussed decays the

generator EvtGen is used, which ‘ b ‘
is the part of LHCb software envi- ‘ EvmetayAmp ‘
ronment GAUSS. EvtGen is writ- )
ten completely on C++. In order to EVBONPI
. EvtBcToNPi.c|
add a new decay to it one should e o Eealtoweimn
ublic:
just create a new class, that de- e VAL
. . ’ Pt : —
scribes this decay. The base class  Void decay(Eviparicle
iS EVt DecayAn’p, Where proto- prlVaIlE?/.tCOmplexFpi(ql,q2);

double pi3G(double Q2);

types of all necessary for the model
functions are given. The most
significant of these functions are ‘ EvthPLini ‘ ‘ EvtBcBsStarNpi
init(),initProbMax() and
decay() (see Fig[B).

The methodinit() per-
forms the initialization of the de-
cay model and reads its parameters. The necessary parameterseatérstbe so-called .dec-file
(the exact name of this file can be determined by the user). The detailathtienwmf the .dec-file
format can be found in the EvtGen documentatior [16].

‘ EvtBcBsNpi

Figure 3: The program structure.

As it is seen from Fig[]4 anf] 5 the results of Monte-Carlo simulation for theydeg, —
J/Y+2mandB; — J/y + 3mare in good agreement with the theoretical predictipns [14].

dBr 1072
dq? ' GeV? dBr 1
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Figure 4. The distribution over the squared in- Figure 5: The distribution over the squared in-
variant massP = mé,, in B; — J/¢ + 2 decay variant massf® = m2,,; in B; — J/(+ 3 decay
generated within BC_NPI-model (histogram) in generated within BC_NPI-model (histogram) in
comparison with the predictionEIl4]. comparison with the predictionﬂ14].
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4. Results

e The branching ratios for the decags— J/{/(Bs, BS) +nrmhave been estimated in the frame-
work of the factorization approach.

o The width of intermediate mesons must be taken into account.

e The package for simulation of these decays within the standard LHCb sefG®wJSS has
been developed.

e The experimental LHCb data d& — J/y + 3 decay [IJ1] can be described satisfactorily
within the model.
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