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Extensively applied to both light and heavy meson decay and standing as one of the most successful strong
decay models is the 3Py model, in which ¢4 pair production is the dominant mechanism. In this paper we evaluate
strong decay amplitudes and partial widths of strange S and D state mesons, namely ¢(1020), ¢(1680), ¢(2050),
¢1(1850), ¢,(1850), and ¢3(1850), in the bound-state corrected 3P, decay model (C *P,). The C Py model is
obtained in the context of the Fock-Tani formalism, which is a mapping technique.
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I. INTRODUCTION

The study of strangeonia should enter a new era with the
advent of the new Hall D photoproduction facility GlueX at
Jefferson Lab [1,2]. The main goal of the GlueX experiment
is to search for and study hybrid and exotic mesons which will
provide the ideal laboratory for testing QCD in the confine-
ment regime. Another top goal of GlueX is the exploration of
the light meson spectrum, where interactions of hadrons with
a photon beam can be regarded as a superposition of vector
mesons with an important ss component. In this sense, studies
of strange final states at GlueX should lead to considerable
improvement in our knowledge of the s5 spectrum.

Strange quarkonia are light (&, d, s) mesons with at least
one strange quark or antiquark in their dominant g4 valence
component. These are known as kaonia if the dominant va-
lence basis state is ns (where n should be understood as u, d),
antikaonia if s71, and strangeonia if s5. A principal goal of light
meson spectroscopy is the identification of exotica, which are
resonances that are not dominantly gg states. These include
glueballs, hybrids, and multiquark systems.

In this sense, a great variety of quark-based models are
known that describe with reasonable success single-hadron
properties. A natural question that arises is to what extent
a model which gives a good description of hadron prop-
erties is, at the same time, able to describe the complex
hadron-hadron interaction or by the same principles hadron
decay. In the direction of clarifying these questions is the
successful decay model, the 3Py model, which considers only
Okubo-Zweig-lizuka—allowed strong-interaction decays. This
model was introduced over thirty years ago by Micu [3] and
applied to meson decays in the 1970 by LeYaouanc et al. [4].
This description is a natural consequence of the constituent
quark model scenario of hadronic states. Since the 3P, model
precedes QCD and has no clear relation to it, one might
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expect that a description of decays in terms of allowed QCD
processes such as OGE might be more realistic. There is
strong experimental evidence that the gg pair created during
the decay does have spin one as is assumed in the 3Py decay
model.

Barnes et al. [5-8] made an extensive survey of meson
states in the light of the 3Py model. Two basic parameters of
their formulation are y (the interaction strength) and B (the
wave function’s extension parameter). Although they found
the optimum values near y = 0.5 and 8 = 0.4 GeV, for light
1§ and 1P decays, these values lead to overestimates of
the widths of higher-L states. In this perspective a modified
qq pair-creation interaction with y = 0.4 was preferred. The
spectrum of meson resonances up to 2 GeV is only moderately
well determined. For strangeonia they calculated a set of
strong decays of a total of 43 resonances into 525 two-body
modes, with 891 numerically evaluated amplitudes for all
energetically allowed open-flavor two-body decay modes of
all n5 and s5 strange mesons in the 1S, 25, 35, 1P, 2P, 1D,
and 1F multiplets [7].

In the present work, we concentrate on the ¢ mesons,
which are the strange S and D states, predicted in the quark
model, probable s5 resonances expected up to 2.2 GeV. We
employ a mapping technique to obtain an effective interaction
for meson decay. A particular mapping technique long used
in atomic physics [9], the Fock-Tani formalism (FTf), has
been adapted, in previous publications [10-15], to describe
hadron-hadron scattering interactions with constituent inter-
change. Now this technique has been extended in order to
include meson decay [16,17]. Starting with a microscopic gg
pair-creation interaction, in lower order, the 3py results are
reproduced. An additional and interesting feature appears in
higher orders of the formalism: corrections due to the bound-
state nature of the mesons and a natural modification in the gg
interaction strength.

In Sec. IT we review the basic aspects of the formalism.
Section III is dedicated to obtain an effective decay Hamilto-
nian for a ¢ meson, where in Sec. III A the general amplitudes
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and decay widths are obtained with numerical analysis in
Sec. I B. In Sec. V are the conclusions.

II. MESON MAPPING AND THE C *p, MODEL
A. Review of Fock-Tani formalism

This section reviews the formal aspects of the mapping
procedure and how it is implemented to quark-antiquark me-
son states [10]. In the Fock-Tani formalism one starts with
the Fock representation of the system using field operators of
elementary constituents which satisfy canonical (anti) com-
mutation relations. Composite-particle field operators are lin-
ear combinations of the elementary-particle operators and do
not generally satisfy canonical (anti) commutation relations.
“Ideal” field operators acting on an enlarged Fock space are
then introduced in close correspondence with the composite
ones. Next, a given unitary transformation, which transforms
the single composite states into single ideal states, is intro-
duced. Application of the unitary operator on the microscopic
Hamiltonian, or on other Hermitian operators expressed in
terms of the elementary constituent field operators, gives
equivalent operators which contain the ideal field operators.
The effective Hamiltonian in the new representation has a
clear physical interpretation in terms of the processes it de-
scribes. Since all field operators in the new representation
satisfy canonical (anti)commutation relations, the standard
methods of quantum field theory can then be readily applied.

The starting point is the definition of single composite
bound states. We write a single-meson state in terms of a
meson creation operator Mg as

la) = M |0), (1)

where |0) is the vacuum state. The meson creation operator
M; is written in terms of constituent quark and antiquark
creation operators ¢ and g7,

M, = @' q,q), ©)

where @4 is the meson wave function and ¢, |0) = 4,]0) =
0. The index o identifies the meson quantum numbers of
space, spin, and isospin. The indices u and v denote the
spatial, spin, flavor, and color quantum numbers of the con-
stituent quarks. A sum over repeated indices is implied. It is
convenient to work with orthonormalized amplitudes,

(@|p) = DD = 8,p. 3)

The quark and antiquark operators satisfy canonical anticom-
mutation relations,

{q/u C]I} = {qﬂf qz} = 8;“19
{q/u Qv} = {qus qv} = {qlu q_v} = {q;u C?Z} =0. (4’)

Using these quark anticommutation relations, and the normal-
ization condition of Eq. (3), it is easily shown that the meson
operators satisfy the following noncanonical commutation
relations:

[Mo, M1 = 8up — Map,  [Mo, Mg] =0, (5)
where

Myp = OO Gl G, + O 0L g g, (6)

A transformation is defined such that a single-meson state |o)
is redescribed by an (“ideal”) elementary-meson state by

lo) —> U~ 'a) = m]|0), (7

where m] an ideal meson creation operator. The ideal meson
operators m), and m, satisty, by definition, canonical commu-
tation relations

[me, mi] = 8ap, [, mg] = 0. ®)

The state |0) is the vacuum of both g and m degrees of
freedom in the new representation. In addition, in the new
representation the quark and antiquark operators g7, ¢, ', and
g are kinematically independent of the m(L and m,

[0 ma] = [, mi) = [, ma] =[G m1 =0 (9)
The unitary operator U of the transformation is
U(t) =expltF], (10)

where F is the generator of the transformation and ¢ a pa-
rameter which is set to — /2 to implement the mapping. The
generator F of the transformation is

"y, (11)

where
M, = 10, (12)

with
[My, M1 = 8ap + O(@"),
[My, Mg] = [M, M}]=0. (13)

It is easy to see from (11) that F = —F, which ensures that
U is unitary. The index i in Eq. (12) represents the order of the
expansion in powers of the wave function ®. The M, operator
is determined up to a specific order n consistent with (13).
The next step is to obtain the transformed operators in
the new representation. The basic operators of the model are
expressed in terms of the quark operators. Therefore, in order
to obtain the operators in the new representation, one writes

qt)=U""qU, 4@t)=U""qU. (14)

Once a microscopic interaction Hamiltonian H; is defined,
at the quark level, a new transformed Hamiltonian can be ob-
tained. This effective interaction, the Fock-Tani Hamiltonian
(Hpr), is obtained by the application of the unitary operator
U on the microscopic Hamiltonian Hj, i.e., Her = U'H;U.
The transformed Hamiltonian describes all possible processes
involving mesons and quarks. The general structure of Hpr is
of the following form:

HFF == Hq + Hm + qua (15)

where the first term involves only quark operators, the second
one involves only ideal meson operators, and Hpg involves
quark and meson operators. In Hpr there are higher-order
terms that provide bound-state corrections to the lower-order
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ones. The basic quantity for these corrections is the bound-
state kernel A defined as

A(pT;Av) = q>“c1>*“. (16)

The physical meaning of the A kernel becomes evident,
in the sense that it modifies the quark-antiquark interaction
strength [10,16]. The following two examples can clarify the
physical interpretation.

1. First example

Consider that the starting point is a two-body microscopic
quark-antiquark Hamiltonian of the form

Hay = T(10)q),q + T (WGiGs + Veg(1tv: 0 04,3} d 040
+ Woae(uv:00)q,41q090 + $Vag(0v:00)3,G1G0do-
a7
The transformation Hgr = U ‘leqU is implemented again
by transforming each quark and antiquark operator in Eq. (17),
where a similar structure to Eq. (15) is obtained. In free

space, the wave function @ of Eq. (2) satisfies the following
equation:

H(uv;op)®of = e[(,]cbff;], (18)

where H(uv; o p) is the Hamiltonian matrix

H(uv;00) = 840180 [T ([0]) + T ([oD] + Vgg(v; o p),
(19)

where €[, is the total energy of the meson. There is no sum
over repeated indices inside square brackets.

The effective quark Hamiltonian #54 has an identical struc-
ture to the microscopic quark Hamiltonian, Eq. (17), except
for inclusion of a term corresponding to a modification in the
quark-antiquark interaction as follows:

Haq = Hay + Hyg. (20

with
Hy = (=HA = AH + AHA)q,§iqp40. (1)
where the contractions are HA = H(uv;t&)A(t€;0p)

and AHA = A(uv;En)H(¢n; t€)A(t€;0p). An important
property of the bound-state kernel is

A(puv;op)®s° = LY (22)

which follows from the wave function’s orthonormalization,
Eq. (3). In the case that @ is a solution of Eq. (18), Eq. (20)
reduces to

qu = qu — GﬂNﬂ, (23)

where Ny = MMy is the number operator and the following
property holds: Ngla) = |B) .

The spectrum of the modified quark Hamiltonian Hyq is
positive semidefinite and hence has no bound states [9]. To
show this, consider an arbitrary state |«) formed from a pair
quark and antiquark:

o) = Wq,3510). (24)

The action of the Hamiltonian (23) on this state results in
Hagla) = (Hyy — €pNp)|r)
= Hyylo) — 65d>:§””‘115”|,3). 25)

If |a) is one of the bound eigenstates of the microscopic
Hamiltonian then

Hogle) = (€1o) — €ulla]) = 0. (26)

On the other hand, if WZ" is orthogonal to all bound states
@47 then (25) reduces to

Hoglar)

Let v, be the continuum (unbound, positive energy) eigen-
states of H»,, with energies &;, > 0. One can expand any W/"

in the form
WY = Z CeD 4 Z el (28)

K

where (®,, ¥;) = 0. Then by (26) and (27)
= swcl luv). (29)

= qul()l). (27)

Hoglar)

Therefore,
Z Eialcil’, (30)

where it is evident that Hj, is semidefinite positive and
therefore does not have quark-antiquark bound states.

al?—[qua

2. Second example

Consider in the ideal meson sector H,y, of equation (15),
many approaches similar to the Fock-Tani formalism [10]
have obtained, for example, the meson-meson scattering in-
teraction in the Born approximation: resonating group method
(RGM) [18], quark Born diagram formalism (QBDF) [19],

Hym = Tum + Vium, (31)

where T, is the kinetic term and V,,,, is the meson-meson in-
teraction potential with constituent interchange. This potential
is given by

Vium = Vi + Ve 4 Voot 32)

mm mm?

where V4Ir is the direct potential (no quark interchange), V<X

mm > “mm

is the quark exchange term, and V™ is the intra-exchange
term. As shown in Refs. [10,20], if one extends the Fock-Tani
calculation to higher orders, a new meson-meson Hamiltonian
is obtained:

Hmm = Hypm + 8Hmma (33)

where §H,,,, is the bound-state correction Hamiltonian,

SHyum = STV H (11w AT) AT 10 )Y 7 DL
+ 3O H (uv; AT AGT; o) D7 L
+ %CDE“"CDZ'O”A(/LV;)J)H(AI; p )Py Do

+ 3 O A (v ADH T/ v )T DL (34)
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If the wave function & is chosen to be an eigenstate of the
microscopic quark Hamiltonian, then the intra-exchange term

vint i canceled exactly:

Vint L SHypm = 0. (35)

mm

In summary, these examples reveal an important and common
feature of these corrections to leading order: They modify the
microscopic potential in the presence of bound states.

B. Meson decay in the Fock-Tani formalism

In the present calculation, the microscopic interaction
Hamiltonian is a pair creation Hamiltonian H,; defined as

Hy; = Vinq),dy, (36)

where in Eq. (36) a sum (integration) is again implied over
repeated indexes [16]. The pair creation potential V,, is given
by

V;w = gSC,Lc.,Sf#fUS(ﬁ/A + Py )ﬁs,i (ﬁu)vs., (Pv), 37

with ¢ = 2m,y, where y is the pair production strength and
the indexes c,, f,, s, are of color, flavor, and spin. The
pair production is obtained from the nonrelativistic limit of
H,; involving Dirac quark fields [5]. Applying the Fock-Tani
transformation to H,; one obtains the effective Hamiltonian
that describes a decay process. In the FTT perspective a new
aspect is introduced to meson decay: bound-state corrections.
The lowest-order correction is one that involves only one
bound-state kernel A. The bound-state corrected C 3P, Hamil-

tonian is

HOP = — @ o5 @07V S omimim,,  (38)
where V3 is a condensed notation for
VO — (5 + AW, (39)
where

S = SuA(SvS‘Spr(rra
= H8ot8:u A(pT; 0V) + 851850 A(OT; o)
— 285830 A(pT; uv)]. (40)

The first term of (39), involving §, is the usual 3Py decay
potential. The following A term, containing three As, is the
bound-state correction to the potential. In the ideal meson
space the initial and final states involve only ideal meson op-
erators |i) = m|0) and |f) = m;m;|0). The C 3py amplitude
is obtained by the following matrix element:

>

(FIHE®iy = 8(B, — P, —ﬁﬂ)h_(,:-,spo‘ (41)

The 1" decay amplitude is combined with relativistic phase
space, resulting in the differential decay rate

dF)/—)Otﬁ _

EE
2 P =Ly | WGP, (42)
a9 M,

which, after integration in the solid angle €2, a usual choice
for the meson momenta is made: P, = 0 (P = |F,| = |Pg]).

III. ¢ MESON DECAY

The previous section has outlined the essential aspects
of the C 3Py model and how it is obtained from the Fock-
Tani formalism, where the decay Hamiltonian HS3° was
deducted. In this section the phenomenological Hamiltonian
HSP will be used in order to evaluate the n 3§, decays
$(1020), ¢(1680), ¢(2050) with n =1,2,3 and the 1 °p;,
decays ¢ (1850), ¢,(1850), and ¢3(1850) mesons.

A. Amplitudes and decay widths

In the following decay channels that shall be studied, some
have been observed, with no available data, while others are
only theoretical [7,21]:

(a) ¢(1020) —> KK;

(b) ¢(1680) — KK, KK*, no;

(c) *¢(2050) > KK, KK*, K*K*, KK;(1270),
KK;(1400), KK;(1430), KK;(1430), KK*(1410),
KK(1460), n, n'$, nh1(1380);

(d) #¢1(1850) - K*K*;

(e) *¢,(1850) — KK, KK*, K*K*, n¢;

(f) ¢3(1850) — KK, KK*, K*K*, KK;(1270), n¢;

where the I symbol indicates an unobserved state, ¢;(1850)
is sometimes referred only as ¢(1850), and K* is actually
K*(892) from the Particle Data Group [21]. In the calculation
of the decay amplitudes, the matrix element is given by (41)
where the decay Hamiltonian (38) can be split into two parts:
HSP = H, + 8H,,. The the matrix element of first term,
containing H,,, the term without the bound-state correction,
is given by

(fIHuli) = —di — da, (43)
where

dy = O DY DLV,

dy = PO DMV, (44)

The matrix element of the bound-state correction §H,, is
written as
3

>t (45)

k=1 j=1

<f|8Hm|l> = -

where we introduce the following notation:
di = 3D A(pT; M)DL V0,
dy = 3 QTR A(pT; M)DY V0,
di = =307 D A(pT; pv) DLV,
dy = —3 7O ApT; 1) PV,
di = JO O A(pT; po )DLV,
dy = 1O AT 1o )PV, (46)

In d¥ and d¥, the index k = 1, 2, 3 represents the first, second,
and third term of the correction, respectively. As can be seen
in equations (43)—(46), the matrix elements depend directly
on the wave functions ®%" and the potential V,,,. Considering
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as the fundamental degrees of freedom color C, flavor f, spin
X, and space @, the meson wave function can be written as
product:

®L = o Py OBy = Pu— B, (47)

allowing to calculate color, flavor, and spin-space separately.
Details of (47) can be found in Appendix B. This factorization
of the wave function implies that equations (44) and (46) can
also be put in a direct product form of color, flavor, and spin-
space:

dy = did]d}™,  dy = dsalds, (48)

and
dll — %dllcdllfdlls—s’ dzl — %dzlcdzlfd;s—s7
d} = —Laxay ar=s, 4@ = -laFdy drs,  (49)
di = jdiddP™, di = jddy dy

It is essential to note that the bound-state kernel definition,
Eq. (16), has an implicit contraction in the £ index, which
physically implies a sum over all species condition. In prac-
tice, this means that one should sum over intermediate meson
bound states. Any of the respective meson multiplet members
can be considered in this sum. In our calculations, due to
the symmetry of problem, the only possible states will have
the following n 25*'1,; and isospin quantum numbers: |1 'Sy)
and I = 0 (type n, ') or |1 3§;) and I = 0 (type ¢, w). The
bound-state kernel A(uv; po) will then be a sum over 1, 1/,
¢, and o intermediate states, which can be written explicitly
as

A(pv; po) = Ay(uv; po) + Ay (nv; po)
+ Ay(uv; po) + Ay (v po).  (50)

The color amplitude factors of (48) and (49) can be calculated
directly with the definition (B11) and the color part of (37),
resulting in

df = df = —. (51)

Proceeding similarly, for the bound-state correction one has

e didEF
it = =2

3¢ 3¢ 1

d; d, Wk (52)
This result is independent of which meson is involved,
Egs. (51) and (52) are valid for all decay processes. The flavor
factor will be evaluated in the next section for each case.
General spin-space amplitude factors can be obtained from
the matrix element (48) and (49), apart from a global momen-
tum conservation §. The contribution without the bound-state
correction is

i = —zaijV/dSKXi*(F’ K)xj¢* (2K + P)

x ¢* (2K + P)p(2K + 2P), (53)

TABLE 1. Spectroscopic notation n *5*17,,
where ¥ is undetected experimentally.

n 3t Meson
115, n, 1, K
13, $(1020), K*
1'p h1(1380)
1P, K (1430)
13 K3(1430)
13D, ¢1(1850)F
13D, ¢,(1850)*
1°D; ¢3(1850)
215, K (1460)
2 35, ¢(1680), K*(1410)
3%, $(2050)*

and the three terms with the bound-state correction are
di*™ = —2a,,y / d*Kd’qx; & - K)x§¢*(2G + P)

x ¢* (2K + P)[p(G + K + 2P)p* (G + K)1:0(2G),
a7 = e,y [ @ KLaxG - Roxo 2+ P

x ¢*(2G + P)[$(2G + 2P)p* 2K) e (2G),
AP~ = —2az,y / I’Kd*qx (G - K)xj¢* (24 — P)

x ¢*(2K — P)[p(G+ K — 2P)¢* (G + K)1:p(25).
(54)

SpSy _ SuSi _ SpSi

where a;; = xq X5 Xy is a number resulting from the
product of the meson’s spin wave functions involved in the
decay. The coefficients ai,;, az;s and as,; are obtained in a sim-
ilar form and represent the first, second, and third bound-state
correction term, respectively. Note that the wave functions
in-between brackets in Eq. (54) are related to the bound-state
kernel part and therefore it is assumed that there is an implicit
sum over species with & assuming the 7, 1/, ¢, » quantum
numbers. The d5~* and d* amplitude factors are obtained

simply by the changing P — —P in Egs. (53) and (54).

B. Numerical results
1. General aspects

In this section, we present the numerical results for the
¢;(M) decay widths. The amplitudes can be written in a
general form

KPP0 = #M /i (55)
where M; appears in Appendix C. These amplitudes are
inserted in Eq. (42) and integrated over the solid angle 2.
To calculate My;, the wave function must be determined,
knowing the spin and space quantum numbers to be used,
which are listed in Table I. The spatial wave functions are
considered to be Gaussians characterized by the 8 parameter,
which is the Gaussian’s width. Each decay particle has its
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TABLE II. Multiplicity factor F.

Generic decay
¢ — (ns)(si)

¢ — (n3)(sin)
¢ — (m)—o(m)}2y

Example

$5(1850) — KK~
$(1680) — K*K*~
$(2050) — n¢

— A~ | Y

own B. For example, ¢(1020) has the width B4, ¢(1680) has
Bereso» and so on. The mesons which are part of the bound-state
kernel also have their own widths and are distinguished from
others by the notation By, By, By, and B, . To include all
subprocesses in the results, it is necessary to multiply I" by a
multiplicity factor F. For example, in ¢ — KK, the possible
subprocesses are ¢ — KTK~ and ¢ — K°K°. Therefore, the
multiplicity factor is F = 2. The values of F are listed in
Table II.

The masses were obtained from Ref. [21], with
the exception of ¢(2050), ¢;(1850), ¢,(1850), which
were extracted from Ref. [7]: Mgao20) = 1.01945
GeV, M¢(1680) = 1.680 GGV, M¢(2050) = 2.050 GeV,
M¢l(]g50) = 1.850 GCV, M¢2(]g50) = 1.850 GeV, M¢3(1850) =
1.854 GeV, M, =0.54785 GeV, M, =0.95778 GeV,
MK = 0.49367 GeV, MK* = 0.89166 GCV, MK](1270) =
1.272 GeV, MK1(1400) = 1.403 GCV, MKJ(1430) = 1.425
GeV, M](z*(]430) = 1.4256 GCV, MK*(MIO) =1.414 GGV,
MK(1460) = 1.460 GCV, Mh1(138()) = 1.386 GeV.

For the initial- or final-state mesons the Gaussian width
parameter is set to its characteristic value used for light
mesons; namely, 8; = 0.4 GeV [7,16]. The pair production
strength parameter y and the angle 6 in Egs. (B9) and (B10)
were also set according to Refs. [7,16] y = 0.4 and 6 ~
35.3° (cos @ = /2/3, sinf = /1/3). The h;(1380) meson is
considered a pure nii; therefore the coefficients in Eq. (B8)
assume the values c’l" = l/ﬁ and cg“ = 0. The Gaussian
widths B;, remain as free parameters as well as the cﬁ and
cé coefficients in Eq. (B3) for the bound-state kernel. The

n0r') 1012) shall be a function of the same

parameters c; ;
mixing angle 6,. Similarly with ¢ and ¢/, which

are defined by an angle 6,. Thus, the free parameters to be
adjusted are 6, 0y, 0,(1680)> Ovs > Bra s ,BU/A, Bg,-and B, . Where
By, Bu(1680), and 6, are the mixing angles of ¢(1020), ¢(1680),
and ¢3(1850), respectively.

and ¢

2. S states

¢(1020) is a natural candidate for the s5 state with ¢(1680)
as aradial excitation. One must note that the decay of ¢ (1680)
in KK and KK* is sometimes cited as evidence that this state
is s5. The free parameters, which shall be varied, will be the
wave function width B8 and the mixing angles. The decay of
¢(1020) — K"K~ has a partial width of 2.08 4= 0.04 MeV.
Following the predicted values for the mixing angles [21], we
varied 6, between —20° and —10° and 6, between 26° and
35°. The B;, s were varied from 0.3 to 0.6 GeV.

The two best fits for this channel have values of 6, =
—-10°, 0, =35°, B,, =28, =0.6 GeV, which we call
parametrization (a), resulting in I[';pg =3.21 MeV and

TABLE III. Decay width of ¢(1680) with 6, = —10°, 6, =
26°, Oy6s0) = 35°,(a) 2By, = 4By, =3By, = 2Bw, = 1.2GeV and
(b) 2B, = 4B, =4Bs, = 3Bu, = 1.2 GeV.

r 3P0 C3P0 C3P0

MeV) (a) (a) (b) Expt.
KK 89.42 87.42 87.42

KK* 123.28 123.25 122.38

neo 21.63 26.81 23.49

et 234.33 237.48 233.29 150 £ 50

Fcespo = 2.81 MeV A different parametrization, which we
call (b), has 6, = —10°, 6, = 26°, 48,, = 3,3,,A = 1.2 GeV,
resulting in ['3pg = 2.38 MeV and ['capg = 2.01 MeV.

The ¢(1680) meson has a total Fg’(}) = 150 & 50 MeV, the

C 3py model’s best fit yields a F&py = 233.29 MeV, which
corresponds to the values 6,630y = 35°, By, =0.6 GeV,
By, = 0.3 GeV, By, =0.4 GeV, and B,, = 0.6 GeV. The
estimated channels are in Table III.

From these results one can see that, for ¢(1020), the decay
width is within the experimental range. The same does not
happen for ¢(1680), where the total decay width is above the
experimental value. It should be noted that, in the literature,
there are results that indicate higher experimental values:
211 £ 14 £ 19 MeV in Ref. [22] and 322 4+ 77 4+ 160 MeV in
Ref. [23]. Another important experimental result are the ratios
F[([(/F[([(* = 0.07 £0.01 and Fn¢/r](](* ~ 0.37 [21]. The fit
of the C 3p, model yields Mgx /Tkg+ = 0.71 and Ty [Tk =
0.19. The 06,1630y angle is a measure of strangeness content of
¢(1680). A tentative solution to improve these ratios is to set
this angle for values beyond the 26°-35° range. An increase
in the angle can lower the total decay width into the range
of experimental values (150 50 GeV) and kg /I'gg+ is
also improved. However, the ratio I';,4 /T"x g+ did not improve.
This inconsistency could be an indication that the composition
of ¢(1680) is not well described and it may be a mixture
of the states 1D, and 2 35, or it may have have hybrid
components [21].

$(2050) is a 3 35, s5 vector state, to which an estimated
mass of 2.05 GeV is assigned, although this state is actu-
ally not known at present. It should be important in future
spectroscopic studies because with 17~ quantum numbers
it can be made both in diffractive photoproduction and in
ete” annihilation. As a radial excitation of s3 one can use
the previous parametrizations. Due to the fact that 8, varies
between 26° and 35°, we shall consider the extreme values
and consider four sets of parameters. The results of these
calculations are presented in Table IV and yields an average
total C 3py width of I' = 182.35 £ 3.13 MeV.

3. D states

As is well known, ¢3(1850) was first reported in
K~ p — ¢3A at CERN’s bubble-chamber experiment [24].
It was originally reported in KK and KK*, with a total
width of 8773% MeV and a relative branching fraction of

B(KK*/KK) = 0.551’8&2 [21]. Following the same strategy
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TABLE 1IV. Decay width of ¢(2050), with 6, =—10°

TABLE VI. Decay widths of ¢;(1850) and ¢,(1850) with

0, =26°, and the parametrizations (a)  O,2050) = 35°, 0, =—10°, 6, =26°, and the parametrizations (a) 6,, = 35°,
2B, = 4By =4By, =3Buy =12 GeV, (1) Oyos0) =26° 2B, =4B, =4By, =3B,, =12 GeV, (1) 0,, =26°, 28, =
2By = 4By, =3Bps =2Buy =12 GeV, (2) Ouaoso) =26°, 4By =3P, =2B,, =12 GeV, (2) 6, =26°, 28, =3, =
2/3’IA = 35'7; = Zﬂd,A = 4-}3,0A =1.2 GeV, (3) 9,,(2050) = 35°, 2ﬂ¢A = 4/3WA =1.2 GeV, (3) 91,2 = 35°, Zﬂy,A = 4/3n'A = 3,3¢A =
2B,, =4By =3By, =2Bu, =12 GeV, (4) Oyos0) =357 2B,, = 1.2 GeV, (4) 0,, =35, 2B,, =3B, = 2By, =4Bu, =
2B,y =3By, = 2Bps = 4Puy = 1.2 GeV. 1.2 GeV.
r 3P0 C3P0 C3P0 C3P0 C3P0 3P0 C3P0 C3P0 C3P0 C3P0
(MeV) (a) (1) (2) 3) 4) (@) (h (2) 3) 4)
KK 0.06 0.08 0.08 0.06 0.06 L(¢1) MeV)
KK* 9.88 7.59 7.60 9.89 9.90 K*K* 0.54 0.67 0.63 0.56 0.52
K*K* 58.93 71.36 67.52 59.27 56.08 [(¢2) (MeV)
KK, (1270) 6.55 5.90 6.02 6.37 651 KK 0.0 0.00 0.00 0.00 0.00
KK, (1400) 15.03 16.51 16.82 14.79 15.09 KK* 135.71 104.31 103.83 135.94 135.31
KK;(1430) 0.00 0.00 0.00 0.00 0.00 K*K* 13.81 16.82 16.32 13.97 13.56
KK;(1430) 2.09 2.54 247 2.11 2.05 né 50.74 45.14 46.05 48.12 49.05
KK*(1410) 46.72 36.33 34.91 4734 4550  T'¢2) 20026  166.27 16620  198.03  197.92
KK (1460) 29.46 32.23 3391 26.77 28.17
77515 10.44 949 9.57 10.11 10.20 wm, and f, — mww. One of the highlights of this study was
n'e¢ 4.61 4.52 4.56 448 4.52 .

the fact that all of these channels had experimental data. The
nh(1380) 0.00 0.08 0.07 0.00 0.00 . . ..
[t 183.77 186.63 183.53 181.19 178.08 model was adjusted in order to minimize R, defined by

as in the case of the § states, the ¢3(1850) parameters that
resulted in the best fit are shown in Table V:

0, = —10°, 6, = 26°, 6,, = 35°, B;, = 0.6 GeV, B, =
0.4 GeV, By, = 0.6 GeV, and B,, = 0.3 GeV. The C 3p,
branching fraction resulted in B(KK*/KK) = 0.13, in accor-
dance with the experimental limit.

After fixing these parameters, it was possible to esti-
mate the decay widths for the unobserved mesons ¢;(1850),
¢(1850). The estimates are shown in Table VI. Again four
sets of parameters were considered in these calculations. The
average total C 3p, width’s estimates are I'(¢p;) = 0.595 +
0.058 MeV and I'(¢p,) = 182.10 4+ 15.87 MeV.

IV. COMPARING °py AND C *py MODELS

In our former study, in Ref. [17], decays in the light 1S
and 1P sectors were analyzed and a comparison was made
with the usual 3Py results. Specifically, the decay processes
p—nx, by > or, ay - pw, ay - pw, hy — pw, fo —

TABLE V. Decay width of ¢3(1850) 6, = —10°, 0, = 26°,0,, =
35°, with the parametrizations (a) 28,, = 48,, = 4By, =3Bu, =
1.2 GeV, (b) 2B, =3By, = 2By, = 4Pn, = 1.2 GeV.

r 3P0 C3P0 C3P0
MeV) (a) (a) (b) Expt.
KK 46.28 46.04 45.76
KK* 6.02 6.02 6.08
K*K* 35.24 35.26 33.58
KK, (1270) 0.98 0.97 0.92
ng 0.68 0.84 0.72
re 89.20 89.03 87.06 8728

.
R = lai(y, p)— 17, (56)
i=1
with a;(y, B) = I (y, B)/T7". A comparison of the Py
model with the C 3P, was performed by varying the parame-
ters y and B, then searching for the minimum of (56). It was
shown that the inclusion of the correction terms reduced the R
value. A clear demonstration that the bound-state correction
globally improves the fit. The average difference between
the predictions of 3p, and C 3py, in each individual channel,
ranged from 1% to 14%. The higher differences were in
the channels with lighter mesons in the final state. In the
heavier channels, the leading order *p, is dominant and the
bound-state corrections represent an actual next-fo-leading-
order correction.

In the present work, we studied the strange S and D states
where data from individual channels are, in general, still
not known. In the best situation, only the total I" has an
experimental value. Again a comparison was made between
the theoretical predictions for 3py and C 3py. For example, in
the decay of ¢(1020) — KK, two fits were presented with a
difference of 14% between 3P and C py. Again, the impact of
the correction was larger in a channel with lighter mesons. A
qualitative interpretation consists in observing that the tightly
bound quark-antiquark pair of lower states are affected to a
larger extent by the bound-state correction when compared
with their radial excitation. In the heavier channels, as seen
in Tables III to VI, this effect is clear and the discrepancy falls
again to about 1%. This is similar to the case of the heavier
mesons of 1§ and 1P sectors studied in Ref. [17].

V. CONCLUSIONS

In this paper, we have concentrated on the ¢ mesons,
which are the strange S and D states, predicted in the quark
model, as probable s5 resonances expected up to 2.2 GeV.
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The central body of this study was to employ the Fock-Tani
formalism, a field-theoretic mapping technique in order to
obtain an effective interaction for meson decay. We have
outlined the essential aspects of the C 3p, model, the bound-
state corrected 3P0 model, and how it is obtained from the
Fock-Tani formalism, where the decay Hamiltonian HC3P0
was deducted.

This work is intended as a modest guide for future experi-
mental studies of meson spectroscopy that may become possi-
ble with the advent of the new Hall D photoproduction facility
GlueX at Jefferson Lab. The main goal of the GlueX experi-
ment is to search for and study hybrid and exotic mesons. In
this sense we have studied 6s5 states, in which three were un-
observed, presenting interesting issues for future experimental
studies involving the conventional quark model states. The
predicted total widths for these new, rather narrow states, that
have not been identified, are I'(¢(2050)) = 182.35 +3.13
MeV, I'(¢;) = 0.595 +0.058 MeV, and I'(¢,) = 182.10 +
15.87 MeV.
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APPENDIX A: PHYSICAL NATURE
OF BOUND-STATE CORRECTIONS

The bound-state corrections are an essential aspect of the
Fock-Tani formalism, sometimes called orthogonality correc-
tions because they are equivalent to the description of the
continuum states by orthogonalized plane waves with the
projection to bound-states subtracted [9,25,26]. Consider, for
example, an ideal two-meson state (which shall be represented
by a round ket)

) = mim}]0). (A1)
The norm of (A1) can be calculated by using (8):
(polaB) = Sapdpo + ducdpp- (A2)

The same calculation can be done for the physical two-meson

state
) = MIM;|0). (A3)

Defining the norm function as N(po;af) = (po|af) and
using (5), one obtains

N(po;af) = 84p8ps — Ne(po;aBf)+ (p < 0), (A4)
where
Ng(posaf) = O QL O 0y (A5)

The presence of Ng in Eq. (A4) has its origin in the composite
nature of the meson operator M, and implies that the two-
meson state is not normalized as in Eq. (A2). A correctly
normalized state would be written as

laB) = N2 (aB;a'B)'B). (A6)

Now, consider the following state:
luva) = g, giM;|0), (A7)
which by a similar procedure can be normalized, resulting in

N 1o 7

- _1
[wve) = Ny * (v pv'a))|lp'va'), (A8)

where
Ny(pva; 'v'a’) = 8,080 8aa — N(pva; u'via’),  (A9)
with
N (pva; 1/ v'a') =8, @55 05V 45,, OHT QR T @ ol
(A10)

A decay in which A — BC is described by an amplitude
obtained evaluating the following matrix element (BC|V|A).
In second quantization this is written as

(BC|V|A) = (0|MoM5V,,q,G\M|0)
= Vi (@Bluvy). (Al1)

According to what was shown, the state vectors in the decay
amplitude (A11) should be replaced by a normalized version

(BCIVI|A) =V, (aB|pvy)

= V;LUNi%(aﬂ;ﬁ/a,) (a/IB/|M/v/y/>

X Ny (V'Y vy, (A12)
Defining a potential norm function as
Ny (uva'B's /'v'y") =V, (o' B'11v'y'")
=V, -V, (A13)
where V;, with one or three wave functions is given by
Vi= 0% 80, Vi + (@ < B),
Vi = QTR UV, + (@ < ). (Al4)

The complete evaluation of the normalized decay amplitude
is reduced to the expansion of (A12):

(BCIVIA) = N2 (ap; B'a/ )Ny (uva' B3 1/ v'y")

X Ny 2 (u'v'y's uoy). (A15)
For example, in the lowest order of the expansion,
1
N2~ 1+ 1IN, N 2~1+INE (Al16)

one obtains
(BCV|A) ~ — 35 CDE“ DLV (pEAT; 00 ) + (a < B),
(A17)
where

V(pErt;wo) = B + Ap)Vy, (A18)
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with
5 = 8,380 80p80r.
A = fl8s68:uA(PT; 0V) + 86,80 A(PT; o)
— 2856800 A(PT; V)]

In Eq. (A19), f is combinatorial factor with the value f = 1
related to the truncation of (A16) in the lowest order. When
higher orders are considered, new contributions change this
factor to the Fock-Tani value f = 1/4 of (40).

In summary, the essence of the Fock-Tani formalism is to
move the bound-state information from the state vector (1),
written in second quantization, into the interaction (38). As
shown in the First and Second examples, this action has
different impacts in the physical system. The new state vector
is now the ideal state vector (7) which satisfies canonical
commutation relations (8).

If one chooses not to use the Fock-Tani formalism the
decay amplitude can be evaluated directly by calculating
the (BC|V|A) matrix element. As a first approximation, ne-
glecting the meson’s composite structure, Py gives a correct
leading-order contribution to (BC|V|A). To go beyond this
lowest order, one needs to calculate (BC|V|A) and expand
the kernels N, N;, and Ny in Eq. (Al5), introducing the
overlap effects due to the extended nature of the meson, which
constitute the bound-state corrections.

(A19)

APPENDIX B: WAVE FUNCTIONS

The Pauli matrices are given by
(0 1 (0 —i (1 0
“=\1 o) @T\i o) “T\lo -1)
B1)
and the corresponding spinors are
1 0 C 0 ¢ —1
X1209 X2 = 1) X1 = 1) X2 = o)
(B2)

The meson flavor components listed in the decay channels
(a)—(f) depend on the isospin / and strangeness s:

() I=0
¢ 0.0\ by — %(Imﬂ +1dd)) + calss).  (B3)

Q) I=1/2, s=+1

Kt — —us), L =+1/2,

K — —|ds), I =-1/2. (B4)
B) I=1/2, s=—1

K — —|sd), L =+1)2,

K~ — |si), L =-1/2. (B5)

The SU(3) mixing coefficients ¢ and ¢, in Eq. (B3), for
the pseudoscalar mesons 1 and n’ are related through the

angle 0,
0 -
In) = cl(\/g)[luﬁ) + |dd)] — c2(6))1s5),
N ) 5 -
') = 7 [luit) + 1dd)] + c1(6)]s5). (B6)

Similarly, the coefficients of the vector mesons ¢(1020) and
w(782) are related through angle 6,:

I ]
lp) = /2 [luit) + |dd)] — c2(6,)]s5),
02(91)) — 1 _
|w) = 7 [luit) + 1dd)] + c1(6,)|s5), B7)
where
a6y = 5% 2,
V3 3
) = % cos, + 200 (BS)
() = 3cos ; Nl

Equations (B4) and (B5) are also valid mesons to K;, K*, K,
and K7. In particular, K;(1270) and K;(1400) are related by
mixing angle 6:
|K1(1270)) = +cosf|1 ') +sin 61 °py),
|K1(1400)) = —sinf|1 'P;) 4+ cos 6|1 °py). (B9)

For antikaons there is a change in the sign:

|K1(1270)) = —cosB|1 ') +sin6|1 °py),

|K,(1400)) = +sin0[1 ') +cos6|1 °py).  (B10)

The color wave function is the same for all mesons and is
given by

1
C, C cpc
Coner = —=§r,

7 a=1,2,3. (B11)
The spin wave functions can be singlet or triplet:
Singlet (§ = 0)
1
— — , S, =0. B12
ﬁ(IT D=1 (B12)
Triplet (S = 1)
1. S, =+1,
1
— . $:=0, B13
ﬁ(lTi)JrIiT)) (B13)
44D, S =—1

The spatial wave functions are harmonic-oscillator func-
tions, as they describe color confinement and provide analyti-
cal amplitudes

S (Py — Py — Pu) = 8By — P — Pu)bu(Py — D), (B14)
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where ¢, (3, — p,) is given by

l+% I:(ﬁu - ﬁv)z

o N
¢nl(pu_pv)=(ﬁ> NPy — Bol' ¢ (B — PIL, 2 v ilylm(Qﬁ“ﬁu)s (B15)

where p,(,) is the internal momentum, Y;,, spherical harmonic, and 8 the Gaussian width parameter. The momentum wave

1
function ¢(p,, — p,), the normalization constant N,;, and the Laguerre polynomials £fi§ (p), which depend on the radial n and
orbital / quantum numbers, are all defined as

[ 2n— 1) T
an == )
BT(n+1+1/2)

n

Wy (FT+1+1/2)
E”_l(p)_kg(;k!(n—k—1)!F(k+l+3/2)p’ (B16)

(ﬁu - ﬁv)2j|
82 ’

¢(Pp — Pv) = exp [—

wheren=1,2,...and[/ =0,1,....

APPENDIX C: AMPLITUDES

In this Appendix, we present the results of the algebraic decay amplitudes of hy;, for subprocesses of (a)—(f), obtained with
the C *py model. Defining

o G
e1(p, Ba. B, Bc) = e MITIC

(1263 +82 183 +282 14821283 +83)+58 119
— »  SPPBEBET2ED I (AR 28T
ex(p, Ba, Bg, Bc, B) = e MVCORRIIHAGICRION (ChH

where 84 is the width of the Gaussian initial state of the meson, 8g and B¢ of the final state mesons and 8 for the bound-state
correction mesons, one has

M?SIOZO)—»KK — C(lp(;1020)yll(9p)’ (CZ)
qubi(1680)%KK — C(]b(;1680)KKY11(QP)’ (CS)
qubfl680)~>KK* — C?](1680)KK*YIO(QP)’ (C4)
M?;léSO)—ﬂ]q& — C(lb1(1680)17¢Y10(Qp), (CS)
M%ZOSO)_)KK — Czlp(;ZOSO)KKY“(Qp)’ (C6)
M?;ZOSO)ﬁKK* — C(lbl(ZOSO)KK*YIO(QP)’ (C7)
qubi(ZOSO)HK*K* — C?;ZOSO)K*K*YE,](QI,), (C8)
M?;ZOSO)AKKI(INO) — Cg](ZOSO)KKl(1270)Y00(Qp) + Cg)l(2050)1(1(1(1270)Y20(QP), (C9)
M?§2050)—>KK1(1400) — Cg1(2050)KK1(1400)Y00(Qp) + C;PI(ZOSO)KKI(MOO)YQQ(QP), (CIO)
qub}ZOSO)HKKS‘(l%O) _ (2215(52050)1(1(5‘(143O)Y21(Qp)7 (C]l)
qubEZOSO)HKKZ*(MEXO) _ C;152(2050)KK6‘(1430)),271(Qp)7 (C]Z)
M}&}ZOSO)ﬁKK*(MIO) — C?](ZOSO)KK*(MIO)YIO(Qp)’ (CIS)
M?[(ZOSO)HKK(M@) — C?&ZOSO)KK(146O)Y11(QP), (C14)
M?ZQOSO)AWS — C(]b](ZOSO)nqﬁYlO(QP)’ (CIS)
M?;2050)—>n/¢ — Czlbl(ZOSO)n’¢Y10(QP)’ (C16)
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M?;ZOSO)anhI(ISSO) — Cg](zoso)ﬂleOO(Qp) + C?](Zoso)nlezo(Qp),
MEZEE = eff Y (@) + e i@y,
MG = ey (@),
METRE = ehREy1(Q,) + e v (@),
METEE = el y0(Q,) + CEFF Ya0(2)),
MPETT = CRIY1(Qp) + C5 Y31 (2)),
METEE = el i (92,),
ME™EE = e (),
ME=EE = e v, + et ri,),
M??QKKI(IWO) — Cg)fKKl(lzm)Ygz(Qp) + CffKK1(127O)Y42(QP),
M = CH ().
where Cpg are given by ¢(1020) - KTK™:
' = (¢ — )| fi(prx. Bo. Br)er1(Prk. By Bx. Pr)
- C?ACgAfz(PKK, By Bk ﬂﬂA)ez(pKK’ Bs» Bk, Bk ,BM)
- C;],AC;],AfZ(PKKs Bo» B+ By, )e2(Pxk. By Bx- B Buy )}
8pB:”° (B3 + B2)
1608, B3 (83 + B2) (B3 + £*)
3V3[B4 + 28287 + 283(B* + BY) ]

Si(p, Ba, B) =

S2(p, Ba, Bs, B) =

5/2°

$(1680) — KTK™:
CONOSOKK _ (cdws0 _ D60V £ (pe, By B )€1 Pk Bovaso Bics Bi)
+ 123 fa(Pris Borssos Bk Bus)e2(Prk Boreso Br Br Bys)
+ C?chgﬁt (P Bossor Brcs By, )e2(Pics Borsor Br» Bi» Bo)
42pB*[=3B5 + BaB: + 208381 + 1285 — 283 (B3 + B3) 1]
3(63+283)" ’

8v2pBiB:" (B3 + B2)
9[BE + 28283 +283(8> + B3)]
(B3 + 28283 + 283(8* + BY)] +2(B3 + B°) BL (B3 + )P}

f(p, Ba, Bs) =

Jfa(p, Ba, Bs. B) =

#(1680) — KTK*:

1680)KK* 6
C?l( KK _ (c‘f‘“g" + C?‘”‘”){fs (PxK* Boesos Bk B )€1 (Pkk+ Boreso» B BE)
+ C(lpAchfG(pKK*v ﬁ(ﬁ](,gos ﬁKs ﬁK*v ,quA)eZ(pKK*, ﬂ(]}](,g(}? ,31(7 /SK*» ﬁ(ﬁA)
+ CCIUAC(;Afé(pKK*’ ﬂ¢16807 ﬂkv ﬁk*v ,Ba)A)eZ(pKK*v ﬂd)]@go? 131(9 IBK*a ﬂwA)}v
ﬁpﬁ:;/z 3/2 p3/2

£5(p. Ba. Bs. Bc) = — BC DA (128588 — 28460} + BE)BY — 208382 (B3 + B2) B

3[B2B% + B3(BE + B3)]
—6(B2+ B2) BS + p* (B3 + B2) B2[2628% + (B2 + B2) B3] ).
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2«/_ ﬁz/z 3/2 3/2
o[p283 + B3 (B2 + B3) +2(2 + )]
x {B3[6B — TBeBx — 3B4] — Ba[TBeBA + 6828 + 2( — 9B + TBeBL + 684) B7]
—3[4B2BLB% + 4818 + BE(BL — 48Y)]) + B2 BE + BE + 2871 {B2B2 + BA[28% + B
+2[B82 + BB} D). (C36)

(2{B2B + B[ BE + B3] +2[B¢ + B3B8}

Jo(p, Bas Bg, Bc, B) = —

¢(1680) — n¢ :
0?1(1680)7](15 = _2{[261116‘?16806‘? +CZC§]680 ¢]f5(p71¢ :3¢1630 517 13¢)el(p71¢ /3¢1680 ﬂﬂ ﬂlﬁ)
+ [2ehef et (%) + g™ el (c2°) 1 s (Puss Bovss Bus Bis Bos)e2(Puss Bovesrs Bus Bos B
+ [2e]ef e (¢7) + Al e (¢5°) 1fo(Puss B Brs Bos Bos)ex(Puos Borss By Bos Bon) ) (C37)
¢(2050) — KTK~:
C%ZOSO)KK = (le)2050 ¢2°§0){f7(171<1< :B¢20€U ﬁK)el(pKK :3¢2uso ng /31()
+ C?ACZAfg (pKK’ ﬂ¢2050’ Bk IBHA)eZ (pKKv :81752050’ Bk Bk IBTIA)

+ 2 fs (Pris Bimsos Bics B )€2(PKcs Bomns B Bics By )} (C38)
Fr(p. Ba. Bs) = 2V2ph"” 5 [5(82 +282)° (385 — 178382 + 168285 + 1265)
3V5(82 +2p2)"?
—4B3 (B + 2B3) (=583 + 98385 + 1083)” + 481 (85 + B1)p']. (C39)
4v2pBy B3 (B3 + B2)

{5085 +2838* — 283 (B + B [3B2 (B3 + 287)

f3(p, Ba, Bs, B) =
SO P P BBt + 28282 + 2838 + )]

— 11383 — 6(83 + B2) B (B4 + 28283 + 285(8> + )]
+4p* (B3 + B7) BA[5(BS + 2B48%) — 9B4B — 10(B3 + B*)Bi1[B4 + 2683 + 283(B* + B3)]
+4p* (B3 + B2) ' BL (B3 + B7) }- (C40)
¢(2050) — KTK*:
COPPORET = (e 4 ) fo(Prk+ Bowsas Bcs Bic-)er (P o B Brc)

+Cl CZAfIO(pKK 18¢2050 Bk, Bx+» IB¢A)62(pKK ﬂ¢zoso Bk, Bx+ ﬁ¢A)

+¢7¢5" fio(PrK= Borsos Bis B By )€2(Prk+s Bosos Bi» B+s Bus ) }- (C41)
3/2 23/2 23/2
So(p., Ba, Bs, Bc) = 5 L "4 372 {20[685° 8L — 5B4BE(B5 + BE)Ba

6~/ 10[B285 + B3 (B2 + B3]

—20B3B8(B3 + B2)° B + 2838 (B3 + B2)BS + 148382 (B3 + B2)'BS + 3(83 + 82)°B\°]
+4p* (B3 + B2) BI[10BSBE + BB (B3 + B2) B — 148362 (B3 + B2) B

—5(83+ B2) ]+ 0 (B3 + B2) ' BAL2B3BE + (B3 + BY)BI]) (C42)

B85
9VI0[B262 + BA(B2 + B2) +2(B2 + B3) 2]

+2[B2 — BB HB2BY + B3 (B2 + B3] +2[B2 + BB Y (Ba[oBt — 118283 — 3p4]
— B3[118EB2 + 68281 + 282 (—9B% + 118283 + 683)]
—3[4B2B187 + 481" + BL(BY — 48")]} + 483 {85 + B2+ 26°) (B2 + B[ B2 + B

(20{—B282 + B[B2 — B2]

Sfio(p, Ba, Be., Bc, B) =
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¢(2050) — K**K*~:

CTZ(ZOSO)KHK** _ 2(C?2050 _ 6.552050){_]('7(p[(*](*7 ,34)2050’ ﬁ[(*)el (p](*[(*, ,3452050, ,3](*, ,3](*)
+201AC§Af8 (PK*K*, ﬂ¢zoso’ Bk~ ﬁ¢A)32(pK*K*a /3¢2050’ Bx+, B+ :3¢A)
+2C(1UAC(ZUAf8 (pK*K*’ /3¢2050’ Bk ﬂwA)ez (pK*K*’ /31152050’ Bx+» Bi+ ,BwA)}-

+2[B2 + BB HBA[108E — 9B2B% — 5B4] — B3[20B18> + BL(9B% — 308%)

+2B2BA (581 + 987)] — S[4B2B1B> + 4BiB* + BL(BL — 48|} P*

+BALBE+ B2+ 282 B282 + BE[282 + B3] +2[ B2 + B3]B%) 1Y)

$(2050) — KK (1270):

C¢(2050)KK1 (1270) __
01 -

C¢(2050)KK1 (1270) __
21 -

S11(p, Ba, B, Bc) =

S12(p, Ba, Bs. Bc, B) =

—(Cfm + szoso) {11 (&K, > Bowsor Brs By )€1 (P, Bowso Bi» Br)
+C?ACgAf12(pKK1 s Bonoso» B> Bk, » ﬂm)ez (PKKI, Beoso Bk BK, » ﬁnA)

UINIUIN , 0
+ Cl C2 le(pKK| i ﬂlpznso’ ﬁKi ﬁK] ’ ,Br]A)EZ(pKKl ’ ﬂ¢2050’ IBK’ IBKI ’ ﬂﬂlA)} cos

2050 . $2050
(cf ™)

+ ﬁ 2 {2f11 (pKKI ’ :8¢205m Bk IBKl)el (pKKl , .3452050» Bk ﬂKI)

_C?AC?Af12(pKK| ’ ﬂ¢20507 :3’(7 :31(1 s ,3¢A)€2(PKK| P /3¢20507 ,31(7 ,BKI s ﬂd’A)

_CTAC;Af12(pKK1 s 13¢2050’ Bk, ﬂK] s :BwA)eZ(pKKI s ﬁ¢2050’ Bk, ,31(1 , ,BwA)} sin 6,

—(C(ll)2050 + c;’”"”) {f 13 (pKK1 s Booso» Bi» Bk, )€ 1 (PKKI, Beposo» BK» /3K1)
+ c;]A chfM(pKK] £ 13¢2050’ ﬂK’ ﬂK] ’ ,BnA)eZ(pKKl 1) ﬂqﬁzom? 13K9 IBKl ) ﬂTIA)

+ C;]AC;]AfM(PKKI, ,3¢2050, Bk, /31(1 s IBn’A)eZ(pKKl ’ ﬂd)zoso’ Bk ,31(1 ’ IBU/A)} cos ¢

~ ( C111>2050 _ cfzoso) {

V2
—2c1" Cﬁm Jia (pKKl s Boaosos Brs By » ,3¢A)€2 (PKKl s Baooso» Bk s Bk, » ,3¢A)

f13(PKK| 5 1811520507 ﬁK’ IBKl)el (pKK1 5 .81752()507 ﬁKv ﬂK])

_ZCCIUAC;)AfM(pKK] ’ ,3¢2050, Bk, ﬂK] > IBwA)eZ (pKKl , ,3¢2050, Bk, ,31(1 s ,BwA)} sin 6,

B BBy
12VI5[B23 + B3(B2 + £2)] "

{24083 118385 — 14838 (B3 + B2)Bi

+3(82 + B2)°BL1[B283 + B2(BE + B2)] + 20[6858 — 33BBE (B2 + B2) B

1448382 (B3 + B2) B — (B3 + B2) BS1[B267 + BR (B2 + BY)] P
+4(B + B2) BI[10B3BS — TBABE(BE + B2) B3 — 23B3B2(B2 + B2) B
—6(83 + B2) BS10* + [B2 + B2]'BL[2B2B2 + (B2 + B2)BI]P°).
~ ,32/2/32/2,3:/2

18V/IS[B2(B5 +287) + (B3 + BZ +262) B3]

+ (B3 + 82 +287) BT [11BL(BG +287)" — 1482(B5 + 268°) (B3 + B2 + 28°)

15/2 {240,31%,33 [B2(B5 +28°)

(C43)

(C44)

(C45)

(C46)

(C47)

+3(B2 + B2 +28)°BL] + 20[ B2 (B2 + 28%) + (B2 + B2 +28%) B3] [688(B2 + B%) (B2 + 28%)°

— 11B(B2 +28%)° (383 + 287) (B2 + B2 +287) B2

+2B2(BL+ B2+ 2B7) (228 + 418387 — 68*) B — (B2 — 228%) (B3 + B2 + 28°) BS]P

+4[B2 + B2 + 287 B[1082(B2 + B) (B2+28)" — BE(7B% — 28) (B2 + 28%) (B2+B2+28%) B3
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— BE(B2 + B2 +25%)° (2385 + 12838 + 528%) B
—6(B2+ B2 +28%) (B2 +362)B10" + [B2 + 287][B3 + BE + 28%] ' Bi[22
x (B3 + B%) + (B3 + B2 +28%)83]p°} (C48)
_ 5B B
60+/3[B2B2 + B2 (B2 + B3)]
—TS2B5BL (B3 + B2) B + 456B4BE (B3 + B2)' BS + 8888362 (B3 + B2) ' B
+220(85 + B2)’ B +4(85 + B2) B[10858¢ — TBLBE (B3 + B2) B
—2682B2(B% + B2) Bi — (8% + B2 BS10* + (B3 + B2)'Bi[2B362 + (B2 + BOAIN').  (C49)
Fia(p, Ba. B, Be, B) = 5P B+ 2878
90V/3[ B2 (85 +262) + (B3 + BZ +267) B3]
— 5L +26%) (B3 + B2 +267) (2183 + 108°) B3
—4BLBS(Br+2B°) (B2 + B2 +28°) (478 + 558%)
+6BL(B2 + B2 +287) (198 + 288287 — 208%)
x BY + 2B2(B5 + B2 +287) (11183 +9587) B} + 55(85 + B2 +287) B’
+4[B2 + B2 + 287 B3[1082 (B2 + B2) (B2 + 287)°
— BE(BE + B2 +28%) (185 + 12827 — 48*) B3 — 2682 (B2 + ) (B2 + B2 +28%)° B
—9BS(B2 + B2 + 267’1 + [B2 + B2 + 2871 Bi[2B2 (B2 + B7) + (B2 + B2 + 267 B3]p"). (C50)

fi3(p. Ba. B Be) = 757 112085 Be’ — 420880 (B3 + B) B

= [4[3082 (B3 + B7) (B} + 28Y)°

$(2050) — KK (1400):

Cgl(zoso)KKl(MoO) — ( C?zoso + Cgﬁzoso) { f11 (pKK“ ‘3%50’ Bk, ﬂKl)el (pKK“ ﬁ(pmo’ Bk, ,31(1)
+ 123 fi2(Prk,» Bososor Brs B Bus )e2(Pxk » Bososo» Brs Bri B

+ 2 fia (P Bossas B Brr- B, )e2 (P, Bousos B By By, )} sin @

),
V2

—cP e fin (PkKy s Bonsos Bk Bry» Bos )e2(Pkki s Bosso» Brs Bris Bon)
=725 fi2(PkK, » Bososo» Brs Bri» Bos )€2(Pkky s Booso» Bis Bri» By ) } €086, (62))

2050)K K, (1400
C?f R0, — (C(fmo + 5N f13(Prk,» Boaso» Br Bri )€1 (Pxk: s Bonosos Brs Br:)
+ C;MCZAfM(PKKl, Boaso» Bx» B, » ,B,M)eg (PKKl s Borosor Bk s Br, s lsnA)

+ CTACZ,AfM(pKKI B ﬂ¢2050’ :BKa .BKl B ,Bn’A)EZ(pKKl 5 ﬂ¢2050’ IBKa IBKI 5 ﬂn'A)} sin 6
( $2050 ¢2050)
—

+ 2f11 (PKKy» Bosos B B )e1 (P, s Beasos Br» Bry)

1 T4
V2
—2cP e f; 14 (P Bosssos Bk B Bos )e2(Prky s Bowsos Brs Bris Bos)
—=2¢7°¢5 fia(Prk, » Bosso» Br Bri» Bos ) €2 (P, Bososo Br Brys Bos ) } €08 6). (C52)

f13(pKK1 s ﬁ(ﬁzosm ﬂK’ ,BKl)el (pKK1 > ﬁtbzoso’ /31(1 /SKI)

$(2050) — KK (1430):

$(2050)K K (1430)
CYTORE) (50— 20 (968 14 B B B B )2 (PR B B B )

+ 725 fla(Prig s Bossor Brs Brg s Bos ) €2(Prk: s Bonsos Bk Bk Buos) ). (C53)
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$(2050) — KK (1430):

C;Z(ZOSO)KKz*(l%O) — \/g(cfzoso _ C?zoso) {f13 (PKKZ* , ﬂ¢20507 Bk, ,BK;)el (PI(K; , /3¢2050’ Bk, ,BKZ*)

+ C?A chf14 (pKK; ) ﬁ¢20501 IBKs ﬁKz* ) ﬁ¢A)62 (pKKZ* ) ﬂ¢20509 /SK9 ﬁK;9 ﬁ(ﬁA)
+ 729 fia(Pris» Bossor Br Brss Bos ) €2 (P Bosos Bics B s Bus) - (C54)

#(2050) — K+K*~(1410):

(CPQOSOKK*(1410) _
11 =

Sf15(p, Ba, B, Bc) =

Sf16(p, Ba, Ba, Bc, B) =

(c‘f’2050 + cgbm“) {fis(Pxk++ Bosso Br Br+)er Pk Beaso» Brs B+)
+ 0232 fio(Pri Bisssos Brs Bres Bos )e2(Prk Bisssos Bs Bs Bos )

+C‘10AC(2UAf16(pKK*’ IB¢720507 :BKv ﬁK*v ,BwA)eZ(PKK*, ,B¢20507 ﬂK7 ﬂK*a ﬂwA)}’ (CSS)
3/2 p3/2 p3/2
A C

5
24/15[B32 + B3 (B3 + £2)]
+ BLBBE(2T5B — 2782) (B2 + B2) — 11BSBRB2 (B3 — 362) (B2 + B2)

— 985 (B2 — B2) (B2 + B2) — 11B2B5BE (1982 +3B2)] — 4[B2BE + B (B: + B2)*[30B4 B

+ 2BiB3BE(2658% — 362) (B2 + B2)’ + 3085 (— B3+ £2) (B3 + £2)

— SBABRBE(BE + BE) (6185 + 1282) + BSBEBE (B3 + B2) (1985 + 8482) 1

— 28283 + BT [20810BE + 38582 — B2) (B3 + BR)' — 15BLBLBL(BE + BL) (583 + B2)

— 4B B2 (Bh + B2) (483 + 3B2) — 6B BSBE (685 + TB38E + BE) ]

— BiBB2LB + B2) 28362 + B (B3 + BR)1°). (C56)

 140[B362 + B3 (B3 + B2)] (18852

By B p
36V15[ B2 (85 +282) + B3 (B3 + B2 +28%)]

+Bi[B3 + B2 +28°]) (188282 + B2) [ + 28°]

— 983 (Ba—p2+2B2)[B3+B2+287] + 11BSBEBa+BE +28°) [—B4 + 248* + BA(3B% + 108%)]

— LB B3+ 28°) [1965 + 248" + B3 (362 + 508%)]

+BABE[B + 287][ B + BE +28°][27585 — 368287 + By(—27B¢ + 5508%)]}

— {8283 +28°] + B[ B3 + B2 + 28] {308E [} + ][ 8 + 28°]'

—30p5[83 — B2 +28°][Ba + B2 +287]" — 5BIBE[B3 + 2871 (B3 + BE + 28] (6184

+4B7(3B2 +2587) + 4B2(382 + 438)] + BSBE[ B2 + B2 +287] [1984 + 6082 B>

+8208° + B3(84P2 + 5686%)] + 2B16L[ 63 + 28°] (B3 + B2 + 267] 26584 — 30B26> + 1908

+B3(— 382 + 6258°) |} ” — 28385 + B2 + 287} B2 [ B3 + 28]

+Bi[B3 + B2 + 281208883 + 2] (B3 + 28°]

+ 38585 — B2+ 28°1[B} + Be+28°] — 283 BL[B3+287][B3+BE + 28712885 + 36267 + 388"

+3B3(B2 +256%)] — BABE[B + B + 28°1 (1984 + 9B3 (B2 + 108°)

+4B2(3p2 +268%) ]} — BiB2{BE + 2821 (B3 + B2 + 282 (282[ B3 + A7)

+ BilBs + B + 2871} p°). (C57)

7 (40{B2[ B + 28]
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$(2050) — KTK~(1460):
2050)K K (1460
Cclﬁo( KK ) = _(C?mso - C?ZOSO) {flS(pKKmso? 13052050’ Bk :3K1460)el (pKKM()O’ ,3¢2050, Bk ﬂKmo)
+ C;]Achflé(pKKMbo’ 13¢2050’ Bk, /31(1460’ IBTIA)eZ(pKKM&J’ :3¢>2050a Bk, /31(1460’ IBnA)
+ C?ACZAfM(pKKmeo’ Berosos B> BKiueo s IBW'A)eZ (pKKmso’ Beroso» B> Brueo IBVI'A)}'
$(2050) — no:

C?I(ZOSO)W(P = 2{(26?6?0?2050 + C;lcgﬁcgﬁzoso)fg(pw’ :8¢20507 13'7’ /3¢)el (pmb’ :8¢2050’ 1377’ 13¢)
_[ZC;]C({)C(IPZOSO (C(III)A)2 + C;lcgﬁcg)zoso (C?A)z]flo(an :3¢2050’ 1377’ ,3¢, ﬁtﬁA)eZ(pM)’ :3¢2050’ 1877’ 18¢’ IB¢A)

_[ZC?C?C?ZOSO (C?A)z + CQC?C?ZOSO (C;)A)z]flo (p'l¢’ IB¢2050’ ,3,7, '845’ IBCDA)eZ (pfl¢’ 13472050’ ,3,,, ﬂ¢’ leA)}'

$(2050) — n'¢:

CHPPOTe = 2{(2c] fe™ + ¢] AeP™) fo(Pyos Bossor B Bo)er (Puos Bossos B Bo)
= [2e] et (cf) + cF 8 (c3°) 1 fro(Prgn Bowsor B Bos Bos)e2(Puos Bossor Burs Bos Bo)
— [2e] et (c02) + 4 5 () fro (P Bousor B Bo- Bun)e2 (s Bowsn: B Bos By ) }-
$(2050) — nh;(1380):
o = 2{=(2e clel™ + &' Ge™) fir (Pay Bossas Bus B )er (Puns Boussas Brs Bi)
+ [2"7'0?(6?A)2CT2050 + Clz“Cg(CgA)zcgzoso]fm(Pnh,  Bisso Bos Bus Bus)e2(Pum s Bousar B Brs Bys)
+ 2 e (eft) e+ e e (5) T  fra (P Bowsor Bos B B )2 (Pus Bossas B Bis B) )+
CHEPOM = 2= (21 e + ¢ FeS™™) fi3(Pat s Bowsos Brs B )€1 (Pay Bosos Brs B
+ 26} (C7A)2C(1b205° + 5l (CgA)ZC?OSO]fM(Pnh]  Bisso Bos Bin Bus)e2(Pum s Bousar B Birs Bus)
+[2¢]'¢] (C;],A)zc(fm + el (Cgk)chmm]fm(mh]  Bosssos Bus Biv s By, )e2(Pan+ Booso» Bos B Bo,) }-
¢1(1850) — K*+K*~:
CHEE = (e = SV A7 (preke. Bor- B+ )er (oo Bo Bie Bre)
+ 23 fis(prokes Bor Bre Bos)e2(Prek-+ Bays Br Bi+. Boy)
+ 725 fis(Prekes Bors Bres Bon)e2(Prekes Bors B Bices Bow ) |
sz'K*K* = (CT' - Cf‘){flﬂ’(I’K*K*’ ,3¢1,,3K*)€1(17K*K*, By B+ .BK*)
+ 023 fro(prekes Bo Bre Bos)e2(Prek+ Bay» Br Bx+. Byy)
+ 725 foo(Prekes Bovs Brs Bow)e2(Pxekes Boys Bies Bicss Buw ) |
16728, p[—5(28383 + BE) + (B3 + B3)*]
155(28% + p2)”"?
643281 B3(B* + BR) p{5[20° B35 + 2(B> + BY) Bs + ] — (B> + B3 ) 183 + B2]r°)
45V5[26282 +2(82 + B2) B2 + B

S17(p, Ba, Be) =

’

fis(p, Ba, B, B) =

9

328, (B2 + B3) P
5v35(83+2683)""

1286381 (B3 + B2) (B3 + °)°1°
15V/35 B3 + 2B38> + 283(83 + £2)]

fio(p, Ba, Bp) = —

F0(p, Ba, B, B) =

9/2°
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(C60)

(C61)
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$>(1850) — K+K~:

54/2
CPrl = I—{(C@ sz){¢1 c3* fa0(Pxk- Bos Bic Bos)e2 (P Bos B Bis Bss )

+ ¢ ¢35 foo(Pris Bess Bics Bus )e2(Prics Boy Bx Bis Bus) }- (C69)
$(1850) — K+K*~:
CERE = (e + ) 1 (Prx- . Boo- Prc Br-)e1 (k. Bos B Br)
+ P25 for (Pri Bass Brs Bre Bos )e2(Pkkes Bons Bis i+ Bss)
+ ¢ ¢5" f(Pri++ Bos Bi Bres Bus )e2(Pkirs Bess Bics B Bos) | (C70)
CERE = (e + &) fo3 (Prk- . Bon- Prc Br-)e1 (k. Bos B Br)
+c2 3 a(Pries Boss Brs Br» Bos)e2(Pi+s Baoss Br B Bos)
+ ¢ ¢5" fra(Pri++ Bo Bi Bres Bus )e2(Pricrs Bess Bics B By | (C71)
F1(p, Ba, By, Bc) = 2y b (s + PP D {20[B2BL8; + Bap2(B2 + BY)]
5 ) ) [ﬂCﬂA +IBB(IBC+/3A)]9/2 BFCFA BFC\FC A
— (85 + Be][2B3B¢ + (Bs + B2)Bi]P*} (C72)
f22(p; Ba, Bg, Bc, B) = — 465 BBy (B3 + e+ 28"} 9
45[ B2 (B3 +287) + Bi(B5 + BZ +28%)]
+B(B5 + B +28°)] — [B5 + BE + 267 1[282 (B3 + B7) + BA(B5 + B2 +267) [P}, (CT3)

2\/733/2 3/2 (B2 + B2) Z/z[zﬂgﬁé—i—(ﬂﬁﬁ-ﬁé)ﬁf]ﬂ%

72 {208:82 (B2 (B3 +287)

123(p, Ba, B, Bc) = — IS[A2 + A+ ﬂi)]g/z (C74)
o b B o ) = 438 B (B + B+ 28 28283 + ) +ﬂi(/§i+ Be +26°)]1° )
15[B2 (B3 +28%) + BL (B + B2 +287)]
$»(1850) — K*+K*~:
CORK = V10 — ) fir(proke Biss Bice)er (koo Bss Bices Bre)
+ 22 fis(Prekes Bor Bres Bos)e2(Proke o Bre. Bres By )
+ 7265 fis(Prekes Bpss Bies Bos)e2(Poke Boss Bres Bres Bus) }- (C76)
CHIK = —\E (0 — ) fio(preke+ Bons Br-)er (Prexe. Bons Bres Br)
+ 02 ¢9° oo (Prokes Boys Bice Bos )e2(Prek Bo. Bre Brces Poy)
+ 5 foo(Prekes B Bres Bos)€a(Piekcs Boas Bice Bies Bua) |- (C77)
$>(1850) — ne:
Ch" = —2{Q2clelel + 35ey”) f21(Puss Bos B Bo)er (Puss Bos B Bo)
+ el e () + s el (c2)2 1 f2(Puos Bos Bus Bos Bis)e2(Puge Bons B By Bos)
+[2efef el (c7*) + Aed et (¢5*) 1 /22 (Pags Bons Brs Bo B )e2(Pug Bas Brs By o)} (CT78)
CH" = =2{(2c]el el + 35 cT) 3 (Pugs Boss Bos Bo)er (Puos Bos Bus Bo)
+[2elet e () + Acs e (c2)2 1 fo4(Pugs Bos Bus Bos Bis)e2(Puge Bons B Bos Bos)
+[2efefel (¢7)” + At el (¢5°) 1124 (Pass Boos Bus Bos Bus)ex(Puos Bows B Bis Bus)}- (C79)
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$3(1850) — KTK™:
et = 4(0?z S 2f10(pxc: Bon- Br)er (P Bas Br- Bx)
+ C?ACZAfzo(pKKv /3¢3’ IBK’ IBHA)eZ(pKKV ﬁ¢3’ /3K7 /3](7 /3'7A)
+C'17,Ac;’/Af20(pKK, Bsss Br» By )e2(Pxk. Bos. Bis B By, }-

¢3(1850) — K+tK*:

* 5
et = —fg (c7 + ) {323 (i Bon: B Bic)er (ki Bos: Brc. Br)
+ el el fau (Prks Boss Bics B Bos )e2 (P Boss Bics B Bos)
+ 25 foa(Prie Boss Bk Birs Bus)e2 Pk Bess Bk Bres Bus) |-

$3(1850) — K*tK*~:

ko 5
cHeE = 6[ (0 — ) fir(preke Bos. Br)er1 (Preke Bows Bres Br-)

+C?A0§Afl8(p[(*](*, ﬂd)z’ IBK*, ﬂm)ez(p;(*,(*, ﬂ¢3, ﬂ[(*, /31(*, ﬁd’A)
+c7c5 fig(Prek+s Boss Bies By )e2(Prek+s Boss Br+s Bes By ) }»

* 5
C?SK = \/;( P C§3){f19(p1<*1<*, Bos» Bk )er(Px-k+. Bes» B+ Bx+)
+C?AC§Af2O(pK*K*’ ﬂ¢3’ IBK*f ﬁ(ﬁA)ez(pK*K*’ ﬂ(ﬁgs IBK*s ﬁK*v IB¢A)
0262 foo(Piekes Boss Bis Bon ) €2 (PKek Boss Bies Bices Bun ) |-

#3(1850) — KK (1270):

CHRRIT0 — (950 1 8V fos (P, Bos: Prc. Br)er (Pxxi - Bos: Brc. Br)
+ 3 fas (P, Bos» Brs Bris Bua)e2(Piii» Bos» Bis By Bua)
I fas (P Bore Br Brve B )e2 (P Bore Br. By Byy) ) cos0
(e = ) P (prk. Bos- Be. B )er(px. By B Pr,)
+c2c82 fos(Priys Boss Bcs Brys Bos)e2(Pxkys Bass Brs Brys Bos)
+ 75" fas Pk, s Boss Brs Bris Bos )e2(Priis Bass Br Bris Buy ) | sin 6,
CHERIITO = (e + ) oo (Prki» Boss Brs Br)er(piki» Bass Brs Br,)
+ 13 0Pk, Boss Bs Bris Bus)e2(Pxkis By Bx. Bri Bis)

2P fro(pkrr Bins B Brve By )e2(Pkiy: B B Brys By )} cos 6
+(ep c‘)f{—%fzg(pm,ﬂ%,ﬂk,ﬂkl)e](pm,ﬂ%,ﬂk,ﬂkl)

+ P9 fao (Prrq Boss Bis Bris Bow)ea(Pikis Bos B Bri» Boa)

62 0Pk Boss Bies Bos Bos)ea (P Boss Bres B ﬂwA)} sin®,

V281> 5/2 n 12 5
7«/_ﬁ[ﬁ Zp2 -I-(/,ZB (,Bﬁc_z IBA )]11/2 {28[4:3813C + S,BBﬂC(ﬁB + ﬂc)ﬁA (,3,% + ﬁg)zﬁj]
CFA B\FPC A

—3[B5 + BE[28582 + (Bs + BE)Bi]P"}-

Sf25(p, Ba, Be, Bc) =

025203-18
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(C84)

(C85)

(C86)



STRONG DECAYS OF STRANGE QUARKONIA ...

PHYSICAL REVIEW C 101, 025203 (2020)

f26(P’ :3A7 ﬂB7 :3C7 ;3) = -

2\/—,33/2 5/2(.33+5c+2ﬁ) 12 =

[28[48L(82 + B2) (B3 +262)°

21VI5[B2(B3 +282) + (B3 + B2 + 28 )ﬁA]””
+ B2(B2 + B2 +28°) (585 + 18828 + 16882 + (B2 + B2 +28°) (83 + 48%)B1]
—3[B5 +287][B5 + Be + 2B][2B2(Bs + B%) + (B3 + BE +287) B P’} (C87)
) 5/2(:3B+/3c) 2 P 2 04 2 402002 2
f21(p, Bas Be, Bc) = 28[B2BLB% + BLBL(BE + B
27(P, Pa, PB, Pc 7\/_[,3c,3A+,33(ﬁc+ﬁA)]“/2{ [ BPCPA B c( (o A)]
—[B5 + BE1[2B38 + (Bs + BE)BA P} (C88)
2133/2 o 7/2(ﬂ3+5c+2:3) 22272222 L a2(R2 L a2
fas(ps Bas Be, Bes B) = — 28B283[ BB + Ba(BE + B
28 A B C 2]\/1—[ﬁc,3A—|—ﬁ3(ﬂc+,3A)+2(/3C+ﬁA)ﬂ2]“/2{ B A[ CFA B( C A)
+2(B2 + B3)B*] + [ B2 + 287][B2B3 + B2 (282 + B3) +2(B2 + B2) B*]P*). (C89)
7/2 5/2 7/22 202 2 2\ 227 ,,4
oo B B ) — V2878 (B3 + B2)’ B Eﬂfﬂct (ﬂllf;ﬂc)ﬂ,‘]p, (©90)
20V5(B28% + B3 (B2 + B3)]
2 3/25/2222 2 22227/24
f30(p. Ba. B, Bes B) = V25 (B +26%) (P + P + 26°) ﬂA”Z . (C91)
 63V5[B2(B3 +28°) + (B + B2 + 287) B3]
¢3(1850) — no:
10
5 = /; (3(2ecle + 3e3ed) fo3 (Pros Boss Brs Bo)er(Puo- Boss B Bo)
+ [2c"cf’c¢3 (cm)2 + cgcfcg’( g’A)Z]fzzt(pmp, By B By, ,3¢A)62(Pn¢v Bos» Bn By, ﬁm)
[Zc"c‘fc‘f‘( ) +‘32C2 3(C§0A)2]f24(l’n¢v:3¢3vﬂnvﬂtb’/8wA)62(Pﬂ¢’:3¢3’:B'I’ﬂfb’ﬁm)}' (€92)
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