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Study on the possible molecular state composed of D* Dy; within the
Bethe-Salpeter framework”

L1 1:2)

Hong-Wei Ke(t1£1. 1) Xiao-Hai Liu(X!| i) Xue-Qian Li(Z=2 %)™

'School of Science, Tianjin University, Tianjin 300072, China
*School of Physics, Nankai University, Tianjin 300071, China

Abstract: Recently, a vector charmonium-like state Y(4626) was observed in the portal of DY D;;(2536)~. This in-
trigues an active discussion on the structure of the resonance because it has obvious significance for gaining a better
understanding on its hadronic structure that contains suitable inner constituents. Therefore, this observation concerns
the general theoretical framework about possible structures of exotic states. Since the mass of Y(4626) is slightly
above the production threshold of D} D;;(2536)", whereas it is below that of D’;Dsl (2536) with the same quark con-
tents as that of D} D,1(2536), it is natural to conjecture that Y(4626) is a molecular state of D*D;;(2536), as sugges-
ted in the literature. Confirming or negating this allegation would shed light on the goal we are concerned with. We
calculate the mass spectrum of a system composed of a vector meson and an axial vector i.e., D%Dj;(2536) within the
framework of the Bethe-Salpeter equations. Our numerical results show that the dimensionless parameter A in the
form factor, which is phenomenologically introduced to every vertex, is far beyond the reasonable range for inducing
even a very small binding energy AE. It implies that the D%D;;(2536) system cannot exist in the nature as a hadronic

molecule in this model. Therefore, we may not be able to assume the resonance Y(4626) to be a bound state of

ngl_)s 1(2536), and instead, it could be attributed to something else, such as a tetraquark.
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1 Introduction

In 2019, the Belle Collaboration observed a vector
charmonium-like state Y(4626) in the portal of
e*e” — D! D (2536)” +c.c., and its mass and width are
4625.9*05(stat.) £0.4(syst.) MeV and 49.8" 73 (stat.)x
4.0(syst.) MeV, respectively [1]. In 2008, the Belle Col-
laboration reported a near-threshold enhancement in the
ete” — AFA7 cross section, and the peak corresponds to
a hadronic resonance, which is named as Y(4630) [2]. Re-
cently, a simultaneous fit was performed to the data ana-
lysis of e*e™ — AYA_, and a peak with mass and width

being 4636.1753(stat.) + 8.0(syst.) MeV and 34.5*3 1 9(stat.)+
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5.6(syst.) MeV, respectively was observed [3]. Due to
their very close masses and widths, it is natural to con-
sider that Y(4626) and Y(4630) arc the same resonances.
In Ref. [4], the authors explained Y(4626) and Y(4660)4)
[5] to be mixtures of two excited charmonia. This may
also be a non-resonant threshold enhancement due to the
opening of the AfA7 channel as discussed in [6, 7],
whereas the authors [8] suggested Y(4626) as a molecu-
lar state D*D;;(2536). In Refs. [9, 10] Y(4626) was re-
garded as a tetraquark cscs.

Since 2003, many exotic resonances of X, Y, and Z
bosons [11-20] have been experimentally observed, such
as X(3872), X(3940), Y(3940), Z(4430), Y(4260), Z.(4020),
Z.(3900), Z,(10610), and Z,(10650) (of course, this is not
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4) In the 2018 PDG Y(4660) was named as (4660) and Y(4630) was accounted as the same meson due to measurement errors. Thus both Y(4660) and Y(4630)
are listed in the PDG under the (4660) entry. However there are still diverse views about the structures of Y(4660) and Y(4630) in the community, in our present
work, we still use their initial names assigned by the experimentalists who observed those mesons. We do not suppose they are the same particle.
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a complete list). These states have attracted the attention
of theorists because their structures are obviously beyond
the simple ¢gg settings for mesons. If we can firmly de-
termine their compositions, it would definitely enrich our
knowledge on hadron structures and moreover, shed light
on the non-perturbative quantum chromodynamic (QCD)
effects at lower energy ranges. Studies with different ex-
planations of the inner structures [21] have been attemp-
ted, such as in terms of the molecular state, tetraquark, or
dynamical effects [22]. Although all the ansatz have a
certain reasonability, a unique picture or criterion for
firmly determining the inner structures is still lacking.
Nowadays, the majority of phenomenological research-
ers conjecture what the concerned exotic states are com-
posed of, simply based on the available experimental
data. Then, by comparing the results with new data, one
can verify the degree of validity of the proposal. If the
results obviously contradict the new measurements that
have better accuracy, the ansatz should be abandoned.
Following this principle, we explore Y(4626) by assum-
ing it to be a molecular state of D*D;;(2536), and then, by
using a more reliable theoretical framework, we verify
the scenario and see if the proposal based on our intu-
ition is valid.

Thus, in this work, we suppose Y(4626) as a
D:D,1(2536) molecular state, and we employ the Bethe-
Salpeter (B-S) equation, which is a relativistic equation
established on the basis of quantum field theory, to study
the two-body bound state [23]. Initially, the B-S equation
was used to study the bound state of two fermions [24-
26]. Subsequently, the method was generalized to the sys-
tem of one-fermion-one-boson [27]. In Refs. [28, 29], the
authors employed the Bethe-Salpeter equation to study
some possible molecular states, such as the KK and BK
systems. Using the same approach, the bound states of
Br, D®D™, and B¥B™ are studied [30, 31]. Recently,
the approach was applied to explore doubly charmed ba-
ryons [32, 33] and pentaquarks [34, 35]. In this work, we
try to calculate the spectrum of Y(4626) composed of a
vector meson and an axial vector meson.

If two constituents can form a bound state, the inter-
action between them should be large enough to hold them
into a bound state. The chiral perturbation theory tells us
that two hadrons interact via exchanging a certain medi-
ate meson(s) and the forms of the effective vertices are
determined by relevant symmetries; however, the coup-
ling constants generally are obtained by fitting data. For
the molecular states, since two constituents are color-
singlet hadrons, the exchanged particles are some light
mesons with definite quantum numbers. It is noted that
even though there are many possible light mesons con-
tributing to the effective interaction between the two con-
stituents, generally one or several of them would provide
the dominant contribution. Further, the scenario with oth-
er meson exchanges should also be considered, because

even though the extra contributions are small compared
to the dominant one(s), they sometimes are not negli-
gible, i.e., they would make a secondary contribution to
the effective interaction. Then, the effective kernel for the
B-S equation can be set. For the D%D,;(2536) system, the
contribution of 7 [36-38] dominates, whereas in Ref. [36]
the authors suggested o exchange makes the secondary
contribution. In our case that considers the concerned
quark contents of D* and Dj;(2536), the contribution of
{n’, f0(980) and ¢} should stand as the secondary type.
The effective interactions induced by exchanging {n, 7/,
f0(980) and ¢} are deduced with the heavy quark sym-
metry [36-41], and we have presented these formulas in
Appendix A. Based on the effective interactions, we can
derive the kernel and establish the corresponding B-S
equation.

With all necessary parameters being chosen before-
hand and provided as inputs, the B-S equation is solved
numerically. In some cases, the equation does not pos-
sess a solution if one or several parameters are set within
a reasonable range; in such cases, a conclusion is drawn
that the proposed bound state does not exist in nature. On
the contrary, a solution of the B-S equation with reason-
able parameters implies that the corresponding bound
state is formed. In such a case, the B-S wave function is
obtained simultaneously, which can be used to calculate
the rates of strong decays; this would in turn enable ex-
perimentalists to design new experiments for further
measurements.

This paper is organized as follows: following the in-
troduction section, a derivation of the B-S equation re-
lated to a possible bound state composed of D} and
D,1(2536), which are a vector meson and an axial vector
meson, respectively, is provided. In Section 3, the formu-
las for its strong decays are presented. Then, in Section 4,
we present the numerical solution of the B-S equation.
Since Y(4626) is supposed to be a molecular bound state,
the input parameters must be within a reasonable range.
However, our results show that this mandatory condition
cannot be satisfied, and therefore, we think that such a
molecular state of D¥D;;(2536) may not exist. Further, as
we have deliberately set the parameters to a region that is
not favored by any of the previous phenomenological
works, we can obtain the required spectrum and corres-
ponding wavefunctions. Using the wavefunction, we
evaluate the strong decay rate of Y(4626) and present our
results in the form of figures and tables. Finally, a brief
summary of our work is provided in Section 4.

2 The bound states of DD,

Since the newly observed resonance Y(4626) con-
tains hidden charms and its mass is close to the sum of the
masses of D* and Dy, where D* — Dy corresponds to D+ —
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D7, or Di” - DY, a conjecture about its molecular struc-
tures composed of D} and Dy, is favored. For a state with
spin-parity being 1, its spatial wave function is in the S
wave. Therefore, there are two possible states, namely,
Yi = LZ(D;%D;1 +D:" DY) and Y = L(Dj,+D;ID;f—D;1).
We will focus on such an ansatz and try to determine nu-
merical results by solving the relevant B-S equation.

2.1 The B-S equation for 1~ D;D,; molecular state

Based on the effective theory, D? and Dy, interact
mainly via exchanging n. The Feynman diagram at the
leading order is depicted in Fig. 1. To take into account
the secondary contribution induced by exchanging other
mediate mesons, in Ref. [36], the authors consider a con-
tribution of exchanging o to the effective interaction.
Since there are neither u nor d constituents in D% and Dy,
their coupling to o~ would be very weak; thus, the second-
ary contribution to the interaction may arise from exchan-
ging f,(980) instead. The relevant Feynman diagrams are
shown in Fig. 1. In this work, the contributions induced
by exchanging n’ (Fig. 1) and ¢(1020) (Fig. 2) are also
taken into account. The relations between relative and
total momenta of the bound state are defined as

p=mpir—mp2, 4=1291-1N42,

P=pi+p=q1+q, (1)
where p; and p, (¢; and ¢,) are the momenta of the con-
stituents; p and ¢ are the relative momenta between the
two constituents of the bound state at the both sides of the
diagram; P is the total momentum of the resonance;
n; =m;/(my +my) and m;(i=1,2) is the mass of the i-th

Dy () Dy (q)

a « e

n(n's fo(980)) | (k)

constituent meson, and k is the momentum of the ex-
changed mediator.

A detailed analysis on the Lorentz structure [26, 28,
29] is used to determine the form of the B-S wave func-
tion of the bound state comprising a vector meson and an
axial vector meson (D* and Dy;) in S—wave as the fol-
lowing:
f/%];jxi(xl,xz)l’c, )
where a,b,c,and d are Lorentz indices. The wave func-
tion in the momentum space can be obtained by carrying
out a Fourier transformation:

OIT ¢a(x)¢p(x2)IV) =

)((11:(171,172) — fd4xld4)C26ip'x'+ipzsz?)(xl7x2)

=2m)*6(p1 + p2 + P)xp(p). 3)
Using the so-called ladder approximation, one can ob-
tain the B-S equation deduced in earlier references [23-25]:

. d* By
Sahcd)(;{)(P)Pc =Alaafﬁl( Ay (P.p,q)

ngvwan(Q)WA%,Ba “4)
where Ay, and Ay are the propagators of D? and Dy,
respectively, and K% (P,p,q) is the kernel determined
by the effective interaction between two constituents,
which can be calculated from the Feynman diagrams in
Figs. 1 and 2. In order to solve the B-S equation, we de-
compose the relative momentum p into the longitudinal
component p; (=p-v) and the transverse one p/
(= p*-p*) = (0, pr) with respect to the momentum of
the bound state P (P = Mv).

Dy (m) Dy (@)

S]
Q

n(n's fo(980)) | (k)

b '3 v b ﬁ? v
Dsl (pZ) Dsl (q2) D;] (pZ) Ds (QQ)

(a) (b)

Fig. 1. (color online) The bound states of D:D;; formed by exchanging n(17’) fo(980).
Dy (p) Dy (q) D;  (m) Dy (q)
a « H a [e% e
X X
6 | (k) 6 | (k)

b “‘3 ! v b “3 7 v
Dsl (pZ) Dql (QZ) Dsl (pZ) Dq (Q2)

(a) (b)

Fig. 2. (color online) The bound states of D:D;; formed by exchanging #(1020).
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Y M+ pr+w—ie)mM + pr— w; +i€)’
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© (M - pi+wr —ie) M - pi—w, +ie)

where M is the mass of the bound state Y(4626),

- 2
w; = p72+mi.

From the Feynman diagrams shown in Figs. 1 and 2,

the kernel K“?*(P, p,q) can be written as

2 2 2
K"BHV(P,p,CI) =Clguwxqgﬁ”m ( V6K — \/;ng,ua + \/;k.plk.qlgﬂd/ml/m’l] X [ \/gkﬂkv _ \/;ngﬁv

2 , 2
+ \/;k - pak- QZgﬁv/mz/mz]A(k,mq)FQ(k, M) = 3C28.1,,80,0,, 8" K (Pro + 0108 ko (2 + 02p)

2 2
x Ak, mn)Fz(k,m,,) +C18,, 010 8o, 00 ( Vektk® — \/;kzg”” + \/;k -pik-q18" /my /m’l]

2 2 2
x (V6IPK - \/;kzgﬁ" + \Ek - pak - 28" [mo [mly) Ak, m)))F* (k,m)) — 3C2800 80,0,
X £k (o + q1)8™ P ko(pap + qap) AU, M) F2 (k) + Cal g, (g1 + p1)Y g™ =2g! (K g™ — kg )]
X (_gX)’ + ka}//mé)A(k’ md:)[gmpm(éh + pl )ygﬁv - zgl’—)*l[—,»\w(kagyu - kllg’}’llf)] + Clgudutufg[)}\lbjw

2
X (p1 + )™ (P2 + 42y =8y +hky M)A ) + 5C28,1,, 85,88 Dk )P (kmp). (7)

where my, 4.4 is the mass of the exchanged meson
n(’,$(1020), 15(980)), C; =1 for Y¥; and -1 for Y, C; =
15 gnqn’;n’ gﬁﬂmq’ gn:n;qa gb‘lb‘.,”’gnﬂn;q' > gb”b’(q’ > gnznw > gb‘.,f)\.,q’ s
8o00> 8ouime> 8oime> 8ouones Sumer 8ope> ooy AN 8y, o
are the concerned coupling constants and A(k,m) =
i/(k*> —m?). Due to the small coupling constants at the verti-
ces, the contribution of f,(980) in Fig. 1(b) is suppressed
compared with that in Fig. 1(a), so that we ignore the
contribution of f,(980) in Eq. (7). All the effective inter-
actions are summarized and listed in the Appendix.

Since the two constituents of the molecular state are
not on-shell, at each interaction vertex a form factor
should be introduced to compensate the off-shell effect.
The form factor is employed in many Refs. [42-45], even
though it has different forms. Here we set it as:

2_,2
o ®)
+k

where k is the three-momentum of the exchanged meson
and A is a cutoff parameter. Indeed, the form factor is in-
troduced phenomenologically and there lacks any reli-
able knowledge on the value of the cutoff parameter A. A
is often parameterized to be AAqcp +m; With Agcep = 220
MeV, which is adopted in some Refs. [42-45]. As sugges-

|

F(k,m) =

dS‘IT

[
ted, the order of magnitude of the dimensionless paramet-
er A should be close to 1. In our subsequent numerical
computations, we set it to be within a wider range of
0~4.

The wave function can be written as

X5(p) = f(P)E’, ©)
where € is the polarization vector of the bound state and

f(p) is the radial wave function. The three-dimension
spatial wave function is obtained after integrating over p;

sph = [ s (10)

Substituting Egs. (7) and (9) into Eq. (4) and mul-
tiplying &ase¥ (x1,x2)P/ on both sides, one can sum
over the polarizations of both sides. Employing the so-
called covariant instantaneous approximation [46] ¢; = py,
i.e., using p; to replace ¢g; in K(P,p,q), the kernel
K(P,p,q) does not depend on ¢; any longer. Then, we
follow a typical procedure: integrating over ¢; on the

. . o d .
right side of Eq. (4), multiplying f % on both sides of

. : ( .
Eq. (4), and integrating over p; on the feft side, to reduce
the expression into a compact form. Finally, we obtain

f(qul)

d
o2 1prl) = [ s

X

Q@17 [ M + pp)? - w} +iell(M — 2 — w3 +ie)|
o+C1pr-qr +Ca(pr-qr)* + C3(pr - q7)* + Ca(pr - q1)*

C
C18,, 11,80, 00, F (ki)

)

—(pr—qr)* —m;
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Co+Cipr-qr . C28.,:1, 85,0, C50
—(pr—qr)*-m;  —(pr—qr)* - mj%u
Co+Cipr-qr+Ca(pr-qr)* +Cs(pr - qr)* + Ca(pr - qr)*

~(pr—qr)*-m,
o+ CoPr-ar +Cpy (Pr - q7)*

~(pr—qr)*—m;

= C28,.1,80. 0., F (k) F(k,my,)

2
+ Clgn‘low g[)\.,[);,/ F (k’ m;])

Cl+C! Pr-qr C
~-Cag F2(k, myy ) —2— — +CaF?(k,my)

—(pr—qr)*—my,

DyDsn’ g Dy Dy’

Cvo+Cvipr-qr +Cva(pr-qr)*
a2

+Clgu‘|u}¢gb>\1[7ij2(k’ m¢) ’ (11)
with

Co=4M*(pr* +qr°) + 22 (i ma?) pr? (47 Tz *sprar tar')

3m12m2

2Mprqr? (—6mimygr® +mi*(<2pr? + qr2) +mo* (<2pr + qr2))  4M?(my® +my?) proqr
+ - : ,

3my3my3 3my*my
—4M2 (m12 + m22)pT2 (SpT2 + Squ)

3m;2my2

C] =— 16M2 (PT2 + qT2) +

2M?pr? [12mlm2qT2 (I7T2 + QTz) +(m > +my?) (ZPT4 +5priqr’ - QT4)] 8M? (m12 + m22)PT4qT2 (PT2 + ¢IT2)
- 3m3my3 3mtmyt ’

2M? (m22 (19pT2 +3qr%) +m (24my? + 19pr? + 3qT2))

G
3m12m22

4m? [(m12 +my)pr? (PT2 + qu) +myny (PT4 +4priqr’ + qT4)]
3

m13m2

4M? (i +mo?) pr? (pr* +4prar® + ar*)

3m14m24

i

2M? [12m1m2 (PT2 + qu) +(mi? +my?) (7PT2 + 3¢IT2)] sM? (m] 2 +”122)PT2 (PT2 + qu)
3 + 7 ,

Cs =4M2 (—ml_z - WIQ_Z) +

3m1 3m2 3m1 4m2

—2M? [3m13m2 +3mymy’ + 21712217T2 +2m,2 (3m22 +pT2)]

Ci= :
4 3m4my*
= 16M2 (M= p)) (1M + pi) (2 + ¢2)
0= '

3mimy

c - 32M* (M = pi) (mM + p))
1= )

3m1m2

-2 M? (m12 + m22) pl‘2

m12m22

Cso = -6 M?,

8M? (mM — pp) (M + p) (pr® + 1)
2

Cvo ==2M2 (12 M (1M = p))+ 120 Mpy = 12p> + pr? + q7%)

my,

M2pr? |4 M (M = p)) +4mMp = 4pP + 12| M?pr?[4mM (M — p) + 4 Mp, — 4p? + q1? |

mlz m22

k)
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16M? (12 M — p) (M + p)) | 4M? (M — p)) (m M + py) .\ AM? (oM — p)) (m M + py)

_ 2
Cyp=—4M~ + 5 3 3

m, my myp

Cyr 21\42 (ml_z +m2_2),

’

88,800,115 = &ua&h » MDM? (12M = p) (mM + p1) pr*

C?/O — Dy Dg1 6
2
my>m3
—4g/ g M|(m+m®)pr®(2pr® + qr?)+4mi*ma? (pr? + q1%)]
+ 51751
m12m22
2
R sy 68,08, M (Pr? - qr%)
+68,1,.85,0,M* |4 M (2M = p1) + 412 Mpy = 4p/* + pr” + g1 | + —
vV
28, 1,800, MPP7? [471 M 1M = p1) + 4 Mpr = 4p + pr® + qr2| (mi 2 + m3?)
+
m12m22
2
2gmwgﬁ\,b\,¢M2PT2(PTZ - 1172) (1% +my?)
+ b
mi2my2m,?
888, M 8L 800, MM (M~ p) (M + p1)
Cy, = 22
12
2 2 2 2
+48,,.85. ¢M2(3 + Iiz + plz)ﬂ“ 16g,.,.8, , M2(2+ p—Tz + p_Tz)
51051 my Ny D*D*¢ O Dy Dy 6 m my
—4g' g  M? (m12+m22)
C, — D*D*¢ O Dy Dg1 ¢ )
V2 m12m22
[
While we integrate over p; on the right side of Eq. and p; =M — w; +ie.
(11), there exist four poles that are located at Here, since d*qr = g3sin(0)d|gr|dods and
-mM—-w +ie, -mM+w;—ie, mmM+wy—ie and  py-qr =|prllqr|cos(d), one can integrate the azimuthal

MM —w; +ie. By choosing an appropriate contour, we  part, and then, Eq. (11) is reduced into a one-dimensional
only need to evaluate the residuals at p; = - M — w; +ie integral equation:

flprl) =

lgr* f(lqr]) C18.,0:80,0, (W1 + @2)

d i CoJ +Ci1J +CaJ. +C3J +CyJs(m
1M qu|{w1w2[M2—(w1+w2)2][ o0Jo(my) + C1 J1(my) + CaJr(my) + C3J3(my) + C4J4(my)]
OBy )+ Cl ) OBy 1)+ Cl )

- m M) | p=—p M=, — m mp) pi=n, M-,
wl[(M+w1)2—w§] 00Uy 11 lip=—m M-w, wz[(M—wz)z—w%] 00Uy 11 ip=mM-w
C28,111, 8,0, (W1 + W2) C18,. 0y 8 5y (W1 +W2)

sPslo s1751J0 C J + 51051 510570 C J 7’ +C J m/ +C J m/ +C J m’
wron M2 — (o1 1 )] 50 olmg,) wlwz[Mz—(w1+w2)2][ oJo(my) + C1 Ji(my) + CoJo(my) + C3J3(my)
, ngn"D‘q’ gb.,b 4 ’ ’ ’ C2thDW gDnD\m’
+C4J4(m;7)] - ———— [C()JO(mn)"'C] J1 (mn)“p,:—n]M—w. - ;

wi[(M +w))? - w3] W [(M = w2)? - w?]
Clgnﬂnwgb\.lbw

wi[(M +w)? - w]]

X [CoJo(my) + C1 J1 (M)l p,=p, M-, + [CvoJo(mg) + Cyi J1(mg) + Cya Jo(mp)]lp=—y Mo,

Clgo"‘.Df\‘c)quﬁxl"’
w)[(M = w)? - w?]
Cy
+
w1[(M + w1)? _‘”%]
C>
+
wZ[(M—w2)2 —0.)%]

[CyoJo(mg) + Cy1 J1(mg) + Cyo Ja(mg)|p=n, M-,

[CyoJomg) +Cyy J1(mg) + Cyy Jo(mg)llp =, b,

[CyoJolmg) +Cyy Ji(mg) + Cyp Ja(mg)lp =, m-0,), (12)
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™ |pr|*lgr|*sinfcos*6 do

F?(k,m).
o —(pr—qr)’- (kom)

Ja(m) =

2.2 Normalization condition for the B-S wave function

Analogous to the cases in Refs. [28, 29], the normal-
ization condition for the B-S wave function of a bound

state should be

with
T ingdo
Jomy= | —— o F(km),
o —(pr—qr)?-m?
. .
|prllgT|sinfcosfdo
Jimy= | PO 2k, m),
o —(pr—qr)y —-m
() = ™ |pr*|lgr|*sinfcos?6 d Fkm).
o —(pr—qr?-m?
T 1313 3
|prl’lg7|’ sinfcos’0d6
s = [ PHATESRESS .
(pr—qr)*—m
4G, it
(271-)8 EabeaX p(P M 8P,

where Py is the energy of the bound state, which is equal
to its mass M in the center of mass frame. I(P,p,q) is a
product of reciprocals of two free propagators with a

proper weight.
1P, p,q) = Qr)*6*(p — g)(A%) " (AP) 1.

[I“b“ﬁw p.q)+ KPP, p, q)]eaﬁwxpw)

(14)

In our earlier work [31], we found that the term

(13)

\
K®B(P, p,q) in brackets is negligible; hence, we ignore it
as done in Ref. [47].

To reduce the singularity of the problem, we ignore
the second item in the numerators of the propagators (Eq.
(5) and (6)) and (AY)!=-ig@(p?—m}), (AF)!=
—ig"(p3 — m3). Then, the normalization condition is

d*pdq
(fﬁ)g I ) (2n>46“<p @) (pt +m3)(p3 +m3)f(q) = 2M. (15)
[
After performing some manipulations, we obtain the tor of D;. We still consider the approximation ky =0 to
normalization of the radial wave function as the follow- perform the calculation.
ing: The amplitude can be parameterized as [48]
1 d3pT 5 Mwiwy «, 82 R S *
— —_— = 1. 16 As=8g0Me € +==|q-€1qg-€ —=q°€-€ (18)
a1 ) el e (16) oMe €'+ 0lg-aq-€ —3qa
The factors go and g, are extracted from the expres-
sions of A,.
3 The strong decays of the molecular state Then, the partial wi dth is expressed as
Y(4626) 2 1ol
dry = o 2|ﬂa| dq. (19)

Next, we investigate the strong decays of Y(4626) us-

ing the effective interactions, which only includes contri-
butions induced by exchanging n and n’. Subsequently,

we will discuss this issue further.

3.1 Decay to Di(17)+Dy(2317)(0%)

The relevant Feynman diagram is depicted in Fig. 3(a)

where Dy represents Ds(2317). The amplitude is,

d4p 2 P qiB
A =8u11,800mn | Ty 7Hv€ P\ =
a gu‘l{\vgbn’)xo’lf(2ﬂ)43 vElu® (I’)’ll mi

_ P*
XX (P)2abea— kA K,y F (K, )
+a term with 7" replacing 7,

where k= p—(mnq

—1192), and ¢ is the polarization vec-

3.2 Decay to D,(07) + Ds(2460)(17)

The corresponding Feynman diagram is depicted in
Fig. 3(b) where D/, denotes D(2460) in the rest of the
manuscript. Then, the amplitude can be defined as

d4p 2 4 P<
Ay=g g Zxy —
b =810, 8b.1 b f 203 X (P)eabed i

XEzﬂgv;tbw(plw q1w)k A(k mn)Fz(k mn)
ny 1
+a term with r’ replacing 7. (20)
The amplitude can also be parameterized as
1 / 1
(17 ﬂb=86M€2'6*+i—;(t]'fzq'f*—ngfrf*), (21)
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Dy (p1) Dy (q1)

a « H
n(n') | (k)

b &)

Dy (p2) Dy (22)
(a)

D; () Dy (a)
n(n') | (k)

b B v

Dg  (p2) D: (g2)
(c)

Dy (p1) D, (¢1)

a «
n(n') | (k)

b 1) v

Dsl (pQ) D52 (QZ)
(e)
Fig. 3.

where e is the polarizations of D(2460). The factors A
and g} can be extracted from the expressions of A,.

3.3 Decay to D (2460)(1%)+ D%(17)
The Feynman diagram for the process of Y(4626) —

Dy(2460)(1%) + D%(17) is depicted in Fig. 3(c). Then, the
amplitude is given as

d*p 2. (P 4Y
A =g, o | = Sk [+
c gD\D\-(zasong.\-lD.\v f (2”)4 31 w(ml mll

C

_ P
X fil/\/d(p)eabcd M

X (=3K"K" +K2g" — k- pak - q28" [my [m)

X €2, Ak, my) F*(k, my,)

+a term with n’ replacing n, (22)
where € and e are the polarization vectors of D;(2460)

and D?, respectively. The total amplitude can be paramet-
erized as [48]

811
M2
+ %s“v"ﬁquyelaegq ‘6. (23)

A, =g108”VQﬁP”€1V€2Q€; + s’””ﬁP},qyelaezﬁq €

D;  (p) D, (@)
n(') | (k)

b &) Iz

Dg  (p2) Dy (@)
(b)

Dy (p1) Dy (Q1)
n(') | (k)

b B v

Dyg  (p2) Dy (q)
(d)

D;  (p) D, (@)
n(') | (k)

b 3 I

Dsl (]J2) Dsl (qZ)
(f)

(color online) The decays of Y(4626) by exchanging n(77’).

The factors g9, g11 and g;, are extracted from the ex-
pressions of A..

3.4 Decay to Di(17)+D,(2460)(1%)

The Feynman diagram for Y(4626) — Di(17)+
Dy(2460)(1%) is depicted in Fig. 3(d). The amplitude is

d*p 2
Ad =80 8o s —— =k
d gu‘l)ﬁ,gp‘,D\(z«,mu (27.[)4 3 U'El/l
y oy .
PC
x g7MHY (ﬂ + q_z,]/\_/d(p)gabcd_
myp m, M
x kwehs“"’bg(@ + q—‘f)A(k, my)F2(k,my)
my I’l’l1
+a term with n’ replacing 7, (24)

where € and e are the polarization vectors of D} and
Dy(2460), respectively.

The total amplitude for the strong decay of
Y(4626) — D*(17) + D,(2460)(1*) can also be expressed as

.. 8 .
Ay =gio8ﬂvaﬁppflv62(yfﬁ + #d‘vaﬁpﬂqvfmfzﬂq' €

8 .
+ ﬁs"mﬂPﬂqvemeﬁq ‘6. (25)
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The factors g/, g}, and g, are extracted from the ex-
pressions of A,.

3.5 Decay to Ds(07)+D,(2572)(2%)

The Feynman diagram is depicted in Fig. 3(e) where
Dy, represents D(2572). Then, the amplitude is defined
as follows:

d*p 2 .
ﬂe :gntnmgoﬂnb\zq f (271_)4 gk /\/d(p)

Py 2
Xsabcdﬁk,uezﬂA(ksms)F (k,my)
+a term with 7" replacing 7, (26)

where ¢ is the polarization tensor of D,(2572)(2").
The total amplitude is written as

20 *
A= %a”mﬁPﬂezmqaeﬁqo'. 27)

The factors g9 can be extracted from the expressions
of A,.

3.6 Decay to D,(07)+D,(2536)(1")

The Feynman diagram is depicted in Fig. 3(f) where
Dy represents D(2536). The amplitude is then given as

d4p 2 . P¢
(271_)4 §k Xd(p)sahcdﬁfhz

ﬂf :guj Dsn g[{\l Dgin

st,uhw(pﬂ + qz_fj)kVA(k,mq)Fz(k’ mﬂ)
nmy - m,

+a item with n’ replacing 7, (28)

where ¢, is the polarization vector of D (2536).
The amplitude is still written as

17

’” * g * 1 *
Ap=giMey-€ +ﬁ2(4~€zq'€ -37e €] (29

The factors g and g} are extracted from the expres-
sions of Ay.

4 Numerical results

Before we numerically solve the B-S equation, all ne-
cessary parameters should be priori determined as accur-
ately as possible. The masses mp., mp,, mp,, mp,, mp,,
my, My, Mgy and my are obtained from the databook
[49]. The coupling constants in the effective interactions
guﬂuir;’ gz),,b;,,’ gnfu;n’ g[)”[)‘,q’gu‘]u}n’ > g[)‘,bw > go;u;,,/ s gbb\lbb\m’ H gu‘,v;w’
80,0505 8orore> 8o,000 B 8100 Sornryy 0 8, are taken
from the relevant literature and their values and related
references are summarized in the Appendix.

With these input parameters, the B-S equation Eq.
(12) can be solved numerically. Since it is an integral
equation, an efficient way for solving it is by discretizing
it and then in turn, solving the integral equation to an al-

gebraic equation group. Effectively, we let the variables
|pr] and |g7| be discretized into n values Qi, 03,...0Q,
(when n > 100, the solution is stable enough, and we set n
=129 in our calculation) and the equal gap between two

Qn - Ql

adjacent values as =—————. Here, we set Q; = 0.001 GeV

and 0, = 2 GeV. "Illhe n values of f(|pr|) constitute a
column matrix on the left side of the equation and the »
elements f(|qr|) constitute another column matrix on the
right side of the equation as shown below. In this case,
the functions in the curl bracket of Eq. (12) multiplied by

lgr/*
12M2(27)2
f(qr). Tt is specially noted that because of discretizing

lgrl*
12M2(27)?
tegration variable into n discrete values that are involved
in the nxn coefficient matrix. Substituting the n pre-set
Q; values into those functions, the operator transforms in-
to an nxn matrix that associates the two column
matrices. It is noted that Oy, 0»,...0Q, should assume se-
quential values.

£
. |=A@ED| ..
f(Q129) f(Q129))

As is well known, if a homogeneous equation pos-
sesses non-trivial solutions, the necessary and sufficient
condition is that det|A(AE, ) —I] = 0 ({ is the unit matrix),
where A(AE, Q) is simply the aforementioned coefficient
matrix. Thus, solving the integral equation simplifies in-
to an eigenvalue searching problem, which is a familiar
concept in quantum mechanics; in particular, the eigen-
value is required to be a unit in this problem. Here,
A(AE,2) is a function of the binding energy
AE =m;+my—M and parameter A. The following pro-
cedure is slightly tricky. Inputting a supposed AE, we
vary A to make det |[A(AE,2)—1| =0 hold. One can note
that the matrix equation (A(AE,);))(f(;)) =B(f()) is ex-
actly an eigenequation. Using the values of AE and A, we
seek all possible "eigenvalues" B. Among them, only
B =1 is the solution we expect. In the process of solving
the equation group, the value of A is determined, and ef-
fectively, it is the solution of the equation group with
B =1. Meanwhile, using the obtained A, one obtains the
corresponding wavefunction f(Q), f(Q2)...f(Q129) which
is simply the solution of the B-S equation.

Generally, A should be within the range that is around
the order of the unit. In Ref. [42], the authors fixed the
value of A to be 3. In our earlier paper [45], the value of A
varied from 1 to 3. In Ref. [35], we set the value of A
within a range of 0 ~ 4, by which (as believed), a bound
state of two hadrons can be formed. When the obtained A
is much beyond this range, one would conclude that the
molecular bound state may not exist, or at least it is not a

would be an effective operator acting on

the equation, even turns from a continuous in-

f(On
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stable state. However, it must be noted that the form
factor is phenomenologically introduced and the paramet-
er A is usually fixed via fitting the data, i.e., neither the
form factor nor the value of A are derived from an under-
lying theory, but based on our intuition (or say, a theoret-
ical guess). Since the concerned processes are dominated
by the non-perturbative QCD effects whose energy scale
is approximately 200 MeV, we have a reason to believe
that the cutoff should fall within a range around a few
hundreds of MeV to 1 GeV, and by this allegation, one
can guess that the value of A should be close to unity.
However, from another aspect, this guess does not have a
solid support, and further phenomenological studies and a
better understanding on low energy field theory are
needed to obtain more knowledge on the form factor and
the value of A. Thus far, even though we believe this
range for A that sets a criterion to draw our conclusion,
we cannot absolutely rule out the possibility that some
other values of 1 beyond the designated region may hold.
Therefore, we proceed further to compute the decay rates
of Y(4626) based on the molecule postulate (see the be-
low numerical results for clarity of this point).

Based on our strategy, for the state Y,, we let
AE =0.021 GeV, which is the binding energy of the mo-
lecular state as Mp. + Mp, 2536) — Mye26)- Then, we try to
solve the equation |A(AE,A)—1| = 0 by varying A within a
reasonable range. In other words, we are trying to determ-
ine a value of A that falls in the range of 0 to 4 as sugges-
ted in literature, to satisfy the equation.

As a result, we have searched for a solution of A with-
in a rather large region, but unfortunately, we find that
there is no solution that can satisfy the equation.

However, for the Y, state, if one still keeps AE =
0.021 GeV butsets A = 10.591), the equation |[A(AE, ) —1I| =
0 holds, while the contributions induced by exchanging
n, 7, f0(980) and ¢ are included. Instead, if the contribu-
tion of exchanging f,(980) (Fig. 2) is ignored, with the
same AE, one could obtain a value 10.46 of A, which is
very close to that without the contribution of f(980). It
means that the contribution from exchanging fy(980) is
very small and can be ignored safely. On this basis, we

continue to ignore the contribution from exchanging ¢
and we fix A =10.52, which means that the contribution
of ¢ is negligible. Therefore, we will only consider the
contributions from exchanging r and 7’ in subsequent
calculations. Meanwhile, by solving the eigen equation,
we obtain the wavefunction f(Q)),f(Q2)...f(Q129). The
normalized wavefunction is depicted in Fig. 4 with differ-
ent AE.

Due to the existence of an error tolerance on measure-
ments of the mass spectrum, we are allowed to vary AE
within a reasonable range to fix the values of A again, and
for the Dy, D; system, the results are presented in Table 1.
Apparently, for a reasonable AE, any A value that is ob-
tained by solving the discrete B-S equation is far beyond
4. At this point, we ask ourselves the following question:
Does the result imply that Dy D% fails to form a bound
state? We will further discuss its physical significance in
the next section.

A new resonance Y(4626) has been experimentally
observed [1], and it is the fact that is widely acknow-
ledged, but determining its composition demands a theor-
etical interpretation. The molecular state explanation is
favored by an intuitive observation. However, our theor-
etical study does not support the allegation that Y(4626) is
the molecule of D%Dy;.

In another respect, the above conclusion is based on a
requirement: A must fall in a range of 0~4, which is de-
termined by phenomenological studies carried out by
many researchers. However, 1 being in 0~4 is by no
means a mandatory condition because it is not deduced
form an underlying principle and lacks a definite founda-
tion. Therefore, even though our result does not favor the
molecular structure for Y(4626), we still proceed to study
the transitions Y(4626) — D:Ds(2317), Y(4626) — D;
D,(2460), Y(4626) — D,(2460)D*, Y(4626)— D:D(2460),
Y(4626) = D;D(2573) and Y — D,D,;(2536) under the
assumption of the molecular composition of D:Dy;.

Using the wave function, we calculate the form
factors go, g2, (> &5» &10, 115 &125 &19> &11> &12> 8205 &0 »
g, defined in Egs. (18, 21, 23, 25, 27 and 29). With these
form factors, we obtain the decay widths of Y(4626) —

Table 1. The cutoff parameter A and the corresponding binding energy AE for the bound state DDy .

AE /MeV 5 10

15 21 26

A 10.14 10.28

10.39 10.52 10.61

Table 2. The decay widths (in units of keV) for the transitions.

1",, Iy e

Iy T, Iy

60.6~189 127~342 97.8~102

21.2~23.1 7.89~8.36 61.9~70.1

1) If the propagator of ¢(1020) is —g,, in Eq. (7) i.e. gauge-fixing parameter is 1 and we obtain 4 =10.21 with AE =0.21 MeV when the contributions induced
by n, 17", f0(980) and ¢(1020) are included. The results indicate that the ¢-exchange contribution is not very sensitive to the choice of gauge-fixing parameter in the

propagator.
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40+ - - - AE=26MeV
—— AE=21MeV
AE=15MeV
3
<)
o
=
0 : ——
0 1 2
pl (GeV)
Fig. 4. (color online) The normalized wave function f(|pr|)
for D} Dy1.

D:D(2317),Y(4626) — D, D(2460),Y (4626) — D(2460)D* ,
Y(4626) — D*Dy(2460),  Y(4626) — DDy (2573)  and
Y(4626) — D,D(2536), which are denoted as I,.I},
I.,I'y,T., and T’y presented in Table 2. The theoretical un-
certainties originate from the experimental errors, i.e., the
theoretically predicted curve expands to a band.

Certainly, exchanging two n (') mesons can also in-
duce a potential as the next-to-leading order (NLO) con-
tribution, but it undergoes a loop suppression. Therefore,
we do not consider this contribution i.e., a one-boson-ex-
change model is employed in our whole scenario.

5 Conclusion and discussion

In this work, we explore the bound state composed of
a vector and an axial vector within the B-S equation
framework. Effectively, we study the resonance Y(4626),
which is assumed to be a molecular state made of D} and
Dy1(2536). According to the Lorentz structure, we con-
struct the B-S wave function of a vector meson and an
axial meson. Using the effective interactions induced by
exchanging one light meson, the interaction kernel is ob-
tained, and the B-S equation for the D*Dy;(2536) system
is established. In our calculation, exchanging of an -
meson provides the dominant contribution (even though
the contribution from 7’ is smaller than that from n, we
retain it in our calculations) while that induced by ex-
changing f,(980) and ¢(1080) can be safely neglected.

Under the covariant instantaneous approximation, the
four-dimensional B-S equation can be reduced into a
three-dimensional B-S equation. By integrating the azi-
muthal component of the momentum, we obtain a one-di-
mensional B-S equation, which is an integral equation.
Using all input parameters such as the coupling constants
and the corresponding masses of mesons, we solve the
equation for the molecular state of D?D;(2536). When

we input the binding energy AE = Myue)—Mp:—
Mp (2s36)» We search for A that satisfies the one-dimen-
sional B-S equation. Our criterion is that if there is no
solution for A or the value of A is not reasonable, the
bound state should not exist in the nature. On the con-
trary, if a "suitable" A is found as a solution of the B-S
equation, we would claim that the resonance could be a
molecular state. From the results shown in Table 1, one
can find that even for a small binding energy (we deliber-
ately vary the value of the binding energy), the 2 which
makes the equation to hold, must be larger than 9;
however, this is far beyond the favorable value provided
in the literature, and therefore, we tend to assume that the
molecular state of D*Dy;(2536) does not exist unless the
coupling constants obtained are larger than those
provided in the Appendix.

As discussed above, the A in the form factor at each
vertex is phenomenologically introduced and does not re-
ceive a solid support from any underlying principle;
therefore, we may suspect its application regime, which
might be a limitation of the proposed phenomenology.
Therefore, we try to overcome this barrier and extend the
value to a region that obviously deviates from the region
favored by the previous works. For a value of 2 beyond
10, the solution of the B-S equation exists, and the B-S
wavefunction is constructed. Only by using the wave-
functions, we calculate the decay rates of Y(4626)—
D:D,(2317), Y(4626) — D;Dy(2460), Y(4626) — D,(2460)
D?, Y(4626) — D*D(2460), Y(4626)— D;D,(2573) and
Y(4626)— DD (2536) under the assumption that
Y(4626) is a bound state of D*Dy;(2536). Our results in-
dicate that the decay widths are small compared with the
total width of Y(4626).

The important and detectable issuea are the decay pat-
terns deduced above. This would comprise a crucial chal-
lenge to the phenomenological scenario. If the decay pat-
terns deduced in terms of the molecular assumptions are
confirmed (within an error tolerance), it would imply that
the constraint on the phenomenological application of
form factor that originates from the chiral perturbation
can be extrapolated to a wider region. Conversely, if the
future measurements negate the predicted decay patterns,
one should acknowledge that the assumption that Y(4626)
is a molecular state of D*Dy;(2536) fails, and therefore,
the resonance would be in a different structure, such as a
tetraquark or a hybrid.

Therefore, we lay our hope on the future experiment-
al measurements on those decay portals, which can help
us to clarify the structure of Y(4626).

One of us (Hong-Wei Ke) thanks Prof. Zhi-Hui Guo
for his valuable suggestions.

093104-11



Chinese Physics C

Vol. 44, No. 9 (2020) 093104

Appendix A: the effective interactions

The effective interactions can be found in [36-41]:
Ly, p =8, 130100, M)pa DL = D, (80, My Dy,
1
mp+mp,
X [3D4, (8,0, Mypa D" = D, (80, Mpa Dy
1
mp+mp,
LDODIP = gD(JD] PD/;b(aluM)baDSa + g[)U[)] Pﬁ;b(aﬂM)["‘Dga +cc,
(A2)

+

0" D00 Mpad™ D1+ 8

+

8" D, (8,0: Mypad™ D}y +c.c., (A1)

w P
'LD* pep =8ppp (D[,H 14 Du”T )(avM)ha Eyuap
L of
+ gD*D*P(Db# [7] D;y )(avM)lmawaﬁ +c.c., (A3)

b atyav
LDlDlP :ngDlp(D‘;b 4] Dla)(a M)basymﬁ

+gD]D]P(DlI1b EB DY@ Mibasiap + - (A4)
Lo p =800 p Do@uMpa D + 8,0, D} (0, MpaD
+ 850 Db @uMpa D + 8., DY (0 Mpa Dy + .., (AS5)
LD*D’P :igmu'p aaD;ﬂ(aaM)baD,lzv — DZH(@“M)I’“&YD,IZV]
1 1 Mp, Mp
+igpp p aaD;ﬂ((js[M)banllv - Dzﬂ(aa/;/l/[)bum[)iz" J+c.c.,
1 Dy D*
(A6)
¥y, DL
Loir =8 () P— )@ Mbaguvap
#Dy,Dyy DDy,
85,505 R YO M)paEpvap +c.C., (A7)

LDIDZP = ng sz(Dlay)(avM)baD;ZV + gblﬁzP(Dlaﬂ)(ﬁyM)haD;’;V +c.c.,

(A3)
LDlleO =8p,p, fo (D,fa)DTIaufO +g[71[71/0 (D’fa)DTla,ufO +c.c., (A9)
Ly = 8 gy DI fo + 8 e (DEIDgifo .. (A10)
PaNG NG
'Ll)ll)*fo :ingD*fogﬂaVﬁ(D‘]‘a a DHVT@BfO +DayT 9 D’l/aﬁgfo
B Ha N + ¥ (—)O’ ~
+D o DY+ D o DL f)+cec., (All)
. < T . +
Lnlnlv =18p,p, v (DY Ou Dlav)((V)Za +1g2)|D] V(D‘llbDTa
i . O
- DA]‘bD]{a)(a,u(vv - 6v(v;_l)ba + lg[,] D V(Dil/b au Dlav)((V)Za
g > V(D‘]‘bD;Z =Dy DY )0, Vy =0y Vypa + .., (A12)
s w9 «f . Sl VT
Lopey Zi8pupey (D O Diy)( VY, +igh, . (D} Dy
— D} DOV =0V b +18 e oy (D} D D)V,
+igl, . (DD =D D)@V = 0, Vidba + .. (A13)
. OVt |yt A QT st
LDID*V :lngD*Vsyvaﬁ(Dlllb 0 D, +Db“ 9 DYa +Dlljh 9 Dy,
met Y WLy
+D,/" 0 DY) VP)pa+ &b, D*VEHVl’ﬁ(wbDaV[ * DhmDYa
+ D4, DY+ DT DY )0 VP + e, (Al4)

where c.c. is the complex conjugate term, a and b represent the

flavors of light quarks, and fy denotes £,(980). In Ref. [36] M and

% are 3x3 hermitian and traceless matrices
o + + 0 .
NRRY m K and i—ﬁ +5 ot K*t

n R & - P ow +0
V2 Ve P BTV K
K KO - \/2 n K K0 P

respectively. Next, in order to study the coupling of 7 with D§ and

D,;, by following Ref. [50], we need to extend M to
0

o s T + +
\/§+\/5+\5 b K
n —”75 + '\% + "705 K0 , where ng and 7
_ =0 2 /0]
K K - §T]8+W

are SU(3) octet and singlet, respectively. The physical states 7 and

’

n’ are the mixtures of ng and ny: 15 =cosfns—sinfnpy and
1’ = sinfng +cosfno. In order to keep the derived interactions in-
volving  unchangedcompared with those formulae given in refer-

ences [37-39], we set the mixing angle ¢ to 0 so that
0 e

ks n + +
GBteta , b ' K
- 2 om0 0
M= ks —\/5+:£+\/§ K . In Ref. [50],
K- KO —\gm”—ﬁ

the authors estimated 6 and obtained it as —18.9° , and hence, the

approximation holds roughly.
In the chiral and heavy quark limit, the above coupling con-

stants are
Eoron =80ipan =~ V2800, =~ V2805,
_ \/6 h] +h2
T3 A MM,
X Jr
8DyDs1n =g’7.;0’3.;1'1 = \/Egpsf)psl’l/ = \/ighxoﬁm’
A
73 ? Mp,Mp,,,
g
g =g... =-V2g =-V2g.,. =£
DED%y DED%y DD DDy T
Sk
8pyngn = 8bybyn = \/EgD:ID:I’I' - ZnglelU' Tef
=- =-V2, = V2, =28 [vip. My,
8pspin = “8pepry = Epspiy = VEpspty = A DsMpy»
—o . =-\2 =—V2e...  =— |MyMy,
Svg0ryn = 803000 =~ V20i0y 0 =~ V20507 fe NS
e =—-\2 =— _
ngngln gD.lel’ylv (gD.lef\.llz’ gD.rlD’ n
V6h
= Mp M
6f N7 PG
8p,10on “8b by T ‘/igDleszv’ =T ‘/igf'ﬂ[%zv’

Vek [————
== 3f” MDJIMDSZ’
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_ _ Bgv — —
8p5p56 = “8b;b5e T _W’ gu§bj¢ - _g1)§1’)§¢ - \/i/lgVMDi
_ Bagv

_ , , _ Shgy
8ppye =8b, D40 = N 8py0,0

L= Mp,,,
8p,10,10 312 Dt

_ _gvdl B _ 2gvi
8ptg0 = 8Dty T 243’ 8pipy6 = 851by0 T 243

and we suppose

8pintsy = 8peber = ~280 M3,

_ — 9y
8pgpafy = 8pipje T 285 Mp»

. by
R .
Dy D fo D D*c \Ef
g

with A, =1 GeV, f=132 MeV [37], h=056, hy =hy=043,

g=0.64

[38], x=g, h=087 [51], g-=0.761 [52], g/ =g,

. =0346 [53], =09, gv =59, 4; =056 [51], B2=1.1, A, =—06
4 =-0.1[8], and p; =0 [54].
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