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Masses of di-mesonic molecular states
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Abstract. We discuss the theoretical predictions of some di-mesonic (meson-anti me-
son) states and compare with some prominent experimental candidates. The masses
of several di-mesonic states are computed in semi relativistic approach. The two pho-
ton decay width is calculated using the wave function at the origin. The states such as
f0(980), ap(980), b1(1235), h1(1380), fo(1500), f2(1525), f2(1565), fo(1710), f2(1810),
h1(1830) are identified as di-mesonic states.

1 Introduction

The world wide experimental facilities like BES, Belle, BaBar, CLEO have provided the new data
(states) in the field of hadron physics especially in the light quark sector [1-4]. These new states are
not only light flavor mesons and baryons but demands new explanation like tetra quark, pentaquark,
hexaquark or molecular like descriptions while some of states are having more complex structure.
The states which do not fit in gg and qqq pattern predicted by standard model is known as exotic
states. The QCD predicts more complicated multiquark states and gives opportunities and challenges
to theorists as well as experimentalist to explain the internal mechanism of these novel exotic states.
With experimental development, theorists comes with different explanations and models for exotic
states.

Various states like tetraquark, pentaquark, molecular like structure, glueball and hybrid structure
are proposed but their definite internal mechanism is not known yet experimentally. In this paper we
are studying meson-antimeson molecular states. Different attempts have been carried out to explain
the probable internal structure of four quark states which can be composed of diquark-diantiquark
(tetraquark) or loosely bound state of mesons ( molecular). The multiquark systems have been studied
previously in the framework of Bag model and nonrelativistic potential model [5—12]. Bound state of
two meson is just like deuterium, bound state of two nucleons. Binding of two meson involves the
boson exchange as a force carrier. This one boson exchange is light mesons like 7, o and K. We are
confining our calculation for pion exchange only as we study light meson combination for this paper.
The mass of the molecular state would be less than the sum of the mass of two mesons. The smaller
is the binding energy, the larger is the stability of the system [13—15]. Here we briefly study the light
di-mesonic masses by semi relativistic approach. The di-gamma decay width has been calculated for
equal masses [16]. We have used hydrogen-like trial wave function. The potential for molecular state
have been composed of various interaction potentials like long range confinement one gluon exchange
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potential, short range attractive one pion exchange and relative spin dependent potential. Whether the
kinetic energy of the light flavor meson is too large for potential to overcome it, the pion exchange
potential is not enough strong for binding for molecular state in the light flavor sector. Though we
have studied for all possible combinations of light-light di-mesonic states [13].

We use pion exchange interaction potential perturbativily for all light-light combinations except
pion-light mesons molecule. The molecule consists of pion, we used long range confinement one
gluon exchange interaction and spin dependent interaction.

In this paper we study the masses of di-mesonic molecular states using semi - relativistic approach.
Confined one gluon exchange interaction potential and one pion exchange potential are used for mass
calculation in section-2. The di-gamma width of (equal masses) some di-mesonic states are calculated
in section-3. Finally we present our results and discussion in section - 4.

2 Theoretical framework

The di-hadronic molecular system is consists of meson-antimeson bound state. The Hamiltonian of
the di-mesonic system is given by [17-20]

H= P2+ ml + \[P 4 m, + V() 1)

where my,; and my,, are masses of mesons, P is the relative momentum of two mesons and V(r) is
the molecular interaction potential of the di-mesonic system. We expand the kinetic energy term of
the Hamiltonian up to O(P%)

The interaction potential we used here is consist, sum of linear confined one gluon exchange
interaction (COGEP), one pion exchange interactionV, and spin dependent interactionVsp

kmol 22
V(r) =——-=2e 2 +V,+ VSD (2)
r

where k,,,; is the residual strength like running coupling constant and C is the effective color
screening parameter of the confined gluon [17-20]. One boson exchange interaction potential (OBEP)
[21] is used based on the assumption that molecular like structure of multiquark system is being
deuterium like structure of nucleon [13].

1 2 2 —Migr A 2 A
Ve = Q( " )TiT,iUiCT,i(e —(—ﬂ) : ] 3

= -
3 4r \dm;m; r My r

The g = g3 is a quark-meson coupling constant for 7, K and 1 where g= gy for n° meson. 7
and o are isospin, spin factors respectively. A, is the form factor, appears due to the dressing of
quarks and depends on the exchange boson masses and flavor independent parameter Ag. Where m;
=mj = 0.340 GeV, m, = 0.139 GeV, Ay = 2.87 (fm‘l) and k£ = 0.81. The parameters used in pion
exchange potential are from ref. [14, 15, 21, 22].

Ay = Ao + kmy “

The spin dependent interaction potential added separately and the radial wave function for the
ground state of the system are assumed as [8, 9, 17-20]
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Table 1. Masses of di-mesonic systems (without 7-exchange potential)

System Jre m my U B.E. Mass Expt. mass [23]
(hy — o) (GeV) (GeV) (GeV) (MeV) (GeV) (GeV)
A -7" 0" 0.1349 0.1349 0.0292 0.3931 0.2703
-7 0t 0.1349 0.1395 0.0277 0.3692 0.2749
at—x7" 0™ 0.1395 0.1395 0.0254 0.3268 0.2794
0_%" 0" 01349 04936 00148 0.1157 0.6287
O_K" 0" 01349 04976 0.0148 0.1153 0.6327
A=K 0™ 01395 04936 00141 01034 0.6333
7t —K 0 0.1395 04976 00141 0.1030 0.6372
-7 0 0.1349 0.5478 0.0145 0.1107 0.6829
at -7 0" 0.1395 0.5478 0.0138 0.0989 0.6875
' -p 1*~ 0.1349 0.7754 0.0138 0.0983 0.9105
at—-p 1"~ 0.1395 0.7754 0.0131 0.0877 0.9151
- 17 0.1349 0.7826 0.0138 0.0981 0.9177
t—-w 1*7 0.1395 0.7826 0.0131 0.0875 0.9223
-K 1™ 01349 08916 0.0136 0.0947 1.0267
-K 1" 0.1395 0.8916 0.0129 0.0844 1.0313
K*-K 0" 04936 04936 02599 -18.09 0.9692 a(980) [0.980+ 0.020]
K'-K 0 04976 04976 02623 -1838 0.9768 £(980) [0.990+ 0.020]
n-n 0** 0.5478 0.5478 0.2677 -16.79 1.0789
n- K 0** 05478 04936 02561 -1594 1.0255
n- K 0 05478 04976 02567 -1601 1.0294
Vip = 55 S5y 0
)
Sn-1-D\ . w
Ry(r) = (/'W) (ur) e L% (ur)

where yu is the variational parameter. We fix color screening parameter C= 0.05 Gev for pion
combination and C = 0.1 GeV for other di-mesonic combination.The experimental (PDG) masses of
the mesons are used for the present study [23]. We used the Ritz variational scheme to obtain the

expectation value of the Hamiltonian as

Hy = Ey

w is determine for each state using the virial theorem [17-20].

3 Di-gamma width

The two-photon decay of the hadronic (di-mesonic) molecules are estimated, using the wave function
at the origin, in analogy to the two photon decay of parapositronium [16]. The di-gamma width for
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Table 2. Di-gamma decay of di-mesonic systems

System JPe R(O)3 r Tyy)  Expt. and Theory. (I'yy) [23]
(hy — hy) (GeV2) rm.s. radius(fm) (keV) (keV)
-7 0" 0.0035 23.393 0.0091
-7 0t 0.0032 24.632 0.0981
at -7 0"t 0.0028 26.843 0.0709
2 -K 0% 00012 46.000 0.0150
-K 0™ 0.0012 46.072 0.0150
-k 0** 0.0011 48.442 0.0120
™ —-K 0" 00011 48.442 0.0120
-7 0t 0.0012 46.906 0.0142
at -7 0** 0.0011 49.480 0.0113
A —-p 17~ 0.0011 49.366 0.0121
at—-p 17~ 0.0010 51.860 0.0098
-w 1= 0.0011 49.426 0.0009
mt-w 1"~ 0.0010 52.141 0.0096
7 — E 1"~ 0.0011 50.185 0.0116
K 1*~ 0.0010 52.724 0.0093
K*-K 0" 0.0937 2.6292 0.4802 0.30+0.10 [33-36]
K'-% 0t 0.0949 2.6059 0.4854 0.28+0.06 [33-36]
n-17g 0t 0.0952 2.6017 0.4024
n-K 0%  0.0916 2.6681 0.3731
n- X 0**  0.0919 2.6627 0.3754

all equal mass combinations is given by [16]

2
Ly =267 WO ®)

where @ = ¢%/4r indicate fine-structure constant and the factor 3 (=%) taken as per ref.[16], m is the

mass of meson and the factor £ takes the value different from 1, if all constituents is not participate in
the decay.

4 Results and Discussion

We have computed the masses of light-light (u,d,s, flavor) di-mesonic systems in semi relativistic
approach. The inter mesonic interaction has been taken as a COGEP and OBEP. The masses of
mesons are taken from PDG [23]. Various parameters like binding energy, mass, root mean square
radius have been calculated by using variational approach. The two photon decay is computed for an
equal mass combination of di-mesonic molecules.

The results obtained from combinations of light-light mesons have been tabulated in Tables(1-4).
We have identified various states like fy(980), a¢(980), fo(1500), f5(1525), f5(1565)... etc. as a di-
mesonic molecular states and their J7C values are assigned. It is very much interesting to discuss
and compare the obtained results with some exotic candidates. For example, we do not identify any
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Table 3. Masses of di-mesonic systems(with 7-exchange potential)

System  J7C m my u B.E. Mass Expt. mass[23]
(hy — ) (GeV) (GeV) (GeV) (MeV) (GeV) (GeV)
p—p 0** 0.7754 0.7754 0.1361 -04.50 1.546 1.505+ 0.006 [24]
p—p 1*~ 07754 0.7754 0.1828 -09.00 1.544
p—p 2t 0.7754  0.7754 0.1828 -09.00 1.547 1.525+ 0.005 [25]
w-w 0** 0.7826 0.7826 0.1362 -04.52 1.560
w-w 1~ 0.7826 0.7826 0.1831 -09.04 1.558
w-w 2** 07826 0.7826 0.0131 0.0246 1.565
K*-K 0" 08959 0.8959 02094 -1326 1.778 1.722+ 0.005 [26]
K*-K 1* 08959 0.8959 02610 -19.92 1777 1.830+ 0.020 [27]

K*-K 2% 0.8959 0.8959 0.3285 -28.67 1.787 1.815+0.012[28, 29]

+

p-K 1*~ 07754 0.4936 0.2423 -18.10 1.262 1.235+0.003 [30, 31]
p- I 1~ 0.7754 04976 0.2425 -18.13 1.266
w-K 1% 07826 04976 02431 -1825 1273
n-p 1*~ 0.5478 0.7754 0.0168 0.0504 1.323
n—-w 1*~ 0.5478 0.7826 0.0168 0.0504 1.330
K*-K 1" 04936 0.8959 02197 -13.52 1.383
K°-K 1* 04976 0.8959 02203 -13.60 1.383 1.386+ 0.019
n- K 1 05478 0.8959 02477 -1729 1435
p—w 0" 07754 0.7826 0.0131 0.0249 1.558
p-w 1= 0.7754 0.7826 0.0132 0.0253 1.558
p—w 2" 07754 07826 0.2190 -13.02 1.554 1.562+ 0.013 [32]
p— K 0**  0.7754 0.8959 0.1945 -11.36 1.655
w-K 0" 07826 08959 0.1948 -11.40 1.662
p— K 1™ 07754 08959 02436 -17.53 1.655
w-K 1* 07826 08959 02440 -17.60 1.662
P - K 2"t 07754 08959 00111 0.0195 1.667
w-K 2% 07826 08959 00118 00194 1.674

molecular states in light combination such as combination with pion, see Table (1). We have also
calculated their radius listed in Table 2. The values of radius of these combinations are unacceptably
large. The binding mechanism of molecules involves pion exchange interaction just as in deuterium.
The low positive binding energy of pion combination shows that it is very hard to find molecular
structure with pion combination due to low mass and high kinetic energy.

Due to parity violation in three pseudoscalar coupling, the two pseudoscalar can not be bounded
by pion exchange [13]. We have found that lowest mass which can form di-mesonic states is K* —K*.
The states a(980), and f(980) have been identified as K* — K* and K° — K° molecule with J7€(0**)
quantum numbers with isospin, spin I=1, S=0 and 1=0, S=0 respectively. The binding of K — K
molecule is due to confined one gluon exchange interaction and its constituent spin interaction.

The states f,(1500) and f,(1525) have been compare with p — p molecular mesons with total spin
state (S=0,2), assigning J"C as 0** and 2** and having good agreement with ref. [24] and ref. [25]
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Table 4. Di-gamma decay of di-mesonic systems

System JPe R(0) r Tyy) Expt. and Theory. (I'yy) [23]
(hy — hy) (GeV%) r.m.s. radius(fm) (keV) (keV)
n-n 0**  0.0952 2.6017 0.4024
p—p 0™ 0.0355 5.0218 0.0279
pP—p 1" 0.0552 3.7390 0.0676
p—p 2% 0.0552 3.7389 0.0676 f2'(1525)[0.0814_rO.009] [37]
w-w 0**  0.0355 5.0161 0.0275
w-w 1t 0.0554 3.7323 0.6679
w-w 2% 0.0010 52.107 0.00002
K'-K 0" 0.0677 3.2642 0.0761
K 1" 0.0943 2.6184 0.1476
K'—K 2 01331 2.0807 0.2941

respectively. Whereas the state f>(1565) identified as p — @ molecule with J*C value 2** which is
close to ref. [32].

For K* K molecule, we found the states f,(1710), h;(1830), £,(1810) as K* K di-mesonic states
with JPC€ as 0**, 177, 2** respectively. Our calculated mass for fo(1710) is slightly higher than exper-
imental value and with ref. [26], but its small binding energy suggests a molecular state. Xiu-Lie-Ren
et. al. [27] predicts h; (1830) as molecular state which is in good agreement with our prediction of K*
K with 17~ quantum numbers. We suggest f5(1810) as K* K molecule with JP€ (2*+), our computed
mass is slightly lesser with theoretical prediction of ref. [28, 29], but this state needs more experi-
mental confirmation yet. We predict state b(1235) as p — XK' di-mesonic state with 1 quantum
numbers. The status of h;(1380) is still uncertain [23], we suggest h;(1380) as pseudoscalar-vector
(K° K) exotic state with quantum numbers I = 0, S = 1 and J*€ (1*7).

We have computed di-gamma widths for equal masses di-mesonic states, shown in Table-2 and 4.
The two photon decay for states like a(980), f,(980) have been observed experimentally [23]. Our
calculated predictions for this states are agreed with theoretical predictions in ref. [33-36] but they
are little overestimated in comparison with recent experimental observation. Our result for di-gamma
decay of f2'(1525) is in good agreement with the K.A. Olive et. al. (PDG) (0.081 keV) [23] and with
ref. [37] (0.13 keV).

Finally in this paper, we have predicted the masses of the di-mesonic molecular states and the
digamma decay widths of (equal masses) of the some molecular states. We are able to predicts the
reasonable good results for the masses and digamma decay widths in the light-light sector. We would
like to extend this work for light-heavy and heavy-heavy flavour sector.
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