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Meson: A pair of quark and anti-quark @0

Baryon: three quarks ”




Exotic hadron

* Glueball: N, =0,N, =2
* Hybrid: N, = 2,N; =21

* Multiquark state: N, > 3

* Molecule: NQ > 2
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Zs(4220)7: M=4216 £ 24743 MeV, T =233 £ 52197 MeV Respectively, the BESIII Collaboration reported a new resonance
The first observation of exotic states with a new quark through the processes of ete™ — K+DS_D*° and K+Ds*‘D°

content ccus decaying to the /YK ¥ final state is reported  based on e™e™ annihilation samples collected

with high significance from an amplitude analysis of the Z.+(3985)7: M=3982.5*1% + 2.1 MeV, T =12.8733 + 3.0 MeV
+ +

BT J/ WK™ decay.  gpnin_parity: JP=1%
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Theoretical research
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The prediction of the decay width of a charged state near the D;D*/DZXD threshold

Table: Coupling constants and decay widths in different channels

Vertex |coupling constant (GeV)|decay width (MeV)
ZLJ[WKT 2.58 +0.30 11.2+3.5
Zin.K** 3.4+0.3 10.8 =6.2
Z+-DFD*° 1.4+0.3 1.5+ 1.5
ZED'D: 1.4+0.4 1.4+14
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It has been recently suggested that the charged charmoniumlike resonances Z.(4100)
and Z.(4200) are two states of hadrocharmonium, related by the charm quark spin sym-
metry in the same way as the lowest charmonium states 7. and J/. It is pointed out
here that in this picture one might expect existence of their somewhat heavier strange
counterparts, Z.q, decaying to n.K and J/¢ K. Some expected properties of such char-
moniumlike strange resonances are discussed that set benchmarks for their search in

the decays of the strange Bg mesons.
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other theoretical works:

J.Z. Wang, Q. S. Zhou, X. Liu and T. Matsuki, Eur.
Phys. J. C 81, no.1, 51 (2021)
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Research motivation
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e the heavy quarks can be seen as spectators in hadrons.
* the light-meson exchange is dominant in the charmed
and anti-charmed mesons interactions.

* the effective potentials are suppressed by the Okubo-
Zweig-lizuka (OZl)rule.
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The Lagrangian containing
meson-diquark interaction



In this work, we extend the hidden local symmetry to the meson-diquark interaction sector,
considering as well the chiral symmetry, parity, and charge conjugation. The constructed

Lagrangian is shown below
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The pion decay constant Fr=93 MeV.
In the unitary gauge, i.e., o = 0.
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6d u Table: The values of the low energy constants in the Lagrangian
1
A e1 (GeV™)|ex (GeV 1) |e; (GeV™2)|es (GeV!) |es (GeV~?)
? C -6.939 4.161 +1.520 4.039 +1.588
,d "'fé es (GeV2)|e; (GeV)|es (GeV)|eo (GeV!)
C
s 8 ¢ +2.595 -2.840 -16.778 11.098
The another possibly choice of (e, eg, €9):
e-(G -1 -1 -1
7( eV ) 88(GeV ) eg(GeV )
2.840 -11.098 16.778
-16.778 -2.840 -2.840



Here, other amplitudes are negligible due to the OZI suppressed processes and the very small

momentum of the initial and final particles.

In the case of D*°D*/ A <A, the spin of the states can be 0, 1 and 2. We got exactly the same

result for different spins.
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we utilize the Bethe-Salpeter equation of the on-shell factorized form to
calculate the T-matrix considering the coupled-channel effect

T = (I-VG)'V.

G is the one of the two-meson loop function whose non-zero element has

the form of
G;’;’ = I-f
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J. A. Oller, E. Oset, and J. R. Pelaez. Meson-meson interactions in a nonperturbative chiral approach.
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the effective couplings to each channel from the residue of the amplitudes:
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Numerical results
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DDt /A, ALy RS-

gmax=1.36GeV gmax=1.385GeV gmax=1.41GeV
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Z.s(4220)": M=4216 24733 MeV, T =233+ 52127 MeV



Table: The results

Gima 1360 1385 1410
D*D*/A.,S., RS-II|4018 + i46|4013 + i42 4009 + i39
| RS-11 4209 + i13 |4208 +i13 {4207 + i12
DD JA A, RS-II| 4105 4106 4107
RS-I1| 4088 4091 4093
DD /S A, RS-11|4115 +i69 4112 +i66|4108 + i64
9Qmax 1385MeV
9p+op¥ (G4 .s.,) RS-1I 9.8GeV(18.6GeV)
RS-l 4.88GeV(7.62GeV)
95op;+(Gacsac,) RS- || 4.39 GeV (8.02 GeV)
RS-I 7.79 GeV (11.27 GeV)
9pop:+ (95..4.,) RS-1I 9.12GeV(16.27GeV)




Summary




In this work, we apply the HLS approach to the meson-diquark sector.

We find three resonances of spin 1 with the pole positions on the second Riemann sheet of (4013 + 42i) MeV, (4208
+ 13i) MeV, (4112 + 66i) MeV for D*°D}/ A sSq, , D*°Dit) A ALy , DPDEY/ S AL, systems, respectively.

The first resonance is identified as the Z..(4000)™ since the calculated mass agrees with the value by LHCb.
The mass of the second resonance is agree with that of Z..(4220)*.

There are as well a bound state and a virtual state for D*OD:*/ A A, System.
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