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Outline

I. Background and motivation: exotic states: new Q.

states and different explanations to them;
IT. Framework: from mass spectrum to decay properties;

ITI. Numerical results: molecular candidates and decay

widths;
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I. Background: exotic states

B Different with traditional mesons and baryons but allowed by QCD.
B First proposed by Gell-man and Zweig in 1964;
B Since 2003, a lot of candidates were reported.

Phys. Rept. 639, 1-121(2016). Rev. Mod. Phys. 90, 015004(2018). Prog. Part. Nucl. Phys. 107, 237-320 (2019).
Phys. Rept. 1019, 1-149 (2023). Rept. Prog. Phys. 86,026201 (2023). Rept. Prog. Phys.80, 076201 (2017).

B Different theoretical explanations to them, like compact multiquarks, hybrids,
glueballs, and hadronic molecules.
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I. Background: new Q. states and different explanations

Observations
B LHCb@2017, reported five Q. states QC states
----------------------------------------- ED*
B Belle@2017, confirmed lower four ...................................3.3.g.7.1 =D
states ... .1 R SR
—_— 2K
------------------ —, 3119 =!
B LHCb@2023, confirmed five states — 3066 3000 =k
3050
and observed another two Q. (3185) ...w ............................... EK
and Q.(3327)
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I. Background: new Q. states and different explanations

> Baryons: excited Q. baryons.
» Compact pentaquarks: Q.(3066), 2.(3090),and Q.(3119)

» Meson-baryon molecules: 0.(3050), Q.(3090), Q.(3119)
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I. Motivation: why decays?

Limitations of the mass spectrum

® The mass of the molecular state is consistent with that of the charmed
baryon.

® Difficult to distinguish them based solely on the mass spectrum.

Advantages of decay properties

® Decay width and decay branching ratios are highly sensitive to the wave
functions.

® Different internal structures exhibit significant differences in decay
behaviors.
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IT. Framework: from mass spectrum to decay properties

Mass spectrum for possible Y. K™ (Y. = A, Z.,

L |
-

1SS

Study the interaction between charmed baryons and strange mesons using

the one-boson-exchange model to search for possible candidates for
hadronic molecular states.

I
: T, 0, p, W, P
1

Y K" type molecules

Phys. Rev. D 108,054011 (2023)
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IT. Framework: from mass spectrum to decay properties

Study their two-body strong decay VS

properties  using  the
Lagrangian method.
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ITI. Numerical results
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Dominant decay channel: ZcK component (about 85%), due to the
strong pion-exchange mechanism: Ac K (14%), coupled channel

effects and n exchange interactions.
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2.cK* molecules

Initial state

Final state

2. K*[1/2(1/27)]
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I(JP) = 1/2(1/2-)

Total width I': 11 - 40
MeV.

Dominant decay channel: Ac
K* (42%), ZcK (38%), AcK
(15%).

Characteristic: m exchange
drives a significant width

I(JP) = 1/2(3/2-)
Total width I': 2 - 10
MeV.

Dominant decay channel:
Ac K* (53%), Zc*K (32%).
Characteristic: n
exchange drives a
significant width
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I(JP) = 3/2(3/2-)
Total width I': 1 - 3.2
MeV.
Dominant decay channel:
Zc*K (90%).
Characteristic: «
exchange drives a
significant width.
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='c K/=c K*/="'c K* I(JP) = 0(1/2-)
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The width is relatively narrow, and the main -1 -8 -6 -4 -2
decay channel is single.
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I(JP) = 0(1/2-)

Total width I': 0.6-2.5 MeV.
Dominant decay channel: =c
K (90%), ='c K (10%).
Characteristic: m exchange
drives a significant width.

I(JP) = 0(1/2-)

Dominant decay channel:
=*cK (98%).

Characteristic: m exchange

drives a significant width.

Total width I': 15-5.4 MeV.
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Dominant decay channel: Dominant decay channel: Dominant decay channel:
Zc K* (44%) > ='cK (35%) > =cK Zc K* (66%) > =*c K (33%). =*c K (75%) > =c K* (23%).
(20%).

T = 1)< [ (I = 0) with same binding energy
Interference effect: In the I = 1 system, significant destructive interference between the p and w

exchange amplitudes. e
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States I(J") r Primary Decay
LK 1/2(1/27) (0.22,0.90) En(78%) A K(20%)
A K [T K 1/2(1/27) (30,76) 5. K(85%) A K(14%)
K 1/2(1/27) (11,40) AK*(42%) 2. K(38%) AK(15%)
1/2(3/27) (2,9.80) AK*(53%) 2 K(32%)
3/2(3/27) (0.8,3.2) X K(90%)
= K/Z.K*[E K" 0(1/27) (0.97,3.9) Z.K(100%)
E K2 K 0(1/27) (0.6,2.5) Z.K(90%) 2 K(10%)
0(3/27) (1.47,5.38) = K(98%)
= K" 0(1/27) (4.52,25) E.K*(44%) Z'K(35%) Z.K(20%)
0(3/27) (0.68,6.24) Z.K(66%) E'K(33%)
1(3/27) (0.21,1.00) ZK(75%) E.K*(23%)

Large variation in width: range from less than 1 MeV fo several tens of MeV;

Main reason: phase space and light meson exchange, especially pion;

Stable branching ratios: predicted decay branching ratios are insensitive to variations
in binding energy.
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IV. Summary

Investigate the two-body strong decay properties of Yc K(*) molecules using the
effective Lagrangian method combined with hadronic molecular wavefunctions
derived from the one-boson-exchange (OBE) model.

Predict the total decay widths and dominant branching ratios.
The total decay widths vary significantly for different molecules.
The branching ratios exhibit high stability.

AN N N

The decay dynamics are dominated by light meson (especially pion) exchange,

leading to a strong preference for "charmed baryon + strange meson" final

ank you!

states.
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