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Background of hadronic molecule

Possible hadronic molecules i Molecular pictures
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Background of hadronic molecule
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Heavy quark symmetry

Heavy quark spin symmetry(HQSS)
QCD interaction cannot flip the spin of heavy quark

mgy — ©
1 Heavy quark light quark
J=]- 2 HQSS is broken in charm and bottom sector
1 mp+—mp= 142MeV mgx —my_ = 64MeV
J=1+ E U mp+—mg= 46MeV Mmg: — My, = 21MeV

Heavy Anti-quark Di-quark symmetry(HADS)

Heavy diquark behaves as a heavy anti-quark from color freedom
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Effective field theory

Contact X
Leading order { ¢
:
.

One pion exchange

Next to leading order

OPE is perturbative in charm hadronic interactions
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Results and Discussion

Contact potential constraint by heavy quark spin symmetry



Results and Discussion

Lippmann-Schwinger Equation Separated potential
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Results and Discussion
/7 hadronic molecules in light of Pc(4440) and Pc(4457)

Scenario Molecule fP BMeV) _MMeV) _ Multiplet hadronic molecular picture
A Dr. 1 78-90 [4311.8-4313.0
A DX 3 83-92 4376.1-4377.0 Scenorio A ScemrioB
A D'y, 1 Input 44403 - -
A DY, 3~ Input 4457.3 ; A N R : :
A D'x: 17 257-265 4500.2 - 4501.0 B o A
A D's: 37159 -16.1 4510.6 — 4510.8 & sesTT AL
A D's: 3 32-35 4523.3-45236
B Dx. L 13.1-145[43063 —4307.7] ot —
B Dy: 3 13.6—14.8 4370.5 — 4371.7
B DY, 3  Input 4457.3
B D', 3 Input 4440.3 —
B D' 1 31-35 45232-45236
B DT 3 10.1-102 45165 —4516.6 | 22
B DS 3 257-265 4500.2 - 4501.0 — —




Results and Discussion

Spin of Pc(4440) and Pc(4457) by OBE model



Results and Discussion
Three main kind of potentials in OBE model
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Case 1: Do not remove any delta potential
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Results and Discussion

One parameter in one boson exchange model
A? — m?
AZ — qZ

Pc(4312)
Results in different cases
Case 1: Keeping pion and vector delta potential B(1/2)=74; B(3/2)=3

Case 2. Removing only pion delta potential B(1/2)=13; B(3/2)=12
Case 3. Removing pion and vector delta potential  B(1/2)=4; B(3/2)=19

Experimental data /

Pefadsr) > B Compared with the experimental data,
Pc(4440) > B=2 case 3 is more favored

The spin of Pc(4440) and Pc(4457) on one boson exchange model
Pc(4440) > 8=3/2
PC(4457) ' > S=1/2 13




Results and Discussion

One boson exchange model

Effective field theory

Molecule 7 J*  ay(fm) B, (MeV| M (Mev)| [2eenario Molecule J ~ BMeV) M MeV)
Dz, L1 190 Input mput A Dr. 5 78-90 4311.8-43130
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D' 33 137 2245 4504.3 B D, ™S4 13.1-14.5[4306.3 — 4307.7

B Dy: 37136 - 14.8[4370.5 — 4371.7
B D L Iﬁu\ 4457.3
The results are similar to the scenario B of effective B D*¥. 3 Input 4440.3
field theory scheme B D*¥; 5 3.1-3.5 |4523.2-4523.6
B DY 37 10.1-10.2|4516.5 — 4516.6
B D'y 37 25.7-126.5/4500.2 ~4501.0




Results and Discussion

Contact potential constraint by HQSS and HADS



Results and Discussion
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Results and Discussion

A more complete multiplet hadronic molecular picture
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Summary

® \We employ the effective field theory and one boson exchange model to show a
complete multiplet hadronic molecules.

® \We adopt one boson exchange model and a model-independent scheme to discuss
the spin of Pc(4440) and Pc(4457).
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