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1. Introduction

Many (multi-quark) hadrons with heavy quarks
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Excited states

Example: Charmonium-like states
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What to be asked

Questions:

* Do they exist?

* If they do, which ones?

* What 1s their internal structure?

* How best to look for them?
Marek Karliner, QNP conference, 2018@ Tsukuba

Answer in part (for multi-quark systems) in this talk:
* () ) may form quasi-stable hadrons — ccuud: Pg,
 (J() may for stable hadrons — bbud: Ty,
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2. Quasi-stable hidden charm hadron

— ccuud: Pz, —

Peaks near thresholds of 2.D and 2.D"
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X
) g 'D® molecules
Yamaguchi et al, PRD 101 (2020) 9, 091502; PRD 96 (2017) 11, 114031
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Result
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A feature — Rearrange of Qaq qq

Binding strength

=~ Ngcp: Colored light degrees
-~ ~10 MeV: Colorless hadrons

\\\\\

Decay .-~ 1N\gcp: Colored light degrees

.-~ Mgq: Heavy quark mass

@ @ Very large binding

~
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M(P.) > MJ/Y) + M(p) Qaqqq survive quasi-stably
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Strongly bound quarkonium
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3. Stable doubly heavy hadron
— bbud: Ty, —
Binding strength

e - Agcp: Colored light degrees
- ~10 MeV: Colorless hadrons
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Bind ~ Agcp: Colored light degrees
QV e M : Heavy quark mass
:' © ‘:. Very large binding
RIS M. Karliner, J.L.. Rosner
Stable (via strong int.) Phys. Rev. D 90(9) (2014) 094007
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Stable QQ'qq

Q. Meng et al, PLB 814 (2021) 136095

Quark model solved precisely
H= Z (ml + —) —Tc
2 3 208 xpvae)

i<j=1 a
Kk p
Vij(r) =— T +Arf — A

2k’ exp(—rz/rg)a .
3mm; w32y

RWL

ﬂill

) ) = a

C=1(K-type) C=2(K-type) C =3 (K'—type) C=4 (K- type)
0 g 0 g 0 C R .(7

(5) 6 )
,(5) /)‘5' R R© /}(61 (6) {)(7)
) ) @ o(D—t— @1
7
C=35 (H-type) C =6 (H-type) C=7(H - type)

APCTP Focus Program in NP21, July 14-16, 2021

Conventional mesons

Table 1

The parameters of the Hamiltonian and the calculated masses
(Cal) of heavy mesons compared with their experimental val-

ues (Exp).
Parameters Masses (MeV)
Cal Exp

my.q (GeV) 0.277 np(07) 9375 9399
ms (GeV) 0.593 Y(17) 9433 9460
m, (GeV) 1.826 nc(07) 2984 2984
my, (GeV) 5.195 J/va7) 3102 3097
p 2/3 B—(07) 5281 5279
K 0.4222 B*(17) 5336 5325
K’ 1.7925 Bs(07) 5348 5367
A (GeV3/3) 0.3798 B¥(17) 5410 5415
A (GeV) 11313 D—(07) 1870 1870
A (GeVE-1) 1.5296 D*(17) 2018 2010
B 0.3263
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Stable QQ'qq
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Resonant bbqgqg

Technical 1ssue = scaling by «
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Resonant bbqgqg

Technical 1ssue = scaling by «
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4. Summary

Partially answer to the questions:
* Do they exist?

e [f they do, which ones?

* What 1s their internal structure?

* How best to look for them?

1. P.’s as Zg*)D(*) molecules
Predicted spin-parity and other states (25D "))

2. Bound and resonant QQ’WI states are predicted
3. Role of heavy quarks

Qa: Quasi-stable molecular states
() Q: Compact or molecular like stable states
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