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Exotic states

From Li-Sheng Geng

Exotic mesons or baryons Tetraquark states %% Pentaquark states
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Exotic states

(a) meson

q

(b) baryon

o

(g) weakly-bound hadronic molecules

g g
(e) two- and three-gluon glueballs

g

(f) hybrid state

HXChen, YRLiu, et. al, Rep.
Prog. Phys. 86 (2023) 026201

Observed exotic candidates [GeV]

4.6}

b
»

»
9

>
=

e X(4700)

Y(4660) -&- == ==

«X(4500) -
Z (443000  __ e
Y(4360)e
X(4274)e = :
Y(4260)a Z.(4250) |
Z (420000 -- '
X(4140)e X(4160)e ;
Z.(4050)e |
= i _L]-.l-“).z”)
® Y (4008)
. X(3940)e |
7
X(3872) % 4. Z(3900)

DyD;
Dals:

DaD;
DD,
D4y D,

WD DyD.

‘DD

DoD.

DiD;

¥ S 980)
DyDyy
Dy D;

=

[

=

3

ow o -

L L S

. —

oo

=

. FKGuo, et.al, Mod.

o 1+ 2%+ 1+ 16ﬁ-= f-z -t ,?-ni
"\rp('i E)DIEDDI'




LHCb measurements

Candidates / (0.014 GeV)
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Theoretical explanations

COMolecular state

PRD108 (2023) 094008, 2309.02191, EPJC83 (2023)769,
PRD108 (2023) 074006, 2305.14430, PRD107 (2023) 094019,
PRD106 (2022) 114032

OCompact tetraqurk
IJMPA38 (2023) 2350056 2310.13354, 2302.01167

Symmetry 2023, 15, 695
OThreshold effects
PRD107 (2023) 056015



Local Hidden symmetry formalism

CThe interaction between vectors prb10s, 074006 (2023)
1 .M. Bando, PRL54, 1215 (1985),
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Vo=28,V,-08,V,—iglV,,V.],

0 s
(% 4 L\/’Z p—l— K*—F D*(} \
- w _ P *0) *—
V# _ P 5 K D
K*~ K*0 ¢ LY

\ D Dt DIt Jy )”

L) = ig(V¥o,V, V¥ -0,V VFVY)
= ig((V*a,V, — 0,V ,V¥)V¥).

2
C _g L L
Llel = > (VYL VAV =V, V, Veve),




Unitarized amplitude

OUnitarized amplitude
M(s) = [ — VW()G(s)] = VH(s),
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Pole positions

TABLE II.

u = 1500 MeV. The threshold of Dp is 2887 MeV.

The pole positions and effective couplings evaluated for / =1, J =0 on different RSs with

RS X '\/Epnle [MeV] |gD-K» ‘ [MEV] ‘gﬂzpl [MEV]
{1,1} —1.65 ~ —-1.60 2885 ~ 2887 5531 ~ 2198 3379 ~ 2082
{2.1} —1.60 ~ —1.55 2887 ~ 2885 1755 ~ 8202 1650 ~ 7348
{1,2} —1.39~—1.35 2885 ~ 2887 6587 ~ 1625 7886 ~ 1865
{2,2} —1.35~-1.28 2887 ~ 2885 1415 ~ 4202 1613 ~ 4672
TABLE III.  The pole positions evaluated in the sectors of I = 1,/ = 1 and I = 1, J = 2 on the different RSs with
—1.65 < a < —1.55and —1.39 < a < —1.28. The “—" indicates that no pole is found. In the present work, we only

consider the energy region safe from the left-hand cut, i.e., /s > 2780 MeV.

[=1,J =1 I =1,
RS a VSpote [MeV] a VS pole [MeV]
{1,1} —1.65 ~—1.61 2886 ~ 2887 —1.31 ~—1.28 2780 ~ 2806
{2,1} —1.61 ~—1.55 2887 ~ 2883
{1.2} -1.39~ =136 2886 ~ 2887
(2,2} 1 36:~—1.28 2887 ~ 2885
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b-hadrons
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COMechanisms "
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Coupling constants

OTransition amplitudes
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D(2300)- interaction
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Results

COMass distributions
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Results with fitted parameters

COFitted results
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Results-Fitted parameters
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COMechanisms
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Formalism

* Final state interaction
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Interaction

ODalitz plots
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Results

COMass distributions
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Results

Olinterference

18 ' 45
16 } pe=e el | 1
1

14 ¢ in‘ ................ :LS s al
“ T 30 1
L1z} %
x — 25 '
— 10 } a
[ % 20
% 8 )
~ = -
- = 15 1
> 6} =
= 10 }

4}

5k o
2} 0 r : s M
° 2500 3000 3500 4000 4500
A"N"l). (a\iCV)

Myope (MeV) (b)

. 2
'TT"' = — EVF [C X GD,?*' o ED:-+-p_ 3 DOVK© 7—‘T‘ut,u.] d TH—HHIU\‘:‘ 4 7—‘1}4-_

+GD=-I'_IK iutﬂtl}K'ﬂ_}DDKﬂ] s

21



Summary

¢« ) could be the — bound/virtual state.

*Thedataof " - & ~ ™ shows some hints of the
existence ( ).

 We propose to search for -( )in ~ S and R

Thank you very much!
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Hidden local symmetry

VOLUME 54, NUMBER 12 PHYSICAL REVIEW LETTERS 25 MARCH 1985

Is the p Meson a Dynamical Gauge Boson of Hidden Local Symmetry?

M. Bando and T. Kugo
Department of Physics, Kyoto University, Kyoto 606, Japan

We suggest that the p meson is a dynamical gauge boson of a hidden local symmetry in the non-
linear chiral Lagrangian. The origin of the p-meson mass is understood as the Higgs mechanism of
the hidden local symmetry. The low-energy dynamics of p, #, and matter fields, including the
Kawarabayashi-Suzuki-Riazuddin-Fayyazuddin relation and p-coupling universality, is consistently
described in this new framework. The electromagnetic interaction can be introduced in a unique
manner, which gives a successful explanation of p dominance of the photon coupling.

PACS numbers: 14.40.Cs, 11.30.Na, 14.80.Er
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other evidence
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Hadrons

Conventional hadrons ‘
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