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Width of a Resonance

A If widthof decayproductdargethenalsoresonance
widthlarge irgenera{unflavoredsectoy

A If widthof decayproductssmall thenalsotheresonance
width canbesmall (charm and beauty sectorg

A Manypredictiondor adiversityof dibaryorsystems
A  seee.g.Chin. Phys. C 45 (2021) 022001raadynewerones

Charm andbeautysectorshugenumberof nearthresholdstates
- reinvestigateearthresholdohenomenan unflavoredsector
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Two-Baryon Scenario

A Whatdo weknowsofar:

A 3S deuterorgroundstate | (J?) =0 (I*) the only boundstateso far!
A 1S virtualstate(NN FSI): [ (JP) =1 (0) in addition LN FSI

A Whatwouldweliketo know:

A Aretheresixquarkbagshexaquark@enuinalibaryon¥?
A Aretherein generatesonanstategmoleculgrdynamig at all?

A Experimentafindings
A 1D, resonancstructurenearthe DN threshold 1 (JP) =1 (2)
A 3D, resonanceuchbelowthe D Dthreshold | (JP) =0 (3) _

A Aretheremorestate®

A In unflavoredr flavoredsector®

H. Clement Dibaryon - Molecule versus Hexaquark 4



Early Predictions of Dibaryons

A 1964 Dyson &oung 6 norstrangestates
A 1975Jaffe H-dibaryonuuddssL L)
AT

hereafter
A multitudeof prediction®f avastnumberof
dibaryonstategNijmegergroup ....)
. Y Dibaryon Rush Era:

A Many experimentalaimsé
A butno single onefirmly establishefinally
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Possibly the only surviver:
D, Resonance

A Best seen in po dp*,

A butalso in pp pnp*as well as pp apdd scattering (phaseshift analyses)

R.A. Arndt et al., PRD 35 (1987) 128
PRC 48 (1993) 1926

50 (1994) 1796

56 (1997) 635
N. Hoshizaki, PRC 45 (1992) R1424

Prog. Theor. Phys. 89 (1993) 24

251
563
569

St (P - PP) Argand plot

Alternativedescriptionscusp virtualstatereflectiontrianglesingulary
However notconsistent! Kukulin andPlatonovdPRD 94 (2016) 05403
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Conclusion from the Fallures in the Dibaryon
Rush Era:

Do Exclusive and kinematically complete measurements

A Our approach

A Two-pion productionwith bestsuitedequipment
A 4p detector WASA

A pellettargetp and d
A storageing: CELSIUS COSY e

A Thelearningphase
A pp inducedwo-pion production

A Followingatrace
A the ABC effectin doublepionicfusion

A Thesurprise
A anarrowresonanci pninducedsoscala two-pion production
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Isoscalar: Results from WASA at COSY

m = 2.37 GeV
G= 70 MeV

dnw threshold

N e
2.2 2.4 2.6
Phys.Rev.Lett.106, 242302 (2011) \s [GeV]
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| (JP) = 0 (3)

M [GeViicY]

M, G, * GG

Phys.Rev.Lett.106, 242302 (2011)

EPJA 52 (2016) 147

M, [GeV]
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ABC effect

cos(e;™)
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hadronic decays

PLB 721 (2013) 229
PRL 106 (2011) 242302

o @ © WASA data

O™ = 83 deg
dibaryon 1(JP)=0(3"%

Analysing Power

PRL 112 (2014) 202301
PRC 90 (2014) 035204

HADES pLg 750 (2015) 18-

PRC 88 (2013) 055208
PLB 743 (2015) 325
Phys. Scr. T 166 (2015) 014016
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np Elastic: Angular Distributions at Resonance

\'s = 2.377 GeV
New SAID solution ~

Phys. Rev. Lett. 112 (2014) 202301

. (d)  T,=1.19GeV
N

\ * ® WASA-at-COSY

WASA-at-COSY
© BIFS] T=1.21 GeV

der Y [mbfsr]

150
O™ deg]

150 ) ) 100
O™ [ deg]

PRC 102 (2020) 015204
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SAID PartialWave Analysis

3D, 0 3G, Coupled Partial Waves

[
°
3
2
a
S
«©

Phys. Rev. Letters 112 (2014) 202301

amplitude

Pole in3D; at
2380 10-140°5 MeV

235 GeV

PRC 90 (2014) 035204

U Genuine Resonance
iIn np System

H. Clement
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SequentialSingle-Pion Production

pn( 1 =0)" Jp (0
¢ [} @0

Chin. Phys. C 47 (2023) 041001

arxiv 2106.0094

PRC 106 (2022) 065204

Using proper single-pion data
and proper partialwaves

pn(I=0) ¢ NNp NDp pPp’ |
F=1"and 1
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Branching Ratios for the Decay of
d*(2380)

Ahadronic decays 20 B 20

decaychannel branching derivedfrom

measureme
23+ 2% measurement consistamt witlh
6+ 1% measurement isospin coupling
6+ 1% isospin mirrore for a RAdnier-
12+ 2% measurement mediate sysiemnt
30+ 4% measureme d data+ HADES)
12+ 3% measurement
<5 % (90%C.L\) measurement <

*seealsoFaldt& Wilkin, PLB 701 (2011) 618Ipaladej& Oset PRC 88(2003) 014006
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R. Gilman and F. Gross AIP Conf. Proc. 603 (2001) 55
K. Wijesooriya et al., Phys. Rev. Lett. 86 (2001) 2975

']
< T. Kamae, T. Fujita Phys. Rev. Lett. 38 (1977) 471

H. Ikeda et al., Phys. Rev. Lett. 42 (1979) 1321
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PP= P = -1

¢

pn systemin S=1

PWA 7?77

Legendredecompositionof P
P.! giveslargestcontribution A2-MAMI, PRL 124 (2020) 132001
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Comparison to predictions from
Quark and Hadron Models

Experiment; SU(6) QDCSM RENMBCC)| Faddeev
E Dyson & Xuong Goldman, Pingetal. [IHEP(Zhangetal)| Gal §lazarc
E | PRI 13 (1964) 815 PRC 90 (2014) 064003 PRC 60 (1999)|0452@RL 111 (2013) 172301
A : and refstherein arxiv:1704.01253 | NPA 928 (2014) 73
i
|
DD A ]
| ] T | |
i
|
|
DN A S —
|
|
|
i
|
+ [
Nndo o — —_— s _ A A
|
|
=0 1 : 0O 1 0O 1 O 1 0O 1
|
|
|
|
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Width of d*(2380)

A Experiment G 7/0MeV

A (t-channeD D ° 250MeV)
A Q DCSM.: 11MeV PRC 89 (2014) 034001
A Faddeev (94 + 1(W|eV NPA 928 (2014) 73

A Hidden Color ? PLB 727(2013) 438

i 2 {€1\% (D D C@) (2MeV PRC 94 (2016) 014003
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Molecule vs Hexaquark
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Sizeof d*(2380)

A Estimatdrom uncertaintyelation

R 3¢ &B 2 ,
Bod 80 WeR/ & M"Y 5

A QCD model IHEP fm8 hexaauark
4 QCD modeNangjingLAMPF) 0 d
A LQCD (HAL QCD) 05aL f

PLB 811 (2020) 135935

A Faddeehadr G&G 1H»2 fm

PLB 769 (2017) 436
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Branching via Intermediate State

hexaquark molecule
Ad* DiDb NNpp | dD,p ¢ NNp p
IHEP., PRC 94 (2016) 014003 <4\J o NNp CEl PRI TR e s

channel rel. branching rel. branching

d pOp° 1 1

d pp 2 2

npp°p° 1 1

npp*p- 5/2 5/2

PPP°pP 1/2 1/2

np a 0.d9

(NN p),= a o 5 g — :
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Resume

A Non-Strangdwo-BaryonSpectrum
A 3 establishedtates®S, deuterorgroundstate
1S virtualstate

(DN)

A 1 new- presumablyexotic - state

A Aretheremorestate®

d’(2380yesonancé¢ D [

A NN-decouplectatesvith | = 2, 3?

A Search in pg ppp*

and in pp

‘I

o
P o

DN

N N

H. Clement
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Zhang, Chen, Shen et

Huang, Ping, Wang et

Gal & Garcilazo

Dysonos
prediction
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(Molecular) Statesnear DN

Threshold

Swave 2t (ID,) Dy

P-wave O (3P) COSYANKE
2 (3P,) -0~ , SAID

I (3P]) Dy,
WASA

PRL 121 (2018) 052001

3 (F) SAID (?)
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IsoscalarSingle-Pion Production: N*N

Tp [MeV]

PRC 106 (2022) 065204 e ———
pn—ppn

Yas(pp W) pp

v
4 —

2200 2300 2400 2500

do/d M,,, [mb/GeV]

PLB 774 (2017) 599
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(Molecular) Statesnear NN*
Threshold

PRC 106 (2022) 065204 EPJA 56 (2020) 229
Swave 1+ (3S) 0t (1§) ??
P-wave I (*Py

PWA:Sarantseet al., EPJA 43 (2010) 11
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NN -Interaction with intermediate

dibaryon formation

A Kukulil® Platonovaet al.
A p- exchange

°5,0°D,

EPJA 56 (2020) 229

0.0 02 0.4 0.6 0.8 1.0
T, (GeV)

3D3

PLB 801 (2020) 135146

0.00 025 050 0.75 1.00 1.25 0.00 025 050 075 1.00 1.25
Ty (GeV) Ty (GeV)
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Outlook and Open Problems

A Sizeof d"(2380)
A'Y elmexcitatiorof d edd ed ¢ @og°

A Observation avtherinstallations

A HADES @ GSI: bunho full 4p
AIHEP ?? ee¢ datd.354.6GeV??
A KEK, JPARCLHCDb, others???

A Astrophysicaielevancg (MBashkanqvrork)

A Aretheremore(exotig dibaryon3

A Dgymirror stateof d’
A strangecharmecndbeautifuldibaryon??
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FlavoredDibaryons

A LQCD predictions (HAL QCD) :

Qccchcc(lsO} QQ(l-SO) np(351—3D1) NN(lso)
l w/o Coulomb

E{ w/o Coulomb o d
" «

)
w/ Coulomb

w/ Coulomb

PRL 127 (2021) 072003
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St ral ge D| b a ryo N M. Bashkangwork

Strangeness

NA
dz(2530-2600) .
AZ* - (N7)(Am) - NNmnm
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A é

s much tb do

Dibaryon - Molecule versus Hexaquark

30



H. Clement

Backup Slides
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PP -
A COSY¥TOF

N S threshold

do/dM,,, [arb.units]

M2, [GeV7/cY]

EPJA 49 (2013) 41
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SequentialSingle-Pion Production

Osetet al. arXiv. 2102.05575
Chin. Phys. C 47 (2023) 041001

pn( 1 =0)" Jp (0
¢ [} @0

.........

PWA:pn(®Dy) ¢ pPJjp O 10 %
Phys. AtNucl. 85 (2022) 459

pn( I = 0NN p¢(I=0)

PLB 774 (2017) 599
PLB 806 (2020) 135555
PRC 106 (2022) 065204

2300
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StatesnearNN*(1440) Threshold?

A IsoscalaSingle PioRroduction

A DA ¢ IR0 =320, w504 o9pp

A Expedisingrossection

A but falls offeyor213GeV

PRC 106 (2022) 065204
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Isoscalar SinglePion Production

H. Clement

2200 2250

2300 2350 2400 2450

s _[MeV

PLB 774 (2017) 599

Dibaryon - Molecule versus Hexaquark

BR < 5%
(90% C.L.)
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Isoscalar:é and

CELSIUS/WASA

Phys.Rev.Lett.102, 052301 (2009)

" Roper t—chammel AA

"t resonance




