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1, Introduction: Recent studies on exotic particles_((4,5), ©)
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@ Binding energy ~2.2MeV, or 1.1MeV/A

Which has to be compared to the averaged binding
energy of 8 MeV/A in Nuclei

@ Its charge radius of 2.1fm (loosely bounded)

The centers of the proton and neutron are far apart
from each other than the pion exchange range r~hc/mn ~1.4fm

@® Proton-neutron (dominated),
six-quark content (2-3% or 0.15-0.3%)+ AA(0.4%)

Summarizing: in the baryon-baryon system, we have so far
clear-out experimental evidence a bound state: deuteron, 1932
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Beginning: (% Dyson and Xuong, 1964)

1964, when quarks were still perceived as merely mathematical entities
SU(6) multiplet in 56x56 product : contains the SU(3) \bar{10} and 27;
Deuteron Dy; and NN virtual state Do D;>(NA) and Dg3(AA)

M ~ A+B[I(I+1)+ S(S+1)—2] with the NN threshold mass 1878MeV,

Dis

a value B ~ 47MeV was reached by assigning D,, to pp <> n*d resonance

at \s = 2160 MeV (near the N A threshold)

= M(D,;) = 2350MeV. This dibaryon has been the subject of several quark-based model
calculations since 1980, , .

MNonstrange s-wave

dibaryon SU(6) predictions Massy,y dibaryon 1 S SU3) legend mass
1876 Do 0 1 10 deuteron A
1876 D 1 0 27 e A
DIS 2160 y s 1 2 27 NA A+ 6B
2160 Dy 2 1 35 N A A+ 6B
2350 Dos 0 3 10 AA A+ 10B
2025-9-16 2350 T 3 0O 28 AA A+ 1(5}3




observation: d*(2380) (Do3)_ii

ht flavor dibaryon
INTERNATIONAL JOURMAL OF HIGH-ENERGY PHYSICS

S ey

/57836

VoLuME 54 NUMBER 6 Juiy/Ausust 2014 (2014)
| Exparimants at the Kelich Casler Synchsotron [COST] have found compeling |

& 10 thi twns-bargan fysbibm, with s mais of 2380 MaY, u-.pu!h'-::

» dparyer deora COSY’s new
i SR evidence for a
six-quark state

(Experiments at the Jiilich Cooler Synchrotron (COSY) have\

found compelling evidence for a new state in the two-baryon

system, with a mass of 2380 MeV, width of ~ 80 MeV and
\ quantum numbers--- I(J*) = 0(3") .

first Freeman Cryson amd FRob-ert Fafe envisaped the possible existence’

..Since 2009 A




The d* Resonance I (J%) =0 (3%

os,

0.4 nNi-2370 MeV

= 2m, — 90 MeV '
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0. ; dnn threshold
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Phys.Rev.Lett. 106, 242302 (2011)

%Baryon number=2 % Unusual narrow width

(a)

(b)

|
2.6
Ns [GeV]

2464 — AA 84MeV
2380 p== d** 71MeV

2309 — ANm  effect from threshold
M, = 2380 MeV

2154 — NNmm =~ ~2M,-8iMeV
>M

AN7
>M,,_
>M,,
1878 == NN > < 230Mev

I, ~70MeV >

ﬂ <§><(21" )  narrow

] neither N*N (Roper),

(c)

nor AA
Intermediate state
They need this d*(2380)



__Possible interpretation of d*(2380

compact 6q dominated d*(2380)

A After COSY's observations

® Quark model

J.Ping (09/14)-10 coupled channels QM A),a compact
% F.Huang, YBD, Zhang. (14-18)--AA+cC QM [~ 6q dominated

Bashkanov, Brodsky, Clement (13) -- AA+CC exotic state

® Hadronic model }B) a AN~ (or D;,m)

Gal (14) ---ANn @ Some Other

resonant state interpretations
Kukulin (15,16) - Dyom

2025-9-16 8



2, % SU(3) chiral constituent quark model:

SU(3) CCQM

® Quark model framework PRC 60 (1999) 045203

CPC 39 (2015) 071001
SU(3) chiral QM + RGM approach ¢ fiavor)

A Interactions: V, =Vl a2 syt y e

q-q potentials V;" =) (V;©@ + V@)

i] scalar+ PS

Interactive Lagrangian
* £ =g, o A +iy, T Ay

{ : scalar nonet fields

7z, : psudoscalar nonet fields 9

2025-9-16



% Extended SU(3) chiral constituent quark model:

SU(3) ECCQM

74 8 a chy 8 Viaa
I A LWL v Lo So orpratye,
N

% Model parameters: p, : vector nonet fields

could well-reproduce and match
the experimental data for N-N values of model parameters in SU(3)CCQM and SU(3)ECCQM

scatterings S i i

set | Set Il

o . B, (fm 0.5 0.45 0.45
NN phase shitts g,,-Hi ] 13.67 13.67 13.67
. . B 2,621 2.621 2.621
& hyper-nucleon interaction Eche 0 2.351 1.973

die /By 0 0 2{3

] bingding {rr,, f(g MeV) 595 F35 5':1?
+deuteron properties: 1 | & 0575 0237 0.363
size s (g2) 0.766 0.056 0.132

o Font o, (MeV/fm?) 466 445 39.1
Binding Energy (BE),”™ =2.22MeV a2 vev) —424 723 629

Bieugeran (MEV) 2.09 2.24 2.20




A Trial wave function of d* [I(3?)=0(3")]s-.

Ve = A|dPa(E1,E2) PA(E4,E5) tan(r) + ) ¢ 6-quar'k
dc(£1,€2) pc(€a,&5) noc(T)]ls—z 1—0.c—(00) - two clusters
+ RGM
A (08 [, S =3/2. T =3/2.C = (DD},
) ¢ ( 5}_ [3]ort j / (90) NAA (f‘) and Nce (r‘)
@®cCc: (053, S=3/2,1 =1/2,C = (11), are not orthogonal

A Hadronization- - - -channel wave function:

by using the projection method to integrate out the internal
coordinates inside the clusters (or Hadronization approach)

T = |AA)Y xaa () + |CC) xce(r) @ the two components orthogonal

\aa (1) = (da(€1.€2) on(€s.€5) | Te,) . Yk the quark exchange effect included
xcc(r) = (dc(€1.£&2) dc(€4.€5) | Yeq) -

11



Reason for large component of CC (67%)  ue to quark exchange effect

exchange effect in spin-flavor-color spaces

— r sfe |, <1)Sfc >
P,,= P, P, : 36

. . intrinsic (A A)g_3 (AA)gi-30 (CC)gi-30
<pr > 8 determined by the (AA)g  a (CC)ersy (CC)gpa
30 dynamical wave function |_p .. 1 4 7
36 "o ry T

9 9 9

For d* The effective A-A interaction induced by OGE and vector meson exchange
enables the short range interaction being attractive.

—> Two clusters AA closer, < Py >l
1) d* special characters
g spin-flavor-color spaces exchange effect should also large
' 2) AA (SI=30), A-A short range interaction is attractive d* might be a 6q
Dynamical effect s Model independent dominant state
P,,  Effect large, large CC component [I(IP)=0(3")]e-2

d* deep bounded and narrow width .




3, Calculated properties of d*(2380).qei

. PRC 60 (1999) 045203
a, Mass & wave function of d*(2380) CPC 39 3013 071001
1-2 | | I | ] I | ] I ] I ]
A Results: e K —— -
oo L\ REP -
13")=03") < ¢ .
‘TE i By 8- &R = -
= 086 Lk cc’D, _
~ = |
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® Binding energy (BE) (BE)d*{

Expt. ~
Theor.~ 84 MeV

S4MeV

PRC 60 (1999) 045203

1(J°)=0(3")
S —————
d” Binding

Ext. SU(3) (f/g=0)

AA S
(L=0,2)

AA-CC
(L=0,2)

2025-9-16

Energy(MeV) be.3 -5 B
AA (L= 98.01 & T Ery
Fraction
of Wave | AA(L=2) 1.99 0.45
(%) . e
CC (L=2) 0 0.00

M1, Intrinsic
character of d*

quark exchange
effect of sfc large
(negative:-4/9)

2, Dynamical effect

(8I=30), OGE &
vector meson
exchange induced
A-A short range
interaction is
attractive

*x* d* is deeply
bounded & narrow



b, Strong decay;: A 2n decay widths

PRC91 064002, PRC94 014003

Three-body decay Four-body decay
0 + -
=03y dF—dn'n’ Typical d*— pnr’n’ (pnz' )
) % + diagram d* —>nmna'r* (ppr'’n)
CaICT 7? AA is considered )
e = only and no CC e b
e S :\ _\:'/ &
% d d*
A |,’} N s . ij A
. e 3 ?_}
7 I
Parameters: QT Hagn = Baqn - knT - A |
A > N1 Interaction (2 Y/ < 20

el gy

g . .
2025-9-16 COUpIing & for'm fGCTOr' Ca—nn = Ek’;‘r{gq{‘m lo) My’



Our interpretation of d*_Compact 6q dominated exotic state

. * All partial and total widths
(wave function of SU(3) (COM+ECQM)) agree with data reasonably

In 2014, gave “CC” fraction of 68% in d* (AA+CC) | """ =70 ~75MeV
FTheor. ~ 72M€V

PRCI1,064002(15), PRC94,014003(1¢)  1(J")=0(3")

The narrow width is due to

T —s dnto— 16.8 16.7 large CC component
d* — dnon° 9.2 10.2 @, Compact structure:
R ———— 20.6 21.8 size~~0.8fm
d* —s prun®n 96 8 7 @, Components
d* — pprOn— 3.5 4.4 1 P
s = il
R 35 a4 |d* > 3|AA>+ 3|CC>
d* — pn 8.7 8.7
Total 71 9 74.9 3, AA component plays of the most
- important role in the calculations

2025-9-16 A 2n decqy widths



c, Strong decay;r: Single-pion decay

{T_'"'-'-_'"'-'-—i-_'"'-'-_'"'-'-.-Tl:-"r = L}] = -:[ELT."!P—"_?:'P.?F_ e ':'TF:'P_’PF:'-'T.} )
E  lo(lI=0
= to(I=0) I
o LT e
41—
: & wazs-st-co3 b I
2_ Y wh al.
0 l R T Bl i
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Our prediction, 1%, is compatible with
the Exp't upper-limit: PLB769,223-226

I(J")=0(3")

e Experimental status

The WASA-@-COSY
Collaborations,

PLB774 (2017)¢,, 599-607

Dash-dotted line illustrates a 10%
d* resonance contribution

Upper limit of branching ratio for
“d*(2380)>NNn” is 9%.
This channel might serve as a test!

Typical s -
diagram il

AA is considered

only and no CC



d, Form factors of d*
and charge radii

d*(2380) charge distributions
[I(I")=0(3")]-2

Cases d* (2380) a2
Al A2
rms { fr) L.09 0.78 2.39
L e I
5-'- Scenario A

\’ vingle ch 1 = = -

0.8 & i e Scenario B {Dlzﬂ:l -

:iI LY Coupled-channel B Y ¥ e =1

===I8% MV

Magnetic Moment
Naive quark model

2025-9-16

Nucleon % __3_, 27
w2 1.91 Exer.
M,
d*(2380) AA+CC H,.= md ~ 7.6
q
2M .
d*(2380) Di2TT M, = I 5.1
3m,
18



4, Other possible dibaryons: like Drs=D3g gesults

® The mirror state D,, is a weakly bound state.

® [t also has a significant hidden color component.

® Only S-wave channels exist in this system.
® No signal of D, is observed (Near threshold?)
Properties of those systems

NN Dy D3 Dy; (%) D3y (%)
&, 2.25 80.1,5 6.00,,
@Expt 2.2 ~80 ***(no seen)
745 2.45 0.73 1.94 AA 32 74
s, 1.33 0.77 1.25 cC 68 26
R, =~<ri > Consequence: consistent with the observations \/
R, = é Z < ('7,- - R )2 -, % The short range quark-quark interaction

2025-9-16

induced by vector meson exchange is important



5, Summary and discussions

% @D Our SUB)(CCQM & ECCQM) approaches for the mass & wave function
of [d*(2380), 37]. They could well reproduce the experimental data for
the N-N scatterings as well as the properties of deuteron and
hyperon-nucleon interaction, and thus, the model parameters are fixed.

% (2 Within the approaches and by employing the same set of parameters,
the mass of d*(2380) is well-reproduced and its wave function is expressed

as AA+CC, hidden color parts dominated, and vector meson exchange
dominates the short range interactions between quarks. novel >

% 1 2 +
|d* >~~ \/; | 44 > +\/; |CC > [I(IP)=0(3 ) )
% (3 It is a compact 6-quark state with some large-portion |[AA> component,

due to its spin and quark exchange effect+short-range interactions, and
vector meson exchange is important for the correct binding energies



% (@ We calculate the strong decays of d*(2380),
a, double pion decays are reproduced;
b, the single pion decay is expected to be much small.

% (B The electromagnetic form factors of d*(2380) are also calculated and its
charge radius, magnetic moments, quadupole moments are obtained.

% (© The predicting the mirror state D,,, which is a weakly bound state. The
short-range interaction with vector-meson exchanges plays important role,
and hidden-color component is sizeable.

% (D) More experimental information of those dibaryons is necessary to confirm
their existence.



‘ The study of dibaryons is not a new, it opens a window of multi-quark states.

Further investigations

® Other possible channels for dibaryons: yd—dnm, e*e-, Y decay, collisions,
--- ELPH, BGooD, JLab., BEPC,,, BELLII, NICA, Heavy-Ion, Panda, .......
® The D,, state can be searched for in the pp—ppr*ntmm reaction

® Possible nonstrange D,, and D,, states which are composed of A/N and hidden

color components yg,y,wa, Phys. Rev. C 104, 1.052201; 105, 045201 [ELPH].

® Systems like NN*(1535), A N*(1440), nd, ......

® Systems with strange, charm, and bottom quarks

Jhantes fer yeur attention!
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Signals in np processes WASA @ COSY
2w production processes

PRL 106 (2011) 242302

PLB 721 (2013)229 £ -

a@e VWASA
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o

0.3
0.2

o1i e

pn —= dn’n’

=)
£
©

np scattering
process

i = d® = pr

0.6 g 02
’ detm| = °
]
. 7C 0 TT 1
- . 0.15 i
0.4 &f. i 13500
F J-} j ] ',"‘/4 ey
ok 0.+
i AR | _ |
0.2 ﬁ'. . o )
| ﬂ_ ao 180 0e¥ 130 G4
Gi \} 1 1 1 i -~ e
22 2.4 26 28 3 %43 B G B B2
Vs [GeV] Re
0.2——
@™ = 83 deg

dibaryon 1(J"=0(3%

Analysing Power

fusion 2=n
processes
Measured also in fusion reactions
to helium isotopes:
p+d—>3He+n%+n°
p+d—>3He+nt+m
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Characters of d*(2380)

e d* mass locates between AA and ANT thresholds

the effect from threshold is expected small
M, ~2380MeV

=2310MeV =2460MeV
I',.=~80MeV
\ 70MeV W\//
® d* narrow width Possible 6q structure
Review article: by Heinz Clement, - be different

Progress in Particle and Nuclear Physics,
93 (2017), 195-142

from normal hadrons

2025-9-16
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Comparison of two interpretations

(A) Compact quark model: (deeply) (B) AnN three-body system: (loosely)

Mass, energy and
Good J ., energy Good
Quarks ¢ Double-pion strong decays —> Hadrons

Our prediction 1% which The result of three-body

Lipimﬂﬂm’ﬂ;-mm fhe 1(J%)=0(3") (AnN) scenario is about 18%.

Vi = |AA)Y xaa(r) + |CC) xcc(r) ‘

A: (05)° [Blork, § = 3/2,1 = 3/2,C = (00), . ~ . . Recently Gal (PLB769)
PSR <P gives 97 up-limit In order to match the up-

limit of exp.

EM Form Factors : More sophis‘l'icafed

« admixture '
Photo-ab ti /
oto-absorption |d* >r ;|AA>+\/3|NA7T>

on deuteron by d*(2380) Cloud



@ Suggest other possible experimental searching for it

: . . Other P TN
and study for possible dibaryon signals (non-strange): Than p+d
@ Process (Mainz, Jlab., ELPH, BGOOD):|y + d WASA@COSY

NICA d +d

@ Process (Belle), Y-decays: ¥ >4 +X
BR(Y > d+X),,, ~2.9x10~°

3 Processes (BEPC, Babar, Belle?): ¢ +e” — d*+ p+n
@ Processes (Panda): |p + p > d *d * + X

Tensor spin observables

202357H10HZE14H
ECT*

On the possibility of observing
weakly excited 6-quark states in

@ Theoretical study of other dibaryon candidates: i
processes at the NICA SPD

[k dso31-0)%(2380): |4 -~ ,“,.e";_».-mw.-’j:j cos, dgegi-3¥(2380) ],

B.F. Kostenko
JINR LIT

[Ds=21=1y» D(s=1.1=2)]5 [ROper+A]_Wasa@C0sy

If the d* is further confirmed by experiments, Our interpretation looks
reasonable. Thus, it might be a state with 6q structure dominant. Moreover,
the more information about the short range interaction is expected.

29



Productions at other facilities I L
A Suggest other experimental search than P+ d
and study for possible dibaryon signals: d +d
@ + d| Process (Mainz, Jlab., ELPH, BGOOD)  Tnt.J.Mod.Phys.A34,1950100(2019)
ﬂT — d* 4+ X| Process (Belle) PRD99 036015 (2019)
— CPC42 064012 (2018)
[BR(r » @+ x) ~2.86 X10-]
.‘€+ +e —d +p+n Processes (BEPC, Babar, Belle)
Yp+ P> drd*+ X Processes (Panda) CPC46 113102(2022)

> od*+ P CPC45 023105(2022)

Theoretical study of other dibaryon candidates: - -
|d” >~ [ 5laa >+ .Il,":-“igf (e

[d*(s=3,1=0)(2380)9 d*(s=0,1=3)]a [D(S=2,I=1)9 D(S=1,I=2)]



&Some Lattice Calculations (HALQCD) Preliminary !

a ‘ .
i i 1.87(0.69)(1832) Mev 1.04(0.59)(*332) Mev
B[ndlng energy M 5 66(0.61)(*213) fm B 48(1.14)(*929) fm
Other
05 T . . . i
E' 0 Dl-baryonsLatﬁce | [QCD i COU[Ome NQ_ ;are
= -05} . j =
E) -
5] L 2
& -1 1 I)Q
[45] L 4
5 70 QQ(65)_,,c PLB 792, 284. QCD
=] 21 _ | 0
= QCD+Coulomb il
é o5l - | H OUSQD'—'—' | o] 1 2 3 4 5 7'Es 7
5 . : V(r?) [fm] 1282
2 3 4 5 6 74 L
Root-mean-square distance [fm] Diba ryon with H ig hest Charm Number near Unita l’ity from Lattice
0 : ; . . . . : . QCD
M = 11T [RASW] s .
10 [ Mes = 1015 [MeV] —e— H-dibaryon Yan Lyu, Hui Tong, Takuya Sugiura, Sinya Aoki, Takumi Doi, Tetsuo Hatsuda, Jie Meng, and Takaya
UL M. = B37 [MeV] ] Miyamoto
e bty T PRL106, 162002 Phys. Rev. Lett. 127, 072003 — Published 11 August 2021

N
=]
T

S -

% AA — N= . 55

IS
=]
T

Some others:
deuteron-like (shallow bounded)
heavy dibaryons, PRL123,162003

Bound state energy £, [MeV]
&
[=]

&
o
T

-B0 L L L L L L L L L
0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

Root-mean-square distance V{r2) [fm]
An H-dibaryon exists in the flavor SU(3) limit.
Binding energy = 25-50 MeV at this range of quark mass.
A mild quark mass dependence. T

31




Summarizing, in the baryon-baryon (BB) system we have so far clear-cut experimental evidence only
for a single boundstate, which is the deuteron groundstate known since 1932. In particular, there is no
boundstate in the hyperon-nucleon system with strangeness S = -1. In the strangeness S = -2 sector the
existence of a possible boundstate, the H dibaryon, has not yet been ruled out completely at present.

2025-9-16 32



d, Form factors of d*

Form factors: 25+1 relative to size arXiv:1704.01253, PRD96,094001

P

Nucleon(l/Z): < N@) | J5 | N(p) >=Un(p [F] QA)y* + i 23”?” QI:QE}] U(p),

Gre(Q?) = F1(Q?) — nFa(Q?), G (Q?) = F1(Q?) 4+ F(Q?),

< N{g/2) | I& | N(—5/2) > = (1+ n}—“zfl Gpcc;ﬁ)

1 G (Q?)

Breit frame

< N(@/2) | In | N(=q/2) > = (1 +n) /2xho1 f:-u

Deuteron(1): 7" =< @)Ste®)

Sam = _[GI(QQJE"“-B — G3(Q%) %?nQE}P” — G2(Q*N(Qagh — Qagt) ,
' D
— 2 I v o E P 9 . , .}2
Gel(@7) = Gu(@7) + S?IDGQKQ Y ; Gu(Q7) = G2(Q7) ,

Go(R?) = G1(Q?) — G2(Q?) + (1 + np)G3(Q?)

Breit frame G R > > <P x| 2B A

2025-9-16 33



EM current (7 form factors, S=3)

T# = ()27 (p') Mgy 15 €7 ()

Mg ag, = [G1(Q*) P [gwalgppgyy + 9p,9,5) + permutations]
+ G2(O)P*[qwqal9p gy, + 95,9y 5] + permutations]/ (2M7. )
+ G3(Q?)P*[qwqady 459y, + Permutations]/ (4M %, )
+ G4 (O P“quqaqpasay 4,/ (8MS.) + Gs(Q%) (¢ Ga — 9292 )(9p 9y + Gpy9p,) + permutations]
+ G(0?) (o Ga — Fa ) apap9y + Gy G955 + Ap 4y 9y'p + Gy GpGyp ) + permutations]/ (2M7.)
+ G1(O)(dq. — daq.2)apds9, 9, + permutations]/ (4M 3. )],

# =
qa’»‘ Mu’ﬁ';}".uﬁy =0

Electric multi-poles

oMY [ ax (21 + 1)1 .
: ed} fol{ ,r!Qfjl L e(Q7),

with ¢ being the unit of charge and

GF(Q?) =

Ze(0) = (@13 [ @ri@Xleiii( Q1T — R)Yio(@,)ld")

— 3(a"| f P r(dX)[esji(QIFs — R) Y10(€2;._5)
+ e6ji(Q|Fs — R|) Y 10(Q; _5)1ld*),
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Magnetic multi-poles

- <= . /2 [+ 1 v
(@M (@d) =e D> "7 =G (Q*)Yn(Q,), (10)
=0

201
where p"(g) denotes the magnetic density of the system
: = O

with 7 = ﬁ'f—j._’ and
If we only consider the quark-photon coupling, we can
write the magnetic density as p™ (7) = 3¢ |V -{}:,-{r} X T;)
with j;(r) and 7; being the current and position vectors for
the ith quark in the coordinate space, and pY(g) =

?_LV-[{eiﬁi X q) x g] = 2211 e0;-q with &;, e,
and g being the Pauli matrix, the charge for the ith quark
and the ransferred momentum, respectively.



Form factors of d*(2380)

spin=3 system, 25+1=7 form factors
| .Ch.ar"ge D.is.'rr'ibt.nion.s __(related to the size of system)

1

I(J")=0(3"), high spin

PRD96 094001 (2017)
PRD97 114002 (2018)

) Scenario A Magﬂeﬁc
o5 [ Compact AA+CC | Singiechannel | Moment
. . Coupled-channel
=R NNl e eeesEosomew AN
0.6 —% _____ CC Other
i - Total H
S osf multipoles
© ~
o2 Scenario B (D ,m)
C — —_— T 1|---=-- £=0.25 MeV
o s e e e T s i ] [ s e e=18 MeV
_0_20' M |. N L L 2 s . B
Scenario A  Q’Gev?H cenario
A (2330 ' 135
G T Al % rms Cases Bl B2
rrs (i) 1.09 0.72 rms  (fm) 2.64 1.87
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The magnetic dipole form factor M1 of 4*. The quadrupole form factor of ”.
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e, Productions at other facilities
p+p—d*(2380)+(p+n)

g ey] ey (P)

.;. wli) I 3 ;,_;.,:;,_rj':. = e
i o L
' el Nips)
1 iy h
'.TII":.:
pip) ks s
.-ﬁg‘.‘ Ni{py)
‘ "
(pn) (pn) 7 C ¢ ()
Lipn= 2.4 g "INy v x (d*@P)* +he., Panda

B2 X10%2cm2 /s
Js, =(4.8,5.0,5.2,5.4)GeV

»1, AA Contribution
%2, Compact system

%3, Breit-Wigner (3.6,5.6,7.2,9.3)x10°, .
wise16 form considered (20,100,600,3200), .

E MGeb 3
F = ade ]
] [ x5
r -
A E_ e E
3 i o E
' .
HWE -
E . E
E
' i
(] E E
e ! L — L 1
W,y 4 .8 5.0 5 5.4
2,
s, (GeV)
wE T y T T T T
E AfGe¥
-_——— L
WE eanss .34 -
i




Results for Dy; [d*(2380)] and D,

Dy3 D3y
Set 11 SUG) Ex‘l. SU(3) E.xl. SU(3) Ext. SU(3) SUG) Ext. SU(3) Ext. SU(3) Ext. SU(3)
(flg=0) (flg=2/3) (no OGE) (flg=0) (flg=12/3) (no OGE)
Binding energy 25.08 SO0 06.440 9121 12.50 6.00 11.65 5.28
Raajoc 1.04 0.73 0.37 0.71 1.50 1.94 1.67 2.01
Reg 0.94 0.77 0.79 0.76 1.10 L2 1.14 1.27
Fraction of (AA)r=g 42.07 3191 3341 30.90 61.29 74.30 68.31 76.19
Fraction of (AA)r =2 1.59 0.49 0.57 0.41 = 2 = el
Fraction of (CC)z=n 56.34 67.60 66.02 68.68 38.71 25.70 31.69 23.81
Fraction of (CC)y=2 (.00 0.00 .00 0.00 — — — —

® Vector meson exchange is essential for the correct binding energies

® Compact nature of the D ; state

® The D;, state is a weekly bound state (about 5~12 MeV)
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Symmetry analysis

(Pge) (A

deuteron — él—l 19—0
(AA)sT=03 —3 2
(AA)sT=30 —3 2
(E*A)srzog _% 2
(‘E*A)ST:S% *91‘3 2
(E*Q)ST:D%- _% 2
() s7—00 -3 2

When antisymmetrizer AY¢ is large enough, the system is very

possible to become a bound state. More systems like AA?
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Searching for the D,, state
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Invariant masses for ppzr and the

total cross section. Limited data.

P. Adlarson et al. (WASA-at-COSY Collaboration), Phys. Lett. B 762,

455-461 (2016).

40/28



