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Q Meson-nucleus interaction

ARKAS
QCD in the non-perturbative regime
Medium modification

Meson: excitation of the QCD vacuum
described by various nonvanishing
condensates

The properties of a meson: may change in a
nucleus due to the partial restoration of chiral
symmetry (decrease of the chiral condensate)

Meson-nucleus interaction reflects this
modification

i 2 .

o )

T. Ishikawa ™
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? Meson-nucleus interaction

s
n-nuclear interaction
n-n’ mixing
S.D. Bass, A\W. Thomas, Phys. Lett. B634, 368 (2006).
S. Hirenzaki, H. Nagahiro,

Acta Phys. Polon. B45, 619 (2014).
S.D. Bass, P. Moskal, Rev. Mod. Phys. 91, 015003 (2019).

nN couples to N(1535)1/2~

candidate for the chiral
partner of the nucleon

D. Jido et al., Phys. Rev. C 66, 045202 (2002);
Nucl. Phys. A 811, 158 (2008);

H. Nagahiro et al., Phys. Rev. C68, 035205 (2003),
Nucl. Phys. A761, 92 (2005). 7 T
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¢ n-nuclear interaction

s
Traditional tool
single n production from a nucleus

a significant increase in the n yield at low
relative n-nuclear momenta is interpreted as a

signature of attractive forces between n4
pd — 1 *He, y >He — 1 *He, and
14 Li — n "Li
B. Mayer et al., Phys. Rev. C 53, 2068 (1996);
J. Smyrski et al., Phys. Lett. B 649, 258 (2007);
T. Mersmann et al., Phys. Rev. L 98, 242301 (2007);
M. Pfeiffer et al., Phys. Rev. Lett. 92, 252001 (2004);
Phys. Rev. Lett. 94, 049102 (2005); /
F. Pheron et al., Phys. Lett. B709, 21 (2012); L Jﬂ
43 {2044);

B. Krusche and C. Wilkin, Prog. Part. Nucl. Phys. §9811ikawa
Y. Marghrbi et al., Eur. Phys. J. A 49, 38 (2013). 27 June 2024 5




¢ n-nuclear interaction

s
Hadronic process

Rich information on the low-energy n-nuclear
dynamics has been obtained from the final-

state interactions in pn - nd, pd - npd

Their analysis can be complicated by various
ambiguities associated with

initial-state interaction, and

various two-step mechanisms,
leading to undesirable model dependence

H. Calén et al., Phys. Rev. Lett. 79, 2672 (1997); _
Phys. Rev. Lett. 80, 2069 (1998); (

F. Hibou et al., Eur. Phys. J. A 7, 537 (2000); = 2
R. Bilger et al., Phys. Rev. C 69, 014003 (2004)., ikave 2 6




? n-nuclear interaction
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These disadvantages are overcome when
turning to electromagnetic processes

Electromagnetic process

It is not necessary to consider initial-state
interaction

yA - ©’nA is advantageous
nA: low relative-momentum condition

nOA: small absorption

m'n: negligibly small below a,(980)
Elementary process is rather well understood

YN - °nN: A(1700)3/2, A(1940)3,621

27 June 2024 7




& n-mesic nucleus

ARKF
n-meson nucleus bound state

Exotic: bound by the strong force alone
Strong n4 attraction is required

S-wave nd system D, with I = 0,]J" = 1"
The lightest n-mesic nucleus if bound

Bag model in a g*-q* configuration: M =
P.J.G. Mulders, A.Th.M. Aerts, and J.J. de Swart,
2.41 GeV Phys. Rev. Lett. 40, 1543 (1978).

Three-body calculation for the NNN-ntNN

s Ph R L
coupled channels: ;9‘_;‘::'391 ys. Rev. Lett. 66,

M=M,+Mg T = 0.01 ~ 002 GeV ,
nNN bound state, nd bound statesh?awa
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& yd - nnd
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yd - n'nd
to study nd
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Experiment

@ Research Center for Electron Photon
Science (ELPH), Tohoku University

T. Ishikawa L
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& Accelerator
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Electron Beam

LINAC 150 MeV
Booster Ring 1200 MeV (max)

Photon Beam
Bremsstrahlung Photon

Tagged

Hall
740~11 eV @ 1200 MeV

' ~20 MHz (photon: 10 MHz)
W.,a=2.50~2.80 GeV

. L YPhoton Beam 570~890 MeV @ 930 MeV
b R — ~2.8 MHz (photon: 1.2 MHz)
1.3 GeV Booster STorage Ring W.i=2.38~2.61 GeV . <
1

T. Ishikawa et al., NIMA 622, 1 (2010); T. Ishikawa et al., NIMA 811, 124

Y. Matsumura et al., NIMA 902, 103 (2018); Y. Obara et al., NIMA 922,408
27 June 2024
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& EM calorimeter
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Backward Gamma
SCISSORS III SPIDER

o ) 2

LOTUS

Rafflesia 11
<«

. . NS 62 Lead Glasses
192 Csl crystals 545 1 ead/SciFi modules 5% @ 1GeV

Photon
Beam

AU £ R VoL s h(um
‘¥ .. /! FOREST electro-ma

Target: 45 mm thick LH2 & LD2 calorimeter T Ishikavy?
T. Ishikawa et al., NIMA 832, 108 (2016). 27 June 2024 12
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Analysis
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Q? Event selection

ARKF
1. 4 neutral particles and 1 charged particle

2. @' and n: yy decay
time difference is less than 3o,
between every 2 neutral clusters out of 4

3. d is detected with SPIDER
time delay iIs larger than 1 ns with respect
to average yyyy time
Energy deposit is higher than 2E;,

4. Sideband background .
subtraction to remove =§
accidental coincidence S8
between STB-Tagger |l 39
and FOREST |

T. Ishikawa
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& Event selection

s

Further event selection

a kinematic fit (KF) with 6 constraints is applied
energy and momentum conservation (4)
Yy invariant masses are m_o and m,, (2)
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Q Event selection

e
Further event selection

x*? probability is higher than 0.2

QF yp' - n’np is rejected using another KF

proton deuteron proton deuteron
2000 6 100
; o ;
8
12 1500 12 70
£10 1250 210 60
£ 1000 = ¢ 50
6 750wl g 40
30
4 500 4 20
2 250 2 10
0 0 0 0
0 500 1000 0 500 1000
Momentum (MeV/c) 0 Momentum (MeV/c) :
- = - - r r T
Missing momentum d(y, t’n) is given for@L
I T. Ishikawa N
charged particle - Ishikaws N 4
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Results
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4? Total cross section
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i . _ A. Kaser et al., Phys. Lett. B
Excitation function 748,244 (2015).

Dashed curves ok -
impulse cOW PRl
Solid curves c

Soosk =
meson-nucleus final- £ %%} 3
state interaction 2 0.06F =
50.04F 2
— =

Two models

1) M. Egorov, A. Fix, _
Phys. Rev. C88, 054611 (2013).0¢ N

2) M. Egorov, Phys. Rev. C101, 0.75 0.8 0.85 0.9 095 1 105 L1 LI5
065205 (2020). E, (GeV)

unlfled mlcroscoplc approach
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&P Differential cross sections
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&P Differential cross sections

S5 yd > mond o yd > a'nd  for the first time

15F E =1.01-1.15 GeV E =1.01-1.15 GeV .
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P Mystery in yd - n°nd
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New interpretation of yd - n’nd

Martinez Torres, K. P. Khemchandani and E. Oset,
PRC107, 025202 (2023) [triangle singularity].

The features of the mass
distributions are reproduced. v

A(1700) A(1232) .-

0 N
yd - m nd yd - m'nd
" 4 Data, E=1010-1150 MeV | o * Data, E=1010-1150 MeV N*(1535)
1.50 : == Hulthen [Resc.] : 1.50F — Hulthen [Resc.]
= > /. \ N
m m ‘l'
S 1.00} S 1.00
2 2 ]
= S
2 0.50 = 0.50
o L
e o
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0.00 0.00 Q& )
2400 2450 2500 2550 2600 2650 2000 2050 2100 2150 2200 y - )

. T. Ishik
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P Mystery in yd - n°nd
s
no theoretical calculations reproduce

unexpected large cross sections at forward
angles of deuteron emission
Trlangular calculation

Results from BGOOD

................... e :| cos 65, > 0.8 ' yd — T[Ohd
: 4 E~1010-1150 MeV £ I
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i \ +—-— Rescattering [Hulthen, n N (L=0,1)] 1 L .
30 \
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A.J. Clara Figueiredo, T.C. Jude et al., W [MeV] b

arXiv: 2405.09392 (2024). , . IShikawa s o




(P Other coherent reactions
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Other coherent
reactions
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& yd > n°n'd

ARKAS
Coherent photoproduction
(1) dibaryon production angular distribution of
Y . m deuteron emission
d l’Iq"f__‘,, O——0=——d almost flat

backward peaking

sideway peaking

almost flat

d h’”b _d kinematically separable!

27 June 2024 25
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& yd - n°n°d at ELPH
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Total cross section o
at incident energies 0.55~1.15 GeV
Two resonance-like peaks around 2.47 and 2.63 GeV

similar to the excitation function of the elementary
YN - n’nN

120 ¢
3 PLB772, 398 T . -
o fPLBT89, 413 (2079)- 5 on naiive interpretation:
100 E Eixalnd Alzlrtl,':phbvcl
= gorov and Fix = - =
_wi [ e quasi-free excitation of the
T 80 F A -
t ok W nucleon in the deuteron.
g0 b \
2 60 F TIrH %
50 F ¥ ¥ ¥R
saF + / -+
5 40 F T
AN
0 E—|::|- ) E—'-':fJizlf'-l;-::..@.?m-.ﬁmm ?%;ﬁy’?@” ||||| ‘ L"
2350 2400 2450 2500 2550 2600 2650 2700 2750 2800 2850 T. Ishikawa *

CM energy W_, (MeV) 27 June 2024 26



& yd - n°n°d at ELPH
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Angular distribution of deuteron emission
14 —
vd — 10710 d W, ~270280Gev |QF 7r7r production
2r - (FA calculation)
10:— : - (:}FTE
z b S QF 7 production
g 9 %, |pure phase space
B v| (direct w production)
5 _ -.‘..'. "“'c
Y s

1 08 -06 04 -02 0 02 04 06 08 1PLB789, 413 (2019).

cosBd

exeperimental data suggests a sequential process:
0 0__0
Yd — R — T Ry — 7w d v
(rather flat angular distribution & 2.15-GeV peak in M.q) ‘&

P,

T. Ishikawa “®
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& yd - n°n°d at ELPH

e —
Angular distribution of - - €©0s¢ > 0.3 |
14— g 4 } i
vd — 1010 d v, 2702806 } H]
12F — LIPS 3 { l»
[ cees QF 1R .
10 [ === QFm ol {
g | . : MAJJ
g s B I | |
%ﬂ 6: E | :
T ’ 072300 ~ 2400 2500 2600 2700 2800
A W [MeV]
Z : i T.C. Jude et al., PLB832, 137277 (2022).
2

i
[—A lélﬂ”Aﬂ"JWLT‘_Tﬂ o e -

cosO ,

1 08 -06 04 -02 0 02 04 06 08 1PLB789, 413 (2019).

Although the angular coverages are different,
large differential cross sections are obtained
at forward angles of deuteron emission

27 June 2024 <9



& yd - n°n°d at ELPH

AIRAS,
nd invariant mass distribution | ... 415 2019)
, u
180 = W_ =270-2.80 GeV 180 = W._ =2.66-2.70 GeV 0.0
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nty

convoluted with 11-MeV-o Gaussian
Breit-Wigner amplitude: »
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& yd - n°n°d at ELPH

KRKZF
osamuwmsn'r. _ _ _ _ TC Jude et al_,
td invariant mass distribution  PLB832, 137277 (2022).
- . - % 30f (a) 2523 - 2628
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& yd - n°n°d at ELPH

Excitation spectra
NP.(1720) e
NE.(1680) 2:62-2.66 se3 11,2
ND, (1675)

Dyson-Xuong

dibaryon ;47 AA
sextet D,

NS, (1535) o aq-
NI (1320) 246-247

NP, (1440) 238
doorway states?

0 ﬂ'O (L = (l]) 2.35 ‘DDSEDSD

VT

2147 NA

2214 2:16 DDy

photo-
excitation

1.88 D,,,D,, 1.88 NN

=0 =1 g,
T. Ishikawa
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L vd - °n°n®d at ELPH
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td and mtrd invariant mass distributions
971%d invariant mass 7%d invariant mass

EY:I. [-1.15 GeV
ﬂ A peak corresponding to

D,; is observed at
around 2.37 GeV

in the m°77%d invariant
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& yd - n°n®n°d at ELPH
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Excitation spectra  angular distribution of deuteron
E,=1.01~1.15 Gey,FfTorTaw | emission in the CM frame:

isotropic
éj E “‘|:|:|:|_-|—+—I—-|_ 0.06
g 25k S |
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L vd - °n°n°d at ELPH

ka%
Excitation spectra

2" or 472 564

7T0 L= ?, E’;T — 0‘26 GeV

0. o
photo- m:L=1FE =0.24GeV

excitation

7T0 L= 1, E'?T — 0.26 GeV

=0 I=1 THNMm;iﬁ
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L D-o dibaryon

s
To understand the internal structure of dibaryons, it
Is important to establish their excitation spectrum

. FJ.D d N.-H. X ’
Non-strange dibaryon sextet pri13. 815 (1964).

spin-flavor SU(6) symmetry observed J.PARC E79
Dos | Dso
BB NN NN AN AN 4A 4A

M mevy 1878 1878 2160 2160 2348 \2348 y
| |

'Sy deuteron P Adiarson oh ol PRLAZY. |
1 . . ny 9
So NN virtual state 052001 (2018).
observed in t*d - pp
B.S. Neganov and L.B. Parfenov,r Ishikaw -
JETP7, 528 (1 958)- 27‘June 2
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% Dyp dibaryon
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Decay chains for D,y; and D,
expec%ed decay chain for D5

2.37 DUS DBD 2.377
T 0y
12 2.14 21 2.14
1.88 01 5! 10 1.88
decay chain for d*(2380) = D3 T. Ishlkawa}'z_.:_w_\,.
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& D., dibaryon

ABRAF

OSAKA UNIVERSITY

P79 experiment at J-PARC

pp > D3y T on n (" pp)
4000

[ P =3.35GeV/c Pp=3.35 GeV/c

150

> 3 10Fp
o 3000 |- o -
= < 100
2 Z

2 1000 = 50
o o

0 L I_E—'_H_:_:_I—:_I‘_:_:_'—l_ 0 A NN RN
2.25 2:3 2.35 24 2.45 2.25 2 2.35 2.4 2.45
missing mass M (GeV) for pp=nn X missing mass M, (GeV) for pp=n'n X

‘He tagging : D" — 7D, — n"nHe
hexaquark state: much heavier mass
AA molecule-like state: unbound ;

 cloud-like state: similar mass T. Ishikawa ‘L
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Summary

T. Ishikawa ™ '
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P Summary
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1.

2.

cross sections are measured at E, <1. 15 GeV for
yd - n'nd

o(E,) is well-reproduced by the existing
theoretical calculations with nd FSI

do/dM,, shows nd attraction, suggesting rather
weak nd attraction (a,y = 0.50 +i0.33 fm)

no theoretical calculations reproduce a rather flat
angular distributions of deuteron emission

Equally spaced energy levels for dibaryons are
suggested from yd —» n’n’d and yd - n’n’n’d
data: pion is a degree of freedom?

Observation or non-observation of D3, at J-PAT_C
(E79) would reveal the structure of diba_r,ygp;_ R

27 June 2024 40



& Hadron 2025
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\DRGN 2025 hadron2025  Simon Fidelman prize  steircular

o

Toyonaka Campus, Osakal]mversy:ﬁphﬂ

HADRON2025

Toyonaka Campus, Osaka Universily, Japan, Ma

This series ol conlerences slarled in 1985 in Maryland

USA. 1L brings Logelher experimenlalists and Lheorisls every olher year Lo
struclure and relaled lopics and Lo exc

review Lhe slalus and progress in hadron spectroscopy 1ange ideas [or [ulure exploralions.

The main physics lopics ol this conlerence include:
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? Phenomenological analysis 1

ARKF
Decomposition of the obtained n'd and nd invariant
mass distributions at two highest incident energies

Two sequential processes
yd - Dy —» n’D, 4y » n'nd
yd —» Dy - Dy, —» n'nd

D,q- S-wave nd system with I =0,J" =1~
Flatte: Breit-Wigner with M and I’ =T, + gp,,

D4,: well-known md resonance with I = 1,J™ = 27

Breit-Wigner with M~2.14 GeV and I'~0.09 GeV
constant

simultaneous fit of do/dM,,; and do/dM,,
distributions to determine five parameters. .sh.kaw" ' g

a

27 June 2024 43




Q Phenomenological analysis 1

ABXZ,
dao/dM,, and do/dM
FE =1.01-1.15 GeV " E =1.01-1.15 GeV
1.5 7 1.5 7
1F 1F
2 0.5F 2 0.5F
S S L
Fg— 0 : L Fg— 0 _I 1 -__ | I I | I | II "‘______ |
‘%515:_ EIS_E_UQSIUIGBV
> Tr S L
2 . s, -
g 1 - g 1 |
0.5F 05F
(o 0 b

2.4 245 (25 255 2.6 2.65 27205 2.1 215 2.2 220, I
(GGV) M, (GEV) 27 julna:az4 44



Q Phenomenological analysis 1

kﬁk%
Dpa: M = 2.42713002 GeV, Iy = 0.0293:0%5 GeV,
g =0.00"3¢1

1) S-wave nd resonance with a width broader
than 0.05 GeV is ruled out

2) g = 0 gives a predicted nd bound state
isoscalar nNN state from nNN-nNN
M=M,+My;TI=0.01~0.02 GeV

3) I'h = 0 gives an nd virtual state

Dqp: M =2.15810003 GeV, I' = 0.11610092 GeV
4) consistent with the D, parameters obtained
in yd - n°n’d -

T. Ishikawa ™ '
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¢ Phenomenological analysis

ARKAS
=D, scattering parameters ~|kcotd| 2
., D121 Breit-Wigner with M and I' (constant)

 E.=1.01-1.15 GeV B =1.01-1.15 GeV
1.5:— ! all 1.5:— a“f
1 -
- C - -
v(.5¢F v (5¢
s | I a,q = +£(0.7+%2
=z O® 2 Of nd — T\Y-/_0.6
2 < 2ok . +1.5
1.5 1.5
S 1 3 1 — T(4.3+86
0.5L 0.5k Tnd = +( ' —26.9O
C B ~ + .
0 irirn il I e () (S pacarpapge el +l(67—84) fm

2.4 245 2.5 2.55 2.6 265 2 2.05 2.1 2.15 2.2 2.25
M, (GeV) GeV)

M, ( : :
close to a,; = 1.23 +i1.11 fm obtained in a three-_
body calculation using a,y = 0.50 +1i0.33 fm % ).

M. Edorov, A. Fix, Phys. Rev. C 88, 054611 (2013). . ishikaws
9 ’ » T ’ ( ) 27 June 2024 46



& Dibaryons

ARKAS
The internal structure of a dibaryon
(B = 2 system):

e
?\

The current problem in hadron physics

kawa

27 June 2024 a7

a molecule-like state
consisting of two baryons
such as the deuteron

a spatially-compact
hexaquark hadron state




& d*(2380) dibaryon

ARKF
observed in pn - d*(2380) - n’n%d

m=2.37GeV,I' =0.07 GeV,I =0,J™ = 3%
T. Kamae, PRL38, 468 (1977);
M. Bashkanov ef al/. (CELSIUS/WASA), PRL102, 052301 (2009);
P. Adlarson ef al. (WASA-at-COSY), PRL106, 242302 (2011).

hexaquark state

hc
pn — dn’n’ R:W~0.6fm

u: reduced mass

B: binding energy

F. Piccini, School in Erice (2015).
and/or

isoscalar 44 quasi-

O b e aa M. uch,

2.2 2.4 26 PRL13, 815 (1964)«: =

\'s [GeV] 27 June 2024 48




& d*(2380) dibaryon

APRAF
OSAKA UNIVERSITY

To understand the internal structure of dibaryons, it

Is important to establish their excitation spectrum

J. D d N.-H. X ’
Non-strange dibaryon sextet pri1s. a1s (1964) o °

spin-flavor SU(6) symmetry observed

Das LDoa ) Do
AA | AA

BB NN NN

M mevy 1878 1878 2160 2160 _ 2348 | 2348
| |

3S, deuteron gbig:'ved in 1t9p I—> ;:glqp ?
1S, NN virtual state = AGIGrson Of ., ;

052001 (2018).

observed in t*d - pp :
B.S. Neganov and L.B. Parfenov,r Ish|kaw -
JETP7, 528 (1958). 27 June 224 49




& D,, dibaryon

ABRAF

OSAKA UNIVERSITY

Corresponding peaks were clearly observed
Partial wave analysis (PWA) shows 27

Ttd — D R. Arndt et al., S RN 3P2.'ﬂ-d |
PRC48, 1926 (1993). [ . S

‘ |
]
. o 400
| - \\_%P — ‘é r// Y \ |
-/x/ X -1 j
( s | F
> |

P ) ] 200
100 -

<t
E

0 \"X\ R S

i 1. N e 1 -150
~100 - 2-pp = Tepp - ReA
| T FIG. 7. Argand plot of the dominant nd partial-wave am-
—200 | . 1 . ! . L plitudes 3P, 3 D3, and *Fy; which correspond to the ' Dy, * F3,
—300 —200 —100 0 100 200 and "G4 pp states, respectively. (Compare Fig. 7 of Ref. [3]).
ReA The X points denote 50 MeV steps. All amplitudes have been
multiplied by a factor of 10°.

FIG.7. Argand plot of dominant partial-wave amplitudes.

Iii?;ﬁf;n];;ie?afteofi?’ll%\flf.StepS. All amplitudes have been R. Arndt et al., ni d ﬁ ni d
PRC50, 1796 (1994).

SAID group provides a pole for D;, froma _
combined analysis including pp - pp.
C.H. Oh et al., PRC56, 635 (1997). 27 Juna'5024 50



& D,, dibaryon

AR
Dibaryonic interpretation is still questionable

_. ;,‘;\_
’J'TH 1,,-71- o5
e A /’J

quasi-free (QF) 4 excitation cannot be
kinematically separated

T. Ishikawa % T
27 June 2024 51



	𝜼𝒅 interaction studied in 𝜸𝒅→ 𝝅 𝟎 𝜼𝒅
	Contents
	Meson-nucleus interaction
	Meson-nucleus interaction
	𝜼-nuclear interaction
	𝜼-nuclear interaction
	𝜼-nuclear interaction
	𝜼-mesic nucleus
	𝜸𝒅→ 𝝅 𝟎 𝜼𝒅 
	Experiment
	Accelerator
	EM calorimeter
	Analysis
	Event selection
	Event selection
	Event selection
	Results
	Total cross section
	Differential cross sections
	Differential cross sections
	Mystery in 𝜸𝒅→ 𝝅 𝟎 𝜼𝒅
	Mystery in 𝜸𝒅→ 𝝅 𝟎 𝜼𝒅
	Other coherent reactions
	𝜸𝒅→ 𝝅 𝟎  𝝅 𝟎 𝒅 
	𝜸𝒅→ 𝝅 𝟎  𝝅 𝟎 𝒅 
	𝜸𝒅→ 𝝅 𝟎  𝝅 𝟎 𝒅 at ELPH
	𝜸𝒅→ 𝝅 𝟎  𝝅 𝟎 𝒅 at ELPH
	𝜸𝒅→ 𝝅 𝟎  𝝅 𝟎 𝒅 at ELPH
	𝜸𝒅→ 𝝅 𝟎  𝝅 𝟎 𝒅 at ELPH
	𝜸𝒅→ 𝝅 𝟎  𝝅 𝟎 𝒅 at ELPH
	𝜸𝒅→ 𝝅 𝟎  𝝅 𝟎 𝒅 at ELPH
	𝜸𝒅→ 𝝅 𝟎  𝝅 𝟎  𝝅 𝟎 𝒅 
	𝜸𝒅→ 𝝅 𝟎  𝝅 𝟎  𝝅 𝟎 𝒅 at ELPH
	𝜸𝒅→ 𝝅 𝟎  𝝅 𝟎  𝝅 𝟎 𝒅 at ELPH
	𝜸𝒅→ 𝝅 𝟎  𝝅 𝟎  𝝅 𝟎 𝒅 at ELPH
	 𝒟 𝟑𝟎  dibaryon
	 𝒟 𝟑𝟎  dibaryon
	 𝒟 𝟑𝟎  dibaryon
	Summary
	Summary
	Hadron 2025
	Backup
	Phenomenological analysis 1
	Phenomenological analysis 1
	Phenomenological analysis 1
	Phenomenological analysis
	Dibaryons
	 𝒅 ∗ (𝟐𝟑𝟖𝟎) dibaryon
	 𝒅 ∗ (𝟐𝟑𝟖𝟎) dibaryon
	 𝒟 𝟏𝟐  dibaryon
	 𝒟 𝟏𝟐  dibaryon

