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Recent theory work for 
systems of six heavy quarks



Prediction of beauty dibaryon in OBE model

3
Liu. Geneg (Beijing/Zhengzou); 
CHIN. PHYS. LETT. Vol. 38, No. 10 (2021) 101201

Ω!!!Ω!!! Ω"""Ω"""

• Extend OBE to include exchange of charmonia

• Strong enough to bind charmed dibaryon

• Replace charm with strange -> bind WW



The	most	beautiful	strongly	bound	dibaryon
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Ω!!!Ω!!!

Mathur, Padmanath, Chakraborty (Mumbai/Mainz) e-Print: 2205.02862 (2022)

𝑬𝒃 ∼ −𝟖𝟗𝑴𝒆𝑽

• First LQCD study of 6b system

• Evidence of deeply bound dibaryon in 1S0

• Potentially accessible in next generation experiments

https://arxiv.org/abs/2205.02862


The	most	charm-strange	systems

5Shu-Yi Kong , Jun-Tao Zhu , Jun He (Nanjing, Lanzouh), arXiv:2208.11962

S-wave bound states can be produced 
from most of the channels

• Effective SU(3) Lagrangian with heavy quark and chiral symmetries

• Potentials from light meson exchanges

• Two body scattering (Bethe-Salpeter equation with interaction potential kernel)



The	most	charming	dibaryon
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HALQCD Ω"""Ω"""

Lyu et. al (Peking/Riken,Kyoto) PRL 127, 072003 (2021)

Unbound	due	to	Coulomb:

𝑎" ∼ 1.57 𝑓𝑚
𝑟" ∼ 0.57 𝑓𝑚

• 2+1 flavour non-rel LQCD – nearly physical light quark masses



Fully-heavy	hexaquarks	in	a	constituent	quark	model

7Qi-Fang Lu  , Dian-Yong Chen, Yu-Bing Dong (Beijing, Lanzhou, Osaka, Nanjing, Changsha) : e-Print: 2208.03041 (2022)

All	unbound

• CQM – Coulomb, linear confining potential and spin-spin

• All fully heavy hexaquarks above corresponding Baryon-Baryon thresholds

https://arxiv.org/abs/2208.03041


Recent	progress	in	light	quark	
sector	



• Deuteron “trivial dibaryon” (1931 Harold Urey; Nobel prize 1934)

• First search for excited deuteron (Chadwick,Goldhaber; Nature 134, 237 (1934))

• 6 non-strange states (Dyson,Xoung; 1964)

• H-dibaryon (Jaffe 1975)

• Many experimental claims in next few decades

… (perhaps) of the early candidates only the 1D2 has survived 
more detailed measurements

Ancient history

proton         neutron
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1D2 Resonance: survivor from early history
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• Best seen in pp « dp+,
o also in pp ® pnp+ as well as  pp and p+d scattering (phaseshift analyses)

stot (p+d ® pp) Argand plot

I (JP) = 1 (2+)
M ≈ 2148 MeV = mD + mN – 22 MeV
G ≈ 126 MeV » GD

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) 245

251
563
569

Alternative description: cusp, virtual state, reflection D. Bugg et al.
However, not consistent!!! Kukulin and Platonova PRD 94 (2016) 054039

DN threshold ~2.17 GeV



States	near	NN*(1440)	Threshold?
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§ Isoscalar Single Pion Production:

§ σNN → NNπ(I=0) = 3/2(2σnp → ppπ- - σpp → ppπ0)

§ Expect rising cross section from t-channel Roper
.. but falls off beyond 2.3 GeV

arXiv: 2010.09217v3, July 2022



𝐄𝐱𝐩𝐞𝐫𝐢𝐦𝐞𝐧𝐭𝐚𝐥 𝐢𝐧𝐯𝐞𝐬𝐭𝐢𝐠𝐚𝐭𝐢𝐨𝐧𝐬 𝐚𝐭 𝐋𝐇𝐂: 𝐍𝛀 from heavy ion collisions

12ALICE: Nature 588, 232–238 (2020)

2.5 MeV binding energy (Coulomb+strong)



Recent	progress	in	d*(2380)



𝒅∗ 𝟐𝟑𝟖𝟎 hexaquark SU(3) multiplet

DD

DS*

DX*

𝑑∗(2380)

𝑑" (2.53 − 2.60)

𝑑""(2.68 − 2.76)

𝑑"""(2.82 − 2.90)

Jp = 3+

DW
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d*(2380)

𝒅𝝅𝟎𝝅𝟎 𝒅𝝅$𝝅%

𝒑𝒑𝝅%𝝅𝟎 𝒑𝒏𝝅𝟎𝝅𝟎

𝒑𝒏

𝒑𝒏𝝅$𝝅%

d* 
d* d* 

NN scattering evidence
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𝑑∗(2380) decay branches

𝒅∗ decay channel Branching ratio, %
𝑝𝑛 12(3)

𝑑𝜋'𝜋' 14(1)
𝑑𝜋$𝜋% 23(2)
𝑝𝑛𝜋$𝜋% 30(5)
𝑝𝑛𝜋'𝜋' 12(2)
𝑝𝑝𝜋'𝜋% 6(1)
𝑛𝑛𝜋'𝜋$ 6(1)
𝑁𝑁𝜋 0(3)

Eur.Phys.J. A51 (2015) 7, 87
;Γ# ∼ Γ$%$



d*(2380)	photoproduction

d*

𝛾𝑑 → 𝑑𝜋>𝜋>
𝜸𝒅 → 𝒅𝝅𝟎𝝅𝟎

Conventional Background
M. Egorov, A. Fix,
Nucl.Phys. A933 (2015) 104-113

𝑑∗

B. Krusche, NStar 2019

T. Ishikawa et al. Phys.Lett. B772 (2017) 398 17



d*(2380)	photoproduction

d*

T. Jude et al. Phys.Lett.B 832 (2022) 137277

18

Conventional calculations x5

A lot of dynamics beyond N* excitation on single nucleon

The first observation of the ABC-effect in 
photoproduction

See T. Jude talk for the details



Σ~∑#$%𝑎#𝑃#%(𝑐𝑜𝑠Θ)

E2 transition Þ small
M3 transition Þ dominant

𝐂𝐨𝐧𝐬𝐢𝐬𝐭𝐞𝐧𝐭 𝐰𝐢𝐭𝐡 𝐝∗ 𝟐𝟑𝟖𝟎
as a compact object !

Bashkanov, DPW, Kay, CB@MAMI;  PLB789 (2019) 7-12

E2

M3

H.Ikeda et al.,NPB172,509,(1980)

Deuterium photodisintegration (S)
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neutron

proton

Induced nucleon polarization (Py) at 𝟗𝟎° (CM)

𝛾𝑑 → 𝑑∗ → 𝑝𝑛
𝛾𝑑 → 𝑑∗ → 𝑝𝑛

Bashkanov, DPW; 
PRL 124 (2020) 13

20

3

Graphite
analysing

Medium
12C(n,p)
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𝐶4 at 90 degrees

𝛾𝑑 → 𝑑∗ → 𝑝𝑛
𝛾𝑑 → 𝑑∗ → 𝑝𝑛

proton
neutron

𝑃5 at 90 degrees (CM)

PRL. 124 (2020) 13, 132001

𝐶4 at 60 degrees

Bashkanov, DPW; arXiv: 2206.12299 (2022)

Transferred nucleon polarization (Cx’)

https://arxiv.org/abs/2206.12299


Argand type plots Re vs Im
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𝐶4&𝑃5 at 90 degrees

Baskanov, DPW; arXiv: 2206.12299 (2022)

• Data base of EM observables
sensitive to d* (Decuplet) is 
increasing

• Polarised D target observables in
few year timescale .. 

• Theory developments ongoing

https://arxiv.org/abs/2206.12299


𝑑∗(2380)
sequential process?

23

R. Molina, N Ikeno, E. Oset arXiv: 2102.05575

Criticism:  arXiv:2106.00494



𝑑∗(2380) sequential process?
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'𝐷'
(𝐷)

New Wasa data: arXiv: 2010.09217v3, July 2022
-> Little strength in pp-system for the second step
-> S, P wave dominates in pp exit channel
-> Sequential process assumes D-wave dominance

New Gatchina data +PWA (in preparation) -> Also 
indicates single p production in #𝐷# PW is very small



Conclusion

Lots of recent activity from the theory side for heavy 
quarks!

- Lattice, phenomenology. Raises many questions…

𝑑∗ 2380 multiplet
– New results for 𝛾𝑑 → 𝑑𝜋𝜋 and 𝛾⃗𝑑 → 𝑝𝑛
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