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Recent theory work for
systems of six heavy quarks
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Prediction of beauty dibaryon in OBE model

* Extend OBE to include exchange of charmonia
 Strong enough to bind charmed dibaryon
g g y 'Q'bbb'beb -Qccc'Qccc

* Replace charm with strange -> bind QQQ
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tance in the baryon-baryon pair.



The most beautiful stronglv bound dibarvon
* First LQCD study of 6b system

« Evidence of deeply bound dibaryon in 1S,

« Potentially accessible in next generation experiments
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FIG. 5. Coulomb (V.), the parameterized strong poten-
tials (V;) and their sum are shown by the black, blue and
red curves, respectively. The shaded region represents the
variation of V, with respect to its parameters. V. is evalu-
ated at a rms charge radius equal to the rms radius of the V,
ground state. The radial probability densities of the ground
state wave-functions of the strong and combined potentials
are shown by the dashed-dotted curves.
Mathur, Padmanath, Chakraborty (Mumbai/Mainz) e-Print: 2205.02862 (2022)


https://arxiv.org/abs/2205.02862

The most charm-strange systems

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)

TABLE III: The flavor factors /. for charmed-strange interactions.
The values for charmed-antistrange interactions can be obtained by
Eq. (14) from these of charmed-strange interactions. The I, should
be 0 for coupling between different channels.
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The most charming dibaryon

« 2+1 flavour non-rel LQCD - nearly physical light quark masses
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FIG. 1. The Q. Q... potential V(r) in the 'S, channel as a
function of separation r at Euclidean time ¢t/a = 25 (red square),

26 (blue diamond), and 27 (green circle).

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



Fully-heavy hexaquarks in a constituent quark model

« CQM - Coulomb, linear confining potential and spin-spin

« All fully heavy hexaquarks above corresponding Baryon-Baryon thresholds
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FIG. 1: Mass spectra for the fully-heavy hexaquarks. The solid lines stand for the predicted masses of different systems, and dashed lines are
their corresponding thresholds.

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


https://arxiv.org/abs/2208.03041

Recent progress in light quark
sector
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Ancient history

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

« First search for excited deuteron (Chadwick,Goldhaber;

proton neutron

« 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 'D, has survived
more detailed measurements



1D2 Resonance: survivor from early history

Best seen in pp < dp*,

- also in pp — pnp* as well as pp and p*d scattering (phaseshift analyses)
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States near NN*(1440) Threshold?

Isoscalar Single Pion Production:

ONN > NNn(IZO) = 3/2(20np - pprv Opp - ppno)

Expect rising cross section from t-channel Roper

.. but falls off beyond 2.3 GeV — ¥

Dakhno et al.
Rappenecker et al. (renorm) / Opn( I = O)
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FIG. 6: (Color online) The same as Fig. 5, but with renormal-
ized results from WA SA-at-COSY |36, 37| and Refs. [42, 45],
see text, and the PWA results of Ref. [44] (open crosses with
hatched band). The solid line represents a Lorentzian fit with 1
m = 2310 MeV and I' = 150 MeV. The dashed line shows the

expected energy dependence based on t-channel Roper exci- L
tation |36, 64| adjusted in height arbitrarily to the data point 0
at /3 = 2260 MeV. B
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Experimental investigations at LHC: NQ from heavy ion collisions
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Recent progress in d*(2380)
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d*(2380) hexaquark SU(3) multiplet

/N

d*(2380)

i, (2.53 — 2.60)
d, (2.68 — 2.76)

d.<(2.82 — 2.90)
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NN scattering evidence
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d*(2380) decay branches

d* decay channel Branching ratio, %
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d*(2380) photoproduction
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Conventional Background
M. Egorov, A. Fix,
Nucl.Phys. A933 (2015) 104-113

B. Krusche, NStar 2019
T. Ishikawa et al. Phys.Lett. B772 (2017) 398 17



d*(2380) photoproduction
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A lot of dynamics beyond N* excitation on single nucleon
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photoproduction

T. Jude et al. Phys.Lett.B 832 (2022) 137277
See T. Jude talk for the details 18



Deuterium photodisintegration (X)

S~ Y, a;Pf(cos®)

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

E, = 425 MeV

E2 transition = small

M3 transition = dominant

Consistent with d*(2380)

as a compact object !
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Induced nucleon polarization (Py) at 90° (CM)
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Transferred nucleon polarization (C,.)

C, at 90 degrees
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https://arxiv.org/abs/2206.12299

Argand type plots Re vs Im

Cx&P, at 90 degrees
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Data base of EM observables
sensitive to d* (Decuplet) is
increasing

Polarised D target observables in
few year timescale ..

Theory developments ongoing
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https://arxiv.org/abs/2206.12299

d*(2380)
sequential process?
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Criticism: arXiv:2106.00494
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d*(2380) sequential process?
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FIG. 7: (Color online) Isoscalar pp invariant mass spectrum

Mpp(I = 0) obtained from the difference of the corresponding
distributions in the pp — pp=" and pn — ppr~ reactions by
use of eq. (1). The phase-space distribution is indicated by
the (yellow) shaded region. The red dashed histogram gives

a t-channel calculation for Roper excitation.

D

New Wasa data:

-> 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 n production in *D; PW is very small
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Conclusion

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

- Lattice, phenomenology. Raises many questions...

d*(2380) multiplet

— New results for yd —» dnmw and yd — pn
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