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The d*(2380) dibaryon/hexaquark
The ABC effect
® A low mass enhancement in the 77 invariant mass - first observed in the 1960s
(double pionic fusion of deuteron and proton to 3He) Booth, Abashian, & Crowe, PRL. 7, 35 (1961)
¢ Described when including the d*(2380):
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The d*(2380) dibaryon/hexaquark candidate

® Chiral quark models - predict a colour compact configuration
Huang et al. Chin Phys. C 7 (2015) 07001
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Microscopic chiral quark models: 2/3 hidden colour (compact)
configuration, Huang et al. Chin. Phys. C 7 (2015) 071001
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e Compact nature supported by beam asymmetry measurements
photodisintegration Bashkanov et al. PLB 789 (2019) 7

of deuteron
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The d*(2380) dibaryon/hexaquark

e Soften the equation of state of
neutron stars - a solution to the
Hyperon puzzle?

Vidana et al., PLB 781 (2018) 112

® Calculated particle fractions within
neutron star interiors with /without
d*(2380) (dashed/solid lines)

Vidana et al., PLB 781 (2018) 112
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® Dark matter candidate? d*(2380) BEC formed in the early universe

Bashkanov & Watts, JPG 47 (2020) 03LT01



® 3-body calculations - NA & AA resonances in good agreement Gal & Garcilazo NPA928 (2014) 73
® Alternative descriptions via OPE & triangle type mech. eg, Molina, keno, Oset, arxiv:2102.05575 (2021)

A spectrum of dibaryons?
® SU(6) for baryons - 4 dibaryon candidates Dyson & Xuong PRL 13 (1964) 815

’)/d — T 7T0d data from ELPH ishikawa et al, PLB 789 (2019) 413
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Alternatively - 7 exchange & no dibaryons
T 77ﬁ77 “Production” models

p<1.83 GeV/c{

® One example of (many) One 7

L]
Exchange (OPE) model description 3 s Soscavel .
I. Bar-Nir et al. , NPB 54 (1973) % I ;
® np — ntw~d measured at DESY £ —
2

® The 7" d invariant mass OPE models,
no intermediate dibaryons
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Coherent meson photoproduction off the deuteron at forward angles at

BGOOD

1. Motivation - dibaryon formation or OPE?

2. Studies with the BGOOD experiment at ELSA:

e Coherent m7%d photoproduction

® Coherent mnd photoproduction

4 N
e Coherent m7°7%d photoproduction /BGOJD
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The BGOOD experiment, Eur. Phys. J. A 56:104 (2020)
Spokespersons: T.C Jude (Bonn) & P. Levi Sandri (Frascati)
® ELSA - a 3 stage accelerator - continuous e~ beams up to 3.2 GeV

® BGOOD - BGO calorimeter (central region) & Forward Spectrometer combination

BGO vail Open Dipole magnet

flux monitoring driftchambers

Tagger magnet

goniometer

Cen
traj detector beam dump

Tagger
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BGOOD central region
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all combinatorics

10°

10’
10°
10°
10%E
10°
10°g

+ charge cut

+ missing mass cut

+ kinematic fit

+ confidence level cut

(2y overlap)
| |

P I S I
200 400

PN I IR S
600 800 1000

Two photon invariant mass [MeV/c?]

BGOOD forward

Momo

SciFi
Shift in X

region

X1
Ut vz

X2

ToF3
ToF1

ToF2

500 1000

1500 2000 2500
Reconstructed momentum [MeV/c]

8/21



vd — 7% at BGOOD - analysis steps
T.C. Jude, et al., Phys. Lett. B 832 (2022) 137277

e Coherent reaction - vd — m%7°d, deuterons in the forward spectrometer

® Unexpected! py > 400 MeV/c & deuteron Fermi momentum ~ 80 MeV/c

|Se|ect deuterons in the forward spectrometer|
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vd — 7% at BGOOD - analysis steps
T.C. Jude, et al., Phys. Lett. B 832 (2022) 137277
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Counts per 20 MeV/c?

vd — 7% at BGOOD -

® Systematic studies using hydrogen data &
fitting with other background channels

“Normal” fit
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® Small difference at W ~ 1600 MeV
understood - background from vp — np
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® Good agreement for a “Similar reaction”,
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vd — m079%d at BGOOD - differential cross section Vs. W
T.C. Jude, et al., Phys. Lett. B 832 (2022) 137277
® Not described by coherent photoproduction model or “Toy pick up model
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vd — m079% at BGOOD - invariant mass distributions

® The 7%d and 770 invariant mass distributions over the d*(2380) range
® (Consistent with the ABC effect (distribution from P. Adiarson et al. PRC, 86:032201, 2012.)

_ -
o

do/dQdm [nb/sr.GeV/c?]

e Differential cross section for yd — d*(2380) — 7%7%d : (22 & 64tat + 4gys) nb/sr
® Angular dis. well known - cross section extrapolated to (11.3 &= 3.24¢at = 2.74ys) nb
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vd — m079% at BGOOD - Invariant mass distributions
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do/dQ [nbrsr]

vd — 7% at BGOOD - Evidence of a dibaryon spectrum?

Supports dibaryons states proposed at ELPH ishikawa et al, PLB 789 (2010) 413

— Summed phase space term & 3 BWs:
E,, = 2380 MeV/c®, T = 70 MeV/c®
E, = 2470 MeV/c? T = 120 MeV/c*
E,, = 2630 MeV/c?, T = 130 MeV/c®

# BGOOD data, sequential decay

— BW fit: E,, = 2618 = 14 MeV/c?,

= 148 + 29 MeV/c?
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Coherent meson photoproduction off the deuteron at forward angles at

BGOOD

1. Motivation - dibaryon formation or OPE?

2. Studies with the BGOOD experiment at ELSA:

e Coherent 7%7%d photoproduction

® Coherent 7nd photoproduction

4 N
e Coherent m7°7%d photoproduction /BGOJD
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~d — 7nd at ELPH

T. Ishikawa et al., Phys. Rev. C 105, 045201 (2022), Phys. Rev. C 104, L052201 (2021)
® Phenomenological analysis including diagrams in (a)
® invariant mass distributions support a bound/virtual nd state
® Angular distribution not described by models Torres, Kemchandani and Oset, PRC 107, 025202 (2023)

@ (b) © @ g
| ESLOMLIGeV [ E=L0I-115Gev| 30f|  B=LOLLISGeV
1.5 —all 1.5F ' F\ W/o' absorption
E ---nd, L=0 I _ L ~ - impulse
AR L0 md L2 gk .
~ F PN nd,L=2| ~ f el oo
E 0.5 E 0.5 - ‘ T0F o N g
=} E =} E > ‘,,/ \\.
2 0 Ex = 0 * o 0
= = i E,=0.95-1.01 GeV
2:145 F §=1-5 F = 30p — 075110 27lefm
k) E <) F 2 £ =~ W absorption
S 1 3 1 £ 20} =,
05f 05f S 1oL
E E L
of 0 P
24245 25 25526 265 2 205 21 21523 32
1 (GeV) ~(GeV)

16/21



vd — mnd at BGOOD

A.J. Clara Figueiredo, T.C. Jude, arXiv:2405.09392 (2024), to be submitted to PLB

® Excellent agreement with previous ELPH data

(red points)

T. Ishikawa et al., PRC 105, 045201 (2022), Phys. Rev. C 104, L052201 (2021)

® Unexpectedly large differential cross section,
not described by models including
YN — A(1700)3 " — N(1535)3 70 — 7OnN

e Similar mechanism to 7%7%d?
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vd — m™nd at BGOOD

A.J. Clara Figueiredo, T.C. Jude, arXiv:2405.09392 (2024), to be submitted to PLB

o]

® Propose “Toy models” based on
diagrams (a) and (b)
— Fitted kinetic models 1 + 2

4 —— Data
cos 6, > 0.8 ’ | —_ Fitted kinetic model 1
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® On shell kinematics, final proton &
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vd — m™nd at BGOOD - invariant mass distributions

A.J. Clara Figueiredo, T.C. Jude, arXiv:2405.09392 (2024), to be submitted to PLB
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Coherent meson photoproduction off the deuteron at forward angles at

BGOOD

1. Motivation - dibaryon formation or OPE?

2. Studies with the BGOOD experiment at ELSA:

e Coherent 7%7%d photoproduction

® Coherent mnd photoproduction /_\\\ ‘

e Coherent m7°7%d photoproduction

19/21



vd — m7%7%d at BGOOD

Preliminary, A. Stirner, Masters thesis (Uni Bonn 2021), R. Volk, Master thesis in preparation

® Similar mechanism to model? -

Y Kinetic model 1 o T} 200 T cos 6%,>0.8
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® Could be naturally explained by similar 3 l + *M
decay branching ratios: 4 %H | HH HHI}
o N(1535) — 7N, I;/I =32 — 53% £ “H i} | } } } }
© N(1535) — 7aN, ;)T =4 —31% AL 4}{ ; }‘%H; q * l
® N(1535) — N, T;/T =30 —55% R -‘28‘00? 3000 3200

® Does this discount dibaryon W[MeV]

formation?

20/21



The BGOOD experiment at ELSA - the story so far

® Unaccounted reaction mechanisms in coherent 7%7°%d and 7°nd - dibaryons or
pion rescattering terms?

T.C. Jude, et al., Phys. Lett. B 832 (2022) 137277, A.J. Clara Figueiredo, T.C. Jude, arXiv:2405.09392
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vd — 7% at BGOOD - Evidence of a dibaryon spectrum?

e 7970 jnvariant mass for

2523 < W < 2738 MeV

® Propose an N(1680)5/2% N dibaryon -
large coupling to wlN

® Positive parity - consistent with decay
with odd relative angular momentum
to the NA 79 system & the change in
spin required of the constituents.
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