The BGOOD experiment at ELSA

- mulki-guark structures in the barjam uds sector ?
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Candidates per 2.5 MeV/c?

data-fit

Motivation

: c-quark sector
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Candidates per 2.5 MeV/c?

data-fit

Motivation: c-quark sector
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P .*(4380, 4450)

Forsaken pentaquark

R. Aaij et al., PRL 115 (2015) 072001
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PB / VB hidden c predicted from
meson-baryon interactions:
Oset, Zou et al., PRL 105 (2010)

"new N*__ states are simply
brothers or sisters of the well
known N*(1535) and A*(1405)
... and many other dynamically
generated states ..."




Motivation: c-quark sector
X(3872) P_.*(4380, 4450)

PARTICLE PHYSICS

5-quark structures definitely observed
(hidden) c-quark sector

similar 4-quark states in meson sector

structure /binding mechanism under debate

=P  paradigm change in hadron physics
=  general feature of structure formation in QCD 2

=P similiar structures in (hidden) s-quark sector 22

c O .
Oset, Zou et al., PRL 105 (2010)
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Motivation: c-quark sector
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Hadronic molecules & HQSS

LHCb data: PRL 122 (2019) 222001
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BGOOD expe riment S. Alef et al. [BGOOD collab.], EPJ A 56 (2020) 104

spokespersons: P. Levi Sandri (Frascati) &
T. Jude (Bonn)

e combination of BGO central calorimeter & forward spectrometer
e high momentum resolution, excellent neutral & charged particle id

BGO ball Open Dipole magnet

Drift chambers__

Y monitoring
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Beam dump

Tagger magnet
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e -beam
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BGOO D expe ri me nt S. Alef et al. [BGOOD collab.], EPJ A 56 (2020) 104

P. Levi Sandri (Frascati) &

The European Physical Journal volume 56 - number 4 - april - 2020 T. Jude (Bonn)
e combination Ffrometer
e high moment particle id

Recognized by European Physical Society

BGO\baII ( Hadrons and Nuclel  y monitoring
N
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Overview of the BGOOD (BGOball Open Diplole magnet) experiment at the Elsa Facility dedicated

G oniom ete r 3 to study meson photo-production

From:T. C. Jude and P. Levi Sandri et al. on “The BGOOD experimental setup at ELSA"
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BGOOD experiment

S. Alef et al. [BGOOD collab.], EPJ A 56 (2020) 104

spokespersons: P. Levi Sandri (Frascati) &
T. Jude (Bonn)

e combination of BGO central calorimeter & forward spectrometer
e high momentum resolution, excellent neutral & charged particle id

BGO ball Open Dipole magnet e N

Y monitoring

( Central region - neutral meson identification
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BGOOD expe riment S. Alef et al. [BGOOD collab.], EPJ A 56 (2020) 104

spokespersons: P. Levi Sandri (Frascati) &
T. Jude (Bonn)

e combination of BGO central calorimeter & forward spectrometer
e high momentum resolution, excellent neutral & charged particle id

BGO ball Open Dipole magnet o .

Y monitoring

f Forward angles - charged particle identification
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anomaly @ K* threshold
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K. Kohl et al. [BGOOD]

Eur. Phys. J. 59 (2023) E/ MeV BGOOD simulated bg fit
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K+ A(1405) — photoproduction mechanism

K+ A(1405) photoproduction — total x-sec Phve. Lott B 635 (2022) 187078
o 1 — total fit
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E. Wang, J. Xie, W. Liang, F. Guo, E. Oset, .
PR C 95 (2017) 015205
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reminder: LHCDb
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yp — K+ 20 photoproduction

1.6
S C T. Jude et al. [BGOOD collab.]
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yp — K+ 20°(1385) photoproduction

yp — Kt 2%(1385) at 2*(1385) threshold
M. Jena Masters thesis (Bonn 2024), data preliminary
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yp — K+ 20°(1385) photoproduction

yp — Kt 2%(1385) at 2*(1385) threshold
M. Jena Masters thesis (Bonn 2024), data preliminary
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\ m-exchange toy model

K+ <> 30(1385)
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® Relative
momen

q (MeV)

yp — K+ 20°(1385) photoproduction

yp — Kt 2%(1385) at 2*(1385) threshold
M. Jena Masters thesis (Bonn 2024), data preliminary
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charge conjugate channel: yn — K2~

yn — K™ X, at X2*(1385) threshold

J. GroB3, PhD thesis in preparation
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reminder: LHCb comparison
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Hexa-quarks / Di-baryons ?

experimental context

Evidence of the d*(2380)

Adlarson et al PRL 106:242302, 2011
Bashkanov et al PRL 102:052301, 2009

0.5
pn — dnn®
0.4 First observed in fusion
reactions at WASA @
cosy
0.3 PRL 1086, 242302 (2011)
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® Observed in multiple
final states

H. Schmieden

Total cross section c(nb)

coherent 21t photoproduction off deuteron

’}/d — 1979 at ELPH pis 70 (2019) 413 & PLB 772 (2017) 398

2.63,1%, 2 Dyson-Xuong
dibaryon sextet, Diy
120 ¢ yTe—— PRL 13 (1964) 815
110 f |3 fitted BW: = this work 2.47,1* 2.47, AA,D_D
100 b [Mo=2370,7 = 70Mev — Fix and Ahrenhovel i — 7 Teem0
E - Egorov and Fix
90 E M, =2469,T" = 120MeV -- 3 BW+phase space 2.37, 3* 70
g0 E|[Mo=2632T = 132MeV| 4 I %390

7O70 214, 2" 216 2.17, NA, D12D21

Proposed Proposed
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states 7:0 state
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See also, preliminary data: M. Guenther et al (A2), PoS (Hadron 2017)051
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Hexa-quarks ? — coherent photoproduction on d

79d & 7970 invariant mass distributions for higher
W intervals

Simulated sequential decay - different masses &
widths of the first dibaryon

Sequential decay + Phase space = sum

Mass of 2114 MeV/c? and width ~ 20 MeV/c?
(exp. resolution!) proved optimal

T.C. Jude et al [BGOOD], PLB 832 (2022) 137277

H. Schmieden
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Hexa-quarks ? — coherent photoproduction on d

further channels coherent photoproduction
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Hexa-quarks ? — coherent photoproduction on d

coherent m°n d photoproduction
A. Figueiredo, T. C. Jude , et al. arXiv:2405.09392, submitted to PLB

® Distribution agrees well with models of
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SUMMARY

® Molecular-like structure in the uds sector?

e BGOOD - photoproduction at forward angles & low momentum transfer

Eur. Phys. J. A 56:104 (2020)

* vn — K% - dynamically generated meson-baryon resonance contributions?
(parallels to Pc states) K. Kohl, T.C. Jude, et al., EPJA 59 (2023) 254

® vp — KT(A(1405) — X970) - triangle diagram mechanism?

G. Scheluchin, T.C Jude et al. Phys. Lett. B 833 (2022) 137375)

® Cusp in yp — K120 - at thresholds & bound state predictions

T.C. Jude et al., Phys. Lett. B 820 (2021) 136559, Eur. Phys. J. A (2021) 57:80

® 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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