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‘ Access during last year (July 23 — July 24) ¢
Project Title users AU person-days
TA4-1 eta beam asymmetry 32 81+135(July) ~ 15
TA4-2 eta’ at threshold 21 192+170(July) ~ 15
TA4-3 multiquark states 35 31 (July) ~ 10
TA4-4 K* photoprod. & DCs 15 —

TA4-5 Aerogel Cherenkov 15 —

TA4-6 MWPC upgrade 7 19 ~9
TA4-7 piO off polarised p/n 3* 36 0*
TA4-8 eta’ off polarised p/n 3% 37 o*
TA4-9 MRPC detector develop. 32 —

* Dubna group took part but is not counted
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’ Total Access overview until July 24 : 4

total Access Units until ... Estimation of deliverables - table (p183) of the Strong 2020 proposal

Deliverables (brief description and month of delivery)
One unit of access (1AU) is 1 beam-hour (1BH) for the accelerators or 1 lab-day (1LD) for the laboratories of the
FTD research building. In average, 100 LD + 250 BH = 350 AU shall be provided per year to international UGs.

Deliverable n. | Unit  of | Unit cost | Min. Estimated Estimated Estimated
access (EUR) quantity of | number of | number of days | number  of
CB +73 access to be | users spent at the | projects
provided infrastructure

D-6.1 1AU 88 525 75 375 15

. D-6.2 1AU 88 S — |75 375 15
BGOOD +1 92 336 D-6.3 1 AU 88 C | 1400 Y [200 1000 40

Deliverable description: N——

D-6.1) Transnational Access provision - multi

L ab +1 2 D-6.2) Transnational Access provision -
D-6.3) Transnational Access provision -

—|
1,184 1,520

nnual implementation plan over the first 18 months (month 1-18).
ual implementation plan over the next 18 months (month 19-36)
annual implementation for the whole duration of the project (month

min. quantity of access to be
provided: 1400 AU

since last October: +73 (CB) + 192 (BGOOD Feb/March) + 336 (BGOOD July) + 12 (lab access)
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’ General theme: N* spectroscopy & multi-quark configurations ¢ ¢

Relevant degrees of
freedom?
® 3 quark states only?

® Molecule-like states,
meson-baryon degrees of
freedom?

Glozman & Riska, Phys. Rep. 268 (1996) 263,
Garcia-Recio et al., PLB 582 (2004) 49,
Lutz & Kolomeitsev, PLB 585 (2004) 243
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’ ELSA facility : .

A BGOOD
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’ Recent Results CBELSA-TAPS/ TA4-7/8 Setup ¢

Polarized Target Crystal Barrel

+ Inner detector

N R Goniometer
Forward Detector S 2R

Tagging system

Photon intensity
monitor
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’ Recent Results CB/ TA4-7

l. Jaegle et al, EPJA 47 (2012) 89 (CBELSA/TAPS)

15 W
».‘ 0 =
A 10 I * ) 1 . 1 L 1
'g_ kN 4, 5 700 1800 2000 2200
-61 . y d W[MeV]
P * o(np), free proton
. ' B o(np), quasi-free proton
» ® 3/2c6(nn), quasi-free neutron
5 - (mn), q
S AN sate tee L4
S Al o1 i,,!.‘“'ﬁm‘»ti;
/ \ Teulln R
0 1 ESOO = 1800 2000 2200
‘ W[MeV]

W = 1665 + 25 MeV
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n-photoproduction off neutron ‘

yd — nn(p)

1615MeV 1665 MeV

1715 MeV

N. Jermann (CBELSA/TAPS)
EPJA 59 (2023) 10, 232

Predictions:

BnGa: interference
in the 1/2— -wave

BnGa: structure

Rt explained by narrow

N(1685)1/2"

| MAID: N(1535)1/2—

N(1710)1/2F

BnGa PWA fits including new double-polarisation
data: narrow 1/2+ state not needed
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’ Recent Results BGOOD / TA4-3 ’

BGO ball Open Dipole magnet

Y monitoring

Multiquark States
y p/n — KO0+ Y

e combination of BGO central calorimeter & forward spectrometer
e high momentum resolution, excellent neutral & charged particle id in (very) forward direction
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LHCDb,
PRL 122 (2019) 222001

Meng-Lin Du et al.,

PRL 124 (2020) 072001
Hadronic molecules & HQSS

-
N
o
(@)

—_
o
o
o

LI I LELELI I LELEL I LI B | I LI |

800

Weighted candidates/(2 MeV)

D
o
o

400

200

e,

43

r -
i P(4312)
[ AAA;

00 4250 4300 43

A

BGOOD / TA4-3 ¢
5tb’ £:D° s:p* s
? ' vp — KTX
data T.C. Jude et al.,
— total fit Phys. Lett. B 820 (2021) 136559
—background

vp — KTA(1405)

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

~n — K9%0
K. Kohl, T.C. Jude, et al.,
EPJA 59 (2023) 254

A

30 4400 4450 4500 4550 4600

uds sector  N*(1535) 2K \Z*K/ > K*  N*(2030/80)
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’ Recent Results BGOOD / TA4-3

yp — K* 2

at 2*(1385) threshold

¥ Fitted BW
mean = (1887 + 5) MeV/c?
width = (34 + 11) MeV/c?

1 ]

K*z%(1385)
threshold

— 1.8 . _
Z E —3— K+):° (BGOOD) 1.6
G 16 —%— K'A(1405) (CLAS) S r
5 F —3— K'x°(1385) (CLAS S 1.4
s —&— 0p (LEPS) =
£ C H“ KKp bound state 1.2
n 1‘2:_ } oN bound state nor
g 1= { 5
o o Bhal
Y| } 5 08F

0.6 0.6;
0.4 t / ! 0.4
C $ 1 ! __
0.2 [/ 0.2
! [ | . -
o 1 1 1 1 1 I 1 1 1 1 1 /] 1 | 1 1 1 1 1 1 1 i i | 1 1 ! ] | 1 q
1700 1800 190 2000 2100 2200 2300 700
W [MeV]
T. Jude et al. [BGOOD]
threshold Phys. Lett. B 820 (2021)
K+ 20(]385) & later analysis
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’ Recent Results BGOOD / TA4-3 ‘

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

- [~ [ T
® Differential cross section for é 0l i miii;a (008 T =059
cos QgM > 0.9 o - | —— MM(K'rx)
T\é 0.251- : ———- K*£(1385) threshold
® First data from threshold © -
0.2F i
® large peak at W ~ 1900 MeV 015" | #
. n |
- |
B L | #
0.1 » QAN
: : * -—I—-._.,_
= | ‘ o
0'05: |< threshold
B |
%—Illllllllllllllll‘lllll Jlllllllllllllllll
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’ Recent Results BGOOD / TA4-3 ‘

yp — K+2%(1385) at 2*(1385) threshold

M. Jena Masters thesis (Bonn 2024), data preliminary

o Relative K+ — ¥(1385)
momentum:

e MM(K)

—e— MM(K*n1°)

. o,

—— Toy model

0.25[ ——- k*x(1385) threshold

0.3

{\IIIlIIII

q (MeV)
do/dQ (ub/sr)

0.2

0.15

0.1

W (MeV) 0.05

do 1 . -
X s Y800 182 1840 1860 1880 1900 1920 1940 1960
dQ — (m2+ q?) W (MeV)

III‘I\IIII\II||Y11|III

® Assume

\ r-exchange toy model
K+ 20(1385)
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’ Recent Results BGOOD / TA4-3 ¢
yp — K+2%(1385) at 2*(1385) threshold

M. Jena Masters thesis (Bonn 2024), data preliminary

e Relative KT — ¥(1385) - ¢ l
3 - [—— MM(K) |
momentum: 3 0.3 ::; MM(K %) i .
| B Ogyq 1o
S | —— Toy model ’ | s
B 0.25[ ] ——- k*5(1385) threshold | |— 1

|:{> it a1l ol 2 b

o K Z*(1385) system is formed (molecule ??) which

» drives K 2gs channel below 2* threshold and

* generates cusp in gs channel when K 2* are produced freely

» where then the strength reappears in a strong enhancement as

long as the relative momentum in the K 2* system is small enough 500 1920 1940 1960
W (MeV)

- r-exchange toy model
Kt 20(1385)
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’ Recent Results BGOOD / TA4-3 ¢
yp — K+2%(1385) at 2*(1385) threshold

M. Jena Masters thesis (Bonn 2024), data preliminary

o Relative K™ — ¥(1385) - .
5 - [—— MM(K) |
E L | - Ogys (tot) I
o} I | —— Toy model I —_t
B 0.25[{ - k*x(1385) threshold ’ | |— -1

|:{> it a1l ol 2 b |

» K Z* (1385) system is formed (molecule ﬁ.{> isospin partner ??
» drives K 2gs channel below >* threshold anc — charge conjugate channel K* S
* generates cusp in gs channel when K 2* are

» where then the strength reappears in a strong enhancement as
long as the relative momentum in the K 2* system is small enough

L .
00 1920 1940 1960
W (MeV)

- r-exchange toy model
K+ 20(1385)
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’ Recent Results BGOOD / TA4-3 ’

yn — K" 25 at 2*(1385) threshold

J. GroB, PhD thesis in preparation

% 0 2;_ cos 65, > 0.9 | ‘ . flrs: :gi f(r)c.ngm threshold for
© -
B i + e good agreement w/ CLAS & LEPS
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’ Recent Results BGOOD / TA4-3 ’

yn — K" 25 at 2*(1385) threshold

J. GroB, PhD thesis in preparation

E 02l cos 65,>0.9 « first data from threshold for
=T ‘ cos0%, > 0.9
E - { + + + .}‘I  good agreement w/ CLAS & LEPS
0.15[— | ﬁ 'Hl | ' {' where overlap
- H h t [ I Il H e enhancement in forward directions
01— }‘} I : l11{']']' .]. ~ smallest p, !
- I
- Hh** T * very similar to K+ X2
0.05— ¢ 11t i BGOOD |:C> Y @
- {.}}i i LEPS * as expected for “molecule”
-4, | | i CLASl, 0.8 < cos IeéM <09 e cusp shifted < isospin breaking in
04700 1800 1900 2000 2100 " [Mzz\ >0~ system !
e
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“penta-quark systems*

LHCDb,
PRL 122 (2019) 222001

Meng-Lin Du et al.,

PRL 124 (2020) 072001
Hadronic molecules & HQSS
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—data
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:’
vp — KTY0O
T.C. Jude et al.,
Phys. Lett. B 820 (2021) 136559
vp — KTA(1405)

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

~n — K9%0
K. Kohl, T.C. Jude, et al.,
EPJA 59 (2023) 254

uds sector

N*

(1535) K 3*K SK* N*(2030/80)

& new results shown

=>

apparent similarity between
P. states in c- and structures
observed in s-sector
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’ Recent Results BGOOD /TA4-3 - Hexa-quarks ?

e early SU(B) predictions — NN, NA & AA type dibaryon candidates

Dyson & Xuong, PRL 13 (1964) 815

e 3-body calculations NA & AA in good agreement

Gal & Garcilazo, NPA 928 (2014) 73

Annual Meeting, 20-21 June 2024

pn — dn'n’

dnr threshold

d*(2380)
observed in pn fusion reaction
at WASA experiment at COSY

P. Adlarson et al. [ WASA@CQOSY],
PRL 106 (2011) 242302

IIIII]IIIIIIIIIIIIIIIIII

26
\s [GeV]

22 24

e

NN* example
combinations

—
N-N(1680)5/2*, 2.618 263, T, 2

N-N(1535)1/2, 2.473 2.47, 1" D [

N-N(1440)1/2", 2.377 2.37, 3*

close in energy to
observed states

nood*(zsso)

0 4
n'n’ 2.14, 2%

Proposed

D) Jr= (0) 3
AA type object ?
observed in multiple ey

& Proposed
isoscalar isovector
states 20 state
Figure adapted from 1.88, 1
T. Ishikawa
NSTAR2019 talk I =0 I =1
deuteron /

virtual state

final states in pn reactions d
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’ Recent Results BGOOD /TA4-3 - Hexa-quarks ? ¢

Status from other experiments

Evidence of the d*(2380) ’yd — 7TO7TOd at ELPH i 780 (2019) 413 & PLB 772 (2017) 398

. o
Adlarson et al PRL 106:242302, 2011 2.63, 1%, 2 Dyson-Xuong
Bashkanov et al PRL 102:052301, 2009 dibaryon sextet, Dy
0.5 120 ¢ PRL 13 (1964) 815
- pn — dn‘n’ E 3 fitted B PLB772, 398
: 1o g2 HHee = = this work 2.47,1* 2.47,AA,D_D
04 Fi i ; E | M, =2370,T' =70 MeV — Fix and Ahrenhovel - dema el -t
4 [ irst observed in fusion 100 Ecorov and Fix
N reactions at WASA @ 90 E | M, =2469,T = 120MeV _ 3%3W+phase space 2373
T 03L cosy 3 F SNV n® 235
-'-'E’ 0.3 PRL 106, 242302 (2011) Ss0f M, =2632,T" = 132MeV *
3 E E 70k
© 0.2 - "::) 60 E
: N N 2.17,NA,D_D
01 g 0F AR\ PN T 94,2+ 216 210 T DD
a -5 g 4L Proposed Proposed
0 22 2 2.6 e - isoscalar isovector
. 20 E states 70 |state
\'s [GeV] N _ o
b Ll S Pietmme PR A A A < < 1.88, 1* 1.88, NN, D D
® (I)JP = (0)3+ 02350 2400 2450 2500 2550 2600 2650 2700 2750 2800 285 ’ ’ * o110

CM energy Wv o (MeV)

I=0 I=1 Adapted from T. Ishikawa
NSTAR2019

® Observed in multiple
final states

y See also, preliminary data: M. Guenther et al (A2), PoS (Hadron 2017)051
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’ Recent Results BGOOD / TA4-3

o 10d & 7070 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

Y

d hwuaemw-\ alll— d

N

10 10

Hexa-quarks ?

@ 30F (a) 2523 - 2628 | o 18F (b) 2523 - 2628
= S 16
] 25? & 14f
B 50 2 12
2..F £ 10F
€ 15 € o
g 10f . | S 6
8 5f++ h 8 ;:r|
: o) 24 ¢
G271 22 23 24 25 26 03 04 05 06 07 08
n°d invariant mass [GeV/c?] 770 invariant mass [GeV/c?|
) B % 22 B
< a0 (c) 2628 - 2705 g 20E (d) 2628 - 2705
Q o5b o 18
a & 16f
220 i@* 205
E 15} - E 10 -
g kY g'a 3w
3 10F + ? 3 o I
A |3 R
5Er ar .
T 1 hy 2r F s -
g 22 23 24 25 26 063 04 05 06 07 08
7°d invariant mass [GeV/c?] 770 invariant mass [GeV/c?]
g E Eond r
L 16 e) 2705-2771| £ 10F (f) 2705 - 2771
© 14F o
9] E 9] 8k
812 &
g SIEEE S
% 8- T _g [ -
g bty e |
3 4~ 5 T
2— [ ; 1,
G~ 51 27 535 24 25 2% 0733 04 05 06 07 08

n°d invariant mass [GeV/c?

T.C. Jude et al [BGOOD], PLB 832 (2022) 137277 &%> mostly consistent w/ ELPH
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’ Recent Results BGOOD /TA4-3 - Hexa-quarks ? ¢

further channels coherent photoproduction

% 1: ;E:d: sequential decay i lT cos 62,,>0.8
s f:(’:onod * ﬁHHHM %
4;— *“fl {h HHH”N i ‘
j_ **iﬁfzﬂu { i#ﬁﬂ o w M l :

2400 2600 2800 3000 3200
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’ Recent Results BGOOD /TA4-3 - Hexa-quarks ? ¢

coherent 7% d photoproduction
A. Figueiredo, T. C. Jude , et al. arXiv:2405.09392, submitted to PLB

® Distribution agrees well with models of

. . — 8-
pion re-scattering E F cosel 08 —— Data
£ 7 —— Fitted kinetic model 1

Kinetic model 1 0 (b) Kinetic model 2 g0 % Fitted kinetic model 2 (x10)

P E’ﬁ A(1232) <« P ——¢ A(1282) <5 £ 6 —— Fitted kinetic models 1 + 2
| o+ d x?/ndf = 1.09
d L p 5

n —5 N(1535)

\ n F‘ N(1535) —
=y B 4

® Similar strength of coherent channels could
be explained by similar decay branching { T I }
ratios:: b RNl

® N(1535) - 7N, T;/T =32-53% 2600 2700 2800 2900 3000 3100 20
® N(1535) —» 7N, I;/T =4 —-31%
® N(1535) — wnN, I';/T =30 — 55 %

Annual Meeting, 20-21 June 2024 H. Schmieden TA4 FTD-Hadron / ELSA STR@N G_ 220

———

W
IIIIIIHI[IIHIIHIMIIIlIIIIlIHIl T
- —— b

————




’ 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 — K920 - dynamically generated meson-baryon resonance contributions?
(parallels to P¢ states) k. kohl, T.C. Jude, et al., EPJA 50 (2023) 254

® yp — KT (A(1405) — £970) - triangle diagram mechanism?

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

® Cusp in yp — K130 - 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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’ SUMMARY

® Molecular-like structure in the uds sector?

Exotic multi-quark states and baryon spectroscopy workshop

25-27 Jun 2024 Q
Universitatsclub Bonn, the University of Bonn
Europe/Berlin timezone

1~ o7 \"°'\7 " T 77 o T V4 N S 2 =

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

® Cusp in yp — K130 - 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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. Recent Results CB/ TA4-7

4 1470 MeVp 1515 MeV}

: 1 g PIYS
it MMLMM
e

T b1 1565 MeV| 1615 MeV

YA / / & 0‘*

4, 1470 Me

1515 MeV
{
Y/
4 Loy $+++._+.

1615 MeJ

1565 Me\

-

: \Aﬁ ------------------- 0
4

1665 MeV> 1715 MeV' 1765 MeV 1665 MeV| 1715 MeV| 1765 MeV
-1050051050051050051050051 -105005-1050051-050051-050051
cos(0) cos(0)

1 1470 MeV} 1515 MeV 1 1470 MeV; 1515 MeV|
Fithge L iaae 0 l*l& %
V\\u ¥ I i
\

1565 MeV| 1615 MeV
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11665 MeV[ 1715 MeV| 1765 MeV T 1665MeVl 1715 MeV| 1765 MeV
-105005105005-105005-1050051 —1—0.500.5—1—05005105005-1050051

cos(0)

Fig. 4 Target asymmetry 7', recoil asymmetry P, and polarization tematic uncertainties. Curves: model predictions from BnGa 2022-02
observable H as a function of the polar center-of-mass (c.m.) angle (solid black) [10], BnGa 2022-03 (solid green), SAID MA19 (dashed-
6 of the 70 meson for bins at the given centroid c.m. energies W. dotted orange) [13]. BnGa 2022-03 is identical to BnGa 2022-02 but

cos(0)

Left (a): yp — 7°p. Right (b): yn — n%. Blue circles: this work. includes the results presented here in the fits

Magenta triangles: CBELSA/TAPS data [52]. Gray shaded areas: sys-
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N. Jermann et al. [CBELSA/TAPS]
Eur. Phys. J. 59 (2023)

_,
yd — mp(n)

1 polarisation

linear polarisation
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