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Status of N* spectroscopy

Constituent quark models vs. experiment

® Missing resonances & parity ordering problems of

lowest states persists, despite:

® Wealth of v/ data - ELSA,
MAMI, GRAAL, CLAS

® Sophisticated PWA, eg
Bonn-Gatchina

® |mproved understanding of
known N*, but few new states
observed

state JP

PDG status in

2010  2020(Ny)

N(1860) 5/2+
N(1875) 3/2-
N(1880) 1/2+
N(1895) 1/2-
N(1900) 3/2+
N(1990) 7/2+
N(2000) 5/2+
N(2060) 5/2-
N(2100) 1/2+
N(2120) 3/2-
N(2190) 7/2-
N(2220) 9/2+
N(2250) 9/2-
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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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Exotic phenomena in the charmed sector*
*Not what we study at BGOOD!

XYZ states in the charmed meson sector
Pentaquarks at LHCb

X(3872)— wtw~J/1) - most cited paper from Belle

ooEmmE 16 JULY 2015 | VOL 523 | NATURE | 267 PRL91, 262001 (2003)
Forsaken pentaquark

partlcle spottedat CERN T o] _--

dron Collderaftereari % 70
§ o0 > - ’—‘_*
- Meson-baryon = -
2 - 3 40 ;
; dynamically .
i generated » iy
i states? 10 -
= QB 382 384 385 388 39 892 394 396 398 344
(GeVIc)
n eg Wu, Molina, Oset,
p " & Zou, PRL 105, =
e 232001 (2010) X(3872) - molecular D°D%?

m,, MeV] ! " =
PRL 115, 072001 (2015) o4 ]
PRL 112, 222001 (2019) eg, Tornqvist, PLB 590, 209 (2004) s0d

'Sy
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Motivation: Structure of the A(1405)

Back to the wuds sector accessible at BGOOD!
Previous CLAS data:

K. Moriya (CLAS) ‘
. o . 3 | {PRC 87, 035206 (2013) 4
® Considered a KN molecule prior to W=2.100Cev
~ E, = 1.88 GeV
the quark model 3
=~ 2
Dalitz & Tuan, PRL 2 (1959) 425 i:%‘;
£
> 3
® |ies between the 7 & KN thresholds S L
e Difficult to reconcile within a CQM: TR i e s

Zr Invariant Mass ( GeV/cz)

® A(1405) - dynamically generated by

meson-baryon interactions?
Nacher, Oset, Toki, Ramos, & MeiBner, NPA725 (2003)181
Molina & Déring, PRD 94, 056010 & 079901 (2016)

® Mass too low compared to N*(1535)
® Large spin orbit splitting to A(1520)

® LQCD: Hallet al., PRL 114 (2015) 132002
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Motivation: Cusp in the yp — K°%* cross section

Previous CBELSA/TAPS data:

R. Ewald et al., PLB 713 (2012) 180 (CBELSA/TAPS)
— T T —
K*A K O+ =S+
Ay St [T+ KT

M. Nanova et al.,

R
.
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/ \ E E EPJA3S, 333 (2008)
08— Nob e /

C \i K-MAID; { + EE
o6 /_ — T~ # | l
F fﬁ K-MAID
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'Y
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04,

K*S

B 4
. o This & earlier CBELSA/TAPS data é *
00 1000 “‘”“2"6%6'4“”‘2;#&)“”"“12’566““" 2300
W/ MeV
Y
K* sub-threshold
production rescattering to P
70 & KO? o

Ramos & Oset, PLB 727, (2013) 287

Off the proton - destructive interference of |

dynamically generated N*s

K

K'A Kz

-

|

Y TINENE I W

00

1 . L
1900 2000 2100

2200

Prediction off the neutron - constructive
interference of dynamically generated N*s

ZERRERRRES

T

The same model - Pc
states as meson-baryon
dynamically generated!
Smoking gun for similar
states in the uds sector

- 1
2000 2100
W [MeV]
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Parallels between charmed & strange sectors?

Charmed-sector

Strange-sector

Meson Baryons Meson Baryons

State(s) X(3872) PZ(4380/4457) | £(1285) N*(2030/2080)
7 exchange transition  D*°D°/D°D*®  A:D + ¥ D* K*'K/KK* NK+XIK*
Quantum numbers JFC =1+ JF=3/2" SFC=1 JP=3/27
3-body threshold D°DOr° Y D%° KK T Knr°
Closed flavour thresh.  J/¢w Xc1p ¢fo(500) op

c-sector s-sector

> z
O™ ®. «

®

N

®

D

NS
v, ® *
(1520)
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The study of unconventional baryon structure in the light quark sector
with the BGOOD experiment

1. Motivation - parallels in the strange & charmed quark sectors?

2. The BGOOD experiment at ELSA, Bonn

3. Exotic structure in associated strangeness photoproduction?

® K9 photoproduction - driven by molecular N* states?
® KTA(1405) - evidence of triangle singularity mechanism

® Cusp at forward KTX° photoproduction at the KK p threshold

4. Searches for exotic dibaryons at BGOOD 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

Counts per 7 MeV/c? bin

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]
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Forward KTY identification

® KT identified in the Forward Spectrometer, cos§&,; > 0.9

® The study of Y* states in an extremely low momentum transfer region

“‘§ 2000'_ A(1116) K* momentum < 1 GeV
] - £(1193)
= C A(1405)
5 - £(1385
& 1500 {1385)
@ C
2 C
3 3 A(1520)
O -

1000}~

5001

| I M ST ST S ST RS
9000 1200 1400 1600 1800 2000

K* missing mass [MeV/c?]

K*n® missing mass [MeV/c?

1300

1200

1100

1000

1100 1200 1300 1400 1500
K* missing mass [MeV/c?]
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The study of unconventional baryon structure in the light quark sector

with the BGOOD experiment

1. Motivation - parallels in the strange & charmed quark sectors?
The BGOOD experiment at ELSA, Bonn

2. Exotic structure in associated strangeness photoproduction?

e K9 photoproduction - driven by molecular N* states?
® KTA(1405) - evidence of triangle singularity mechanism

® Cusp at forward K*X° photoproduction at the KK p threshold

3. Searches for exotic dibaryons at BGOOD

TN

B

cOoD
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Strange pentaquarks driving the reaction yn — K397
K. Kohl, T.C. Jude, et al., EPJA 59 (2023) 254

5 . . . 5 . . .
“Prediction off the neutron - constructive I -0.70<c0s(6,,)<-0.40 I -0.40<cos(6f,)<-0.10
interference of dynamically generated N's 3° e
' Ramos & Oset, The same model - P 3 BGOOD - Red/ black | ¥
08 PLB 727, (2013) states as meson-baryon = (Different fit methods)| =
z 287 dynamically generated! 0.1 % Blue - A2 Collab. data 0.1~
506 -
RSN
, Eyr— ey
02 | | | | | |
. 1800 2000 2200 1800 2000 2200
o | i | W/ MeV, W/ MeV
00 1900 2000 2100 2200 Ramos & Oset prediction
WMeV] (arb. scale)
E,/MeV E,/MeV
0 0 - N 1500 2000 2500 1500 2000 2500
K® — 27 in the BGO Rugby Ball z ‘ T g ‘ T
Zo02p -0.10<cos(6f5,)<0.20 EXY 0.20<cos(6%,)<0.50
: 0 - g g
Identify ©° — yA & angle cut on A — pr 3 3
0.1

s

=Y

Consistent with model prediction i %%%%
p ] +:%f

Further data & new analysis methods being
implemented

L L L L L L
1800 2000 2200 1800 2000 2200
W/ MeV W/ MeV

blue squares - Akondi et al. (A2) EPJA 55 11, 202 (2019)
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vp — KTA(1405) — KT (X%7°)
G. Scheluchin, T.C Jude et al. Phys. Lett. B 833 (2022) 137375
* KTA(1405) — K+3079 — KTyAr® — K*+3ypr~ & kinematic fit

Triangle singularity in yp — KTA(1405)

Wang et al. PRC 95, 015205 (2017)
® N*(2030) proposed for cusp in KO-+

N*(2030)
P (q)

Ot (D)

|With triangle singularity |

|No triangle singularity

1.2

0.8

0.6

0.4

0.2

% BGOOD é CLAS

1i? KPs* (Nanova) 4 K'A(1405)+K°c*

|
4o
JHW
|

i :—+—

- =

it

— With TS
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— =TS

—=tch.K

— = t-ch. K*

-

I, |
800 2000 2200 2400 2600 2800

Triangle singularity component|

E, (MeV)
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vp — KTA(1405) — KT (X%7°)

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

n

® Line shape - 2 peak structure
at 1395 & 1425 MeV /c??

¢ Close to the A(1405)

proposed 2-pole structure
Oller & MeiBner, PLB 500, 263 (2001)

o

do/dm (nb MeV~' ¢?)
o 01 . 010N O W

CLAS: Moriya, et al PRC 87, 035206 (2013)

ANKE: Zychor et al, PLB 660, 167 (2008) 1350 1400 1450 1500
Dashed line: Nach I, PLB ,
ashed line: Nacher et a 455, 55 (1999) J'COZO mass (MeV/C2)
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vp — KTA(1405) — KT (X%7°)
G. Scheluchin, T.C Jude et al. Phys. Lett. B 833 (2022) 137375

® Cross section of “poles” appears to change at forward angles
® K in the forward spectrometer (oyfass ~ 13 MeV/c?, cos 95M > 0.86):

do/(dm dcos(0)) (nb/MeV)

Further data being analysed & K (A(1405) — X+ 7™ studies also underway

=

ax

.‘h}

E,=1550..2100 MeV

JHA’;‘ m H’H

i

b

E,=2100..2600 MeV

I}
1350 1450 1550

1350 1450 1550

7% invariant mass (MeV)
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Forward vp — K*A(1520) differential cross section

E. Rosanowski, T.C Jude et al. arXiv:2406.01121 (To be submitted to EPJA)
e Forward KTA(1520) photoproduction

® First precision data at forward angles near threshold

cos 65, > 0.9 1

o
IS

do/dQ [ub/sr]
)
~

F & BeooD I
01— & LEPS T I
- 1 CLAS(0.8<costf,<09) J. He and X-R. Chen. PRC,
0.08 86(035204), 2012.
F H. Kohri, et al. (LEPS). PRL.,
.06 He & Chen model 104:172001, 2010.
E o e U. Shrestha et al. (CLAS). PRC,
F 103:025206, 2021.
0.04{— Contact term
C — K exchange
C Dw
0.02/— — b,
F T \
1%80 2000 2020 2040 2060 2080 2100
W [MeV]
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Forward vp — KA, Eur. Phys. J. A (2021) 57:80

® Low t data - constraint on hypernuclei electroproduction
® Forward angles - sensitive to high spin N*

do/dQ [ub/st]

% cos 65,=0.91
5 0.5F oM
CcoS 9 v > 0.9 ! e
é BGOOD LEPS (Shiu) —RPR AF 0.015 cos 65y
C @ CLAS (McCracken) # LEPS (Sumihama) BS1 resolution
L I CLAS (Bradford) — BnGa without BGOOD- - BS3 g
0.5~ SAPHIR BnGa with BGOOD ¥
r CLAS data: 0.85 < cosky, < 0.95 ER o
04l /i/i i* Hé 0.5 08 [ =+0.93 E cos 6f, = 0 95
S SR % G
0.3 7] % WL T
e T
L /. ~__
02— /A
0.1
0

i ] ; e :
1650 1700 1750 1800 1850 1900 1950 0 1700 1800 - 1700 1800
W [MeV] W [MeV] 15/ 28



do/dQ [ub/sr]

vp — KTX0 T.C. Jude et al., Phys. Lett. B 820 (2021) 136559

® Highest statistics to date for cos 05, > 0.9 (CLAS data in cos &, 0.85 to 0.95)
® Resolve discrepancies in world data set & reveals “cusp” at W ~ 1900 MeV

0.3

0.25

0.2

0.15

0.1

0.05

o

BGOOD

BnGa including BGOOD

BnGa without BGOOD data

CLAS (Dey)

CLAS (Bradford) EIJ *{3
SAPHIR 3 c}
LEPS (Sumihama) o

LEPS (Shiu% % E}

¥

L
ol

{1 o

.

T 1T
o
\'.'
NG

i
1850

R,
1800

1700 1750

1900

% pK” K threshold

1950
W [MeV]

® Cusp regarded as a peak before -
PWA have attributed D13(1895),
S$31(1900), P3:(1910) &
P13(1900)

R. Bradford et al. (CLAS), PRC 73, 035202 (2006),
B.Dey et al. (CLAS), PRC 82, 025202 (2010),

CLAS data in cos GéM 0.85 to 0.95 interval,

K.H. Glander et al. (SAPHIR), EPJA 19, 251 (2004),
BnGa PWA - without BGOOD /with BGOOD
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vp — KTX0 T.C. Jude et al., Phys. Lett. B 820 (2021) 136559

Data extrapolated to tyin, COS HgM =1

< —5— K2’ (BGOOD) The Cusp is....
& 18 —&— K'A(1405) (CLAS)
s F l —5— K'£%(1385) (CLAS . . . .
e Hi { —+— op (LEPS) ® in the same kinematic regime to the
pu; £ KKp bound state
LoteE } } ON bound state X(2000) proposed by SPHINX
JCR AR ~
3 o8 {{{ i ® at predicted KKp and ¢p bound states
0.6 .
b b ® 20 MeV above predicted bound ¥(1385)K
E /L ‘ state
0.2 11 ’
EL H\I[ P L1
0
17001800 1900 2000 2100 2200 2300
W Mev] Channel thresholds:
CLAS data extrapolated from: K. Moriya. PhD thesis, ° o5 " H™ +5-0
e e e A “smooth” transition between Kt¥° & p¢
https://www.jlab.org/Hall-B/general /thesis/Moriya thesis.pdf. L. )
LEPS: Mibe et al. PRL.95:182001,2005. ® Similar behaviour of K+Z°(1385)
KRp bound state: Mart et al., EPJA, 41:361, 2009

¢ N bound state: Gao, et al, PRC, 95:055202, 2017.
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vp — KTX0 T.C. Jude et al., Phys. Lett. B 820 (2021) 136559

e A bound KX (1385) system? interesting parallels to proposed P¢ states

® Peak-like structure on a smooth background?

=t [b/GeV?]
[T -}

do/dt at t
o
[e:]

Aﬂed BW

threshold

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

K*x°(1385)

—

!
1750

800

Tl
1850

P
1900

C-sector S-sector
Threshold State Threshold Evidence
JP
i- *.D Pc(4312) | Ok N*(1535)?
3~ D Pc(4382) | =0(1385)KT Peak in KT50
3- s .D* Pc(4457) | =O0k*+t Peak/cusp in KO0/ +
TS in KTA(1405)
1=/57 | =p* - ¥(1385)0 K *+

Proposed P¢ states - Du et al, PRL 124, 072001 (2020)
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K*39(1385) photoproduction

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

Differential cross section for
cos HgM > 0.9

To avoid A(1405) background
- fitted to missing mass from
K*m0 & Ktn%70 systems

First data from threshold

large peak at W = 1900 MeV

do/dQ (ub/sr)

0.3

0.25

0.2

0.15

0.

—_

0.05

“i

L

ol b b L Ly

—=— CLAS data (cos 6%, = 0.84)
—— MM(K'n?%)

—e— MM(K*n%1°)

———- K'%(1385) threshold

1800 1QOd 2000 21 0‘0 2200 2300 2400 2500 2600

W (MeV)

19/28



K*+39(1385) photoproduction

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

® Origin of peak - momentum

dependent 7 rescattering? % =i
. g | —— MM(K'%0)
* Relative K+ — ¥(1385) S %% mmo,., |
. S I | —— Toy model
momentum: > 0.25[- ——- Kk*x(1385) threshold
. g
% 0.2~
0.15
0.1
0.05
840 1860 1880 1900 1920 1940 E [r- - mE ]
q800 1820 1840 1860 1880 1900 1920 1940 1960
da 1 W (MeV)
Assume X 555
(mZ +¢%)?
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Count

K%~ photoproduction

J. GroB PhD thesis in preparation, data considered preliminary

e Fit to forward particle measured mass * First;{iata from threshold for
- Kt yield from deuterium target data. cos Oy, > 0.9

® Subtract normalised yield from ® Interesting structure around
hydrogen data W ~ 1920 MeV?

g 0.2~ cos 6f,>0.9 ‘
emg m g g i’ ! ”
500? H } U0_15j % ﬁ H ‘ % %
400[— t * C H I ﬁ %I

= 01— i* '“'} I
300% ﬁ * ': *} l I I %
4 I
F t 0.05— 1
ol i i ! Beoon
}p kn . ,,*'”' mwm :,‘ ‘ ‘ 1 CLAS‘, 0.8 < cos 9§M<0.9 ‘
o5 20 [ 0 N 070 7800 1900 2000 2100 2200

W [MeV]
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The study of unconventional baryon structure in the light quark sector
with the BGOOD experiment

1. Motivation - parallels in the strange & charmed quark sectors?
2. The BGOOD experiment at ELSA, Bonn

3. Exotic structure in associated strangeness photoproduction?

® K9 photoproduction - driven by molecular N* states?
® KTA(1405) - evidence of triangle singularity mechanism

® Cusp at forward KTX° photoproduction at the KK p threshold

4. Searches for exotic dibaryons at BGOOD BGOJD
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Evidence of the d*(2380)

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

pn — dn'n®

First observed in fusion
reactions at WASA @
COSY

PRL 106, 242302 (2011)

e (1)JP = (0)3*
® Observed in multiple

final states

Dibaryons - Motivation

’)/d = 7T07T0d at ELPH e 780 (2019) 413 & PLB 772 (2017) 398

2.63,1",2 Dyson-Xuong
dibaryon sextet, Dy
120 PLB772.398 PRL 13 (1964) 815
1o f|3fitied BW: » this work 2.47,1 2.47, AA, D_D,
100 | |Mo=2370.I'=70MeV Fix and Ahrenhovel -1 alobd et -
Egorov and Fix
o0 | |Mo=2469.T = 120MeV 3 BWiphase space 23,3 | 0
2ok 2632, = 132 MeV = 2.35
©
£
3
2 0, 2.17,NA, DD,
5 0 44,90 216 210 NA D0y
g Proposed Proposed
= isoscalar ;i
e n° |state
0, = 1.88, 1" 1.88,NN,D_D,,
2350 2400 2450 2500 2550 2600 2650 2700 2750 2800 285 —_— I —

CM energy W, (MeV) 1=0 1=1 Adapted from T. Ishikawa
NSTAR2019

See also, preliminary data: M. Guenther et al (A2), PoS (Hadron 2017)051
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Evidence of dibaryons at BGOOD T.C. jude, et al., Phys. Lett. B 832 (2022) 137277

2300 2400 2500 2600 2700 4 2800
W [MeV]

e Coherent reaction - vd — 7%7%d, e 7079 invariant mass over the d*(2380)
deuterons in the forward spectrometer - Consistent with the ABC effect
Y Not described by Coherent prod uction (distribution from P. Adlarson et al. PRC, 86:032201, 2012.)
or Toy pICk up model |Phase space distributionl lABC effect distribution]
g [ d ) a0
50 “Toy pick up” model__ 1o cos 6, > (0.8 S > 7
2 8, s c 31 |4 8.
g ‘ﬂ. 51 K Z
54— £s || R
i §311 g
— y : EIRCTNE - Hr
E i o o + © 1
r I ‘b 205 2.1 215 22 225 23 ‘625 03 035 04 045 05 055
E * * } 7°d invariant mass [GeV/c?] 7°7° invariant mass [GeV/c?]
Ly
/ ,,,,,,,,,

pa~ 400MeV/c pa~ 1GeV/c

[Egorov & Fix, NPA, 933 (2015) 104 - Fix & Arenhovel, EPJA, 25 (2005) 115 |
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vd — m079% at BGOOD - Invariant mass distributions

“§3 (a) 2523 - 2628 t lg: (b) 2523 - 2628
. . . . . . @25’ @14—
79d & 7070 invariant mass distributions for higher — za g
H Ssb S0
W intervals S0 55
. . . € o g2 ty
Simulated sequential decay - different masses & $72i 2z 20 20 2% U5 og 05 05 070
invariant mass [GeV/c? 70 invariant mass [GeV/c?l

widths of the first dibaryon

(c) 2628 - 2705

* (d) 2628 - 2705
T4
R +‘ ' -

Mass of 2114 MeV/c? and width ~ 20 MeV//c? , 7
B -
(exp. resolution!) proved optimal B iaerimase GVl varan mase GV

7°d invariant mass [GeV/c?l

Sequential decay = sum

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

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

v N%lj: (6) 27052771 & 10 () 2705 - 2771
g 8
z127 K 8k
d N(1680)Na_ AN d £ ‘ <
N N g o LS %
b b § 3 N i
T Y 21 22 23 24 25 26 B T

7°d invariant mass [GeV/c?] 7°n0 invariant mass [GeV/c?]
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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?

w

[Data extracted
from d=°

invariant mass

!

=P Ishikawa (ELPH) paper

BW mass & widths from

y*/dof = 1.18

\\{

T—1 1 11
2300 2400 2500 2600

5700 2800 2900
W [MeV]

—
N-N(1680)5/2", 2.618 263, T, 2

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

N-N(1440)1/2*, 2.377 2,37, 3*

NN* example
combinations

close in energy to
observed states

0

T
0.0
TR 2.14,2"
_Proposed Proposed
states ;-[0 state
1.88, 1"

Figure adapted from

T. Ishikawa
NSTAR2019 talk
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Coherent photoproduction at BGOOD - What's next?

e QOther coherent final states -
Access to isovector dibaryon
candidates?

e Differential cross section for
all channels orders of
magnitude higher than
expected:

e 270(d
o 3704
o 10d

Preliminary 37°d analysis:

do/dQ [nb/sr]

10

[o2]

I

N

e y
| T "e“ym )
i

- ‘ i H
i,
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Coherent 7%nd photoproduction at BGOOD
A. Figueiredo, T. C. Jude , et al. arXiv:2405.09392, submitted to PLB

e Distribution agrees well with models of
pion re-scattering

@ Y Kinetic model 1 ) Kinetiomodel2 ke

p r A(1232) <"} p A(1232) -
S - Ea -
|
p p

n ¢ N(1535) n N(1538) <" __
ny N =

® Similar strength of coherent channels could
be explained by similar decay branching
ratios::
® N(1535) — 7N, [;/I =32 —53%
® N(1535) —» wnwN, I;/T=4-31%
* N(1535) — N, [;/T =30 — 55%

—e— Data
——— Fitted kinetic model 1
Fitted kinetic model 2 (x10)

—— Fitted kinetic models 1 + 2
¥2/ndf = 1.09

do/dQ [nb/sr]

v b Lo Lo b
2800 2900 3000 3100

F I
3200
W [MeV]
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The BGOOD experiment at ELSA - the story so far

Molecular-like structure in the uds sector?

BGOOD - photoproduction at forward angles & low momentum transfer

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

yn — K920 - 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) — ¥°7%) - triangle diagram mechanism?

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

Cusp in yp — KTX0 - 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%d - 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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Strange pentaquarks driving the reaction yn — K397

K. Kohl, T.C. Jude et al. arXiv:2108.13319, accepted for EPJA

Predicted peak - “smoking
gun” for reaction mechanism

Prediction off the neutron - constructive
interference of dynamically generated N*s

<

i Ramos & Oset,
08[ PLB 727, (2013)
287

The same model - Pc
states as meson-baryon
dynamically generated!

[l I
IOXUO 1900 2000 2100 2200
W [MeV]

Dynamically generated
meson-baryon states? -
NK+ ZK*

vn — K°2% at BGOOD
® K9 — 27% in the BGO Rugby Ball

e |dentify Y% — yA & angle cut on A — pr~

Maximum angle between A &

decay proton or z- direction

200

400 600 800 1000
A kinetic energy / MeV

counts / 12 MeV/c?

3000F
25001
2000
15001
1000

500;

Deuterium
--- Hydrogen

Subtract background
off the proton - H
data & simulated
Fermi smearing

6

300400 500 600700 800

270 inv mass / MeV/c?

v,
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Forward yp — KX - Motivation

® Limited data at forward K™ angles

® At the K™K~ p threshold (1900 MeV), many
predictions:

® »N bound systems
Gao, Huang, Liu, Ping, Wang & Z. Zhao, PRC, 95:055202, 2017

® Molecular KX states, JP =1/2~ & 3/2~
consistent with N*(1875) & N*(2100)

Huang, Zhu & Ping, PRD 97:094019, 2018.

® A 3-hadron KKN molecule with ao(980)N &
5(980) N components

Martinez Torre, Khemchandani, MeiBner & Oset, EPJA 41:361, 2009.

Previous SPHINX data

ZPC, 68:585 (1995)

E * [Coherent diffractive production:
2 I P+C— 2K+ C
30
; t / Transverse p < 300 MeV/c,
E Proposed X(2000)?

\ Evidence of crypto-exotic
J{, baryons Bj = |uudss)?

Al

I\
- ﬂ
[
ot L

1600 1800 2000 2200 2400 260

0
Low transverse p requires forward
kinematics in photoproduction!
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® Cusp increases quickly with cos OgM and K™ transverse

vp — KTX0 T.C. Jude et al., Phys. Lett. B 820 (2021) 136559

momentum (pr)

® Consistent with the “extent of cusp” seen at CLAS:

do/dQ ratio - above/below "cusp”
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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|

o1 o* Enhanced deuterorjoy, 35; (b)

8 5 ignal S 30F

® 10 ) £ |

% = 25¢ |

E10? 83 20F

5 N } |

2] 2! 3

€ c 10p |

3 1 Normal spectrum 3 5E H

O b P TR wa) P IR O all 1 X Lo N Ar... 2
0 500 1000150020002500 0 1000 1500 2000 2500

Reconstructed mass [MeV/c?] Reconstructed mass [MeV/c?]

28 /28



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

20 E, =560 F E, =632
W=2371 £ W = 2427
15 ¥ =082 %2 =0.59

Forward deuterons

Counts per 20 MeV/c?

79 — ~v in the BGO Rugby Fited simulated
Ball e

Fitted real ITUJT()])
background

Reconstructed - measured
deuteron direction < 7.5°

Fit to the “270 Missing
mass” (yd — 7%7°X)

s
8 2200
Missing mass to 2z° [MeV/c?]



Counts per 20 MeV/c?

vd — 7% at BGOOD -

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

“Normal” fit

w
o

n
o

20

e j 3 ."‘v
000 2200
Missing mass to 2 [MeV/c?]

Include sim 37
background

E, = 885 MeV
W = 2615 MeV

systematic uncertainties

do/dQ [ub/st]

vp — m°n°p

® Small difference at W ~ 1600 MeV
understood - background from vp — np

0.8

0.6

0.4

0.2

Yp — 21

.
—e— BGOOD, 0.900 < cos 6, < 1.000

—=— Crystal Ball, 0.875 < cos 6}, < 1.00

CB data - Kashevarov et al,
PRC 85:064610 (2012)

e : —
1500 1600 1700 1800
W [MeV]

® Good agreement for a “Similar reaction”,
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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.

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

o
TP

o N A O
T T[T [T

Phase Space

Blue line -
Dibaryon p-wave
decays

0.8
70 invariant mass [GeV/c?]

Y

d E-NUGBO)N-\ AN s—d

N N

AN AN
\no ~7t0
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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

N

A O ©
F AR R B e

N
Iy

T
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| Phase space distribution|

|ABC effect distribution|
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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

7 [~ _ d

s sl “Toy pick up” model _. 1o cos 6 > 0.8

é Oe A u + M

2 4f s } ’ The Toy pick up model

Coherent photoproduction
model (scaled x5)
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conservation
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® Nucleons coalesce to form the
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|
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‘Egorov & Fix, NPA, 933 (2015) 104 - Fix & Arenhével, EPJA, 25 (2005) 115 ‘
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The d*(2380) dibaryon/hexaquark

Discovery of the d*(2380)

Microscopic chiral quark models: 2/3 hidden colour (compact)
configuration, Huang et al. Chin. Phys. C 7 (2015) 071001

0.5
: pn — dn'n°
0.4 :_ & [First observed in fusion
_ E pacioneatWASA® ~1.2 33%  ~0.7 67%
.g 0.3 :_ PRL 106, 242302 (2011)
° 02f
0.1
; & e Compact nature supported by beam asymmetry
[} am— S .. .
22 24 26 measurements of deuteron photodisintegration
\Is [GeV]

Bashkanov et al. PLB 789 (2019) 7

P _
* (N7 =(0)3" ® d*(2380) in the centre of neutron stars (EoS)?
® Now observed in multiple Dark matter candidate?

final states in pn reactions Vidana et al., PLB 781 (2018) 112, Bashkanov & Watts, JPG 47 (2020) 03LT01
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