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Status of N* spectroscopy m

Constituent quark models Vs. experiment

5
@ General agreement of N* and A spectra, however the Relevant degrees of freedom?

“Missing resonance problem” persists @ 3 quark states only?
@ Cannot also describe the parity PDG status in ® Molecule-like states,
ordering of lowest states, despite: state  J° 2010 2020(Ny) meson-baryon degrees of
N(1860) 5/2+ . freedom?
o Wealth of ’)/N data - ELSA, “gggg; ?g' Glozman & Riska, Phys. Rep. 268 (1996) 263,
52 Garcia-Recio et al., PLB 582 (2004) 49,
MAMI, GRAAL & CLAS “gggg; ;g: o Lutz & Kolomeitsev, PLB 585 (2004) 243
o Sophisticated PWA, eg NSO & =
Bonn-Gatchina NES?SS% Yoo
N(2120) 3/2-

e Much improved understanding mg;gg%g: wewx

of known resonances, but few N(2250) 9/2- »xxx  xx
new states observed
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Structure of the A(1405)

@ Well established since the 1960's -
considered a KN molecule prior to the
quark model
Dalitz & Tuan, PRL 2 (1959) 425

@ PDG until 2016 - a 3-quark state - now a
KN molecule most probable

@ Difficult to reconcile within a CQM:

e Mass too low compared to
N*(1535)

do/dm (Ub/GeV)

L

m .

“K. Moriya (CLAS)
PRC 87, 035206 (2013)
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o Large spin orbit splitting to A(1520) ¢ A(1405) - dynamically generated by meson-baryon

@ Lies between the 7YX & KN thresholds

@ LQCD: Hall et al., PRL 114 (2015) 132002

interactions? Nacher, Oset, Toki, Ramos, & MeiBner, NPA725 (2003)181

@ UxPT: Molina & Déring, PRD 94, 056010 & 079901 (2016)
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Cusp in the yp — K%X* cross section

R. Ewald et al., PLB 713 (2012) 180 (CBELSA/TAPS) Ramos & Oset, PLB 727, (2013) 287
| o

120 L K Ks* IR Off the proton - destructive interference of
r //‘"\\ iweshoids KO+ 4 K3+ dynamically generated N*s
— M. Nanova et al., [ |
1 / A\ i EPJA35, 333 (2008) E §
r / \ : = 08K KA Kx ]
0.8— A\ : K-MAID El o 1
C N, i SAID < B S S W ]
Q : l © [ ] ]
< 06— /// — 5~ N . & 04r E
c -/, . . (gt [ ]
r 02F E
0.4 ! K-MAID E ]
L 1 (mod., no K*) L L | | S —
' I'd 9800 1900 2000 2100 2200
0.2 4 : Prediction off the neutron - constructive
This & earlier CBELSA/TAPS data E ' interference of dynamically generated N*s
[ mpses e e mepme s gl 1 i i F
o 1800 1900 2000 2100 2200 2300 F The same model - Po
W/ MeV L states as meson-baryon
L dynamically generated!
- Smoking gun for similar
v states in the uds sector
K*9 sub-threshold o
production rescattering to @
0 0
m & K7 o

BGOOD - Exotics in the uds sector? June, 2022 4/16



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

Parallels between charmed & strange sectors m

Charmed-sector Strange-sector

Meson Baryons Meson Baryons
State(s) X(3872) PZ(4380/4457) | f(1285) N*(2030,/2080)
7 exchange transition D*°D°/D°D*®  A:D 4 ¥.D* K'K/KK* MNK+XIK*
Quantum numbers JPe=1*F JF=3/2" JFC =1t JP =32
3-body threshold D°DOx° Y D70 KKr Y Kx°
Closed flavour thresh.  J/¢w Xc1p ¢ (500) op

BGOOD at the ELSA facility, Bonn:

y
@ Photoproduction in the uds sector

+1 ‘C .‘
@ Charged particle identification at extremely forward angles - K PPty
reaction dynamics at very low momentum exchange b \(1405) ~
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1. Motivation - parallels in strange & charmed quark sectors? ['he European Physical Journal volume 56 - number 4 - april - 2020
The BGOOD experiment A

Eur. Phys. J. A 56:104 (2020) @ngmdhyEmopeanpwm.smw

Hadrons and Nuclei

Spokespersons: H. Schmieden (Bonn)
& P. Levi Sandri (Frascati) ’

BGO ball Open D\po\e magnet

oMo ‘ g
o,
X Tagger magnet

=1

driftchambers -

@ Located at ELSA (Uni Bonn) - A 3 stage e~
accelerator - continuous beams up to 3.2 GeV

@ BGO calorimeter (central region) & Forward goniometer
Spectrometer combination

@ High momentum resolution, excellent charged Peam AP 7, g5r

Overview of the BGOOD (BGOball Open Dipole magnet) experiment at the Elsa Facility dedicated

& neutral particle 1D s

From:T. C. Ji
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1. Motivat arallels in strange & charmed quark sectors?

The BGOOD experiment, Eur. Phys. J. A 56:104 (2020)

The central region The forward region
v V1vz v2 ToF1 ToF3
MOMO
X
SciFi
Shiftin X
* Xt X2 ropp
u1 u2
all combinatorics z

c 103§ + charge cut

i 107 ; + missing mass cut

% E + kinematic fit

S 10°F + confidence level cut

~ E

= sl

g 10

2 all

S 10

<}

S 10°%¢ :

102; (2y overlap)
E | . . | .
200 400 600 800 1000 i : sl Y o
Two photon invariant mass [MeV/c?| 1000 1500 2000 2500

V, Reconstructed momentum [MeV/c]
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Analysis example - mass recoiling from forward K™ %

@ The study of Y™ states in an extremely low momentum transfer region

All events for K* momentum < 1 GeV Discriminate states with (K*°) missing mass

. -
£.1000E [ACTTI6) s
2 ¥ £%(1193) 2
[&] 1)
3
€
2
3
€
®
0] ! ) L L x g okt s
1000 1200 1400 1600 1800 2000 1300 1400 1500 1600

K* missing mass [MeV/c?] K* missing mass [MeV/c?]

Identify Y* states from K+ 70 recoiling mass
e KtA — K*7% (Missing neutron mass from K*70 system)
o KTA(1405) — K+70%0 (Missing 0 mass from K70 system)
o KT¥(1385) — K70\ (Missing A mass from K70 system)
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3. Exotic structure in associated strangeness photoproduction?

yn — KO¥0 K. Kohl PhD thesis, arXiv:2108.13319 (2021) (submitted to EPJA)

i " . " g: 02k -0.70<cos(6%,)<-0.40 g: 02k -0.40<cos(0f,)<-0.10
@ Peak predicted - “smoking gun” for g g
. . > 3 BGOOD - Red/ black | 3
reaction mechanism - Equivalent model ® (Different fit methods)| =
) 0.1 % Blue - A2 Collab. data (s
that predicted the P states as
dynamically generated o i.ﬁi.d: $ o %% .
A. Ramos and E. Oset, PLB 727, (2013) 287 18002000 5200 8002000 2500
W/ MeV; W/ MeV
; . ) 0 0 Ramos & Oset prediction
o identified via K* — 271° & £ /oy LEErb- SCale) E /ey
ZO _> fy(/\ % pﬂ_—) = 1500 2000 2500 = 1500 2000 2500
g -0.10<cos(0%,)<020 | 2 0.20<cos(0%,)<0.50
@ Consistent with model prediction - more = 3

o

statistics required for definitive statement

@ More data now available

g

1 I 1 1 I
1800 2000 2200 1800 2000 2200
W/ MeV W/ MeV

Model prediction - Ramos & Oset, PLB 727, 287 (2013)
Squares - Akondi et al. (A2) EPJA 55 11, 202 (2019),
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3. Exotic structure in associated strangeness photoproduction?

vp — KTA(1405) — KT (Z%7°)
G. Scheluchin PhD thesis, arXiv:2007.08898 (2021), submitted to PLB %

@ Line shape - good agreement with @ Cross section of poles appears to change at
previous data forward angles
g 3 ANKE @ K™ in the forward spectrometer
T 25 + ; (0Mass ~ 13 MeV/c?, cos GSM > 0.86):
g2 W Ful
o1.5- Tt [l
= | H+ < | E=1550.2100 MeV | E,=2100..2600 MeV
Sos.,. Nty g 4 T ]
8t TR T3 8
0 * = i
1350 1400 1450 1500 = H
7°2° mass (MeV/c?) %" i
o 2 R
@ This data & ANKE - 2 peak structure at 1395 ¢ H HH
2 k)
& 1425 MeV /c?? s }J HH‘# {HH M LJ’ ’
@ Close to the A(1405) proposed 2-pole i H 9000 L 9 o
structure 1350 1450 1550 1350 1450 1550
Oller & MeiBner, PLB 500, 263 (2001) 3'[020 invariant mass (MeV)
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3. Exotic structure in associated strangeness photoproduction?

vp — KTA(1405) — KT (Z%7°)
G. Scheluchin PhD thesis, arXiv:2007.08898 (2021), submitted to PLB %

. . . . With triangle singulari No triangle singularit
Triangle singularity in yp — KTA(1405) | gle singularity | | gle singularty|
= 12 — Wi
Wang et al. PRC 95, 015205 (2017) g T # BGOQD ¢ cLas xt: TSTS
. 5 -7 KE(N A K'A(1405)+K°s* ithout
@ N*(2030) proposed for cusp in K0! & i ( anova)f (1408)+ o
r 1 ‘
7(py) K(k) 08 WL Do
I L 1 A —=tch.K*
0.6 %
L v
ym(P—q—k) 0'4}
5 0.2% ; + .
A(1405) i ~ye—
. ) . 1600 1800 2000 2200 2400 2600 2800
@ N*(2030) close in mass & strong coupling to E, (MeV)
K*Y |Triang|e singularity component|
@ K*YX molecular component? [CLAS: Moriya, PRC 87, 035206 (2013)]

o [M. Nanova et al., EPJA 35 (2008) 333]
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3. Exotic structure in associated strangeness photoproduction?

Forward vp — KA, Eur. Phys. J. A (2021) 57:80

@ Low t data - constraint on hypernuclei electroproduction 5 | o cos =091
.. . . =
@ Forward angles - sensitive to high spin N* = 0.015 cos 6%,
K* resolution
cos 0, .
— CcM > 0 9 é BGOOD LEPS (Shiu) —RPR
g C § CLAS (McCracken) ¢ LEPS (Sumihama) BS1
= [ I CLAS (Bradford) — BnGa without BGOOD-- BS3 . " <
g0 SAPHIR BnGa with BGOOD CLAS data: 05t €S B =0.93 | cos 6%, =0.95
° F . K* +
8 F CLAS data: 0.85 < cosfy; < 0.95 0.85 < cos eéM < 0.95
0.4j
r BnGa: EPJA 50:74 (2014)
r RPR: Skoupil & BydZovsky, PRC,
0.3~ 100:035202 (2019) oLt
F BS1 & BS3: Skoupil & E cos 6y =0.97
L BydZovsky, PRC, 97:025202 . i&
0.2 (2018) 0.4¢ W
r Bradford, PRC 73:035202 (2006)  0.3F
r McCracken, PRC 81:025201 0.2
oAb (2010) o
K SAPHIR, EPJA 19:251 (2004) > ‘ — - —
B o iy o) il s
O D {L)El;i%ﬁ;(,( )/Oﬁl(j)ﬁ 5214 (2006) & 0 1700 1800 1700 1800
e 97:015208 (2018
073650 1700 1750 1800 1850 1900 1950 W MeV]

W [MeV]
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3. Exotic structure in associated strangeness photoproduction?

-
Yp — Kt¥0 T.c Jude et al, Phys. Lett. B 820 (2021) 136559 %

@ Highest statistics to date for cos#,; > 0.9 (CLAS data in cos6&,, 0.85 to 0.95)
@ Resolve discrepancies in world data set & reveals “cusp” at W ~ 1900 MeV
035 Beoop

[ ——— BnGa including BGOOD .
- BnGa without BGOOD data E} pK'K’ threshold

025~ 5 CLAS (Dey)
r z CLAS (Bradford)
B SAPH'R 0 @ Cusp regarded as a peak before -
02k i - p reg p
. TErS gz.‘:}'“ama ? % ; PWA have attributed Dy3(1895),
. 1 i S31(1900), P3;(1910) & P13(1900)

do/dQ [ub/st]

0.15]- # { ;}\ :
0 1; ‘ * { R. Bradford et al. (CLAS), PRC 73, 035202 (2006),
s B.Dey et al. (CLAS), PRC 82, 025202 (2010),
C ‘ CLAS data in cos 0K 0.85 to 0.95 interval,

K.H. Glander et al. (SAPHIR), EPJA 19, 251 (2004),
0.05— BnGa PWA - without BGOOD /with BGOOD
1

M@!@M
1700 1750 1800 1850 1900 1950
W [MeV]

Tom Jude (University of Bonn) BGOOD - Exotics in the uds sector? June, 2022 13 /16




3. Exotic structure in associated strangeness photoproduction?

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

Data extrapolated to ty,in & cos OgM =1

o« 18¢ . :
5 —+— K'Y’ (BGOOD) The Cusp is....
8 16 —&— K'A(1405) (CLAS)
3 F H —& K'T%(1385) (CLAS _ _
2 AE —¥— 0p (LEPS) @ at predicted KKp and ¢p bound states
g 120 * KKp bound state
o 1.2p oN bound state .
5 £ }* JE Ny @ 20 MeV above predicted bound ¥(1385)K state
S C —3 V.
‘g 0-8? *{ i
0.6 {,f/ Channel thresholds:
04 ! / I " i 0
02k ¢ Tl @ A “smooth” transition between KTX° & p¢
Cé
e e T I I P e N - .
01700 1800 1900 2000 2100 2200 2300 @ Similar behaviour of K*¥°(1385)
W [MeV] y
CLAS data extrapolated from: K. Moriya. PhD thesis, Carnegie H aliche H
Mallon University, 2010, Evidence that the Jiilich-Bonn dynamical
https://www.jlab.org/Hall-B/general /thesis/Moriya thesis.pdf. _ H H “ "
S vadiert e v coupled-channel analysis can describe the “cusp
KKp bound state: Mart et al., EPJA, 41:361, 2009 D. Rénchen, priv. comm. 2022
&N bound state: Gao, et al, PRC, 95:055202, 2017. 4
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The BGOOD experiment at ELSA - the story so far m

/ MeV
1500 2000 2500
T T T

0.20<cos(8,)<0.50

@ Molecular-like structure in the uds sector?

do/d€ / ublsr
°
IS

e BGOOD - photoproduction at forward angles & low momentum of
transfer Eur. Phys. J. A 56:104 (2020)

> |

e vn — K%%0 - dynamically generated meson-baryon resonance o a0 e
contributions? (parallels to P¢ states) e
arXiv:2108.13319 (2021), submitted to EPJA

ot (Hb)

ke
fit w/o TS|

.

1| _—=— 8G00D

-

?500 2000 2500

o vp — KT(A(1405) — ¥°7%) - triangle diagram mechanism?

arXiv:2007.08898 (2021), submitted to PLB o _ b
@ Cusp in yp — KX - at thresholds & bound state predictions {HH}”
PLB 820 (2021) 136559 T
o 1
e Forward yp — KTA Eur. Phys. J. A (2021) 57:80 Hr e il

(Mev]
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The BGOOD experiment at ELSA - What is next? ﬁ

Exotic structures in the light quark sector?

@ More data this year
@ Aerogel Cherenkov - forward K /7 separation
@ Higher statistics study in the strangeness sector
o KX channels & different A(1405) decay modes
o KtX— 1. GroB, PhD analysis, Uni Bonn
o K*X A. Figueiredo, Bachelor thesis 2020, & L. Bauchage, Bachelor thesis 2022, Uni Bonn

In the non-strange sector...

@ “Dibaryon” searches in coherent reactions

o vd — 270d TJ, arXiv:2202.08594, submitted to PLB
° ’yd — 37T0d A. Stirner, Masters thesis 2021, Uni Bonn
° ’yd — 7'r07]d L. Lutter, bachelor thesis & TJ, Proof of principle tests

@ 7 near threshold s. Alef, PhD thesis 2021, Uni Bonn

e vp — mn: ag & ap studies at low p transfer A. Sonnenschein, Masters thesis 2021, Uni Bonn
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Extra slides

Extra slides
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BGOQOD - Central region

@ Accurate neutral meson photoproduction cross sections

z Yp—1%p, -0.06 < Bpg < 0.13
e .
@ v flux well understood (~ 4%) s BGO-0D (black points)
3
@ BGOOD - both neutral & mixed charged identification T
@ Well understood degree of linear polarisation <%
“os vp— p®, E. = 1.45 GeV 5 D
L + b gUO 1000 1500 2000 2500
- _ Photon beam energy [MeV]
0.6- . 2 0 yp-mp, -03<6__<-0.1
L + ++ t ++ 1 + - 1,2? BGO-OD, via n—yy (blacckspoints)
0.4 ; . * 3 = . McNicoll et al. (Crystal Ball @ MAMI)
L ] +T ] 08 " % V.Crede et al. (CBELSA/TAPS)
0.2 ; 06
+ [ 04 '
OLBGO-OD ! 0of %“‘L.
[ GRAAL (O Bartalini et al. *05 “F otoomri i
T R R SRR AR BRR S0 7000 7500 2000 2500
40 60 80 100 120 140 160 Photon beam energy [MeV]

0
65, [deg]
Bartalini et al., EPJA 26, 399 (2005), BnGa: Anisovich et al., EPJA 25, 427 (2005), McNicoll et al., PRC 82 035208 (2010), Crede et al., PRC 80, 055202 (2009)
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BGOOD - Forward region iie

@ Accurate knowledge of detector & trigger efficiencies, momentum

i 7 TP —1p, €05 6 <09
& [ resolution 2,
SN A ¥ BGO-OD (Black circles)
@ Right: i .S) - i isti € T [ " Credeetal (CBLSATAPS)
(I?l%ht vp — np (proton in F.S) - excellent agreement with existing $ A et om0
ata i \
x10° forward proton o4 x.%
c E - - 0.2 E
5 400F missing mass Sum L L Mgy
0 3500 1600 1800 W[zr\c,)‘og/ :
© 350F 0
@ 300E T[OTEOTCOP (b)
5250; 51 FW = 1577 MeV :
e 2 1
3 200 s ’p S 1,ﬂ7 U *HLTT{ e
o 1e0b op S 0sf f
2150 | S LW = 1624 MeV
3 100t : U-G%Lkﬁ——i—%T—*—?—H*
o 100 / r L] I}
o 50; 0.4
GE A A e S L 0.2p
200 400 600 800 1000 1200 1400 oL \ | |
X 0.9 09 20.85 0.8

Proton missing mass [MeV/c?]
BnGa: Anisovich et al., EPJA 25, 427 (2005), McNicoll et al., PRC 82 035208 (2010), Crede et al., PRC 80, 055202 (2009)

€OS g
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Extra slides

yn(p) — KOZO K. Kohl PhD thesis, paper in preparation

e Fit signal & background off the neutron (37%n & nn)

@ 2 fit methods - sim or real BG data with relaxed reaction

selection constraints

Tom Jude (University of Bonn)

BGOOD - Exotics in the uds sector?

100F $ 1109<E <1206 |
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A i
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505 ‘ R ¢
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200 ! b b
opeg-- 472 7 A 3¢ ¢ §§ o
o ] 7OJ§<EV<17917 1791<E <1900
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40F =
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300 400 500 600 700

210 inv mass / MeV/c?

June, 2022 16 /16



Extra slides

Yp — K+A(1405) G. Scheluchin PhD thesis, paper in preparation %

o Differential cross section for yp — KTA(1405) — ¥07°
Black points: BGOOD

E,=1550..1775 MeV E,=1775..2000 MeV .
0.1 Red points: CLAS
Solid Red: Total fit

0.05 Dotted cyan: fit without Triangle diagram

0 Dotted green: Triangle diagram contribution
8 o Dotted blue: K* t-channel exchange
s Dotted magenta: K t-channel
% 0.05 Fits from Wang et al. PRC 95, 015205 (2017)
3

0.1

0.05

1
cos(0)
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Extra slides

Dibaryons - Motivation %

Discovery of the d*(2380)

mroscopic chiral quark models: 2/3 hidden colour (compac}

dibaryon configuration, Huang et al. Chin. Phys. C 7 (2015) 071001
os F pn — dnn® '

g " G ~1.2f @ @ 33% ~0.7 fi ‘ ‘ 67%
0.2 F ; \
~ ‘b

o (1)JP = (0)3+ e Calculations of d*(2380) in the centre of neutron stars -

o Now observed in Vidana et al, PLB 781 (2018) 112

multiple final states in o Dark matter candidate - d*(2380) BEC formed in the early
pn reactions universe Bashkanov & Watts, J. Phys. G 47 (2020) 03LT01
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Exotic dibaryon searches at BGOOD - Motivation

@ Coherent photoproduction, vd — m07%d*(2380) challenging - minimal momentum transfer to

target deuteron, & large quasi-free background
@ Previous data from ELPH Ishikawa et al, PLB 789 (2019) 413:

120

- PLB772, 398
110 E |3 fitted BW: = this work
100 E|[Mo=2370.0'=70MeV Fix and Ahrenhovel
) ) Egorov and Fix
g0 | |Mo=12469.T = 120 MeV 3 BWxphase space
2 ¢ E[Mo=2632T = 132MeV +jg
© S
£ 0F Er jﬁ* +'|l++
k31 7 3, N,
2 60 | A AT O\
A /TN Sa .,
2ok VAN, - ER
< / ’ \) 7 N N N
THE L) ¥ i N +
g / T N
0y g .
20 F /7 e -
0 B~
AR o .

0 4 I A il -
2350 2400 2450 2500 2550 2600 2650 2700 2750 2800 285

CM energy W, ; (MeV)

@ Dyson & Xuong: predictions from SU(6) for baryons - 4 dibaryon candidates PRL 13 (1964) 815

Counts / 0.02 GeV

180
160

1

Wvd:,2370—2A80 GeV | Isovector dibaryon
K N T'=90+ 10MeV

M, = 2140 £ 10 MeV

Phase space

LR LR RN LR RN LRI RN LR O

2.4

—
N-N(1680)5/2", 2.618 2:63: 1> 2

N-N(1535)1/2, 2.473 2.47, 1*

N-N(1440)1/2*, 2.377 2.37,3" ) 0

NN* example

close in energy to
observed states

Proposed
isoscalar
states

igure adapted from 1.88, 1
shikawa
 TAR2019 talk I = 0 I = 1

2.14,2"

Proposed

@ Gal & Garcilazo: 3-body calculations - NA & AA resonances in good agreement NPA928 (2014) 73
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Exotic dibaryon searches at BGOOD

PEppv. 5 %
210 ) v BFwp) 3
« S 30F =
310%F > F 8
2 2 o5f 5
S102 8 208 2
] 5 o c
S 10 8 15p } } ; * S
2 £ 10f
c c £
=2 | =1 E ;
3 8 9 HH‘ ‘ {

0 500 1000 1500 2000 2500 0%=4000 1500 2000 2500

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

Fit to 27° missing mass spectra (after
forward deuteron ID))

vd — 7%70d (simulated)

Fitted quasi-free vp — 7%7%p BG e A I
Total fit ot &ﬁ B ‘o 5400

Missing mass to 21° [MeV/c?]
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Dibaryons at BGOOD Ty, arxiv:2202.08594, submitted to PLB %

Coherent reaction - vd — 7%7%d, deuterons in the forward spectrometer!

Deuterons! = F] T . “Toy pick up” model " P
isintegration reactions] (enh d with K - -
o (b) 1 s;:c:’igﬁecri‘tl:ria) -8 5—|p A° n COS GCM > 0.8
> 30 ‘ = L | & d
S 25 i 1 % | n——= A v
3 20 } % !. B 4| Arb.Scale T~ 0
5 ° L
Y I ‘ } 1 [ |Coherent model x 5
€ 10 } I [ d |- [Egorov & Fix, NPA, 933 (2015) 104
3 5 ﬂ-{ WL % 3 [ |Fix & Arenhovel, EPun, 25 (2005) 115
© WL S ] N
0 1000 1500 2000 2500 r
Reconstructed mass [MeV/c?] k }
2%
Completely unexpected! C H { *
e py > 400MeV/c [y
@ Deuteron Fermi o ‘
momentum 0 2300 2400 2500 2600 2700 2800
W [MeV]
~ 80 MeV/c pa~ 400MeV/c pa~ 1GeV/c
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Dibaryons at BGOOD TJ, arxiv:2202.08594, submitted to PLB

=P Ishikawa (ELPH) paper

BW mass & widths from

y’/dof = 1.18

é 6;— Summed phase space term & 3 BWs:
o [ En=2380MeV/c? I =70 MeV/c®
2 [ E,=2470 MeVic’, T = 120 MeV/c?
5—  E=2630 MeV/c®, T = 130 MeV/c?
r ¥ BGOOD data, sequential decay
[ BW fit: E, = 2618 = 14 MeV/c?, f
[ I[=148 = 29 MeV/c®
3[{Data extracted
rfrom dz°
2: invariant mass
3 4
i P

I ! .
2300 2400 2500 2600

Tom Jude (University of Bonn)

2800 2900

W [MeV]

2700
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Blue- dibaryon sequential decay

OF W = 2523-2628 MeV |

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

G357 22 23 24 28

7°d invariant mass [GeV/c?]

Ep ~2114MeV/e%,T' 20 MeV/c?

Y
A ?
d N(1680)-Na AN e——d
N N

\\ \\
70 © 0
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The Electron Stretcher Accelerator (ELSA)

A 3 stage e~ accelerator - continuous electron beams up to 3.2 GeV

Dipole (vertical)
Quadrupole

physics
experiments
Crystal Barrel

PETRA cavities Sextupole

Solenoid
Radio Frequency

ppppoomn

tune jump
quadrupole

A. Thiel,

stretcher ring
0.5 GeV - 3.2 GeV

booster
synchrotron
0.5GeV - 1.6 GeV J

7 synchrotron light

half cell of stretcher ring
PM
diagnosis beam line
=

L 0-em—
beam line for
detector tests

' Fig. adapted from W. Hillert et al,
EPJ Web Conf. 134, 05002 (2017) r T T ]

m Jude (University of Bonn) BGOOD - Exotics in the uds sector?

(26 MeV)

Dipole (horizontal)

Skew Quadrupole

Combined-Function Magnet
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vp — KTA(1405)

G. Scheluchin PhD thesis, arXiv:2007.08898 (2021), submitted to PLB

i

@ Line shape & differential cross section for yp — KT (A(1405) — ¥%70)
® yp — K (A(1405) — X°7%) — K*(Ay)(v7) = K* (pn™7)(77)

{ (a) {+H (b) —I— data point
.t }#ﬁ it i K*3(1385)
. . o st TRE 1000 -
@ Full reconstruction & kinematic fit }} +ﬁ=ﬁ+ P, — K*A%1
@ 2D fit to signal & background: . i ﬂ*’:;; E:Eg:_chan
@ Other channels 1366~ 1400 7500 13607400 1500 == == Total fit
(cyan line): 7°=°inv. mass / MeV 7°2%inv. mass / MeV
Y ' al fe @ ® [ ©
7771'pv -{: 200 H-H.
KOS+ g b Ay
K+30 20F ; ! #F 100f+11:-’¢*mq_+‘*_____‘ Y
7r07r+7rfp H [F E 'ﬂ"*ﬁtw-*-:ﬁw
13007200 1500 09750 1200 1250

Tom Jude (University of Bonn)

7°2%inv. mass / MeV
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YA inv. mass / MeV
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Forward vp — KA - motivation

Not only Y* states at forward angles important - photoproduction of ground state hyperons at low t
virtually unconstrained by data

04 T T T =
0.3 r e CLAS2010]
- CLAS 2005 |
0.2+ |
i 5 @ BGOOD - high cosk,, resolution at forward
Eog= - angles - sensitive to high-spin intermediate
R states
G o2k
8o @ low t photoproduction - crucial constraint for
0 . .
0.4 hypernuclei electroproduction!
03f
0.2 - & .. Additional models (not shown):
0.1 7 w= Lo, _
o We2a0s GV Mo T STV Jiilich-Bonn, D. Rénchen, M., Déring, U.G. MeiBner, EPJA (2018) 54
00 30 60 90 120 150 180 BnGa PWA, E. Klempt, A. Sarantsev, U. Thoma, V. Nikonov
6" [deg]

D. Skoupil, P. Bydzovsky, PRC 97, 025202 (2018) (& refs. therein)
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Forward vp — KA, Eur. Phys. J. A (2021) 57:80 m

. : 200F E, = 1103 E, = 1156
° Identn.‘y. A — 7%n with low energy 150k %2/n = 1.85 150F y2in = 1.17
deposition the BGO Rugby Ball 100k 100k
@ Reconstructed forward KT mass: 500 " 50F #
i J ,
o, 70 : Oses== 000 1208"°°  O""""foo0 1200
= 6ok 500 < p,, < 600 MeV/c ?{Imluziated data K* Missing mass [MeV/c?]  K* Missing mass [MeV/c?]
E eal data
Z 500 1500 E;=1210 4 150F E, = 1263
3 40t x2/n = 1.92 x2/n = 1.09
o 405 100F 100F
5> 50
i 20 50F
10 0 — L3 il e L_ley
| ‘ h 1000 1200 1000 1200 .
0 =3 400 450506550 600" 65000 K* Missing mass [MeV/c?] ~ K* Missing mass [MeV/c?]

Calculated mass [MeV/c?]
K™ missing mass fitted with:
Simulated KA and K %% Background from e™ & 7"
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vp — KTX0 T.C. Jude et al., Phys. Lett. B 820 (2021) 136559

@ Missing mass recoiling from forward K+ after £° decay

@ After identifying forward K, boost photon identification

all 7y in the BGO into the X° rest

frame % 250F E
L 2505 1156 Mev F E, = 1263 Mev
@ 74 MeV decay energy, select 1o or = 200F 3
20 events: S 150-K'A 3
g F K*Z(1385) F
31000~ 26 ¥ Data points o 100F E
2 r W Summed fit 5 £ E
S F S Simulated K'z° 3 50FSum F
S 800— I —— Simulated K'A o Eaoaspesstet Ease-seseter
2 r i 4 F —— Simulated nA* 2500 i ‘
< L . e*/n* background E, = 1344 MeV
% 00— o 1 £
C : 1! 200
o i
r oo 100
200 RS
K -y 50F ¥ f
e L —— RIS il ettt
%5740 60 80 100 120 140_ 160 180 800 1000 1200 1400 800 1000 1200 1400

¥ energy in the =° rest frame [MeV] K* Missing mass [MeV/c?]
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yn — KO¥ 0 K. Kohl, PhD thesis, arXiv:2108.13319 (2021) (submitted to EPJA)

@ Peak predicted - “smoking
gun” for reaction

mechanism
A. Ramos and E. Oset, PLB 727, (2013) 287

@ Equivalent model that

predicted the P states as
dynamically generated

3 T T VB KT
[ f “ VB =KA
250 Lo os0
L / \ — totalyn > KX
/
20 H \ B
= I ; \
it / \
w151 / \ E
b}é r ,/ \
' .
05
; I R
fs00 1900 2000 2100 2200
W [MeV]

Tom Jude (University of Bonn)

vn — K°2% at BGOOD
o K% — 279 in the BGO Rugby Ball

(=

/ de

£ 140

angle

o Identify Y0 — vA & angle cut on A — pr~

180F
160

120f-

Maximum angle between A &
decay proton or 7~ direction

100t |
80
60 R

408 —- =

201~

%

200

400 600 800 1000
A kinetic energy / MeV

counts / 12 MeV/c?

.
3000? Deuterium
25001 --- Hydrogen

F Subtract back d
20001 oftthe proton - Hs |

C data & simulated
1500 ; Fermi smearing
1000 |

500- |
é‘\bO ‘300 400 500 600 700 800

2r° inv mass / MeV/c?

v
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Extra slides

-
Yp — Kt¥0 T.c Jude et al, Phys. Lett. B 820 (2021) 136559 m

%%%[090-0.92 f
§ p, =170 i} H @ Cusp increases quickly with cos 9’C<M and KT transverse
Sozr ﬁf@ & momentum (p7) (labelled left, inset)
‘} . .
o1r ;g @ Consistent with the “extent of cusp” seen at CLAS:
jid]
IR =S| . -
0.92-0.94 ; 0.94 - 0.96 5 1.1?
o.2pr=15(;§}i§%.+ﬁ Pr :125%§ ; = L
* y ) 3 = kg
ol g&éﬁ { }Yf ﬁﬁé g %% F T
L § 2 08 -1 _J
# — = il | 3 0.7 —
0.96 - 0.98 0.98 - 1.00 ‘I“ = " I
p, =99 p, =55 % o 0.6£+BGOOD (small cos eCM intervals)
02f t ,}fj % 5 F -¢- BGOOD (full cos eCM interval)
Y % o 0.57 - CLAS (Dey)
oal §§§ Y ; B [ 4 CLAS (Bradford)
' K ﬁ} 5 0.4F - sAPHIR
QQ I o L b b b b e L
bzl B k it | 0.84 086 0.88 09 092 094 096 0.98 1
1700 1800 1900 1800 1900 2000 cos eg

W [MeV]
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Forward yp — K*X9 - Motivation

@ Limited data at forward K™ angles

@ W ~ 1900 MeV at the K+ K~ p threshold, many
predictions:
e ¢N bound systems Gao, Huang, Liu, Ping, Wang & Z. Zhao, PRC,

95:055202, 2017

o Molecular KX states, JP =1/27 & 3/2~
consistent with N*(1875) & N*(2100) Huang, zhu &

Ping, PRD 97:094019, 2018.

o A 3-hadron KKN molecule with a(980)N &
fo(980)N Components Martinez Torre, Khemchandani, MeiBner &

Oset, EPJA 41:361, 2009.

N / 40 Mev O

L

revious SPHINX data, zpc, es:585 (1995)

; oherent diffractive production:
P+C— [2K*+C

o
&

o
s}

Transverse p < 300 MeV/c,
Proposed X(2000)?

25 E —(/ih
r I /

Low transverse p requires forward

kinematics in photoproduction!

June, 2022
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Exotic phenomena in the charmed sector*

*Not what we study at BGOOD!

Pentaquark candidates at LHCb

Forsaken pentaquark
particle spotted at CERN

Exotic subatomic species confirmed at Large Hadron Collider after earlier false sightings.

5D’ 5:5*°

1200

s P LHch Meson-baryon
A dynamicall

g 800 : y y

B b generated

B ol states?

g 0 i P(4440)" | P (4457

2 pusiay dasso) | asas)

Lo L ! Zou, PRL 105, 232001

4200 4250 4300 4350 4400 4450 4500 4550 4600
(2010)

m,,, MeV]
PRL 115, 072001 (2015)
PRL 112, 222001 (2019)

N eg Wu, Molina, Oset, &

Charmed meson sector

PRLO1, 262001 (2003)

:

3

Events / ( 0.005 GeV/c?)
3 3

8

X(3872) - molecular D°D%?

eg, Tornquist, PLB 590, 209 (2004)

4

T T
BARBAR, PRD 77 111101 (2008)

| I
9.8 382 384 386 388 39 392 394 396 3.98
my (GeVic?)

EETEREETY RN MRS 2o T PR R

Mass (GeVe®)

X(3872)— wtw~J /1 - most cited

paper from Belle

J [t | S.L. Olsen,
: Front. Phys. 10, 101401 (2015)

Established ce sates
Prediced, undiscovered

v
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