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Exotic Phenomena in the Charmed Sector*
*Not what we study at BGOOD!
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Exotic subatomic species confirmed at Large Hadron Collider after earlier false sightings.
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@ Pentaquark candidates at LHCb: Meson-baryon PRL 112, 222001 (2019)

dynamically generated states in the charmed sector?
eg Wu, Molina, Oset, and Zou, PRL 105, 232001 (2010)
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Overview

@ Motivation - Parallels in the Strange & Charmed Quark Sectors?
@ The BGOOD Experiment at ELSA, Bonn
@ Differential Cross Section of yp — K1¥0°

Q Differential Cross Section of yn — KTX~
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Parallels in the Strange & Charmed Sectors
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Forward yp — K*X9 - Predictions

. Previous SPHINX data, zpc, ss:585 (1995
@ At W ~ 1900 MeV, many predictions: s = (1999)
2 Coherent diffractive production:
(] d)N bOU nd Systems Gao, Huang, Liu, Ping, Wang & Z. Zhao, PRC, 4 0 [ P+C— [Z()K+] +C
X > Transverse p < 300 MeV/c,
95:055202, 2017 - s L 7'/% Proposed X(2000)?
f
o Molecular KX states, JP =1/27 & 3/2~ o b A
consistent with N*(1875) & N*(2100) Huang, zhu & 0 | S ]
| + e
Ping, PRD 07:094019, 2018. % [ i baryons Bj = [uuds5)?
o A 3-hadron KKN molecule with ap(980)N &
6(980)N COmpOnentS Martinez Torre, Khemchandani, MeiBner &
Oset, EPJA 41:361, 2009.

. . + .
@ Limited data at forward K angles Low transverse p requires forward

kinematics in photoproduction!
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1. Motivation - Parallels in the Strange & Charmed Quark sectors?

Experimental Requirements

@ Reaction dynamics at very low momentum exchange -
charged particle identification at extremely forward angles

@ High forward momentum resolution

@ Reconstruction of complicated, mixed charge final states - “N AT S~

eg KTA(1405) — KT (7920 — K+ nOypr— T

Ideally suited: BGOOD at the ELSA facility, Bonn J
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2. The BGOOD experiment at ELSA

Overview

@ Motivation - Parallels in the Strange & Charmed Quark Sectors?
@ The BGOOD Experiment at ELSA, Bonn
@ Differential Cross Section of yp — K1¥0°

Q Differential Cross Section of yn — KTX~

4
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The BGOOD Experiment at ELSA, Bonn m

@ Electron beam is tagged and converted to photon beam
@ Central region: BGO calorimeter

@ Forward region: Forward spectrometer

flux monitoring BGO vall Open Dipole magnet

Tagger magnet

goniometer

fo
'Warg SpectrOm
e

beam dump ARGUS

Tagger
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2. The BGOOD experiment at ELSA

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

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

I'he European Physical Journal volume 56 - number 4 - april - 2020

@ Recognized by Ewropean Physcal Sty

Hadrons and Nuclei
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Jude and P. Levi Sandri et al. o D experimental setup at ELSA
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3. Differential Cross Section of vp — Kktx0

Overview

@ Motivation - Parallels in the Strange & Charmed Quark Sectors?
@ The BGOOD Experiment at ELSA, Bonn
@ Differential Cross Section of yp — K+¥0°

Q Differential Cross Section of yn — KTX~
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3. Differential Cross Section of vp — Kktx0

Differential Cross Section of yp — K¥°

L

@ BGOOD paper: T.C. Jude et al., Phys. Lett. B 820 (2021) 136559
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BGOOD - DCS of yp — KTx°

@ Highest statistics to date for
cos 0y, > 0.9 (CLAS data in
cos 05, 0.85 to 0.95)

@ Resolve discrepancies in world data
set & reveals “cusp” at
W ~ 1900 MeV

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

CLAS data in cos 0, 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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3. Differential Cross Section of vp — KT%°

Differential Cross Section of yp — K130 %
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o Cusp increases quickly with cos 05, and K™ transverse momentum (p7) (labelled left,
inset)
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3. Differential Cross Section of vp — Kktx0

Differential Cross Section of yp — K¥°

Data extrapolated to ty,in & cos 051\/{ =1

— 18 -
s F —3— K't° (BGOOD)
G 16 —i— K'A(1405) (CLAS)
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CLAS data extrapolated from: K. Moriya. PhD thesis, Carnegie
Mellon University, 2010.

https://www.jlab.org/Hall-B/general /thesis/Moriya thesis.pdf.
LEPS: Mibe et al. PRL.95:182001,2005.

KKp bound state: Mart et al., EPJA, 41:361, 2009

&N bound state: Gao, et al, PRC, 95:055202, 2017.

The Cusp is....

@ in the same kinematic regime to the X(2000)
proposed by SPHINX

@ at predicted KK p and ¢p bound states

@ 20 MeV above predicted bound ¥(1385)K state

Channel thresholds:
@ A “smooth” transition between K*¥° & p¢
@ Similar behaviour of K*¥°(1385)

Johannes GroB (University of Bonn) BGOOD - DCS of vp — K*s0 October 19th, 2022

10/21



4. Differential Cross Section of yn — KT¥ ™

Overview

@ Motivation - Parallels in the Strange & Charmed Quark Sectors?
@ The BGOOD Experiment at ELSA, Bonn
@ Differential Cross Section of yp — K1¥0°

© Differential Cross Section of yn — KTX~

4
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4. Differential Cross Section of yn — KT¥—

Differential Cross Section of yn — KX~ m

@ Ongoing PhD work:
yn— KTE™ — KT (7~ n)

e K™ is identified in FS via p and 3
measurement. 3 cut is applied

@ 7~ candidate is required
in BGO as a charged particle track

s @ nis not required

-.-ﬂ'-.. L T PR | '.-
500 1000 1500 2000 2500
Reconstructed momentum [MeV/c]
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4. Differential Cross Section of yn — KTy~

Differential Cross Section of yn — K™%~
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4. Differential Cross Section of yn — KTy~

Differential Cross Section of yn — K™%~
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L

@ Measure
missing mass
to Kt

@ Background
stemming
from p is
measured at
hydrogen
target,
corrected for
Fermi motion,
subtracted
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4. Differential Cross Section of yn — KT¥—

Differential Cross Section of yn — K™%~

B 014 PS data
_g- I H. Kohri et al., Phys.Rev.Lett. 97 (2006) 082003, 2006
E r BGOOD data
§ 012 @ Preliminary DCS for
o cos(fcm) > 0.9
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Tt data leading up nicely to LEPS
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0'02j
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4. Differential Cross Section of yn — KTy~

Differential Cross Section of yn — K™%~ %

@ Preliminary DCS also measured for central region:
From cos(6cnm) = —0.85 to cos(fcp) = 0.35

e Utilizing weak K™ decay in BGO: Observing two time-delayed clusters
@ Our data (red) mostly matches with CLAS data (blue), fine energy binning possible
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4. Differential Cross Section of yn — KT¥ ™

Overview

@ Motivation - Parallels in the Strange & Charmed Quark Sectors?
@ The BGOOD Experiment at ELSA, Bonn
@ Differential Cross Section of yp — K1¥0°

Q Differential Cross Section of yn — KTX~

4
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5. Summary & Outlook

Summary & Outlook m

@ For yp — K*TX% T.C. Jude et al., Phys. Lett. B 820 (2021) 136559

e DCS has been measured from threshold to W = 1970MeV, using the extreme forward
angular acceptance of BGOOD

o Cusp-like structure at W = 1900MeV has been resolved, previously regarded as a peak
o Indication of re-scattering effects close to open and hidden strange thresholds in an energy
region where multiple predictions of hadronic bound states exist
@ For yn — KTX~: PhD thesis of J.GroB, preliminary data
o Preliminary DCS measurement at forward angles up to W = 1970MeV
e Energy binning of ~ 50MeV, smooth transition between our data and LEPS data

o Need more statistics for resolution of smaller-scale structures

@ More data has already been taken, calibration and analysis ongoing!
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Thank you for your attention!

BGOOD - DCS of vp — K50 October 19th, 2022 17 /21



Differential Cross Section of yn — K™%~

@ Constraints on 7~ :

e Maximum deposited energy sum in BGO

o T
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Extra slides

Differential Cross Section of yn — K™%~ m

@ Reconstruction efficiency
determined using simulated
model of BGOOD within
Geant4, including magpnetic field
and trigger

@ Reliable detection efficiency for
up to ~ 1500MeV

CNERRRN AR R EERRNRR

oF
O
[}
®L
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BGOOD - Forward Region

Vi, V2 ToF3
1, Y2 ToF1

Shiftin X

ToF2

z
o Charged particle ID & momentum reconstruction
0 1° < Opap < 12°, Aby,p ~ 0.5°

e Ap/p ~ 3% (at max field strength)
BGOOD - DCS of vp — K30
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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 \
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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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Extra slides

BGOOD - Central Region %

@ BGO crystals as calorimeter ° ((j:lean reconstruction of neutral meson
. ecays:
@ Charged & neutral particle 1D
@ Excellent time resolution (~ 2 ns) per BGO crystal . all combinatorics
._g 10°g —— +charge cut
4 7 — + missing mass cut
2470 % 10 — + kinematic fit
(BGO] [ s 10° + confidence level cut
10.40 ~
=, 5 10
4 T 2 4
1 l_ S 107 g
o
"i' E | O 10°¢
(SciRi) ' of (2y overla;
MoMO) - o L R e
SeiF? 200 400 600 800 1000

Two photon invariant mass [MeV/c?]
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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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vp — K20 arxiv:2006.12437 (2020).

@ 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 o 2505 =
L 2505 1156 Mev FE, = 1263 Mev
@ 74 MeV decay energy, select 1o or = 200F 3
20 events: S 150E KA 3
& EK'x(1385) F
31000~ 2 3 Datapoints o 100F 3
2 r W Summed fit 5 E E
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S 800— I —— Simulated K'A o Eaneqosts Ease-seseter
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< L . e*/n* background E, = 1344 MeV
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