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Polarization observables sensitive to interference terms:
Y~ A1o(511) - Arja(Pra) + - -

Measurement of polarization observables necessary for a unique solution of the partial
wave analysis and to identify small resonance contributions. 3



Polarization Observables

16 Polarization Observables in
photoproduction of pseudoscalar mesons,
e.g. a single 70

Target Recoil Target+Recoil
- - - x' y' z' x' X' z' z'
Photon X y z - - - X z X z
unpolarized o | - T - - P - Ty -Lg Ty Ly
linearly pol. | H (P) G| Oy (-T) Oy - - - -
circularly pol. | — F - -E | -Cu - -C, - - - -

For other reactions see:

[A. Thiel et al., “Light Baryon Spectroscopy,” Prog. Part. Nucl. Phys. 125, 103949 (2022)] 4



Comparison between PDG values
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[A. Thiel et al., PPNP 125, 103949 (2022)]

Large improvement, but still a lot of work to be done!



Hyperons in

Status as seen in
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Mostly unknown states for masses M > 2000 MeV



Hyperons of Interest for High-Energy Physics

Data on pentaquarks by LHCb:
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Source: R. Aaij et al. [LHCb], Phys. Rev. Lett. 122, no.22, 222001 (2019)



Hyperons of Interest for High-Energy Physics

Data on pentaquarks by LHCb: 107
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Vertical lines: Strange Baryon Resonances



Reactions

p, A X

Photoproduction of Hyperons via t-channel

exchange

Possible final states

Final State Sensitive to Important because
Kt pK~ A TF high statistics

K+ 070 N* isospin filter

K* An A* A(1670)% ", A(1670)2 "7
K* Ar >* isospin filter

K+ In b ¥(1750)1~

(K" £(1385)7) | A", £* high mass resonances
(K* pK*™) A, E*




Polarization Observables of Interest

Photoproduction of two pseudo-scalars: Roberts, Oed (2005)
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— P. Kroenert, Y. Wunderlich, F. Afzal, A. Thiel, Phys.Rev.C 103 (2021) 1, 014607
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Polarization Observables of Interest

For a linearly and circularly polarized beam, on a longitudinally polarized target and
measurement of the recoil polarization (self-analyzing decay):
d ~ o

(P, Qy+) = d—i[l — pr1®sin2® — prI°(=X) cos2® + pgI™

— prPzP(=G)sin 20 — prp, PE cos 20 + pop, PP (SE) + p, P;]

+ px' Px +py’Py’ + pzr Py +P©(PX'P,9 +py’PJ<; +pz’PzG;)

+ pr(pe P + py P;, + pyP;,)sin2® + pr(pw Py + py P;, + p Py,) cos 2¢

+ Pz(px Ozxr + Py’ Ozy’ + Pz Ozz1) + popz(Px OZG))(, + Py OZC:‘),/ + pz OZG;/)

+ p7Pz(px O3 + Py O3, + p 03,,) sin 20

+ prz(px’ ng’ + Py’ Ozcy/ + pz OZCZ/) cos2¢

Additional observables accessible with a transversely polarized target. 10



Extraction of the Amplitudes

Complete Experiment: Model-independent extraction of all amplitudes without discrete
ambiguities
— 16 Observables needed for two meson photoproduction!

P. Kroenert, et al. Phys. Rev. C 103, no.1, 014607 (2021)

Two possibilities to extract amplitudes from the observables:

e Extract observables and provide them as input to different partial wave analysis
groups
Contact with different groups initiated

e Direct extraction of the amplitudes from the fit
Framework currently being developed in Bonn

11



Hyperon Spectroscopy at
CBELSA/TAPS




The CBELSA/TAPS Experiment

e from ELSA
up to 3.2 GeV

flux m ¥ e Linearly or circularly polarized photons

\ e Transversely or longitudinally polarized target
(butanol)

electron e Detector system covering nearly the full solid

beam dump
angle 12



Future Perspectives: Strangeness Measurements at Bonn

Up to now mostly measurements of non-strange baryons (N*, A*)
— Extension to the strange sector (A*, ¥*) planned

e Strangeness measurements with a polarized beam and a polarized target possible!

e Precise mapping of Hyperons with masses up to ~ 2 GeV and extraction of
quantum numbers

e Investigation of two-pole structure of A(1405) possible

13



Planned Setup for CBELSA++

Major Experimental Upgrade!

Additional forward spectrometer including large-scale forward calorimeter

tagger magnet

Crystal Barrel +

pixel detector
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Anticipated Impact

Simulation of reaction vp — KT¥%0 with ¥ — ~A

Selection of Y0 via decay photon energy
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Anticipated Impact

Simulation of reaction vp — KT¥%0 with ¥ — ~A

Clear Signal of A(1405) and A(1520) visible, higher mass states not included yet
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Hyperon Spectroscopy at GlueX




The GlueX experiment at JLab

Forward Calorimeter
Time of Flight
Barrel Calorimeter

Start Counter

Target 1 G

Photon Beam

Taggin
Mggnegt Forward Drift
Chamber
Electron i
Beam Central Drift

Chamber

Solenoid

Radiator

[S. Adhikari, et al. Nucl.Instrum.Meth.A 987 (2021) 164807]

GuiX’

GlueX Phase I:
Data taking finished

GlueX Phase II:
Ring-imaging Cherenkov
(DIRC) detector added

Recent update:
Upgrade of FCAL

PbWOQO, insert 16



Beam Polarization
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Measurements of the Beam Asymmetry ¥

vp — XOKT
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2 > 0: natural exchange Results for strangeness production show

favored dominance of natural exchange — Kaons

> < 0: unnatural exchange

[S. Adhikari et al. Phys. Rev. C 101, 6, 065206 (2020)]

favored 18



Measurements of the Beam Asymmetry ¥

—— Nys et al. JPAC), PLB 779, 77 (2018)
----- Yu and Kong, PLB 769, 262 (2017)
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Beam asymmetry X sensitive to

the exchange mechanism: [S. Adhikari, et al. Phys.Rev.C 103 (2021) 2, L022201]

> > 0: natural exchange Analysis of ¥ hints at different particles in
favored the t-channel

2 < 0: unnatural exchange . )
Interesting for hyperon production?

favored 18



Possible Polarization Measurements

o Elliptically polarized beam: linearly and circularly at the same time!
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For information about this method see

[F. Afzal et al. Phys. Rev. Lett. 132, no.12, 121902 (2024)]
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Possible Polarization Measurements

o Elliptically polarized beam: linearly and circularly at the same time!
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For information about this method see

[F. Afzal et al. Phys. Rev. Lett. 132, no.12, 121902 (2024)]

e Polarized target (Proposed for GDH measurement) currently being developed
e Butanol target

e Longitudinally polarized
19



Dalitz Plot for Hyperons
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Counts

3000

2000

1000

[ 1K%(892)
b KK

» =

5
4 [14])
9
5
1% 20
[7]
2(1385) ___','at. 8 1.5
< .- ] =
e ; . .
S g g «© 85 70 15
w o w
- T Mass(K'n%) [GeV]
Sjunon

Source: Hao Li, this workshop

Multiple Hyperons directly visible
in the data

Various final states accessible e.g.
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Conclusion




Complementary Measurement between GlueX and CBELSA++

e Large amount of data on hyperons with a
polarized photon beam available at GlueX!

e Various different exchange particles possible
(K, K*..)

e Polarized target may be available in the future

P\, X

e GlueX can probe the high-mass states
e CBELSA-++ can focus on precision spectroscopy of the low-mass states

— Only the combination of both experiments can cover the whole mass range!

21



Conclusion and Outlook

e New era of experiments allows precise measurements of (polarization) observables
for Meson and Baryon Spectroscopy

e New polarization data will help to understand the resonance spectra and will
provide an experimental basis for comparison with constituent quark models,
lattice QCD or other methods

e New experiment at ELSA currently being developed, which will shed light onto
the strange sector.

e Lol for polarization measurements at GlueX currently being written

22
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Thank you for your attention.
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