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Introduction — Light quark baryon spectroscopy ﬂ
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QCD in the non-perturbative regime:
< One of the worst understood areas of the standard model = a challenge!

<~ How does QCD produce its massive bound states from almost massless quarks?

- What are the relevant degrees of freedom?
- Effective forces between them?
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< Nature of the complex bound states of QCD =?

< Experimental spectrum of baryons
important and their properties

& Search for exotic states
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Physics at ELSA - results on the baryon spectrum

Polarization as key to resolve the baryon spectrum

- huge impact on knowledge of resonances in the second and
third resonance region based on data from ELSA + experiments worldwide (Jlab, MAMI, Springs, ...)

RPP | BnGa- | RPP’25 yp —» p®n® (CBELSA/TAPS) - Target asymmetry data
2010 | PWA | (2018-25) (only one E-bin shown — 4 dimensional)
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T. Seifen et. al. EPJA 61 (2025) 173 (CBELSA/TAPS)
only examples shown



Physics at ELSA - results on the baryon spectrum

Polarization as key to resolve the baryon spectrum

- huge impact on knowledge of resonances in the second and

third resonance region based on data from ELSA + exp. worldwide
YP P n°n® (CBELSA/TAPS, P. Mahlberg et. al., in prep.)

RPP | BnGa- | RPP’25 N Eveam = 1800.0 - 2000.0 MeV Epean = 1800.0 - 2000.0 MeV
2010 | PWA |(2018-25) 5« o & 4 |
Up to 2.3 GeV: | L
N(1 71 0)1 /2—|— *k %k *kk%k * % k% p . ) L
N(1860)5/2+ * w | » 6newN* 30 L
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determined T,P,H, %, By, By, B, B¢, BS, PG, I, I,

only examples shown (published, in prep.)



Physics at ELSA - results on the baryon spectrum

Polarization as key to resolve the baryon spectrum N*-pole positions: m, 1)
- huge impact on knowledge of resonances in the second and - R — —
third resonance region based on data from ELSA + exp. worldwide ool | | ] o
* * 4
RPP | BnGa- | RPP’25 e . B
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A(1900)1/2 resonance N*, A* - parity doublets observed (not for all states)
A(1940)3/2— | * * ** oroperties <> Not expected by present lattice
A(2200)7/2— | * b o determined calculations or constituent quark models

only examples shown < Not yet understood



Excited baryon spectrum — open questions

Open questions (examples):
< Do all the expected qqq-SU(6)x0O(3)-states exist?
= Existing but experimentally not found yet?
< pol. photoproduction off the neutron (isospin dependence) < Interesting results from CBELSA/TAPS
< multi-meson photoproduction, further final states R. Beck (Tuesday), L. Reschke (Thursday)

continuation of the successful N*, A*-program

< Certain resonances have ,parity partners” other's don‘t <~ Why?
= Needs to be explained by theory
& effective degrees of freedom / effective forces
<> meson-baryon or 3q or .....

... also relates to the first point ...

=» Clarify the systematics in the spectrum !
(SUB): u™l dTl sTl)

& strange baryons of large interest

- since decades: progress hampered by the lack of high quality data
not even the first excitation band completely know

< multiquark states? molecules? 2 pole-structures? <= Hints for interesting structures BGOOD
T. Jude (Tuesday)



Excited baryon spectrum — open questions
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Excited baryon spectrum — open questions

Open questions (examples):
< Do all the expected qqq-SU(6)x0O(3)-states exist?

= Existing but experimentally not found yet?

< pol. photoproduction off the neutron (isospin dependence) < Interesting results from CBELSA/TAPS
< multi-meson photoproduction, further final states R. Beck (Tuesday), L. Reschke (Thursday)

& Gain a complete picture of the N*, A*-baryon spectrum

< Certain resonances have ,parity partners” other's don‘t <~ Why?

= Needs to be explained by theory
& effective degrees of freedom / effective forces

< meson-baryon or 3q or ..... A new experiment at ELSA:
... also relates to the first point ... @ELSA
=» Clarify the systematics in the spectrum ! In I.GHT
(SU(G): u T‘l' d T‘L S T‘l' ) —
& strange baryons of large interest nivekpenorsacior ©

& not even the first excitation band completely know
since decades: progress hampered by the lack of high quality data

¢ multiquark states? molecules? 2 pole-structures? < Hints for interesting structures BGOOD

T. Jude (Tuesday)



Physics at ELSA - the future

A new experiment < integral part of the new Cluster of Excellence ,,Color meets Flavor”:

color
meets
s L ELSH flavor
In IGHT Polarized target Si-pixel detector Crystal Barrel Magnet PANDA-FWEC-EMC '
v
i UNIVERSITAT technische universitat
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Arrival of the PANDA-FWEC
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Gas Electron Multiplier detectors Straw tube detectors

Time of Flight detector

== Over almost the entire 4m-solid angle:

= High resolution photon measurements . .
= Precise charged particle detection == unique possiblilities!

Polarized beam and polarized target

at the FTD



Performance: Photon-measurements and Charged particle identification

" Photons from measurements: = Charged particles:
Crystal Barrel: PANDA-FWEC Forward spectrometer
~vp — pa~: @COSY testbeam (FZJ) - from simulations
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. _ + further improvements
+ excellent signal to background ratio

to be expected




Strange baryons @INSIGHT

@ELSA, e.g.:
How well can we measure & e
+ A * +v0..0 .
yp - K'A" =K 2‘. n - - strange baryons? Iﬂ IGHT
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+ ~ Y~y 0
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@ELSA: Advantage of polarization experiments

Several PWA groups have re-analysed the exisiting data (KN-scatt.) on
strange baryon resonances

Almost the same data included in the fit, but quite different solutions

Use a PWA-solution toy model
<& calculation based on t-channel K-exchange only

Resonances based on
ANL/Osaka- and BnGa-PWA

Use resonance properties and pKA* couplings from BnGa
< Predict solution
< Fit to BnGa-“data“ with ANL/Osaka pole positions
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INSIGHT

Investigation of the strong interaction —

in the light flavor sector

(only J=1/2, 3/2, P=+/- shown, above A(1405))
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Strange baryons < Predictions for yp - A*K*
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In iGHT

Investigation of the strong interaction
in the light flavor sector

M(nK) (GeV)

cosb, in (h)K+Z

=> Almost identical distributions



Polarized target — strange baryons < sensitivity studies
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Polarized target — strange baryons < sensitivity studies InSi
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Investigation of the strong interaction
in the light flavor sector

Target asymmetry
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LHCb —data A%—> J]/WpK™ & strange baryon resonances
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o For determination of pentaquark properties: . _@ELSA
Contribution of strange . o Comp 1T
baryon resonances <& Strange baryon resonances and their properties important! In IGHT

Polarisation experiments to avoid ambiguities! imthe g ivorsoeror T
& Common analysis




INSIGHT@ELSA - Summary

Non-strange baryons: _
Gain a complete picture of the N*, A*- baryon spectrum: e = e
= Polarized photoproduction off the polarized proton and neutron! m'GH_T g el |
=  Multi-meson photoproduction

Strange baryons: (A", X7):
»-- the field is starved for data“ (PDG‘2024)

Established resonances remained the same for more than 30 years!
Interesting exception: Two pole structure of the (1405)

< Not even all states of the first excitation band known! Polarization measurements
. - unambigious partial wave analysis
- spectrum and properties of A", X"
. e 05 1300-1500| 5[ 1500-1700 Pole positions:
- multi-quark states? molecules? 2-pole structures? . ﬁ P
0.25F 0.25F+ — ANL B’,
OfF¢ ¢ ¢ & ¢ ¢ ¢ 4 ¢ ¢ O+ [) (K]
Combined PWA of LHCb and INSIGHT data: large potential -0-25-\_/ A25p => High
Y i el ]t s S sensitivity
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
= Heavy hadron spectroscopy color cos o(m) cos o(r)
<:::> %% H']ae\le()tl's (solutions indistinguishable in differential cross sections)

= New phenomena in rare decays



INSIGHT@ELSA - Summary

Non-strange baryons:

Eiuaﬁ da

'%\/ nNeTwonr <<
In IGI'I—T | Polarized target “ si-pixel detector H rrrrrrrrrrrrr ” Magnet “ AAAAAAAAAA -EMC I

Gain a complete picture of the N, A*- baryon spectrum:

= Polarized photoproduction off the polarized proton and neutron!
=  Multi-meson photoproduction

Strange baryons: (A", X7):
» the field is starved for data”“ (PDG‘2024)

Established resonances remained the same for more than 30 years!
Interesting exception: Two pole structure of the (1405)

< Not even all states of the first excitation band known!
- spectrum and properties of A", X"
- multi-quark states? molecules? 2-pole structures?

Thank you
for your attention!

Combined PWA of LHCb and INSIGHT data: large potential

= Heavy hadron spectroscopy %@ color

meets
= New phenomena in rare decays flavor



