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Motivation



Theoretical Predictions

Quark models Lattice QCD calculations
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my = 400 MeV
Calculations predict more resonances than have been

measured
(" missing resonances”) ‘

— What are the relevant degrees of freedom? 2



Resonances

3 E }?‘. vp - total cross section
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Polarization Observables

16 Polarization Observables in

photoproduction of pseudoscalar mesons:

Target Recaoil Target+Recoil
- - x' y' z' x' x' z' z'
Photon y z - - - X z X z
unpolarized T - - P - Ty Ly T, Ly
linearly pol. -P) -G| Oy (-T) O, - - - -
circularly pol. - -E | - - - - - - -




The Setup of the CBELSA/TAPS Experiment
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— nearly full 47 angular coverage



The Setup of the CBELSA/TAPS Experiment

ELSA

electron
beam dump



The Setup of the CBELSA/TAPS Experiment
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The Setup of the CBELSA/TAPS Experiment
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Extraction of the observables



Cross Section with Beam und Target Polarization
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vp — pr°: Double Polarization Observable E

E(yp = pr’)
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Cusp Effect visible in 7 Photoproduction
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~vp — pn: Double Polarization Observable E and G
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Observables in Multi-Meson Final States
e Multi-meson final states like yp — pr%7® or 7% : 0
U
preferred at higher energies : N* A*
Y :7TU .

¢
e Probes the high mass region, where the missing g !
resonances occur § + m
e Can help to observe cascading decays Proton
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Observables in Multi-Meson Final States

e Multi-meson final states like yp — pr%7® or 7%
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vp — pr°m?: Polarization Observables T,

Only results shown in quasi two-body

kinematics
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First Indication of Triangle Singularities in vp — pr%n
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Interpretation




Multipoles and CGLN Amplitudes

Multipoles give informations about the intermediate
states, can be combined into four CGLN amplitudes: 77% 0 tm

F(W,z) = i[m\/’u + Eey] - Popa(2) + [(L+ 1)Me— + Eo ] - Pi_y(2) /:\\
=0 z

Sp = = S, =1
R(W,z)=Y" ... A A
— Pion-Multipoles

£=0 Eppt, Mo+

with z = cos 0 and the Legendre polynomials Py(z).
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All observables can be expressed in CGLN amplitudes, for example:
Y- o(0x)
Po
with the density of states po = k/q. 13
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Multipoles and CGLN Amplitudes
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Example of a Truncated Partial Wave Analysis

Observable described by

2l max—1

T=T 0= %sin@ [ Ah(cosﬁ)h}

h=0

e using S- and P-waves (Lmax = 1):

T= fsmH[Ao—l—Al-cos@]

e using S-, P- and D-waves (Lmax = 2):

T= %SinQ[Ao+A1 -cos + Az - cos” 0 + As - cos” 6]

e using S-, P-, D- and F-waves (Lyax = 3):
T= %sin@[Ao—i—Al -cosf + Ay - cos” 6 4 As - cos’ §

+ Ag - cos* 0 + As - cos® 0]
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First Interpretation with a Truncated Partial Wave Analysis
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First Interpretation with a Truncated Partial Wave Analysis
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New Fits from different Analyses

New observables for pr® have been included in the before after
analyses of the groups:
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New Fits from different Analyses
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Comparison between PDG values
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Large improvement, but still lot of work to be done! 17



Baryon and Meson Production in the t-channel
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Baryon and Meson Production in the t-channel
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Baryon Spectroscopy as a Basis for Meson PWA

Possible options:

e Remove background of baryon resonances from meson spectroscopy data sets
e Describe the background of baryon resonances

Well-know baryon spectrum is needed for high precision meson spectroscopy!
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Summary




Conclusion

e Reactions like vp — p7®, pn, pr/, pr°7°, ... have been measured with polarized
photons and protons with the CBELSA/TAPS experiment

e Different single and double polarization observables have been successfully
extracted over a wide energy range

e Data for the observables ¥, G, E, T, P and H has been published for 7° and 7
photoproduction, other channels will follow soon
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e Data has been included in a truncated partial wave analysis, which gives a first
indication about the sensitivity of the observables

e Data is included in the different partial wave analyses and the multipoles are
converging

e Crystal Barrel detector was upgraded for a higher detection efficiency for
photoproduction off the neutron

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

A. T., F. Afzal and Y. Wunderlich, Light Baryon Spectroscopy
Accepted for publication in Progress in Particle and Nuclear Physics
e-Print: 2202.05055 [nucl-ex]

Thank you for your attention!
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