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Why baryon spectroscopy?

Goal: Understanding nucleon excitation spectra
<> Understanding dynamics of the constituents inside the nucleon

@ many more resonances
expected in quark models or
lattice QCD than
experimentally observed

@ What are the relevant degrees
of freedom?

@ most resonances observed in
7N — some resonances
might not couple to 7N

Photoproduction reactions are excellent tool

Quark model vs. experimental data

3000

2500

8

3

8
I

Mass [MeV]

1500 - |—

= N*

1000

172+ 3/2+ | 5/2+]| 7/2+ 1172+ [13/2+{] 1/2. 2- || 5/2- || 7/2- || 9/2-

9/2+
P LB | Fis || Fr Hi ) [Kis)[ Su J[ Dis | Dis | Gir ][ Gio

19

13

11/2-]

13/2-
Iv 13

U. Loering, B.C. Metsch, H.R. Petry, Eur.Phys.J.A10:395-446,2001

to probe excitation spectra!
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Photoproduction reactions

Study of different reaction channels gives access to different resonant structures
= Worldwide effort to get high precision data (ELSA, JLab, MAMI,...)
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Why study 70 and 7 in the final state?

7%-photoproduction m

@ high cross section v ) T=1/2, 3/2 @ n,n ...
— Large statistics
p N*, A P

n-photoproduction

e 1 (T=0) — exclusive access to
intermediate states N* with n

T=1/2
v 1, T=112, 26 7041, n...
@ low contributions from
non-resonant terms p N*, X P
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Importance of polarization observables

@ Scattering amplitude f <— 4 complex amplitudes (CGLN amplitudes)
f(Fi(W,cosOcm), F2(W, cosOcm), F3(W, cos Ocm), Fa(W, cos Ocm))

o PWA: Fi = X355, (IMyy + B )Pl + [(1+ M- + B 1P,

o EiL (W), ML (W): Multipoles

/1(cosfcm): Legendre polynomials

@ Measurable observables «+— Multipoles «+— Resonance parameters
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The Electron Stretcher Accelerator (ELSA)

W.Hillert, F. Klein et al.
Physics Institute, University of Bonn
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The CBELSA/TAPS experiment at ELSA in Bonn

Measurement of X (July-October 2013)

Linearly polarized photon
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Selection process of yp — vyp

Selected events had to fulfill kinematic constraints:

@ 3 hits in calorimeters (p+2v)

@ Proton: calculated as missing particle of yp — vy X
o Angular-cuts:

o Agreement of missing mass and measured charged particle in 6

o Coplanarity-cut: A® = |, — &,| = 180° within 2.50

@ Beam photon: Ey > Epod.threshold and time coincidence with reaction products
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Selection process of yp — vyp

@ The v+ invariant mass:
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@ 5.4-10° 7%-events were selected

@ 6.6 - 10° 5-events were selected
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Determination of the beam asymmetry >

@ linearly polarized beam, unpolarized liquid hydrogen target
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The beam asymmetry ¥ in 7%-photoproduction
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The beam asymmetry ¥ in 7%-photoproduction
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The beam asymmetry ¥ in 7%-photoproduction
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Truncated PWA (which L.y is seen in the data?)
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Truncated PWA (which L.y is seen in the data?)
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@ A.V. Anisovich et al. find evidence for the one-star resonance A(2200)7/27 in a
coupled channel analysis including the new beam asymmetry data in 7°p and 7"n
[arXiv:1503.05774]
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The beam asymmetry ¥ in n-photoproduction
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The beam asymmetry ¥ in n-photoproduction
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The beam asymmetry ¥ in n-photoproduction
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Summary and Outlook

o The beam asymmetry ¥ was determined in 7°- and 7-photoproduction by the
CBELSA/TAPS collaboration
@ Results:

o very precise 70 data was measured for E, =1100 MeV - 1800 MeV
o evidence for the one-star A(2200)7/2~ resonance

o precise 1 data was measured for E;, =1100 MeV - 1800 MeV

o 7 data can not be described by different PWA models

o data will provide new constraints for the PWA

@ Outlook:

o Beam asymmetry ¥ in n/-photoproduction

Thank you!
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Truncated PWA (which L.y is seen in the data?)
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