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Baryon spectroscopy



Theoretical description of nucleon excitation spectra

Quark model with experimental data Lattice QCD calculations
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= Discrepancy between theory and experiment: missing resonances, ordering of states



Theoretical description of nucleon excitation spectra

Quark model with experimental data
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Lattice QCD calculations
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= Discrepancy between theory and experiment: missing resonances, ordering of states
= most resonances observed in wN scattering — experimental bias?



Photoproduction reactions

Worldwide effort to get high precision data (ELSA, MAMI, JLab, SPring-8, ...)
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Unpolarized cross section
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Unpolarized cross section
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= PWA:eg. Fi =) " (IMiy + E )Py + [(I+ 1)M- + E P4
= E (W), M (W): Multipoles
= P/, ,(cosfcm): Legendre polynomials
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Polarization observables

Polarization observables in the 2-body kinematic system for the photoproduction of a pseudoscalar meson

Photon Target Recoil nucleon | Target and recoil
polarization polarization polarization polarizations
X Y Zpeam (X Y Z X X 7z 7
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linear = |H (-P)-G Oy (M) 0, (L) (T) (L) (T
circular -|F - -E C, - - - - - -

0,2, T, P+ 4 double pol. observables needed for a unique solution

[W. Chiang and F. Tabakin, Phys. Rev.,

€55 (1997) 2054-2066]

o (ub)

1.0

0.8

0.6

0.4

0
200 400 600 800 1000 1200 1400

P — pn

Sp(1535) <> Egy

$1,(1650) <> Eg

Ey My

D,5(1520) F,5(1680)

P,,(1440)

E, (MeV)



Polarization observables

Polarization observables in the 2-body kinematic system for the photoproduction of a pseudoscalar meson

Photon Target Recoil nucleon | Target and recoil
polarization polarization polarization polarizations
X Y Zpeam (X Y Z X X 7z 7
X Zz X z
unpolarized c|- T - - P - T, Le T, L,
linear > |H (-P)-G O, (-T) O, (-Ly) (Ty (LY (-TY
circular -|F - -E Cc, - G, - - - -

0,2, T, P+ 4 double pol. observables needed for a unique solution
[W. Chiang and F. Tabakin, Phys. Rev., C55 (1997) 2054-2066]

Z ~ 72E5+E2+ + 2E5+E27 — 2EJ+M2+ + 2E5+M27 ...

<S5 D>

—Polarization observables are sensitive to interference terms!

—Interferences with the dominant S-wave (Eo.) important in 7 photoproduction!
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Experimental setup
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The A2 experiment at MAMI (Mainz)

Glasgow photon tagging spectrometer
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The A2 experiment at MAMI (Mainz)

Glasgow photon tagging spectrometer
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The A2 experiment at MAMI (Mainz)

Butanol Target Carbon Target
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The A2 experiment at MAMI (Mainz)

Glasgow photon tagging spectrometer

Primary Beam
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Ideally suited to identify charged and neutral final states!



Measurement of cross sections
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Measurement of cross sections
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Measurement of cross sections

narrow peak observed in yn — nn
at W = (1670 &+ 5) MeV with ' = 30 MeV

[D. Werthmiiller et al., Phys.Rev. C90 (2014) no.1, 015205]

165_ ,ﬁ‘i‘; 4 g, this work
14 }: 'fi ® 3/2xa,, this work
12:, s %s * o, McNicoll et al.
E S ’\ 3600
E:- 10E ¢ 3 77} Ao,y
S 8; i Yoo,
6:** XX u...
aF no....'..
) 3 'Yy ’I&'Fﬂ,{.}:{’

Wiin [MeV]

1500 1600 1700 1800 1900

W [MeV]

[L. Witthauer et al., Phys. Rev. Lett. 117, no. 13, 132502 (2016)]

helicity dependend cross sections used

to shed further light on this structure

Structure only present in o7 ;!



Measurement of double polarization observables G, E

Differential cross section for pseudo-scalar meson photoproduction using elliptically polarized photons and

longitudinally polarized target:
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Measurement of double polarization observables G, E

Differential cross section for pseudo-scalar meson photoproduction using elliptically polarized photons and
longitudinally polarized target'
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Double polarization observable G in vp — pn®
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Double polarization observable G in vyp — nnt
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Double polarization observable E in yp — pn®
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Double polarization observable E in yp — pn®

e A2 data (F. Afzal, PhD thesis)

o CBELSA/TAPS data: M. Gottschall et al.
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Discussion of results




Dominant partial wave contributions in polarization observables

2L max
E(W, cos ) = E(W, cos ) - 92 (W,cos0) = > (a(W))k - PR(cosb)

k=0
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Dominant partial wave contributions in polarization observables
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Dominant partial wave contributions in polarization observables

2Lmax
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Dominant partial wave contributions (E (A2), vp — p7?)

E(W, cosf) = E(W,cos0) - 9 (W, cos ) =

W [MeV]
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Dominant partial wave contributions (E (A2), vp — p7?)
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Dominant partial wave contributions

E(W, cosf) = E(W,cos0) - 9 (W, cos ) =

W [MeV]
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Dominant partial wave contributions (E (A2), vp — p7?)

. 2L pax+1
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Dominant partial wave contributions (E (A2), vp — p7?)

2L a1
E(W,cos0) = E(W,cos6) - 92(W,cos0) = > (a(W))« - Pi(cosb)
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Only interference terms of the same L. Similar to differential cross section.
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Dominant partial wave contributions (E (A2), vp — p7?)
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pn cusp is well visible in the data and BnGa-2014-02 PWA (< S, D >).
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Dominant partial wave contributions (E (A2), vp — p7?)
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pn cusp is well visible in the data and BnGa-2014-02 PWA (< S, D >).
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Dominant partial wave contributions (E (A2), vp — p7?)
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Very precise new A2 data shows the pn cusp.
It is important to cover the entire angular range. 16



Dominant partial wave contributions (E (A2), vp — p7?)
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Conclusion and Outlook

= A2 collaboration have measured many high-precision data for the unpolarized cross section as well as several
double polarization observables in various different final states
— Existence of third S-wave resonance N(1895)1" (S11) has been confirmed in pr cross section data
— Full angular coverage and very fine energy binning provided
— First simultaneous measurement of G and E with elliptically polarized photon beam
— Observation of pn cusp in pr°-E-data

= Qutlook: More measurements are planned
— more data to be expected for T, P, H and F

= 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

Thank you for your attention!
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Comparison of diamond and amorphous data

e diamond runs with coherent edge at 450 MeV (elliptically polarized photons)
e Mgller runs (amorphous radiator with circularly polarized photons)

e 360 MeV <E, < 390 MeV t] = 390 MeV <E, < 420 MeV [ f
0.5 5 o.si E
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cosf_, cost

= first experimental evidence that the degree of circular polarization can be calculated in the same way for a
diamond radiator as it is done for an amorphous radiator in a first approximation within 3%

= E and G can be determined using longitudinally polarized electrons and a diamond radiator
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Elliptically polarized photons

P_gamma,/P_e

= Calculation of photon circular polarization degree in crystals by

I. M. Nadzhafov, Bull. Acad. Sci. USSR, Phys. Ser. Vol. 14, No. 10, p. 2248 (1976).
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Double polarization observable G in vp — pn®
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Double polarization observable G in vp — pn®
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Double polarization observable G in vyp — nnt
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Double polarization observable G in vyp — nnt
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The helicity asymmetry E in w° photoproduction
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The helicity asymmetry E in w° photoproduction
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The helicity asymmetry E in w° photoproduction
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The helicity asymmetry E in w° photoproduction
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