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Light Baryon Spectroscopy Light Baryon Spectroscopy –– Recent Results Recent Results g y p pyg y p pyR. Beck
 HISKP, University Bonn y
 HADRON 2011, 13.6. - 17.6. , München
 Introduction
 Recent Results ELSA, JLAB and MAMI:0πγ pp →
 rr
 ηγ pp →rr
 Narrow structure ηγ nn →
 r
 Summary and Outlook
 supported by the DFG within the SFB/TR16
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IntroductionIntroduction
 only 7only 7 N*N* and 5and 5 ΔΔ**
 PDG 2010: Status on nucleon resonances
 only 7only 7 NN and 5and 5 ΔΔ
 established in the region 1400 MeV < W < 2000 MeVestablished in the region 1400 MeV < W < 2000 MeV
 L. Tiator
 Energy pattern for the dominant states
 Constituent Quark Models
 Various nucleon models predict many more states
 weak coupling to πN final state Dynamical Models
 Lattice QCD
 p ginsufficient data base
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Experimental program for N*Experimental program for N*
 Precision data for different final states (pπ0, nπ+, pη , KΛ, pπ0π0....)
 Common effort at ELSA, JLab and MAMI,
 P l i ti i t (b t t d il)Polarization experiments (beam, target and recoil)“complete experiment”
 Xp →+γ pγ
 γ + p −> p + π− + π+
 γ + p −> p + π0 + π0γ p pγ + p −> p + π0
 γ + p −> K+ + Λ γ + p −> p + η

Page 4
                        

Complete ExperimentComplete Experimentπγ +→+ NN
 rr
 8 well chosen observable have to be measured to determine the production amplitudes (F1,F2,F3 and F4)
 π- threshold until Δ+(1232)- region
 additional constraints:additional constraints:
 (a) s- and p- wave approximation
 (b) Fermi- Watson theorem(b) Fermi Watson theorem
 πγ +→+ NNππ +→+ NN
 same I, J in the final statesame scattering phase δIJ
 two observable sufficient for “complete experiment”differential cross section : dσ/dΩ
 b t Σ
 above ππ- threshold
 beam asymmetry : Σ
 Fermi- Watson theorem not valid any moreMore observable needed to find unique partial wave solution
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Observables in Meson PhotoproductionObservables in Meson PhotoproductionPhoton polarization
 Targetpolarization
 Recoil nucleonpolarization
 Target and recoil polarizations
 X Y Z(beam) X’ Y’ Z’ X’ X’ Z’ Z’X Z X Z
 unpolarizedlinearcircular
 σΣ
 - T -H (-P) GF E
 - P -Ox (-T) Oz
 C C
 Tx Lx Tz Lz
 (-Lz) (Tz) (Lx) (-Tx)circular - F - E Cx - Cz - - - -
 data only for: data needed for:
 Differential cross section:
 Beam asymmetry:
 σΣ
 Target asymmetry:
 Recoil polarization:
 TP
 Double polarization:
 Sensitive to: )Re( 21 PP ⋅
 E Double polarization:
 Sensitive to: )Im( 21 PP ⋅
 G)e( 21 )( 21
 ELSA, JLAB, MAMI : polarized photons, polarized targets and 4π acceptance
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Crystal Barrel Set Up at ELSACrystal Barrel Set Up at ELSA
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Crystal Barrel Set Up at ELSACrystal Barrel Set Up at ELSA
 03πη
 γγη
 →
 →γγπ →0• Crystal Barrel detector
 1230 CsI crystals 3πη →
 • Inner-detectorcylinder of 513 scintillating fibers
 1230 CsI crystals
 cylinder of 513 scintillating fibers
 • forward detector (FWPlug)90 CsI crystals with PM’s 120-30090 CsI crystals with PM s, 12 -30
 • forward detector (MiniTAPS)216 BaF2 10-120 216 BaF2 , 1 12
 Close to 4π coverage
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Polarized PhotonsPolarized PhotonsLinearly polarized photons:
 - coherent bremsstrahlung- diamond radiator
 Circularly polarized photons:- longitudinally polarized electrons - helicity transfer to photond a o d ad a o e c y a s e o p o o
 Linearly polarized photons Circularly polarized photons
 high polarization at low photon energies high polarization at high photon energies
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Polarized TargetPolarized Target
 t t
 internal superconducting 'holding coil’liquid helium from the still „Frozen Spin Target“
 Horizontal cryostat with integrated
 mmbeam
 target
 Target: Butanol (C4H9OH)
 Horizontal cryostat with integrated solenoid to freeze up the spin
 60 mbeam
 Butanol (C H OH)
 Polarization: DNP at high B-field (2.5 T)„freeze“ up the spin (0.4 T)relaxation time T~500h
 100 mmButanol (C4H9OH)
 „transversely polarized Target“„longitudinally polarized Target“ELSA, JLAB and MAMI
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Polarized Target at ELSAPolarized Target at ELSARunning time over 2500 hours in year 2008
 over 2200 hours in year 2009over 1500 hours in year 2010
 High. polarization P+ = 83.4 %P- = - 80.9 %
 fast build-up 05h04min (May/June) 05h39min (August)
 Pol.-time 06h10min
 horizontal cryostatin experimental area
 data takingg
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Polarized Target at MAMIPolarized Target at MAMIPolarized Target running since beginning 2010
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Polarized Target at JLABPolarized Target at JLABPolarized Target running since beginning 2007
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BeamBeam--Target Polarization ObservablesTarget Polarization Observables
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Polarization Observables with long. pol. Target Polarization Observables with long. pol. Target
 Linearly polarized photons −> beam asymmetry Σ
 Circularly polarized photonsCircularly polarized photonsLongitud. polarized protons
 Linearly polarized photons
 −> double polarization asymmetry E
 d bl l i ti t Gy p p
 Longitud. polarized protons−> double polarization asymmetry G
 Crystal Barrel experiment at ELSA: Preliminary results for G and E for pπ0 and pηParallel Session: M Grüner J Müller
 CLAS experiment at JLAB: Preliminary results for G and E for nπ+ and pη
 Parallel Session: M. Grüner, J. Müller
 Parallel Session: V. Crede
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Results for pResults for pηη
 ηγ +→+ ppr V. Crede, O. Bartolomy et al., PRL 94 (2005) 012004,EPJ A33 (2007) 133
 Meson photoproduction
 EPJ A33 (2007) 133
 Photon helicity couplings: A1/2 und A3/2
 S11(1535) : A1/2 (S11(1535)) onlyTotal cross section:
 D13(1520) : A1/2 (D13(1520)) and A3/2(D13(1520))Total cross section:σtot ~ |A1/2(S11)|2 + |A1/2(P13)|2 + |A3/2(P13)|2 + …..
 P13(1720) : A1/2 (P13(1720)) and A3/2(P13(1720))
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Results for pResults for pηηBeam asymmetry: Σ Higher sensitivity because of interference
 between different resonance contributions Σ ~ A1/2(S11) ∗ A1/2(P13) + …..
 ηγ +→+ ppr
 MAID
 D. Elsner et al., EPJ A33 (2007) 147
 P11(1710)
 MAID
 D15(1675)
 Σ
 D13(1520)
 D15(1675)
 Σ
 Eγ= 1250 MeV
 D13(1520)
 BnGa PWAP13(1720)
 Θcmθηcm
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HelicityHelicity dependent cross section for pdependent cross section for pηη
 ηγ +→+ pprrreaction:
 circularly polarized photonscircularly polarized photonslongitudinally polarized proton
 Preliminary results Crystal Barrel at ELSA (J. Müller)
 S11 (1535)
 P11 (1710)
 P (1720)
 N1/2 - N3/2
 no acceptance ti P13 (1720)correction
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HelicityHelicity dependent cross section for pdependent cross section for pηη
 ηγ +→+ pprrreaction:
 circularly polarized photonscircularly polarized photonslongitudinally polarized proton
 S11 (1535)
 P11 (1710)11 )
 P13 (1720)
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HelicityHelicity dependent cross section for pdependent cross section for pηηηγ +→+ pprr
 reaction:
 Angular distribution Preliminary results Crystal Barrel at ELSA (M. Gottschall, J. Müller)
 N NN1/2 - N3/2count rate differenceno acceptance correction
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HelicityHelicity dependent cross section for pdependent cross section for pηη
 Preliminary results CLAS at JLAB (V Crede M Dugger)Preliminary results CLAS at JLAB (V. Crede, M. Dugger)
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HelicityHelicity dependent cross section for pdependent cross section for pππ00
 0πγ +→+ pprrreaction:
 circularly polarized photonslongitudinally polarized proton
 count rate differenceacceptance correction
 P33 (1232)S (1535)S11 (1535)
 N1/2 - N3/2
 with acceptancewith acceptance correction
 F15 (1680) + …
 Preliminary results Crystal Barrel at ELSA (M. Gottschall, J. Müller)
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HelicityHelicity dependent cross section for pdependent cross section for pππ00
 Preliminary results Crystal Barrel at ELSA (M. Gottschall, J. Müller)
 Angular distributions sensitive to interference between resonances0πγ +→+ pprrreaction:
 N1/2 - N3/21/2 3/2
 N1/2 + N3/2E~
 with acceptance correction
 MAID
 predictionpartial wave analysis
 __
 __ SAID
 B G__ BoGa
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Double Polarization observable E for Double Polarization observable E for nnππ++
 Preliminary results CLAS at JLAB (V. Crede, M. Dugger)
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Double Polarization observable E for Double Polarization observable E for nnππ++
 Preliminary results CLAS at JLAB (V. Crede, M. Dugger)
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BoGaΣΣ−− and Gand G-- Asymmetry for pAsymmetry for pηη
 __ BoGa
 __ SAID
 MAID
 ηγ +→+ pprrreaction: linearly polarized photons
 longitudinally polarized proton
 Eγ=950 MeV Eγ=1050 MeVEγ=850 MeV
 __ MAID
 Σ Σ Σ
 Preliminary results Crystal Barrel at ELSA (A. Thiel, M. Grüner)
 G G GEγ=950 MeVEγ=850 MeV Eγ=1050 MeV
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GG-- Asymmetry for Asymmetry for ppππ00
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Polarization Observables with trans. pol. Target Polarization Observables with trans. pol. Target
 Circularly polarized photonsTransversely polarized protons
 −> double polarization asymmetry F
 Linearly polarized photonsTransversely polarized protons
 −> double polarization asymmetry H and P
 −> in addition Beam asymmetry Σ andTarget asymmetry T
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Double Polarization Asymmetry F for pDouble Polarization Asymmetry F for pππ00
 Preliminary results Crystal Ball at MAMI (H.J. Arends, M. Ostrick)
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Beam Asymmetry Beam Asymmetry ΣΣ for pfor pππ00
 Preliminary results Crystal Barrel at ELSA (J Hartmann)Preliminary results Crystal Barrel at ELSA (J. Hartmann)
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Target Asymmetry T for pTarget Asymmetry T for pππ00
 Preliminary results Crystal Barrel at ELSA (J. Hartmann)

Page 31
                        

Target Asymmetry Target Asymmetry ΤΤ for pfor pππ00
 Preliminary results Crystal Barrel at ELSA (J. Hartmann)
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Recoil Polarization P for pRecoil Polarization P for pππ00
 P li i l C l B l ELSA (J H )Preliminary results Crystal Barrel at ELSA (J. Hartmann)
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Double Polarization Asymmetry H for pDouble Polarization Asymmetry H for pππ00
 Preliminary results Crystal Barrel at ELSA (J. Hartmann)
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Target Asymmetry in pTarget Asymmetry in pη η
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Target Asymmetry T for pTarget Asymmetry T for pηηPreliminary results Crystal Barrel at ELSA (J Hartmann)Preliminary results Crystal Barrel at ELSA (J. Hartmann)
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Target Asymmetry T for pTarget Asymmetry T for pηη
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Status on Meson Status on Meson PhotoproductionPhotoproduction
 Nearly completedata base
 Crystal Barrelat ELSA
 data base CLASat JLAB
 Complete data base Crystal Ballat MAMI
 Only a fewOnly a few experiments
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Electromagnetic excitation off the neutronElectromagnetic excitation off the neutron
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Electromagnetic excitation off the neutronElectromagnetic excitation off the neutron
 quasifree η photoprodruction:
 Crystal Barrel at ELSA result
 ηγ ++→+ pnd
 N t t i fi l t tNarrow structure in nη - final state
 1670MeVW ≈)(25 FWHMMeW≈σ
 Publication:Publication:I. Jaegle, B. Krusche, … accepted by EPJA
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Experimental evidence from other LabsExperimental evidence from other Labs
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Comparison Narrow Structure Comparison Narrow Structure
 Effect of photo-excitation of D15(1675) ?
 Coupled channel effect of S11(1535) and P11(1710) ?
 Parallel session on monday M. Polyakov
 Coupled channel effect of S11(1535) and P11(1710) ?
 Interference effect of S11(1535) and S11(1650) ?
 New narrow state with stronger photo-coupling to the neutron ? −> polarization observables needed !!
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Narrow structure in other reaction channelsNarrow structure in other reaction channelsPreliminary results Crystal Ball at MAMI
 γ ³He ηp (np)γ ³He ηn (pp)
 nucleons via TOFin TAPS only,
 η at backward angles
 Parallel session on monday L. Witthauer
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SSummary
 First round of double polarization experimentsat ELSA, JLAB and MAMI
 Preliminary results for the polarization observable T, P,G,E,F and H
 0πγ pp →rr
 Model independent partial wave analysis
 πγ pp →ηγ pp →
 rr
 Model independent partial wave analysispolarization observables are essentialdifferent final states are essential
 Will shed new light on the nucleon excitation spectrum

Page 44
                        

0 linearly polarized photons
 ΣΣ and Gand G--Asymmetry for pAsymmetry for pππ00
 Eγ=966 MeV Eγ=1000 MeVP li i lt
 0πγ +→+ pprrreaction: linearly polarized photons
 longitudinally polarized proton
 Σ Σ
 Preliminary results(A. Thiel)
 GRAAL dataGRAAL data
 predictionpartial wave analysis
 __ BoGa
 __ SAID
 G G
 __ MAID

Page 45
                        

0
 ΣΣ and Gand G--Asymmetry for pAsymmetry for pππ00
 Eγ=1033 MeV Eγ=1066 MeV
 0πγ +→+ pprrreaction:
 P li i lt
 Σ Σ
 Preliminary results(A. Thiel)
 GRAAL dataGRAAL data
 predictionpartial wave analysisEγ=1033 MeV Eγ=1066 MeV
 __ BoGa
 __ SAID
 GG
 __ MAID
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0
 ΣΣ and Gand G--Asymmetry for pAsymmetry for pππ00
 E =1100 MeV E =1133 MeV
 0πγ +→+ pprrreaction:
 P li i ltEγ=1100 MeV Eγ=1133 MeV
 Σ Σ
 Preliminary results(A. Thiel, M. Grüner)
 GRAAL dataΣ Σ GRAAL data
 predictionpartial wave analysis
 __ BoGa
 __ SAID
 G G
 __ MAID
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Compton Scattering
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Recoil proton polarisation: p(e, e' p ) ηFirst experiment with MAMI C and the 3-spectrometer setup
 Merkel et al., PRL 99:132301 (2007)
 Py ~ Im (E0+* (E2- + M2-))
 energy dependent phase shift
 ~ TΘ = 120o energy dependent phase shift
 between JP = 1/2- and 3/2+
 partial wave amplitudes
 Θ = 120
 Breit-Wigner resonances in JP 1/2 d 3/2+ ti lJP = 1/2- and 3/2+ partial waves
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Recoil proton polarisation: p( e, e' p ) ηΘ = 120 o
 PRL 99, 132301 (2007), and K. Grießinger et al., to be publishedtarget asymmetry measurement with real photons under analysis
 in A2 (MAMI); also F, Cx‘ , P
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Target Asymmetry in pTarget Asymmetry in pη η
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Electromagnetic excitation off the neutronElectromagnetic excitation off the neutron
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Electromagnetic excitation off the neutronElectromagnetic excitation off the neutron
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HelicityHelicity dependent cross section for pdependent cross section for pηη
 Preliminary results CLAS at JLAB (V Crede M Dugger)Preliminary results CLAS at JLAB (V. Crede, M. Dugger)
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(W. Hillert, F. Klein)
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