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Introduction

Precision data for different final states (pπ0, pη , pη’ , pπ0π0....) 

Baryon spectroscopy with Crystal Barrel at ELSA

Polarization experiments (beam, target and recoil)
“complete data base” 

Xp →+γ

γ + p −> p + π− + π+

γ + p −> p + π0 + π0

γ + p −> p + π0

γ + p −> p + η 

γ + p −> p + η‘

To constrain PWA  −>   unique PWA solution  



only 7 N* and 5 ∆∆∆∆*

established in the region  1400 MeV < W < 2000 MeV

PDG: Status on nucleon resonances

Energy pattern for the dominant states 

Constituent Quark Models  

Dynamical Models  

Lattice QCD  

Various nucleon models predict many more states 

weak coupling to πN final state  

insufficient data base  

L. Tiator  

Introduction



Problem with a unique PWA solution 

πγ +→+ NN
rr

π- threshold  until  ∆+(1232)- region

8 well chosen observable have to be measured  to determine the production amplitudes (F1,F2,F3 and F4)

above ππ- threshold

additional constraints:

(a) s- and p- wave approximation 

(b) Fermi- Watson theorem 

πγ +→+ NN
ππ +→+ NN

same I, J in the final state
same scattering phase δIJ

two observable sufficient for “complete data base”

differential cross section :   dσ/dΩ
beam asymmetry :    Σ

Fermi- Watson theorem not valid any more
More observable needed to get a unique partial wave solution



Partial waves for the P33(1232) 



Problem with a unique PWA solution 

πγ +→+ NN
rr

π- threshold  until  ∆+(1232)- region

8 well chosen observable have to be measured  to determine the production amplitudes (F1,F2,F3 and F4)

above ππ- threshold

additional constraints:

(a) s- and p- wave approximation:  Lmax ≤ 1

(b) Fermi- Watson theorem 

πγ +→+ NN
ππ +→+ NN

same I, J in the final state
same scattering phase δIJ

two observable sufficient for “complete data base”

differential cross section :   dσ/dΩ
beam asymmetry :    Σ

Fermi- Watson theorem not valid any more
More observable needed to get a unique partial wave solution



Photon
polarization

Target
polarization

Recoil nucleon
polarization

Target and recoil 
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Observables in Meson Photoproduction

Experiments at ELSA, JLAB, MAMI : polarized photons, polarized targets and 4π detector acceptance  

ELSA: Many new results on polarization observable for different final states are coming out  

J. Müller talk on 

H. Schmieden talk on

V. Vegna talk on 

p π0 , p π0 π0 ,  p η  channel

K+ Σ0 channel

p ω channel



all three single polarization observables Σ, P, T and cross section σ

photoproduction of pseudoscalar mesons with polarized beam and target : 

4 double polarization observables G , E , F and H 

can be measured with the Crystal Barrel / TAPS Experiment

Beam-Target Polarization Observables



__ BnGa

__ SAID

__ MAID

Partial wave analysis

0πγ +→+ pp

Problem with a unique PWA solution 

Total cross section:
σtot  ~ |A(P33)|2 + |A(D13)|2 + |A(F15)|2 + …..

Total cross section:



0πγ +→+ pp
rr

reaction:

circularly polarized photons

longitudinally polarized proton

__ BnGa __ SAID (SN11) __ MAIDpartial wave analysis
prediction

Crystal Barrel at  ELSA (M. Gottschall submitted to PRL)

σ1/2 σ3/2

Helicity dependent cross section for pππππ0000

2. resonance region

3. resonance region

2. resonance region

3. resonance region

4. resonance region

4. resonance region

sensitive to interferences between resonances



0πγ +→+ pp
rr

reaction:

__ BnGa

__ SAID (SN11)

__ MAID

partial wave analysis
prediction

σ1/2 - σ3/2

σ1/2 + σ3/2
E =

• PWA predictions fail already 
in 2. resonance region

Helicity Asymmetry E for pππππ0000



G-Asymmetry for pππππ0 0 0 0 

Crystal Barrel at  ELSA (A. Thiel published in PRL)



• Below 1 GeV the discrepancies 
can be traced back to the 
E0+ and E2- multipoles

s- and d-wave contributions

G-Asymmetry for pππππ0 0 0 0 

• PWA predictions fail already 
in 2. resonance region

__ BnGa

__ SAID (SN11)

__ MAID

partial wave analysis
prediction



• Below 1 GeV the discrepancies 
can be traced back to the 
E0+ and E2- multipoles

G-Asymmetry for pππππ0 0 0 0 

• E0+ multipole
S11(1535), S11(1650) and S31(1620)

• E2- multipole
D13(1520) and D33 (1700)

____ BnGa

____  SAID (SN11)

_ _ _ BnGa (with E0+  and E2- SAID) 

• New SAID solution CM12



E0+ and E2- Multipoles

• E0+ multipole, s-wave
S11(1535), S11(1650) and S31(1620)

• E2- multipole, d-wave
D13(1520) and D33 (1700)

____ BnGa

____  SAID (SN11)

____  MAID

Partial wave analysis

polarization observables necessary 
to constrain partial wave analysis
(resonance + background contribution)



Polarization Observables with trans. pol. Target 

Circularly polarized photons
Transversely polarized protons

Linearly polarized photons
Transversely polarized protons

−−−−>  >  >  >  double polarization asymmetry F 

−−−−>  >  >  >  double polarization asymmetry H and P 

−−−−>  >  >  >  in addition Beam asymmetry Σ and
Target asymmetry T 



Target Asymmetry T for pππππ0   0   0   0   

Crystal Barrel at  ELSA (J. Hartmann)



Target Asymmetry T for pππππ0   0   0   0   

Crystal Barrel at  ELSA (J. Hartmann)



Recoil Polarization P for pππππ0  0  0  0  

Crystal Barrel at  ELSA (J. Hartmann)



Double Polarization Asymmetry H for pππππ0000

Crystal Barrel at  ELSA (J. Hartmann)



Impact of the new Data

Which Lmax is seen in the new data  −−−−>>>> truncated partial wave analysis possible

Lmax = 0 , S-wave ,  resonances in S-wave: S11(1535), S11(1650), S31(1620) 

Lmax = 1 , P-wave ,  resonances in P-wave: P11(1440), P13(1710), P33(1232) 

Lmax = 2 , D-wave ,  resonances in D-wave: D13(1520), D15(1680), D33(1700) 

Lmax = 3 , F-wave ,  resonances in F-wave: F15(1680), F37(1950) 



Lmax Interpretation of G-Asymmetry

Ĝ = 
�	·	

��

��

��	
(�)
= A0 = constant

Ĝ = 
�	·	

��

��

��	
(�)
= A0 + A1	· cos(θ) + A2 	· cos

� θ

Ĝ = 
�	·	

��

��

��	
(�)
= A0 + A1	· cos(θ) + A2 	· cos

� θ + A3	· cos
� θ + A4 	· cos

� θ

for Lmax ≤ 1 :

for Lmax ≤ 2 :

for Lmax ≤ 3 :



Lmax Interpretation of G-Asymmetry



Lmax Interpretation of G-Asymmetry



Lmax Interpretation of G-Asymmetry



Lmax Interpretation of G-Asymmetry



Lmax Interpretation of G-Asymmetry

Full angular coverage important

Precision is important



Lmax Interpretation of G-Asymmetry

Significant L = 3 signal seen 
above W = 1550  (E = 850 MeV) 

Below L ≤ 2 seems to be sufficient

No Significant L=4 signal until W=1850 (E = 1350 MeV)



Lmax Interpretation of E-Asymmetry
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Lmax Interpretation of E-Asymmetry



Lmax Interpretation of E-Asymmetry



Lmax Interpretation of E-Asymmetry



Lmax Interpretation of E-Asymmetry



Lmax Interpretation of E-Asymmetry



Lmax Interpretation of E-Asymmetry



Lmax Interpretation of E-Asymmetry



Lmax Interpretation of E-Asymmetry



Lmax Interpretation of E-Asymmetry

Significant L = 3 signal seen 
above W = 1850  (E = 1350 MeV) 

Below L ≤ 2 seems to be sufficient

No Significant L=4 signal until W=2200 (E = 2300 MeV)



Lmax Interpretation of T-Asymmetry
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Lmax Interpretation of T-Asymmetry



Lmax Interpretation of T-Asymmetry



Lmax Interpretation of T-Asymmetry



Lmax Interpretation of T-Asymmetry



Lmax Interpretation of T-Asymmetry



Lmax Interpretation of T-Asymmetry



Lmax Interpretation of T-Asymmetry

Significant L = 3 signal seen 
above W = 1600  (E = 1000 MeV) 

Below L ≤ 2 seems to be sufficient

No Significant L=4 signal until W=2100 (E = 2000 MeV)



Lmax Interpretation of H-Asymmetry
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Lmax Interpretation of H-Asymmetry



Lmax Interpretation of H-Asymmetry



Lmax Interpretation of H-Asymmetry

Lmax ≤ 1 seems to be sufficient in the whole
energy range W = 1480 to 1620 MeV (E = 650 to 950 MeV)

This is the reason for the good predictions of the different PWA’s
only s-wave and p-waves needed 

Even no significant L=2 signal seen, D13(1520) 



____ BnGa(old)

____ BnGa(new)

____  MAID

_ _ _ SAID(SN11)

____ SAID(CM12)

pππππ0000 : Impact of the new G,E,T,P and H data 

Very preliminary: new BnGa multipole solution
including the new polarization data G,E,T,P and H 
(A. Sarantsev talk)

M1+ Multipole  

• M1+ multipole
P33(1232), P33(1620) and P13(1720)



pππππ0000 : Impact of the new G,E,T,P and H data 

____ BnGa (old)

____ BnGa(new)

____  MAID

_ _ _ SAID(SN11)

____ SAID(CM12)

• E0+ multipole
S11(1535), S11(1650) and S31(1620)

E0+ Multipole  

Very preliminary: new BnGa multipole solution
including the new polarization data G,E,T,P and H 
(A. Sarantsev talk)



pππππ0000 : Impact of the new G,E,T,P and H data 

____ BnGa

____ BnGa(new)

____  MAID

_ _ _ SAID(SN11)

____ SAID(CM12)

• E2+ multipole
D15(1675) 

E2+ Multipole  

Very preliminary: new BnGa multipole solution
including the new polarization data G,E,T,P and H 
(A. Sarantsev talk)



Summary

First round of double polarization experiments at ELSA finished 

New polarization data will determine nucleon excitation spectrum

Our new polarization data for                    are included in the BnGa PWA
- polarization observables are essential
- the new data constrain the possible multipole solutions 
- a truncated partial wave analysis seems possible 

Final results for the polarization observable T, P, G, E and H in 0πγ pp →rr

ηγ pp →rrClose to final results for the polarization observable T, P, G, E and H in 

- G results is published in PRL (A. Thiel et al.) 

- E results ready for publication, is submitted to  PRL (M. Gottschall et al.) 

- T, P and H results publication in preparation  (J. Hartmann et al.) 

- Results based on the PhD thesis of M. Grüner, J. Hartmann and J. Müller 

0πγ pp →rr



Thank You 



Polarization observable off the proton
Data from first round of double polarization experiments with Crystal Barrel / Taps experiment



____ BnGa

____ BnGa(new)

____  MAID

_ _ _ SAID(SN11)

____ SAID(CM12)

pππππ0000 : Impact of the new G,E,T,P and H data 

Very preliminary: new BnGa multipole solution

M1+ Multipole  

• E1+ multipole
P33(1232), P33(1620) and P13(1720)



pππππ0000 : Impact of the new G,E,T,P and H data 

____ BnGa

____ BnGa(new)

____  MAID

_ _ _ SAID(SN11)

____ SAID(CM12)

• M2+ multipole
D15(1675) 

M2+ Multipole  

Very preliminary: new BnGa multipole solution
including the new polarization data G,E,T,P and H 
(A. Sarantsev talk)



Status on Baryon Resonances 

Multi-channel  BnGa partial wave analysis, including  data from Crystal Barrel/TAPS 
at ELSA and other labs               confirmation of known resonances

search for new resonances

Results from meson-photoproduction do now enter the PDG and 
and determine the properties of baryon resonances



pππππ0000 : Impact of the new G,E,T,P and H data 

____ BnGa

____ BnGa(new)

____  MAID

_ _ _ SAID(SN11)

____ SAID(CM12)

• E2- multipole
D13(1520), D13(1700) and D33(1700)

Very preliminary : new BnGa multipole solution 

E2- Multipole  



pππππ0000 : Impact of the new G,E,T,P and H data 

____ BnGa

____ BnGa(new)

____  MAID

_ _ _ SAID(SN11)

____ SAID(CM12)

Very preliminary : new BnGa multipole solution, impact of our new data in the full data base



pππππ0000 : Impact of the new G,E,T,P and H data 

____ BnGa

____ BnGa(new)

____  MAID

_ _ _ SAID(SN11)

____ SAID(CM12)

• M2- multipole
D13(1520), D13(1700) and D33(1700)

Very preliminary : new BnGa multipole solution 

M2- Multipole  



pππππ0000 : Impact of the new G,E,T,P and H data 

____ BnGa

____ BnGa(new)

____  MAID

_ _ _ SAID(SN11)

____ SAID(CM12)

• E3- multipole
F15(1680), F35(1905)

Very preliminary : new BnGa multipole solution 

E3- Multipole  



pππππ0000 : Impact of the new G,E,T,P and H data 

____ BnGa

____ BnGa(new)

____  MAID

_ _ _ SAID(SN11)

____ SAID(CM12)

• M3- multipole
F15(1680), F35(1905)

Very preliminary : new BnGa multipole solution 

M3- Multipole  



____ BnGa

____ BnGa(new)

____  MAID

_ _ _ SAID(SN11)

____ SAID(CM12)

pππππ0000 : Impact of the new G,E,T,P and H data 

M1- Multipole  

• M1- multipole
P11(1440), P11(1710), P31(1910)   

Very preliminary: new BnGa multipole solution
including the new polarization data G,E,T,P and H 
(A2- Projekt)


