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● Model

➔ 5 channel “core” [B.Julia-Diaz et.al. Phys. Rev. C 76: 065201, 2007] + ωN

● Fitting

➔ πN→πN, πN→ωN, ΥN→πN,ΥN→ωN

● Predictions

➔ Σ
ω 

 photon beam asymmetry

➔ ρ0
λλ'

 spin density matrix elements

➔ ωN scattering length

● Conclusion

Outline



Motivation: ωN interactions

●ω interactions are poorly determined

● SU(3):
➔ g

ωNN
/g

ρNN
=3/2

● CD-Bonn realistic NN potential
➔ g

ωNN
=8. κ

ωNN
=0

● Sato-Lee (Δ)
➔ g

ωNN
=10.5 κ

ωNN
=0

● Giessen
➔ g

ωNN
~4.6 κ

ωNN
~-1

[Tuchitani, et al. nucl-th/0407004]

➔T
ω
=0 means only T=1/2 N* 

contribute → simplicity

➔can we fit unpol./pol. data 
and accurately predict 
other unfitted observables?

●Possible “in-medium” modification

[Trnka PRL 192303(05)]
CBELSA/TAPS Collaboration



Model: dynamical equation
Starting model space: neglect 

NB sums:



model: interaction 

For 6 channels: 45 Feynman amplitudes

Interaction evaluation:
●evaluate diagrams
●project into partial wave basis
●test against plane wave code

[Hermitian conjugate implied]

Propagators:
●unitary transform modifies 
Feynman form
●off-shell➝on-shell: Feynman



Fitting procedure

● Fit χ2 via conjugate gradient/simplex methods

● Simultaneous fit of πN and ωN data

➔ πN→πN: PWA from SAID [energy dep. SP06 solution]

➔ π-p→ωn: unp. DCS from Nimrod [Karami et.al. '79]

➔ Υp→ωp: unp. DCS from SAPHIR [Barth et.al. '03]

➔ ΥN→πN: unp. DCS world data (from SAID)

➔ ΥN→πN: PBA Σ(E) world data (from SAID)

● Complete data set

➔ ~1800 data points



Fit parameters (bare non-resonant)

Fixed in 5 channel fits: Phys.Rev.C76:065201,2007



Fit parameters (bare resonance)

New resonance
required to fit D

15
 

compare to PDG 
D

15
(2200)

fixed in 5 channel πN→πN fit results of present study



Stage 1: πN→πN  &  πN→ωN  &  γN→ωN

Real Part: T=1/2 cf. SAID PRC74(06)



Stage 1: πN→πN  &  πN→ωN  &  γN→ωN

Imag. Part: T=1/2 cf. SAID PRC74(06)



Stage 1: πN→πN  &  πN→ωN  &  γN→ωN

Real Part: T=3/2 cf. SAID PRC74(06)



Stage 1: πN→πN  &  πN→ωN  &  γN→ωN

Imag. Part: T=3/2 cf. SAID PRC74(06)



Stage 1: πN→πN  &  πN→ωN  &  γN→ωN



Stage 1: πN→πN  &  πN→ωN  &  γN→ωN



Stage 2: DCS Υp→π0p

● Quality: χ2/N~1 for E<~1.5 GeV

● Possible improvements

➔ global fit; other non-res mechanisms; more resonances; ππN



Stage 2: DCS Υp→π+n

● Quality: χ2/N~1 for E<~1.7 GeV

➔ angular dependence okay at high E



Stage 2: PBA Σ
0
 Υp→π0p

● Quality: χ2/N~1 for E<~1.6 GeV



Stage 2: PBA Σ
+
 Υp→π+n

● Quality: χ2/N~1 for E<~1.7 GeV

➔ angular dependence poor at high E



Total cross section σ
Υp→ωp



Prediction for Σ
ω



Spin density matrix elements: ρ0
λλ'

● ω decay amplitude

● ω decay angular distribution (unpolarized photons)



Prediction for ρ0
00

θ



Prediction for ρ0
1,-1

θ



Prediction for ρ0
10

θ



ωN interactions

Klingl/Weise:

Lutz:

Average scattering length:

Giessen:



Conclusion

● Coupled channel approach

➔ need improvements COM E>~1.6 GeV

➔ outlined possible solutions; most likely ππN is important

➔ prediction of polarized observables appear only loosely constrained by 
fits to unpolarized data

● Outstanding questions pertaining to modeling

➔ can model dependencies be identified & controlled?

➔ connection to model independent results of χPT?

➔ can contact with Lattice QCD be made?

➔ “valence” QCD (K.-F. Liu et. al.)



FIN
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