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Introduction : activities in EBAC (1)

Excited Baryon Analysis Center (EBAC) @ Jefferson Lab
htthttpp://ebac://ebac--theortheoryy..jjlab.orlab.orgg//

Explore nature of nucleon resonancesExplore nature of nucleon resonances from analyzing world datafrom analyzing world data
of meson production reactions on the nucleon : of meson production reactions on the nucleon : 

ππNN, , γγNN, , γγ**N  N  →→ ππNN,  ,  ππππNN,  ,  ηηNN,  ,  ωωNN,  ,  φφNN,  KY, ,  KY, ……

Transition form factorsTransition form factors of N*statesof N*states

Pole positionPole position of N* states on the complex energy planeof N* states on the complex energy plane

Search for Search for new N* statesnew N* states

… Related to the Related to the quarkquark--gluon gluon 
substructure of N* statessubstructure of N* states



A. Matsuyama, T. Sato, T.-S.H. Lee Phys. Rep. 439 (2007) 193

Dynamical coupledDynamical coupled--channel model of meson production reactionschannel model of meson production reactions
(MSL model)(MSL model)

Singular!

a

a 

Introduction : activities in EBAC (2)

Meson production data(quark-gluon) structure of N*

Reaction mechanismReaction mechanism



Introduction : activities in EBAC (3)

Describe well up to W ~ Describe well up to W ~ 2 GeV!2 GeV!

First stage of model constructionFirst stage of model construction has been has been completedcompleted..
JuliaJulia--Diaz, Lee, Matsuyama, Sato, PRC76 065201 (2007)Diaz, Lee, Matsuyama, Sato, PRC76 065201 (2007)

Fix all parameters by fitting to the empirical
πN partial wave amp. from SAID analysis
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Describe well up to W ~ Describe well up to W ~ 2 GeV!2 GeV!

First stage of model constructionFirst stage of model construction has been has been completedcompleted..
JuliaJulia--Diaz, Lee, Matsuyama, Sato, PRC76 065201 (2007)Diaz, Lee, Matsuyama, Sato, PRC76 065201 (2007)

Fix all parameters by fitting to the empirical
πN partial wave amp. from SAID analysis

Application to other twoApplication to other two--body reactions has been performed:body reactions has been performed:

γγ NN →→ ππ NN : Julia: Julia--Diaz, Lee, Matsuyama, Sato, Smith, published in PRC (2008)Diaz, Lee, Matsuyama, Sato, Smith, published in PRC (2008)
ππ NN, , γγ NN →→ ωω NN : Paris, submitted to PRC: Paris, submitted to PRC
ππ NN →→ ηη NN : Durand, Julia: Durand, Julia--Diaz, Lee, Diaz, Lee, SaghaiSaghai, Sato, submitted to PRC, Sato, submitted to PRC
ππ NN, , γγ NN →→ KK YY : Julia: Julia--Diaz, Kamano, Lee, Sato, Tsushima, in progressDiaz, Kamano, Lee, Sato, Tsushima, in progress



Motivation : why pi pi N reaction?

Expect thatExpect that

large coupledlarge coupled--channel effect can occurchannel effect can occur
betweenbetween the the ππ N and N and π ππ π N channels.N channels.

additional constraints (which may be additional constraints (which may be 
even severe)  on N* parameters couldeven severe)  on N* parameters could
be obtained.be obtained.

c.f.) c.f.) ππ+ + pp total & elastic cross sectionstotal & elastic cross sections

W  [GeV]

σ 
[m

b]

Inelastic 
(π π N dominated)

Inelastic Inelastic 
((ππ ππ NN dominated)dominated)

ElasticElasticElastic

Above W = 1.5 GeVAbove W = 1.5 GeV,  cross sections of ,  cross sections of ππ N elastic and N elastic and ππ ππ N reactions N reactions 
can be comparable with each other : can be comparable with each other : 

Particularly for 



Dynamical coupled-channel model 
for meson production reactions (1)

+

Non-resonant amp. Rsonant amp.

Matsuyama, Sato, Lee Phys. Rep. 439 (2007) 193

MB MB →→ MM’’BB’’ nonnon--resonant amplituderesonant amplitude

M

B B’

M’

B B’

M M’

= +

+=

Dressed N*Dressed N*--MB MB vertexvertex

Meson cloudMeson cloudBare vertexBare vertex
Bare

propagator
Bare

propagator Self energySelf energy

= +ρ, ω, σρ, ω, σ

uu--channelchannel ΔΔ

=
meson exchangemeson exchangess--channel Nchannel N uu--channel Nchannel N

TwoTwo--body effective potential (V22)body effective potential (V22)

Maintain Maintain unitarityunitarity ofof

coupledcoupled--channelschannels



Dynamical coupled-channel model 
for meson production reactions (2)

Attach appropriate Attach appropriate Green functionsGreen functions (           ) and (           ) and vertex functionsvertex functions (       )(       )
to to ππNN (on(on--shell) shell) →→ MBMB (off(off--shell) amplitudeshell) amplitude

(Half off-shell) two-body 
amplitude

(nonres. + res. amp.)

(Half off-shell) two-body 
amplitude

(nonres. + res. amp.)



Dynamical coupled-channel model 
for meson production reactions (3)

+

2 2 →→ 3 effective potential (V23)3 effective potential (V23)

= + …+



Treatment of resonance states

# of                Resonances# of                Resonances
CDD poles      listed in PDGCDD poles      listed in PDG

S31S31 11 ΔΔ(1620)(1620)
P31P31 11 ΔΔ(1910)(1910)
P33P33 22 ΔΔ(1232)(1232) ΔΔ(1600)(1600)
D33D33 1 1 ΔΔ(1700)(1700)
D35D35 00
F35F35 1     1     ΔΔ(1905)  (1905)  
F37F37 1     1     ΔΔ(1950)(1950)

(( N, N, ΔΔ = = ∗∗∗∗∗∗∗∗ --resonance , resonance , N, N, ΔΔ = = ∗∗∗∗∗∗ --resonance )resonance )

All 4-star and most 3-star resonances below 2 GeV are included
assuming them as CDD poles (genuine 3-quark states).

# of                 Resonances# of                 Resonances
CDD poles      listed in PDGCDD poles      listed in PDG

S11        2S11        2 N(1535) N(1535) N(1650)N(1650)
P11P11 2 2 N(1440)N(1440) N(1710)N(1710)
P13P13 11 N(1720)N(1720)
D13D13 11 N(1520)N(1520)
D15D15 11 N(1675)N(1675)
F15F15 11 N(1680)N(1680)
F17F17 00



Procedures

Simultaneous fit of Simultaneous fit of 
  thethe ππ NN elasticelastic, , ππ NN →→ ππ ππ NN, , ππ NN total total cross sections.cross sections.

Varying only parameters of the bare vertex functionsVarying only parameters of the bare vertex functions

associated withassociated with decaysdecays

Bare vertex for N* → MB with orbital angular momentum L and total spin S

Coupling
constant Cutoff

parametersparameters
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Change in parameters (preliminary)

→ : > 100 %  change →→ : > 100 %  change : > 100 %  change → : 20-100 % change →→ : 20: 20--100 % change 100 % change 

Resonance parameters in P33 waveResonance parameters in P33 wave
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Please consider these results 
just as references !



Summary

Have performed simultaneous fit of the model Have performed simultaneous fit of the model 
to the to the ππ N and N and π ππ π N channels.N channels.

Allowing 20Allowing 20--50% variation of parameters results in 50% variation of parameters results in 
a little improvement of a little improvement of ππ N N →→ π ππ π N total cross sections.N total cross sections.

Inclusion of Inclusion of π ππ π N channel to fitting could causeN channel to fitting could cause
significant rearrangementssignificant rearrangements of the N* parameters  of the N* parameters  

Simultaneous considerationSimultaneous consideration of of ππ N and N and ππ ππ N channelN channel
seems inevitableseems inevitable to construct any reliable hadron to construct any reliable hadron 
reaction model below 2 GeVreaction model below 2 GeV


