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Many possible reactions: 
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ep → epX J /ψ →  
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New state? 
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Another BES result  
suggested a large K+ Λ  
coupling for the N(1535) 1/2 - 

B.C. Liu and B.S. Zou, 
PRL 96, 042002 
(2006) 
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πN cross sections 
have only two 
or three distinct 
`bumps’ 
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We will not be 
working with 
data so suggestive as 
seen in Klaus Peters’ 
Dalitz plot  
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Focus on two reactions: 
 
 
 

● most PDG info from these sources (presently)  
● πN scattering is highly constrained  
● resonance structure is correlated  
● 2-body final state, fewer amplitudes 
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Isospin 1/2 N* states 
listed and rated by 
the PDG 
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Isospin 3/2 N* states 
listed and rated by 
the PDG 

Rating is subjective 
but only the ** | *** 
border is important  
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A passage in the `Note on N and Δ resonances’ 
adds a restriction: 

Could not see a 
new 4-star 
state – or un-see 
an existing one 
 
(now changed) 
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Typical Baryon Resonance Information 

Some values 
above and below 
`the line’. 
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Mass shift 
given only for 
the Δ(1232) 
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Typical Baryon Resonance Information 

Pole parameters 
given in addition 
to BW mass/width 
(less model-dependence) 
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Typical Baryon Resonance Information 

A3/2  also given. 
Values for pγ 
and nγ given for 
isospin ½ states  
 
Values at the 
pole for some 
states 
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E2/M1 ratio 
given at 
resonance 
`mass’ and pole 
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Changes of format 
and some new states 
in 2012 edition 



Data 
Amplitudes 
Ambiguities 
Simple Methods Plan of the talks: 

 

●  Explain what data are measured 

 

●  `Look’ at them 

 

●  Outline the amplitude structure  

 

●  Show some tools to explore data 

 

●  Try some simple amplitude reconstructions (ambiguities) 

 

●  Do a simple fit 

 

●  Consider a few simple methods applied to the Delta 

 

●  Do pion photoproduction overview 

 

●  Do pion-nucleon scattering overview  
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πN scattering data: 

 

dσ/dΩ                         (unpolarized) 

P                (polarized target or recoil nucleon) 

R and A      (polarized target and recoil measured) 

 

Not Independent: P2  + R2 + A2  = 1    

Abundant dσ/dΩ and P data 
Very limited R and A data    

Alekseev et al., 
EPJ C45,383(2006) 
Pbeam  = 1.43 GeV/c 
Wcm  ~ 1.9 GeV/c2 
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dσ/dΩ 

P R A 

π+ p scattering at 

TLab = 500 MeV 

mb/sr 
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Different fits agree 
even where rapid 
variation is 
unconstrained by data 
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πN photo-production data: 

Barker, 
Donnachie, 
and  Storrow 
coord. system 
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Un-polarized, 
single-, and  
double-polarization 
measurements 
 
 
Not universally 
     adopted 
 

no (-) 
sign 
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`Rosetta stone’ 
 NSTAR 2011 
Sandorfi et al. 
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`Rosetta stone’ 
 NSTAR 2011 
Sandorfi et al. 
   ( full list ) 
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Evolution of πN photoproduction 
observables: 
 
● Low-energy region  
    ( low partial waves dominate) 
 
● Δ(1232) resonance region 
    ( a single partial wave dominates) 
 
● Upper resonance region 
    ( many partial waves interfere) 
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  μb/sr 

  μb/sr 
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  μb/sr 

  μb/sr 
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  mb/sr 

  μb/sr 

Compare 
 
γp→pπ0 

 
 

      to 
 
π- p →nπ0 
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  μb/sr 

  μb/sr 
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πN elastic scattering amplitudes 

 

Some references: 

 
                            B.H. Bransden and R.G. Moorhouse, 
                             The Pion-Nucleon System 
 
                            T. Ericson and W. Weise, 
                              Pions and Nuclei 
 
                            G. Höhler, 
                             Pion Nucleon Scattering 
                             Landolt-Börnstein Vol. I/9b2 
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In terms of these amplitudes, the cross section is: 
 
                               dσ/dΩ = |g|2  + |h|2   
                           P dσ/dΩ = - 2 Im g* h 
 
In terms of transversity amplitudes 
 
                          F+ = g + i h  ,  F- = g – i h 
 
there is a more compact relation: 
 
| F+|2 = dσ/dΩ ( 1 + P)    ,    | F- |2 = dσ/dΩ ( 1 – P) 
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Levi Setti and Lasinski, 
Strongly Interacting  
Particles 

Helicity formalism: 
Ch.5 of  
Martin/Spearman 
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Since one goal of this analysis is the extraction of N and Δ 
resonances -  we really want isospin amplitudes.  
 
Must first account for electromagnetic corrections which 
add Coulomb scattering and Coulomb-nuclear interference terms 
(also mass-splitting). 

Isospin triangle 
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πN photoproduction amplitudes 

 

Some references: 

 
               CGLN, Phys Rev 106, 1345 (1957). 
 
               F.A. Berends, A. Donnachie, and D.L. Weaver, 
               Nucl Phys B4, 1 (1967). 
 
               R.L. Walker, Phys Rev 182, 1729 (1969). 
  
               B.H. Bransden and R.G. Moorhouse, 
                The Pion-Nucleon System 
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P= (p1 + p2 )/2  
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As with the πN amplitudes, there is a 
useful conversion from matrix elements 
involving Dirac to Pauli states, yielding the 
CGLN F1  , F2  , F3  ,  F4     
 
Expansion in terms of partial-wave 
amplitudes is given in CGLN and a conversion 
to helicity amplitudes H1 , H2 , H3 , H4  

is given by Berends, Donnachie and Weaver. 
 
As in the πN case, the transversity 
amplitudes simplify expressions for some of 
the observables. 
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Helicity Amplitudes (Walker) 
 
H1 = A1/2 , 3/2  H2 = A1/2 , 1/2  H3 = A-1/2 , 3/2  H4  = A-1/2 ,  1/2    
H1  = S1  ,        H2  = N  ,       H3  = D  ,         H4  = S2   ( BDS notation )     

    

Norm issues: 
BDS, 
NPB79,431(1974) 
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Transversity amplitudes 

For πN scattering, moduli 
of transversity amplitudes 
from:  dσ/dΩ , P 
 
For πN photoproduction 
moduli of transversity 
amplitudes from: 
dσ/dΩ , P , Σ , T  
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See Bransden & Moorhouse Ch.2 
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Notation and Conventions 
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PDG notation 2010 

PDG notation 2012 
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Data and amplitudes are available on a number of sites: 
http://gwdac.phys.gwu.edu 
 http://wwwkph.kph.uni-mainz.de/MAID// 
 http://pwa.hiskp.uni-bonn.de/ 
 
 

http://gwdac.phys.gwu.edu/
http://wwwkph.kph.uni-mainz.de/MAID/
http://wwwkph.kph.uni-mainz.de/MAID/
http://wwwkph.kph.uni-mainz.de/MAID/
http://wwwkph.kph.uni-mainz.de/MAID/
http://pwa.hiskp.uni-bonn.de/
http://pwa.hiskp.uni-bonn.de/
http://pwa.hiskp.uni-bonn.de/
http://pwa.hiskp.uni-bonn.de/
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The SAID site has the most interactive tools 

Not all of you know how this site works so … 
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(audio for these videos is 
a bit green and will be  
improved – and posted on 
the SAID site.) 
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For πN scattering, dσ/dΩ and P 
determine moduli of transversity amplitudes. 
There is a relative and an overall angle remaining. 
Measuring R or A gives sin/cos of relative angle 
(leaves ambiguities – need to measure both). 
The overall angle is not determined. 
 
For πN photoproduction, there are 4 complex 
amplitudes. Measuring dσ/dΩ, P,  Σ, T again 
determines moduli of transversity amplitudes. 
Now have 3 relative angles. 
 
The solution to this problem turns out to be 
much less obvious than was the case for πN 
elastic scattering. 

Amplitude reconstruction 
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General approach: 
 
Observables have the form: 
 
Oi  =  Mi

αβ   Fα
*

  Fβ 

 

where the Mi
αβ   are Hermitian 

 
Find transformations under which the 
Oi   are invariant (or a subset are). 
 
`Complete experiment’ : determines 
the set of amplitudes up to an  
overall phase ambiguity. 
 
 

See examples in: 
 
Dean and Lee, 
 PRD 5, 2741 (1972) 
      ( for πN elastic ) 
 
Chiang and Tabakin, 
PRC 55, 2054 (1997) 
      ( for πN photoproduction ) 
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Simple example: 
 
 
 
In  the BDS table of observables, 
change: 
 
             S1     →  - S1

* 

             S2     →  - S2
*

 

             N    →     N*  
             D    →     D* 

 

All type-S, half of BT, BR, TR 
observables are invariant. 
 
 

 



 
 
 
 
                                8 = 4 x 2 
                                7 = 8 – 1 (overall                      
10 = 7 + 3 (φ ambiguities) 
 
 
9 = 7 + 2 (φ ambiguities) 
 
 
 
?? 
 
 
8 = 7 + 1 
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W.-T. Chiang, 
F. Tabakin, 
PRC55, 
2054 (1997). 
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These relations and consistency relations between 
observables ( like P2 + R2  + A2  =1  for πN ) have been 
applied in kaon photoproduction. For example, the 
measured observable combinations 
 
 

should be zero – which provides a test 
for systematic errors.   Sandorfi et al., 

J. Phys G38, 053001 
(2011) 
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amplitude analysis with a 
  
minimal complete set of 8 observables 

Lothar Tiator, 
NSTAR 2011 
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Lothar Tiator, 
NSTAR 2011 
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 π-p + √2 π0n = π+p  

√2 π0n + π+n + π-p = √2 π0p       

3 charge channels  
2 isospin states 
 (triangle relation) 

4 charge channels 
3 isospin states 
 (quadrilateral relation) 

Isospin decomposition 
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  Some references: 
 
            G. Höhler, 
            Pion Nucleon Scattering 
            Landolt-Börnstein, Vol. I/9b2 
 
            A. Gersten, NPB12, 537 (1969). 
 
            E. Barrelet, NCA8, 331 (1972). 
 
            N.W. Dean and P. Lee, PRD5, 2741 (1972). 
 
            A.S. Omelaenko, Sov. J. Nucl. Phys. 34, 406 (1981). 
 
            V.F. Grushin et al., Sov. J. Nucl. Phys. 38, 881 (1983). 
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πN scattering 

example 
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Simple exercises: 

Show that 

and 
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Alternate zero trajectories 
related by Barrelet 
conjugation 
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R and A are not 
invariant under 
Barrelet conjugation 

Solutions related by 
Barrelet conjugation π+

 p Tlab  = 1.3 GeV  
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πN photoproduction ( Omelaenko ) 
 
Gersten method ( similar to Barrelet ) 
applied to transversity amplitudes: 

Applied to π0 p photoproduction 
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Why pick tan ϴ/2  ?  (Gersten) 
 
The bi  involve PL  and derivatives→ cos ϴ terms 
with some factors of sin ϴ 

 
Combined using: 
 
  

More on the origin 
of this form in: 
S.U. Chung, 
PRD56, 7299 (1997) 
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Low-energy zero trajectories  (π0 p) 

α : ● 

β : o 
(accidental symmetries give additional solutions) 

[ see Omelaenko, Yad. Fiz. 34, 730 (1981) ] 
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Problems: 
 
Methods of Barrelet and Omelaenko 
may violate unitarity. 
 
Cutting off the expansion at Lmax  may 
(at low energy) be okay for π0p photoproduction 
but not okay for π+n (due to t-channel pole). 
 
Consider a fit to π0p and π+n photoproduction at 
low energies (above π+n threshold) where Watson’s 
can give the multipole phases in terms of the  
corresponding πN elastic scattering phase.  
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Method: 
 
ML → Hi  → Observables 
 
Fit the individual multipoles. 
 
Assume ML  phases known 
                      or 
(Grushin) assume only equality 
of phases for ( E1/2

1+  , M1/2
1+ ) 

and for ( E3/2
1+  , M3/2

1+ ) 
[ determine phases from the fit ] 
                      or 
only assume the phases of   
( E3/2

1+  , M3/2
1+ ) are given by πN 

scattering 
 

 

 



 π+n 

 π0p 

I=3/2 

πN photoproduction 
Fixing overall phases 

π +n phase fixed 

Grushin method: 

[ by ‘known’ high-L  part (real) ] 
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I=3/2 

π+ n 

π0 p 

π0 n 

π- p 

π+ n and π- p phases fixed 
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Grushin fit to π0p and π+n photoproduction 
data qualitatively gives the associated πN 
elastic scattering phase shifts 
 
Simple exercise – re-do the Grushin fits. 
 
(a)  Fit E0+ , M1- , E1+ , M1+  multipoles to 
data around the Δ(1232) resonance 
 
(b) Compare to existing global fits 
 
(c) Are there multiple solutions? 

Details in 
A.A.  Komar, 
Photoproduction of 
pions on nucleons 
and nuclei 
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Here’s an example of a simple fit  
using the ‘Model’ routine. 
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Fit to 280 MeV π+n photo 

 

Quality of data fit?          
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Difference mainly 
in lowest quality 
data  



Data 
Amplitudes 
Ambiguities 
Simple Methods 

Fit to 340 MeV π+n photo 
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Differences due to 
new Σ data and  
freedom of fit to 
P data 
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Fits to 350 MeV π0p photo 

Fit 1: fix one phase 
 
Fit 2: use 
  
Fit 3: conjugate roots 
          (Omelaenko)  

Fits 1-3 have the 
same chi-squared 
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At the Δ(1232) resonance energy, a single multipole 
dominates and some simple methods can be 
used to extract resonance properties 



Simple methods in the Delta Resonance Region 

Beck et al 
PRL 78, 606 (1997) 
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Speed-plot method for the Delta 

Hanstein et al 
PL B385, 45 (1996) Background 

   `smooth’ 
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background 
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Alternate approach at the pole  

K-matrix approach 
for  E2 and M1 

term      0 at 
BW mass 

term  is pure  
imaginary at  
BW mass 
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E2/M1 ratio             K-matrix pole            T-matrix pole 
Fit A                            - 1.9 %                         0.066, -127o 
Fit B                            - 0.4 %                         0.049, -100o 
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Höhler parameterized the KH and CMB 
πN elastic scattering solutions using a form 
  

Plotted  dT/dW in an Argand diagram to 
obtain phases of residues (listed in PDG) 

See  
G. Höhler, 
 πN Newsletter 
Vol. 9, 1 (1993). 
 
 

Δ(1232)  
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Results:  lots of bumps not → resonances 
 
N(1535) particularly bad: 
             ● pole position close to ɳN threshold 
                ● no width, residue reported 
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Pole vs BW parameters 

Lichtenberg/Manley took simple 
BW forms for the Delta, solved 
for the pole. If energy dependence 
~ simple phase space 
or Blatt-Weiskopf factor,  
α is positive (~0.4)  
 
So,   pole `mass’ < BW mass 
                         and 
        pole `width’ < BW width 

D.B. Lichtenberg, 
PRD10,3865(1974) 
 
D.M. Manley, 
PRD51,4837(1995) 

@ 

Pole 
parameters 



Data 
Amplitudes 
Ambiguities 
Simple Methods 

Also see applications of `time delay’ concept 

Introduced by Wigner (elastic scattering) 
extended to multi-channel case.  
 
For the Δ(1232), the result is not really 
different from the speed plot.   
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But applied to other partial-waves … 

time delay 

time `advance’ 

Kelkar et al., 
NPA730,121 (2004) 
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Re T 

Im T 

2δ 

dδ/dW > 0  

dδ/dW < 0  


