
There is a world wide effort in hadron spectroscopy 
JLab, BESIII, COMPASS, PANDA, Super-B,...

Amplitude analysis is hard ! There is no one-size-fits all 
prescription and the more constraints the better

πN, ηN, KN, ... both elastic and inelastic play central 
role in constraining backgrounds

Resonances vs Backgrounds: role of 
MN scattering 

Adam Szczepaniak, IU
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Examples:

 πη production (ηN scattering) and searches for 
spin-exotics 

3π production and the role of πN scattering in 
extraction of the a1 (relevance for π1 spin-exotic)
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  state of the art full spectrum

9 states (maybe 10)  

4 states

J. Dudek et al. 
exactly as predicted by P.Guo (IU, PhD 2008)
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have large overlap with
 gluonic operators 
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  JPC = 1-+ lowest state 

Higher masses have also been resolved

Chiral extrapolations 100-200 MeV (Thomas,APS)

In large-Nc same as for ordinary mesons O(1/Nc) 
(Cohen)

Preliminary (toy) lattice computation of decay widths agrees with models 
(Michael,McNeile) (Burns,Close)

Isgur, Kokosky, Paton (85)
Close, Page (95)
Page, Swanson, Szczepaniak (99)
Close, Dudek (04)

M =        + ρ = 0.8 + 0.75 ~ 1.6GeV G
2

__
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M = 1370 ±16−3 0
+5 0  MeV / c2

Γ = 385± 40−105
+65  MeV / c2

π−p→ ηπ−p

π−p→ ηπ0 n

M = 1597 ±10−1 0
+4 5 MeV / c2

Γ = 340 ± 40−50
+50  MeV / c2π−p→ ʹ′ η π−p

π−p→ρ0π−p
M = 1593 ± 8−47

+29  MeV / c2

Γ = 168 ± 20−1 2
+150  MeV / c2

π−p → b1πp
π−p → f1πp

BNL (E852) 
new analysis reduces the 
strength but COMPASS 
find the signal again, JLab 
large uncertainties 

No consistent B-W interpretation possible 
but a weak ηπ interaction exists and can 
reproduce the exotic wave
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sπη = Mπη2

rapidity gap

Example π- p -> π0 η n (from E852) 

p

π- π0

η

n

charge 
exchange
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a2

a0

Dominant PW’s
    ηπ in S : a0

    ηπ in D : a2

sπη = Mπη2
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sπη = Mπη2

rapidity gap

Example π- p -> π0 η n (from E852) 

p

π- π0

η

n

charge 
exchange

“some” exotic wave but nature cannot be established 
without a dynamical model
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JPC=1-+   
exotic wave 

π- p -> π- η’ p 

E852

COMPASS
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Leakage
From

Non-exotic Wave
due to imperfectly 

understood acceptance

Exotic
Signal

Correlation of
Phase 

&
Intensity

π1(1600) in π
+
π
−

π
−
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Duality: 
Resonances vs Forces 

t1

t2

s1

s2
s AR

Resonance approximation
s1  << s2

t1

t2

s1

s2

s
AB s1  ~ s2

rapidity
 gap
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Extended source 

force=
OPE

Compact source 

~cos δ(E)

~sin δ(E)
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σtot

σel

pl

mb π-p

V.Barger,R.J.N.Phillips 
(1969) 

SAID (GW,PWA)
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Moving                peak π2(1670)
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Duality @ work ? 

Isobar-type fits could 
involve spurious 

resonances

J,Dudek, AS (2006)
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2-+(M=0)ρπS

1++(M=0)ρπS

2++(M=1)ρπD
1-+(M=1)ρπP

640

0.2 0.5
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Duality in η(‘)π

broad backgrounds possible 

P-wave dominance expected
(from 0-0-0- +NPE)  

η’

s1

π

P,f

P,f
fast ππ

π
s1

η

P,f

a2

fast ηπ

T ⇠ ✏µ⌫↵�p
µ
1p

⌫
2p

↵
3 p

�
4 ⇥ T̂ (s1, s2, t1, t2)
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V.Mathieu, APS 
(preliminary)
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a’

b’

c’c

a

t1

t2

s1

s2

s

T=T(s1,s2,t1,t2;s)
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Earlier analyses 
E.L.Berger, J.Vergeest (1976)

other channels flavor exotic  

fast n 
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Earlier analyses 
E.L.Berger, J.Vergeest (1976)

other channels flavor exotic  

fast n 

Deck alone

EXD

no dip (EXD)
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K2
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~exp(3t) 

~exp(7t) from Deck 
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Summary

Meson-Nucleon scattering amplitudes are needed to 
determine backgrounds under resonances 

“Technology” exists for a self-consistent PWA (FESR)  

ηN, a2 production: dual to exotic channels

K+p, K+n, dual to flavor exotic channels 
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Lesniak, Kaminski, Bibrzycki, AS

Fit to Daresbury, 4GeV data
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separation between direct 
resonance production and fsi 
ambiguous without KK data 

ρ

S-wave ~ 1GeV
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