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Characteristics of peripheral production

5q sightings 

Kinematic reflections
Ghosts

Have we seen a exotic meson yet 

Role of kinematic reflections



The goal of amplitude analysis is to identify dynamical effects (bound 
states, resonances, channel couplings). These appear as singularities of 
scattering amplitude.

There is no unique  “formula” for the scattering amplitude (not 
even for pi-pi elastic scattering ! Do scalar resonances bootstrap 
to the cross channel?) 

rho and f’s have to add coherently and 
suppress u-channel reggions at all s 

and t (FESR)

There are only (often incompatible) constraints 
(or “truths”) : analyticity, crossing relations, unitarity.
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Analyticity : A(s, t, · · ·) −→ f(t)sα(t)

s >> t

α(t ≤ 0) ≤ 1unitarity limit: 

α(t) ↔ Jts-t crossing: 
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Classic EXD argument is based on absence of 5q 
(<Im A> over low s = Im A at high s)  
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γ(3 − 8 GeV)p → KK̄p

e
iδKK̄ cos(δKK̄)

data: Daresbury & DESY



Regge vs elementary particle exchange
(pion exchange)  



Three is no known method 
for “fine tuning” 
Regge theory  



Exotic mesons: 1-+



Exciting (exotic) meson resonances  

π

p

ρ,a2,π2, L, π1=1-+ π,η,..

π,η,..

Peripheral production on the “meson cloud”

E852: Eπ = 18GeV

It is important to determine dependence on all 
kinematical variables, s,t,Mab Ω

s

t

Mab Ω



π−p→ρ0π−p
M = 1593 ± 8−47

+29  MeV / c2

Γ = 168 ± 20−12
+150  MeV / c2

(E852) Confirmed by 
VES

Exotic story 
(ηπ0) in P-wave has JPC=1-+ !π- p -> η π0 N

-> η π- p

π−p→ ηπ−p
M = 1370 ±16−30

+50  MeV / c2

Γ = 385 ± 40−105
+65  MeV / c2

BNL (E852) 
Confirmed by

Crystal Barrel similar mass, width

π−p→ ηπ0 n
Mass dependent P-wave present in ηπ0  (E852)

π−p→ ′ η π−p
M = 1597 ±10−10

+45  MeV / c2

Γ = 340 ± 40−50
+50  MeV / c2 (E852)

New results: No consistent resonance 
interpretation for the P-wave

P-wave strong and unambiguous: need to focus on 
interpretation  

Disappears in the full data sample ! 

M = 1709 ± 24 ± 41 MeVc
2

More from (E852)M = 1709 ± 24 ± 41 MeVc
2

Γ = 403 ± 80 ± 115 MeVc
2

Γ = 185 ± 25 ± 28 MeVc
2
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Have we seen exotic mesons
The                story π1(1400)

I(Ω) = |SY00(Ω) +
∑

m

PmY1m(Ω) + · · · |2

I(Ω) → Iexp.(Ω) = I(Ω) acceptance (Ω)
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H10 ∼ Re[P+D
∗

+] Pm = P+, P
−

, P0

Assume BW resonance 
in all, m=+1,0,-1 P-waves

π1(1400) → π1(900 − 5000)!
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Clear P-wave in η′
π



BNL (E852) ca 1995

E852  2003
Full sample

π- p -> π-π+π- p

CERN ca. 1970
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From

Non-exotic Wave
due to imperfectly 

understood acceptance
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Signal

Correlation of
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&
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π1(1600)
Have we seen exotic mesons

The                story in π
+
π
−

π
−

Based on 250K  events Full sample =  3M  + 2M events!





How to generate an exotic





Now onto the 5q



5q: positive results



Dzierba, Meyer, AS



5q: negative results





s1 + s2 + s3 = s − m
2

1 − m
2

2 − m
2

3

s2 = s2(s1, s, x12)

cos of the helicity angle of
 1 in the (12) rest frame 

3 body kinematicsKinematic reflections



3-particle Dalitz plot 



Physical background 
has structure >> 

reduces the statistical 
significance of the 

signal







CLAS (proton) γp → π+K−K+n

7σ

π
+
π

+

The background and role of cuts have not been 
studied. Why not associate production of 
(P.Stoler @ QNP04) Θ

+

Can generate resonance-like structure in K+K-n 

spectrum and π+ momentum cut enhances kinematic 

reflections from decays of K+K- resonances  

angular cuts on    

and K+ momenta

π
+



X=a2
X=f2

X=ρ3

Eγ = 3.2-5.4GeV
Threshold energies

W=2.55GeV

W=2.51GeV

W=3.31GeV
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MnK+K− = MN∗

is sharp !

MN∗ = 2.23GeV

MN∗ = 2.27GeV

MN∗ = 2.64GeV

“N*” mass

cos θ
∗

π
> 0.8

correlates n with K+ K-  helicity ->possible kinematic reflection 

from K+ K- resonance





DIANA (ITEP, Xe bubble chamber, 850MeV K-beam) 

K+Xe → K0
s
pXe′

no magnetic field

particle identified by 
their range in Xe

angular cut, p and Ks 
in the forward direction 



M.Zavertyaev, (hep-ph/0311250)





Hyper CP  @ FNAL



90% CL limit
~370 events out
of 150000  K0-p

candidates.
P1 is the

amplitude of
the gaussian.

Bins are 2 MeV

Fit to Gaussian
at 1.54 GeV,
σ=2 MeV,

with quadratic
background

31
K0-p mass, either sign

E871/HyperCP, 
M.Longo @ QNP04



Pentaquark sightings come from low 
statistics, low resolution, low-energy 

experiments with kinematically 
constrained final states after 
complicated cuts are imposed.

High resolution, high statisitcs, 
experiments with both low- 

and high- particle multiplicity 
do not report the 

pentaquarks.





COSY-TOF pp → Σ
+K0

Sp

no magnetic filed, PID, 
pure geometry TOF no 
used in this analysis !



WA89

ghost tracks from
π
−with one

reconstructed as 
2 tracks

Ξ
−
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−

→ pπ
−

π
−
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