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Two examples from the past

Pentaquark sightings and kinematic effects 

Theoretical aspects of pentaquark 
searches 

Based in part on collaboration with Dzierba and Meyer



Exchange degeneracy

π−p → π0(η)n(solid) π−p → π0(η)X(dashed)

αρ(t) = αa2
(t) ∼ 0.5 + t



Strong exchange degeneracy 

γ(t)

γρ(t) = γa2
(t)

A(K−p → K̄0n) = ρ − a2 = −2γ(s/s0)
αe−iπα

A(K+n → K0p) = ρ + a2 = 2γ(s/s0)
α Real !
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Amplitude at low (resonances) and high (reggions) 
energy is constrained  by analyticity.

σ ~ Im A sizable if there are resonances 

Real CEX K+n  
amplitude  No resonances in K+n





Pentaquark sightings



5q: positive results





5q: negative results



Kinematic reflections in γn → K+K−n

A K+K- resonance in its rest 
frame distributes K’s according to 

its spin ~ YSM(ϑ)
K
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3-body kinematics cos(ϑ) ~ MK+n



Physical background 
has structure >> 

reduces the statistical 
significance of the 

signal





CLAS (proton) γp → π+K−K+n

7σ
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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





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.





3-particle Dalitz plot 



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



COSY-TOF pp → Σ
+K0

Sp

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


