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The resolution of the 
(big) speed plot problem
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PDG: 
Poles and BW

small SP problem

CMB analysesanalyses w/o poles
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Resonance parameters

Resonance Parameters (RP) 
– BW mass, width, BR
– T-matrix pole and residue
– K-matrix pole and residue
– speed plot (T pole?)
– other parameterizations (time 

delay,…) 
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Ideal BW case: all approaches give same RP
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Extraction method: 
The Speed Plot (SP)

• T matrix (BW)
– TR = R / (M – W – i Γ/2)
– |TR|2 = |R|2 / [(M – W)2 +(Γ/2)2]
– T = TR + TB

• Speed Plot
– SP = |dT/dW| 
– (ignoring background contribution)
– |d|dTTRR//dWdW|=|R||=|R|//[[(M (M –– WW))22 ++ ((ΓΓ/2)/2)22]]

• SP is assumed to be more than yet another extraction method: 
– SP corresponds to the time delay, the first derivative of phase shift over 

energy (in single channel case)
– if TD is physical, SP must be physical too
– no SP peak means there is no pole, meaning no resonance (and vice 

versa); the resonance existence criteria
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Speed plot shows a problem

M/Γ <= 5/10 MeV 5/10 MeV < M/Γ <= 10/20 MeV M/Γ > 10/20 MeV
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Regularization Method (RM):
T matrix has pole

channel opening

resonance pole

Almost ideal case:               
single resonance case

parabolic behavior

unstable

region

convergent region

convergent segment
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Regularization method: 
The Results

M/Γ <= 5/10 MeV 5/10 MeV < M/Γ <= 10/20 MeV M/Γ > 10/20 MeV
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What about the small SP problem?

elastic channel opening  
continuum opening                    
eta channel opening

resonance pole N(1535)
resonance pole N(1650)

Nontrivial case of the N(1535)

N(1535) convergent segment

Small N(1535) convergence region

Unstable 
regions
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N = 0

|t|2 = |r|2 / [(a-x)2+b2]

Breit-Wigner

|TR|2=|R|2 / [(M – W)2 +(Γ/2)2]

Connection between RM and SP

N = 1

|dt\dx| = |r| / [(a-x)2+b2]

Speed plot

|dTR/dW|=|R|/[(M – W)2 + (Γ/2)2]
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Summary
• RM produces consistent pole positions (unlike SP)

• it can easily be applied to other PWA results (yellow marked)

• RM clearly shows resonance signal (parabolic shapes, cusps 
between resonances, …)

• having exact and simple form enables us to build extensions 
and enhancements to it (the same goes for SP and BW)

• close future:
– solution of the small SP (and RM) problem
– finding poles from other PW analyses
– analyzing KH80 SP poles
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Q&A: 1
Invariant amplitude 

from the PW 
T matrices
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...

...

Q&A: 2
Who (else) needs 

the speed plot?
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• J.R. Taylor: “Scattering theory”

• Just the first term in Taylor expansion (again)
• So much for the physicality …

Q&A: 3
Time Delay 

and 
physicality of SP?
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