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Outline

• Resonance NOT only show up as a peak

– Resonance show up as a peak

– could also be a pure dip, nothingness

• A peak may be NOT a real resonance
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Resonance show up as a peak

• Normally, we claim that a new state is 
observed/discovered by reporting the existance of a 
peak in real data sample
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Could  be a dip, nothingness, or a mixing

• Resonances do not always appear as peaks.

• Due to the presence of coupled channels and/or 

the interference effect with the background 

contributions, a resonance could also show up 

as a dip.

• Classical examples could be easilly found in 

some textbooks about scattering physics
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Interference in Quantum mechanics
• One of the most important thing is quantum mechanics is the interference 

effect of the wave functions.
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Example in high energy physics

6



Example in high energy physics
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A peak may be not a real resonance

• Not all peaks are due to resonances.

• Normally when we talk about a resonance, we 
refer to  poles of the S-matrix:

• which is of dynamical origion in the sense that a 
resonance is generated as pole in the scattering 
amplitudes by the interactions among quarks 
and gluons.
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Some basic theoretical concepts

• In the amplitude for producing a pair of final 
states

• kinematic effect may cause a cusp at an S-wave 
threshold

• this is very important when we claim that the 
existance of a newly observed resonance is 
widely accepted.
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example in XYZ sector
• Zc(3900) is very close to the DD* 

threshold, Zc(4020) is close to 
D*D* threshold

• The quantum numbers of them are 
the same as the corresponding S-
wave meson pairs.

• Similiar things happen in the Zb 
states.

• Some models has been published 
by speculating these states are 
threshod cusps.
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A candidate of fake resonance

• This peak is observed by D0 

Collaboration

• the existance of it not supported 

theoretically

• lattice QCD calculation has no 

signal of it

• not confirmed in other experiments

• may be it is a peak from kinematic 
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Summary

• Resonances not always show up as peaks

• Could also be a pure dip, nothingness..

• When you observed a peak in real data, it may 

not be a real resonance, perhaps it is just a 

structure from kinematic effect.
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