What Is a real resonance we
are searching for?
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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



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



Interference in Quantum mechanics

* One of the most important thing is quantum mechanics is the interference

effect of the wave functions. -

L /3 = — e
"’-ﬁ-&-"{_‘r‘m/' k'-____.:—.'-‘—-'--.—‘-_.__ .

V2222222222224

7 L.

—120 nm




Example in high energy physics
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Dip or nothingness of a Higgs resonance from the interference
with a complex phase
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We show that new resonance shapes-&g_pure dip, nothingness, and an enhanced pure peakZ=ean be
produced from the interference between the resonance and continuum with a relative phase. Production
conditions of those new shapes are derived based on a general parametrization of the interference. The
narrow width approximation is modified to work with the nonzero imaginary part of interference, and the
correction factor can characterize the resonance shape. We demonstrate that the new resonance shapes of
heavy Higgs bosons, H” and A in the type-II aligned two Higgs doublet model, generally show up in
gg — H°/A® — 17 as well as bb and yy channels. The pure A° resonance dip in the 77 channel is a
particularly interesting signal as it can be probed by the current search techniques that do not even take into
account interferences; the high-luminosity LHC 14 TeV can perhaps probe a large part of its parameter
space.




Example in high energy physics

10.0} ' ]
gg->®-AB, LHC 14TeV

0.2 e, S8

360 380 400 420 440
Mg [GeV]

FIG. 1 (color online). Resonance shapes from the imaginary-
part interferences (¢, = 0) for M = 400 GeV, I" = 10 GeV, and
R = 0.035 [R = 0.05 for the case (c)]. The vertical axis uses an
arbitrary unit. Solid lines are the results for (a) a pure dip in
Eq. (7), (b) a pure enhanced peak (¢p = 7/2), and (c) nothingness
(p = —n/2,w/R = 0.5). For comparison, we also show a reso-
nance without any interference (orange-dashed line) and the
continuum alone (black-dotted line).



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.



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.



How to understand the underlying structures of X(4140), X (4274), @Cmssmk
X (4500) and X (4700)
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example in XYZ sector
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by speculating these states are
An explanation of Belle states Z,(10610) and Z,(10650)

threshod cusps.
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Belle report data on T(55) — Y(15,25,35)n% 7~ and x;(1P,2P)nt 7~ ; they observe
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Rescattering effect
Triangle singularity




A candidate of fake resonance

week ending

PRL 117, 022003 (2016) PHYSICAL REVIEW LETTERS 8 JULY 2016
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Evidence for a B'z* State
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» 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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