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Outline

A. PilloniςExperimental motivation for multihadronson the lattice

ÅIntroduction

ÅThe light sector: the σ“system

Å–ȟ‰ ‫and

ÅThe ὥ ρςφπ

ÅThe hybrid “

ÅThe ὥ ρτςπ

ÅThe heavy sector: XYZ 

ÅThe ὢσψχςand the ὣstates

ÅTwo-body subchannels: ὤs and ὤs

ÅComplicated Dalitz plots
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Hadron Spectroscopy

Molecule

TetraquarkHybrids
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Hadroquarkonium

GlueballMeson Baryon

Data
Amplitude 
analysis

Properties,
Model building

Interpretations on the spectrum leads to 
understanding fundamental laws of nature
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Experiment vs. Lattice QCD
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ÅHigher and higher statistics VU
ÅLots of multiparticles 

decay channels available V
ÅScattering information entangled to

production mechanisms U
ÅExperiments happen at the 

physical point onlyU

ÅOrthogonal systematics V
ÅScattering information separated from

production; unaccessible channels V
ÅAlthough QCD is rigid, 

one can vary the input parameters
(quark masses, ὔ and ὲ) and study 

the effect on amplitudes V
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Experiment vs. Lattice QCD

E
xp

e
rim

e
n
t

L
a
ttic

e
 Q

C
D

Intermediate step through a 2-body isobar
(partial wave truncation) 
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Experiment vs. Lattice QCD
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Intermediate step through a 2-body isobar
(partial wave truncation) 
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Light spectrum (1-particle correlators)

A. PilloniςExperimental motivation for multihadronson the lattice

HadSpec PRD88, 094505

ὥ ρςφπ

“ ρφππ

ὥ ρτςπȩ

The higher the mass,
the more channels open
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3-body stuff
Unitarity constraints on the Isobar-Spectator amplitude

M. Mai, B. Hu, M. Doring, 
AP, A. Szczepaniak EPJA53, 9, 177

A. Jackura, et al., to appear

D. Sadasivan, et al., in progress

Ҧ{ŜŜ aƛŎƘŀŜƭΩǎ ǘŀƭƪ ƻƴ CǊƛŘŀȅ

A. Jackura
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The ὥ ρςφπ

A. PilloniςExperimental motivation for multihadronson the lattice

Despite it has been known since forever, the resonance parameters of the 
ὥ ρςφπare poorly determined
The production (and model) dependence is affecting their extraction
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The ὥ ρςφπ

A. PilloniςExperimental motivation for multihadronson the lattice

The extraction of the resonance in the †decay should be the cleanest,
but the determination of the pole is still unstable

(Lattice simulations with stable ”, Lang, Leskovec, Mohler, Prelovsek, JHEP 1404, 162)
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The ὥ ρςφπ

A. PilloniςExperimental motivation for multihadronson the lattice

M. Mikhasenko, A. Jackura, AP, et al., to appear

We can use these models to fit † ᴼς““ ’
and describe the ὥ ρςφπ

The dispersed improved model describes
better the data at threshold
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“ὴO σ“ὴdiffractive production

A. PilloniςExperimental motivation for multihadronson the lattice

COMPASS, PRD95, 032004 (2017)
Slide by B. Ketzer
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Deck amplitude

A. PilloniςExperimental motivation for multihadronson the lattice

Ὑ

IP

This production mechanism allows for a nonresonant contribution (Deck effect)
Because of the light mass of the pion, the singularity is close to the physical region
and generates a peaking background
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“ ρφππO”“O “““

A. PilloniςExperimental motivation for multihadronson the lattice

The strength of the Deck effect depends on the momentum transferred ὸ,
but the precise estimates rely on the model for the Deck amplitude

(Deck) (Deck)
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Coupled channel “ ρφππO– “

A. PilloniςExperimental motivation for multihadronson the lattice

A strong signal is also observed in – “, consistent with the naive 
expectation for a hybrid meson

Having the σ“O σ“scattering data from Lattice will allow for a 
coupled channel analysis unaffected by the Deck effect

PLB740, 303-311 
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A. Rodas, AP et al. (JPAC), to appear

Å Coupled channel analysis of –“and –“almost completed

ὥ ρσςπ

ὥ ρχππ

“ ρτππȩ

“ ρφππȩ

Coupled channel “ ρφππO– “
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Coupled channel “ ρφππO– “
Production amplitude

Scattering amplitude
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The Ὀίhasonly right hand cuts;
it contains all the Final State Interactions
constrained by unitarity Ҧuniversal
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Coupled channel “ ρφππO– “
Production amplitude

Scattering amplitude
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The ὲίȟὔίhave left hand cuts only,
process-dependent, smooth
Having access to scattering directly can help 
reducing systematics


