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Hadron Spectroscopy

MoleculeTetraquarkHybrids

𝑱/𝝍𝝅
𝝅
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GlueballMeson Baryon
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Data
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analysis (JPAC)
Spectrum and 

properties

Interpretations on the spectrum leads to 
understanding fundamental laws of nature
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𝑆-Matrix principles

These are constraints the amplitudes have to 
satisfy, but do not fix the dynamics

Resonances (QCD states) are poles in the 
unphysical Riemann sheets

At high energies, other constraints from Regge 
theory (exchanges of towers of particles of 
any spin)
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𝜂𝜋 production at COMPASS
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V. Pauk
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Finite energy sum rules
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V. Pauk
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𝜋, 𝜌 photoproduction
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Test factorization on the simplest cases
1. Neutral pion photoproduction
2. Charged pion photoproduction
3. Rho meson photoproduction

V. Mathieu



7A. Pilloni – An update on JPAC activity

𝛾 𝑝 → 𝜋0 𝑝
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𝛾 𝑝 → 𝜋+ 𝑛
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V. Mathieu
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𝛾 𝑝 → 𝜌0 𝑝

A. Pilloni – An update on JPAC activity

V. Mathieu

Test factorization at top vertex: non-flip 𝛽0 −𝑡
0

, single-flip 𝛽0 −𝑡
0

, double-flip 𝛽2 −𝑡
2

Fit gives 𝛽0 ∶ 𝛽1 ∶ 𝛽2 = 1.00 ∶ 0.14 ∶ −0.09, which agrees with the expected trend
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PWA of 3𝜋 sytem
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A. Jackura, M. Mikhasenko
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PWA of 3𝜋 sytem
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Pentaquark photoproduction
We propose to search the 𝑃𝑐(4450) state in
photoproduction

We use the (few) existing data and
VMD + pomeron inspired bkg
to estimate the cross section

A. Blin

𝐽𝑃 = 3/2 −
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𝐽/𝜓 → 𝛾 𝜋0𝜋0

G
J/y c

c

Bose symmetry and charge conjugation force 
the dipion to have 𝐽𝑃𝐶 𝐼𝐺 = even ++ 0+

BESIII published in 2015 a partial wave analysis of 𝐽/𝜓 → 𝛾 𝜋0𝜋0

This is a gluon-rich process, expected to be one of the
golden channels for the search of the scalar glueball

BESIII
PRD92, 052003 

A. Pilloni – An update on JPAC activity



14

We start approximating the problem to 1 channel, i.e. neglecting inelasticities.
Unitarity and dispersion relations allow us to write the solution in terms of the Omnès function

𝐽/𝜓

𝛾

𝜋0

𝜋0

𝜔, 𝜌…

R

Adler zero
describes the 𝜎 region

K-matrix poles Background terms
(effective LHC)

Depends on the 𝜋𝜋 scattering phase, parametrized with K matrix

𝐽/𝜓 → 𝛾 𝜋0𝜋0
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A. Pilloni
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𝐽/𝜓 → 𝛾 𝜋0𝜋0: preliminary fit

The fit qualitatively reproduces the 𝜎 region and the higher resonances, 
but as expected fails to describe the 𝑓0(980) region: 
an effective 𝐾 𝐾 threshold has to be included
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A. Pilloni
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Interactive tools
• Completed projects are fully 

documented on interactive 
portals

• These include description on 
physics, conventions, formalism, 
etc.

• The web pages contain source 
codes with detailed explanation 
how to use them. Users can run 
codes online, change 
parameters, display results.

http://www.indiana.edu/~jpac/
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Overview

𝐾 𝑁 → 𝐾 𝑁 C. Fernandez-Ramirez et al., PRD93, 034029

𝜋 𝑁 → 𝜋 𝑁 V. Mathieu et al., PRD92, 074004

𝛾 𝑝 → 𝜋0 𝑝 V. Mathieu et al., PRD92, 074013

𝜂 → 𝜋+ 𝜋− 𝜋0 P. Guo et al., PRD92, 054016

𝜔,𝜙 → 𝜋+ 𝜋− 𝜋0 I. Danilkin et al., PRD91, 094029

𝛾 𝑝 → 𝐾+ 𝐾− 𝑝 M. Shi et al., PRD91, 034007

Thank you!
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Pentaquarks... and so on

A. Pilloni – Modeling new exotic states

In this, the activity of JPAC plays a crucial role

(UNAM)

(JLab)
(JLab)

(Mainz)
(Bonn)

(Cal. St.)
(Beijing)


