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Outline

A. Pilloni – Update on JPAC activities

Analyticity

𝑓𝑙 𝐸 = lim
𝜖→0

𝑓𝑙(𝐸 + 𝑖𝜖)

• Test of Regge Factorization
• Pion Photoproduction with FESR
• What is the formalism to search for resonances?
• Exotic resonances in 𝜂𝜋
• (flash) Still Pentaquark photoproduction

Kindly offered by «The 𝑆-matrix principles»
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Factorization at high energies

● Regge poles: coupled-channel effect at high energies
● Contribution from photon and baryon vertex
● Suppresses amplitudes in forward direction (𝑡 = 0)

1 3

2 4
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Global Regge analysis

● Test the range of validity of factorization, using minimal models 
(no absorption, no cuts)

● We consider all process with meson beam (more constrained)
● We consider charge exchanges, when no 𝜋 contributes
● First fit with 𝑆𝑈(3) and 𝐸𝑋𝐷 constraints, then relaxed

J. Nys et al. (JPAC), arXiv:1806.01891

Many different reactions considered
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Global Regge analysis
● 𝜂 production works fine until 𝑡 ∼ −0.8 GeV2

● For 𝜋 the presence of a zero require a more detailed model,
things work until 𝑡 ∼ −0.5 GeV2

J. Nys et al. (JPAC), arXiv:1806.01891
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Global Regge analysis
● For strangeness exchange, the behavior is flatted than expected
● Other exchanges (poles, cuts…) needed, hard to constrain
● Trustworthy until 𝑡 ∼ −0.5 GeV2

J. Nys et al. (JPAC), arXiv:1806.01891
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𝜋 photoproduction with FESR

Baryon 

resonances

Meson 

exchanges

Connect low- and high-energy dynamics
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𝜋 photoproduction with FESR
V. Mathieu et al. (JPAC), arXiv:1806.01891Calculate moments from low energy models

zero

zero

zero?
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𝜋 photoproduction with FESR
V. Mathieu et al. (JPAC), arXiv:1806.01891

FESR can also help improving the low-energy models
For example, models imply an unexpected large 
contribution from 𝜔2 exchanges
If that is not the case, the 𝐽𝑃 of some resonances (as 
𝑁(1680)) must have reconsidered



What is the formalism to search for resonances?

13A. Pilloni – Update on JPAC activities

M. Mikhasenko, AP, J. Nys et al. (JPAC), EPJC78, 3, 229
AP, J. Nys, M. Mikhasenko et al. (JPAC), arXiv:1805.02113



General expression and comparison

14A. Pilloni – Update on JPAC activities

We use analyticity to check the properties of the formalisms on the market
We pointed out some inconsistencies in the Chung/Bonn-Gatchina formalisms
• Violation of crossing symmetry
• Misedintification of some of spin-orbit couplings
• Violation of Mac Dowell ( CPT ) symmetry



15A. Pilloni – Update on JPAC activities

A. Jackura, M. Mikhasenko, AP et al. (JPAC & COMPASS), PLB779, 464-472

• The 𝜂𝜋 system is one of the golden modes for hunting hybrid mesons
• We build the partial wave amplitudes according to the 𝑁/𝐷 method
• We test against the 𝐷-wave data, where the 𝑎2 and the 𝑎2

′ show up

Production amplitude

Scattering amplitude

Searching for resonances in 𝜂𝜋

(easier than photoproduction,
Factorization well established)
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A. Jackura, M. Mikhasenko, AP et al. (JPAC & COMPASS), PLB779, 464-472

• The 𝜂𝜋 system is one of the golden modes for hunting hybrid mesons
• We build the partial wave amplitudes according to the 𝑁/𝐷 method
• We test against the 𝐷-wave data, where the 𝑎2 and the 𝑎2

′ show up

Production amplitude

Scattering amplitude

𝐷(𝑠)

𝐷(𝑠)

𝑛(𝑠)

𝑁(𝑠)

Searching for resonances in 𝜂𝜋

𝑡(𝑠) =
𝑁 𝑠

𝐷(𝑠)

The 𝐷(𝑠) has only right hand cuts;
it contains all the Final State Interactions
constrained by unitarity → universal

Im 𝐷 𝑠 = −𝜌 𝑁(𝑠)
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A. Jackura, M. Mikhasenko, AP et al. (JPAC & COMPASS), PLB779, 464-472

• The 𝜂𝜋 system is one of the golden modes for hunting hybrid mesons
• We build the partial wave amplitudes according to the 𝑁/𝐷 method
• We test against the 𝐷-wave data, where the 𝑎2 and the 𝑎2

′ show up

The 𝑛 𝑠 , 𝑁(𝑠) have left hand cuts only,
they depend on the exchanges  →
process-dependent, smooth

Production amplitude

Scattering amplitude

𝐷(𝑠)

𝐷(𝑠)

𝑛(𝑠)

𝑁(𝑠)

Searching for resonances in 𝜂𝜋

𝑡(𝑠) =
𝑁 𝑠

𝐷(𝑠)
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A. Rodas, AP et al. (JPAC), in preparation

• Coupled channel analysis of 𝜂𝜋 and 𝜂′𝜋 almost completed

Searching for resonances in 𝜂𝜋

𝑎2(1320)

𝑎2
′ (1700)

𝜋1 1400 ?

𝜋1 1600 ?
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A. Rodas, AP et al. (JPAC), in preparation

• Coupled channel analysis of 𝜂𝜋 and 𝜂′𝜋 almost completed

Searching for resonances in 𝜂𝜋

𝑎2(1320)

𝑎2
′ (1700)

𝑀 = 1305.8 ± 0.9 MeV
Γ = 114.4 ± 1.7 MeV

𝑀 = 1724 ± 15 MeV
Γ = 247 ± 19 MeV
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A. Rodas, AP et al. (JPAC), in preparation

• Only one pole needed, to describe seemingly displaced peaks

Searching for resonances in 𝜂𝜋

𝜋1 1600

𝑀 = 1569 ± 25 MeV
Γ = 501 ± 58 MeV
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D. Winney, C. Fanelli, A. Hiller Blin, AP et al. (JPAC), in preparation
C. Fanelli, L. Pentchev, B. Wojtsekhowski, LoI12-18-001

Using polarization observables to search the LHCb pentaquark with SBS

Flash: Still pentaquark photoproduction
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Joint Physics Analysis Center

A. Pilloni – Update on JPAC activities

● We aim at developing new theoretical tools, to get insight on QCD using first 
principles of QFT (unitarity, analyticity, crossing symmetry, low and high energy 
constraints,...) to extract the physics out of the data

● Many ongoing projects (both for meson and baryon spectroscopy, and for high 
energy observables), with a particular attention to producing complete reaction 
models for the golden channels in exotic meson searches
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A. Pilloni – Update on JPAC activities

L. Bibzrycki, R. Kaminski
(Krakow)

M. Albaladejo (Valencia U.)

I. Danilkin,
A. Hiller Blin (Mainz U.)

A. Celentano (INFN-GE)

P. Guo (Cal. State U.) 

Joint Physics Analysis Center
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T. Skwarnicki (Syracuse U.)



BACKUP
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A host of unexpected 
resonances have 
appeared

decaying mostly into
charmonium + light

Hardly reconciled 
with usual 
charmonium 
interpretation

Exotic landscape

A. Pilloni – Update on JPAC activities

Esposito, AP, Polosa, Phys.Rept. 668



How helicity formalism works

26A. Pilloni – Update on JPAC activities

Each set of angles is defined in a 
different reference frame



How tensor formalism works

27A. Pilloni – Update on JPAC activities



What do we know?

28A. Pilloni – Update on JPAC activities



Kinematics

29A. Pilloni – Update on JPAC activities



𝐵 → 𝜓 𝜋𝐾

30A. Pilloni – Update on JPAC activities



𝐵 → 𝜓 𝜋𝐾

31A. Pilloni – Update on JPAC activities



𝐵 → 𝜓 𝜋𝐾

32A. Pilloni – Update on JPAC activities



Helicity amplitudes

33A. Pilloni – Update on JPAC activities



Identify covariants

34A. Pilloni – Update on JPAC activities



General expression and comparison

35A. Pilloni – Update on JPAC activities

There is no unique recipe to build the right amplitude, but
one can ensure the right singularities to be respected
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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/

A. Pilloni – An update on JPAC activities
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Fit summary

III+tr.

IV+tr.III

tr.

Naive loglikelihood ratio test give a ∼ 4𝜎 significance of the scenario III+tr. over IV+tr.,
looking at plots it looks too much – better using some more solid test

A. Pilloni – An update on JPAC activities
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Pole hunting
I sheet

II sheet

A. Pilloni – Update on JPAC activities

Bound states on the real axis 1st sheet
Not-so-bound (virtual) states on the real axis 2nd sheet
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Pole hunting

More complicated structure when 
more thresholds arise:

two sheets for each new threshold

III sheet: usual resonances
IV sheet: cusps (virtual states)

I sheet

II sheet

Bound state

Virtual state

Resonance

A. Pilloni – Update on JPAC activities
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+ +

The isobar model

Khuri-Treiman formalism was 
introduced to describe 𝐾 → 3𝜋

Khuri and Treiman, PR119, 1115

Used recently for several reactions,
Niecknig and Kubis, JHEP 10, 142
Colangelo, et al., PRL118, 022001

AP et al. [JPAC], PLB772, 200
Albaladejo, AP et al. [JPAC], 1803.06027 

The formalism implements the all-order 
rescattering in all the 3 channels at once

A. Pilloni – Update on JPAC activities



41

To exclude any rescattering mechanism, we propose to search the 𝑃𝑐(4450) state
in photoproduction. 

Hiller Blin, AP et al. (JPAC), PRD94, 034002

𝑃𝑐 photoproduction

A. Pilloni – Update on JPAC activities

Vector meson dominance
relates the radiative width to the
hadronic width

Hadronic vertex EM vertex

Hadronic part
• 3 independent helicity couplings,

→ approx. equal, 𝑔𝜆𝜓,𝜆𝑝′ ∼ 𝑔

• 𝑔 extracted from total width and (unknown)
branching ratio
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Hiller Blin, AP et al. (JPAC), PRD94, 034002

Background parameterization

A. Pilloni – Update on JPAC activities

Asymptotic + Effective threshold Helicity conservation

The background is described
via an Effective Pomeron,
whose parameters are fitted to
high energy data from Hera
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Hiller Blin, AP et al. (JPAC), PRD94, 034002

𝐽𝑃 = 3/2 −

Pentaquark photoproduction

A. Pilloni – Update on JPAC activities
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The denominator 𝐷(𝑠) contains all the FSI constrained by unitarity → universal

Searching for resonances in 𝜂𝜋

OR
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The 𝑛 𝑠 is process-dependent, smooth

Searching for resonances in 𝜂𝜋



Precise determination
of pole position

Smooth «background»

Searching for resonances in 𝜂𝜋



Searching for resonances in 𝜂𝜋
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Searching for resonances in 𝜂𝜋

• The coupled channel analysis involving the exotic 𝑃-wave is ongoing,
as well as the extention to the GlueX production mechanism and kinematics

A. Pilloni – Update on JPAC activities

𝑎2(1320)

𝑎2
′ (1700)

𝜋1 1600 ?
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The 𝑎1(1260)

A. Pilloni – Update on JPAC activities

M. Mikhasenko, A. Jackura, AP, et al., in preparation

We can use these models to fit 𝜏− → 2𝜋−𝜋+ 𝜈
and describe the 𝑎1(1260)

The dispersed improved model describes
better the data at threshold


