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Activities 

• Over 120 Research Articles (since 2013) 

• Over 200 Invited Talks and Seminars

• Workshops and Conferences Summer 
Schools (2015,2017), INT Program 
(2020) Our own series  “Future 
Directions and Hadron Spectroscopy 
Analysis” (JLab, Mexico, Beijing), 
Graduate course on reaction theory 
(2019,2020)

• Scattering course (2021, 2022)

• Affiliated membership in CLAS, GlueX,
BESIII, COMPASS, LHCb 

• Recent PhD’s: D.Winney (2021), 
N.Sherrill (2021), A.Jackura (2019), 
A.Rodas (2019), M.Mikhasenko (2019), 
J.Nys (2018), A.Hiller-Blin (2018). 

• Review: 2112.13436 
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Joint Physics Analysis Center Full Members 

A. Jackura — Indiana University 3

Misha Cesar Daniel Viktor Sergi 

Jorge 

Alessandro Lukasz Astrid 

Akaitz Miguel Robert 

Vincent Adam
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Identifying resonances 

Reaction 
amplitudes 

Microscopic
Models 

Experimental or lattice signatures  
(real axis data: cross section 

bumps and dips, energy levels) 

Theoretical signatures (complex 
plane singularities: poles, cusps)  

What is the interpretation
(constituent quarks, molecules,…)?



Joint Physics Analysis Center 
•XYZ studies at EIC/Jlab++ and GlueX-like setup 

• Yields in direct production at 
(future) JLab++ comparable to 
BESIII, Belle, LHCb. The later 
involve more complicated final 
states.

• Variable photon energy  is 
important, it probes different 
production mechanisms : Y 
production at higher energies 
W>10 GeV, XZPc , at lower W < 
10 GeV 

Albaladejo, et al. PRD 102 (2020) 114010

𝑊ఊ[𝐺𝑒𝑉]

• Scalars in J/Ψ radiative decay

Rodas et al, EPJC  82 (2022) 1

• Search for the exotic hybrid

𝐴 ∝ −

• Angular asymmetry in 𝜂(
ᇲ)𝜋

production at COMPASS 
explained with Regge theory. 

• This will constraint extraction of 
exotic meson (P-wave) from GlueX 
data 

Regge region (Exotic) resonance 
production region

Bibrzycki et al, EPJC 81 (2021) 10

G
J/y

• DNN: see my talk past Thursday



Light scalars and the Glueballs
The clearest sign of confinement in pure Yang-Mills

The worst state to search in real life

Morningstar and Peardon
PRD60, 034509

Gregory et al.
JHEP1210, 170



7A. Pilloni – Amplitude analysis of  

G
J/y

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

scalar glueball



Same model as before

Two/three channels, Two waves, 

3 K-matrix pole for 
the S-wave

3 K-matrix poles for 
the D-wave

Lead by Arkaitz & Alessandro



Rodas et al, EPJC  82 (2022) 1



Poles:
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Spectroscopy at EIC & Jlab++

Target: high saturated gluon content

Beam/probe: high resolution photons, point-like 
quark-antiquary production

• Clean mode for production of heavy quarks is, 
especially bottomonia, possibly with enchanted 
production of hybrids 

• Excellent kinematic separation, incoherent 
charge exchange, production of tetraquarks and 
baryon exotics, pentaquarks

• Wide kinematic coverage, from diffraction to DIS 
gives access to a wide range of production 
mechanisms 

Lead by Miguel, Astrid, Vincent, Daniel & Alessandro
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X(3872)

[1] Phys. Rev. D 96, 093008 (2017)

For production/detection, its main decay channels 
are and with Br=4.1% and 4.4%, 
respectively.

The couplings and are determined from 
the branching ratios and assuming a width 1.2 MeV.

The other parts of the amplitude, 𝛾→J/𝜓 given by 
VMD, and VNN (bottom vertex) also well known. [1]

The 𝑋 → 𝐽/𝜓𝜌, 𝜌 → 𝜋𝜋
distribution also agrees with 
data.

ିଵ (at ఊ ) with 1% eff. 

BESIII efficiency ~50% due to enhanced 
acceptance of the symmetric detector  —
thus our efficiency estimate of 1% is 
probably conservative

Number of events ~3000 events/yr
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~50 events/yr

Y(4260)

The reason why photo production is larger is due to the small branching ratio of 3%   

GlueX data

Y production increases with energy : AMBER/EIC 
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~1000 events/yr

Branching ratio is  larger than that of 
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Summary
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Plenty of signatures: hybrids   
• Exotic JPC=1-+ (hybrid) mesons expected (VES, 

GAMS, E852, COMPASS, and theory) 

• In low-t pion diffraction (COMPASS) exotic wave 
production compatible with one pion exchange 
(but not at high-t)   

• In photoproduction 
(GlueX,CLAS12) exotic 
mesons  produced via pion 
exchange

π- p → η(‘) π- p 

Green : pion exchange  

Red : Exotic resonance Low-t 

High-t

COMPASS (2018) 

M.Swat, AS Phys.Lett.B 516 (2001)

[B.Grube, proc. 
HADRON2019]

See Bernhard’s talk today
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adding P wave and η’π channel 17
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Single vs Double Regge exchange 18

Exotic meson = P wave

Existence of forward-backward 
asymmetry is related to existence 
of the exotic wave 

ଶ ଵ
ି

ି

If a2 and f2 exchanges were equal
and no Pomeron

NO ASYMMETRY and NO 

Responsible for asymmetry
In eta-Prime - pion?

/
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COMPASS vs GlueX 

Courtesy of  A. 
Austregesilo

ି
ି

• Also charge exchange 

[C.Adolph, et all COMPASS, 
Phys.Lett.B 740 (2015) 303] 

• Thanks to V. Mathieu from APS 2021  

See Sean’s talk today



INDIANA UNIVERSITYINDIANA UNIVERSITY

Low energy fit (L=1,2) 
Rodas et al (JPAC)  PRL 122 (2019) 042002

Lead by Arkaitz & Alessandro
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Pole postions 
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1-+ from lattice 

See Dudek’s talk

JPAC/COMPASS
MeV

Kopf et al.
MeV

See Kopf’s talk
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Partial wave expansion 

ଶ ସ
ି

ି

black: red:          (scaled)

[C.Adolph, et all COMPASS, 
Phys.Lett.B 740 (2015) 303] 

Lead by Lukasz, Misha, Vincent & CFR
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Fit results : 
Bibrzycki et al. EPJC 81 (2021) 647 
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Fit results : 
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Forward-backward intensities  



INDIANA UNIVERSITYINDIANA UNIVERSITY

Forward-backward asymmetry   
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Finite Energy Sum Rules 

• No kinematic singularities
• No kinematic zeros
• Discontinuities: 

• Unitarity cut
• Nucleon pole

[V. Mathieu, J.Nys. et al. (JPAC) 1708.07779 (2017)]
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Summary 

• Existence of exotic hadrons (hybrids in particular) are a consequence of 
gluon dynamics. 

• Forward-backward asymmetry in eta-pi and eta’-pi is evidence of exotics

• Regge physics needed to extract exotic multiplet

• FESR constraints

• The XYZ phenomena are yet to be understood. There may be molecules or 
compact tera-, penta- quark states 

• Their photo- and electro-production can provide insight (EIC & Jlab++)

• Poles for scalars and tensor states from radiative J/Ψ decay determined

• Nature?


