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Why hadron spectroscopy is needed

+ Is the study of the pattern of the excited states of hadrons (resonances) 

+Aim: shedding light on the low energy behaviour of strong interaction 

+Existence of charm quark, confinement, etc. come from this field

+Before 2003: mesons as q-anti q and baryons as qqq

+But then: X(3872) first particle beyond ordinary quark model & a pletora of 
other "exotics" discovered since then (supernumerary states, spin-parity 
not allowed, cryptexotics, explicit exotic quark content)

Hadronic molecules​
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Ordinary charmed mesons' spectrum

Study of qq system, 

equivalently to the 

hydrogen atom
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Current spectrum observed in the 
experiments

Proximity with DD threshold + 

Large isospin violation: is 

molecular hypotheses a viable 

explanation?
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Chasing hybrids!

+Hybrids are states with explicit excitations of the gluon field

+The existence of a broad state with exotic quantum numbers 

JPC (IG)=1-+ (1-) is supported by lattice and phenomenological 

QCD studies

+Determination of hybrids properties provides a unique 
opportunity for a systematic study of low-energy gluon 

dynamic

+This motivated COMPASS (CERN) program and the 12 GeV 

upgrade of JLab, with experiments dedicated to hybrid 

photoproduction (access to a wide variety of states & 

polarization acts as a filter) at CLAS12 and GlueX

Hybridπ1
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+ The primary proton beam is steered on Be target producing secondary hadrons, mainly consisting 

of (anti-)protons, pions and kaons ~ 190 GeV

+ COMPASS experiment confirmed a peak in ρπ and η′π at around 1.6 GeV and an additional 

structure in ηπ, at ~ 1.4 GeV

+ The extraction of exotic signatures requires sophisticated partial-wave amplitude analyses (JPAC)

+ PDG: "Coupled channel analyses [Rodas et al.] favor the existence of only one broad isovector

state consistent with in the MeV region"

The COMPASS case
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Solutions with two poles are possible, but: 

+ fit quality does not improve the fit quality 

+ the position of the second pole is unstable

+ peculiar behavior of the ηπ phase in the > 2 GeV mass region, where no data exist

New data from GlueX and CLAS12 experiments at JLab in this and higher mass region 

needed 

The COMPASS case
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At COMPASS energies (pion beam E~190 GeV), 

peripheral production of πp → η(′)πp can be 

modeled as a Pomeron (P) exchange: 

+ The notion of Pomeron ("vacuum pole") 

exchange emerges from Regge theory

+ Regge theory tell us that for s→∞ and -t→0, 

the production amplitude can be modeled 

as T(s,t) ~ β(t) sα(t)

+ σtot is dominated by Pomeron exchange, because 

it has the highest intercept, α(t)=α(0)+α't:

Understanding production mechanism is 
fundamental for many analyses
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At JLab energies (e- beam E~12 GeV) the situation 

is much more complicated because the previous 

single-pole approximation is no more realistic:

+ Other trajectories start to contribute

+ A systematic approach is needed to 

understand production mechanisms whose 

complexity is progressively increasing

The challenging hybrids hunting at JLab

1 1



Hadron spectroscopy program at JLab

Systematic increasing of complexity in studying the production 

mechanisms:

+Top vertex: start with one meson production, and then two, 

three... and play with the spin: scalars, vectors, tensors
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Hadron spectroscopy program at JLab

Systematic increasing of complexity in studying the production 

mechanisms:

+Top vertex: hit the resonance region in the top vertex
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Hadron spectroscopy program at JLab

Systematic increasing of complexity in 

studying the production mechanisms:

+Top vertex: increase the invariant mass of 

the mesons' subsystem until Double Regge

region
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Hadron spectroscopy program at JLab

Systematic increasing of complexity in studying the production 

mechanisms:

+Bottom vertex: excite the target proton (baryon spectroscopy)
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Complementary experiments to 
perform this analyses

+GlueX (Hall D): good for neutral particles detection, its main channel 

is η(')π

+MesonEx (CLAS12, Hall B): better performance in charged particles 

detection, 3π
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Current status & future directions

+ The systematic approach JLab is pursuing requires a joint effort from theorists and 
experimentalists, that is already well-established both for GlueX and CLAS collaborations

+ JPAC (Joint Physics Analyses Centre) was born to give theoretical support (S-matrix 
theory, Regge theory, amplitude analyses) to JLAB experiments; later expanded its range 
of interests to CERN (COMPASS, LHCb), B-factories, etc. e.g. an amplitude analyses in 
the bottomonium sector, using Belle (Japan) data

+ Actual status: GlueX already published some analyses, MesonEx not yet (currently dealing 
with 2π photo- and electro-production)

+ JLab spectroscopy program will be boosted by the planned upgrade from 12 to 22-24 GeV: 
multiquark candidates like the X(3872) will be accessible, matching JPAC theoretical 
interests (e.g. Developing an S-matrix multi-particle formalism suitable for the X(3872))

+ AI is a tool we want to explore for many purposes: e.g. AiDAPT collaboration is 
applying generative AI models for unfolding data, amplitude analyses, data 
preservation
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Thank you for your kind 
attention!
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