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(perturbative regime)
OZI-rule, QCD multipole

Potential models
(meaningful when ὓ ᴼЊ)
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(Cornell potential)

Solve NR Schrödinger eq. Ҧspectrum 

Effective theories
(HQET, NRQCD, pNRQCD...)

Integrate out heavy DOF
Ҩ

(spectrum), decay & production rates 

Quarkonium orthodoxy

Heavy quark spin flip suppressed by quark mass,
approximate heavy quark spin symmetry (HQSS)
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Exotic landscapein ὧӶὧ
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Esposito, AP, Polosa, Phys.Rept. 668
JPAC, arXiv:2112.13436

A host of unexpected resonances have appeared
decayingmostlyinto charmonium+ light

Hardlyreconciled with usualήήpheno
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Models

Molecule
Bound or virtual state 
generated by long-range 
exchange forces

Multiquark
Several (cluster) 

of valence 
quarks

Hybrids
Containing gluonic
degrees of freedom

╙ȾⱶⱫ
Ⱬ

Ⱬ
Hadroquarkonium
Heavy core interacting with a light 
cloud via Van der Waals forces

Rescattering effects
Structures generated by 

cross-channel rescattering, 
very process-dependent

Compact

Extended
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Exotic landscape
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Broad mesons seen in ὦdecay:
ὢτρτπ, :ττσπ, ὤ τπππ...

Narrow structures seen in ὩὩ :

ὢσψχς, ὣτςφπ, ὤȟ

Narrow structures seen in ὦdecay:
ὢσψχςȟὖ, ὖ

Scarce consistency between various
production mechanisms



XYZ at Jefferson Lab
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LoIRF7_RF0_120

arXiv:2203.08290

arXiv:2112.00060

JLAB 24?

Explorethe complementarity
wrt the forthcomingElectron Ion Collider



Why photoproduction?
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ÅItΩs new: no XYZ state has been uncontroversially seen so far

ÅIt is free from rescattering mechanisms that could mimic 
resonances in multibody decays

ÅThe framework is (relatively) clean from a theory point of view

ÅRadiative decays offer another way of discerning 
the nature of the states



VMD is used to couple the incoming photon
to a vector quarkonium V

Exclusive (quasi-real) photoproduction
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ÅXYZ have so far not been seen in photoproduction: independent confirmation
ÅNot affected by 3-body dynamics: determination of resonant nature
ÅExperiments with high luminosity in the appropriate energy range are promising
ÅWe study near-threshold (LE) and high energies (HE)
ÅCouplings extracted from data as much as possible, not relying on the nature of XYZ

M. Albaladejo et al. [JPAC], PRD



Exclusive (quasi-real) photoproduction
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ÅXYZ have so far not been seen in photoproduction: independent confirmation
ÅNot affected by 3-body dynamics: determination of resonant nature
ÅExperiments with high luminosity in the appropriate energy range are promising
ÅWe study near-threshold (LE) and high energies (HE)
ÅCouplings extracted from data as much as possible, not relying on the nature of XYZ

M. Albaladejo et al. [JPAC], PRD

Top vertex from measured אᴼὠ꜡ decay width



Bottom vertex from standard photoproduction pheno,
exponential form factors to further suppress large t

Exclusive (quasi-real) photoproduction
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ÅXYZ have so far not been seen in photoproduction: independent confirmation
ÅNot affected by 3-body dynamics: determination of resonant nature
ÅExperiments with high luminosity in the appropriate energy range are promising
ÅWe study near-threshold (LE) and high energies (HE)
ÅCouplings extracted from data as much as possible, not relying on the nature of XYZ

M. Albaladejo et al. [JPAC], PRD



ὤphotoproduction
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ÅThe ὤίare charged charmoniumlikeρ states close to open flavor thresholds
ÅFocus on ὤ σωππO ὐȾ‪“ , ὤ ρπφρπȟὤ ρπφυπ ᴼɭὲὛ“
ÅThe pion is exchanged in the ὸ-channel



ὢphotoproduction

A. PilloniςOpportunities for hadron spectroscopy @JLab HE/HL 12

ÅFocus on the famous ρ ὢσψχςOὐȾ‪”ȟ‫
Å and exchanges give main contributions:

Large theory uncertainty
in the intermediate region



ὣ(vector) photoproduction
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Existing data allow to put a 95% upper limit
on the ratio of ‪ᴂȾὣτςφπyields

Assuming previous formula, one gets:
ɜ ωσπὩὠ

(cfr. hep-ex/0603024, 2002.05641)

ὄὙὣᴼὐȾ‪““ πȢωφϷ
Ὑ πȢψτ

Ὑ
ὩὪ

ά

Ὣ ὣᴼ‪““

Ὣ ‪ᴼ‎ὫὫ

Ὣ ‪ ᴼ‪ὫὫ

Ὣ ‪ ᴼ‪““

Diffractive production, dominated 
by Pomeron (2-gluon) exchange



Semi-inclusive photoproduction
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ÅSemi-inclusive cross sectionsare typicallylarger
ÅFor small ὸand large ὼ, one can assume the process to be dominated by pion exchange
ÅThe bottom vertex dependson the (known) pion-proton total cross section
ÅThe pion is exchanged in the ὸ-channel
ÅModel benchmarked on ὦ production

The model is
expectedto 
hold in the 
highestbin

Model underestimates
lower bins, 
conservative estimates



Semi-inclusive photoproduction
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ÅFor the ὤ , the inclusive cross section is sizably larger than the exclusive process

ὤὲὤɝ
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Conclusions
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ÅPhotoproduction is a valuable tool to study exotic states

ÅComplementary infomation to other mechanisms

ÅFacilities to study photoproduction at low energies are very 
welcome to pursue this program

Thank you!



Joint Physics Analysis Center
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Exclusive reactions:
2008.01001

Inclusive reactions:
2209.05882

Code available on
https://github.com/
dwinney/jpacPhoto


