
4.5. Charmonium and future opportunities at higher energy1017

The discovery of multi-quark candidates, the XYZP states, observed mainly in the charmonium spectrum have rev-1018

olutionized the field of hadron spectroscopy. These candidates have been observed in reactions involving complicated1019

production and/or decay processes and some signals may be di�cult to interpret due to kinematic e↵ects which could1020

mimic a resonance signal [235, 236, 237, 238]. Therefore, observation of these states in photo- or electro-production1021

is needed to confirm their existence and obtain more information on their structure.1022

Following the observation of the narrow pentaquark candidates P+c (4312), P+c (4440), and P+c (4457) by LHCb in1023

the J/ p channel of the ⇤0
b ! J/ pK� decay [239, 240], it was proposed to search for these states in �p ! J/ p1024

where it can be produced directly in a much simpler 2! 2 body kinematics [241, 242, 243, 244].1025

The first measurements of this process at JLab were performed by GlueX [150] and are shown in Fig. 15, with1026

curves depicting the strength of hypothetical Pc signals. No structures are observed in the measured cross section,1027

however model-dependent upper limits are set on the branching ratio of the possible PC ! J/ p decays. Preliminary1028

results from the J � 007 experiment in Hall C also observe no Pc signal and will set more restrictive limits on the1029

branching ratio [245].1030
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Figure 15: (left) GlueX results for the J/ total cross section vs beam energy, compared to the JPAC model [244] with hypothetical branching
ratios provided in the legend for P+c with JP = 3/2� as described in Ref. [150]. (right) Projections for SOLID  (2s) total cross section vs beam
energy for CEBAF upgrade with Ee = 17 GeV.

At higher energies, (quasi-real) photoproduction is especially appealing since many of the XYZP states could be1031

produced directly and observed decaying to relatively simple final states, eliminating some of the kinematical e↵ects.1032

Furthermore, one can use the polarization of beam and target to achieve a precise separation of the various production1033

mechanisms, which is not possible, for example, at hadron colliders. Another advantage is that one can scan di↵erent1034

center-of-mass energies by detecting the scattered electron at di↵erent angles, while keeping the beam at the nominal1035

energy. This cannot be done by the existing e+e� ⌧-charm factories, where one has to tune carefully the beam energy1036

to do so.1037

Three candidates stand out in particular: the X(3872), Zc(3900) and the Y(4260). The X state is by far the best1038

known. Its most unusual feature is the strength of isospin violation observed in decays, B(X ! J !)/B(X !1039

J ⇡+⇡�) = 1.1 ± 0.4 [11], which is impossible for ordinary charmonium. Furthermore, the mass of the X(3872)1040

is within a fraction of an MeV from the D0D0⇤ threshold, making it a good candidate for a threshold bound state.1041

Since the X has sizeable branching fractions to J ⇢ and J !, peripheral photoproduction involving light vector1042

meson exchange can result in sizable yields. The charged Zc(3900)+ is observed as a resonance in J ⇡+, making it a1043

good candidate for a four-quark state. Finally, there is an overpopulation of hidden-charm vector resonances. Three1044

ordinary  states appear in the inclusive RD measurements, leaving no room for other vectors like the Y(4260). The1045

latter can be produced di↵ractively.1046

The photoproduction cross sections for these states have recently been estimated to be of the order of a nanobarn1047

for photon energies E� ⇠ 20–25 GeV [246]. The yields have been computed using a hypothetical detector setup1048

based on the existing GlueX apparatus at Je↵erson Lab [211]. Specifically, for a luminosity of ⇠ 500 pb�1/year and1049

even with a conservative assumption about e�ciency, one expects hundreds of events per year of data taking. While1050
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