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section close to threshold
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We present preliminary results for the J/ψ close-to-threshold photoproduction obtained in the
GlueX experiment at Jefferson Lab. Close-to-threshold photoproduction γ + p → J/ψ + p probes
small-size gluon configurations in the proton. This reaction may also contain a contribution from
the s-channel production of the LHCb pentaquark P(4450) → J/ψ + p at beam energies of about
10 GeV. Measuring the size of the contribution allows to evaluate or put a limit on the branching
ratio of the decay P → J/ψ + p. The GlueX experiment is in the process of collecting data. The
main research topic of the experiment is the spectroscopy of light mesons produced by a linearly
polarized photon beam with the end point of ∼12 GeV.
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1. Introduction

2. GlueX Experiment
2.1 Apparatus
The GlueX experiment is running in the Hall D complex (Fig. 1). The electron beam is extracted from the CEBAF accelerator to the Tagger Hall, where it passes through a thin (∼0.04%
R.L.) diamond radiator and is deflected by a dipole Tagger Magnet into the beam dump. The
beam has a 250 MHz RF structure and a spot size on the radiator of about 1 mm2 . The diamond
orientation provides coherent Bremsstrahlung photons, peaked at an energy of about 9 GeV. The
photons in the peak are linearly polarized. In order to increase the polarization, the photon beam
passes through a 5 mm diameter collimator, located 75 m downstream of the radiator. The diamond
orientation is alternated during the experiment in order to optimize the asymmetry measurements1 .

Figure 1: Hall D complex.

The electrons that radiated enough energy are detected in scintillation counters located alongside the Tagger Magnet, providing a measurement of the energy of the radiated photon with a
1 The

linear polarization of the beam is not used in the study reported here.
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The photoproduction γ + p → J/ψ + p close to threshold (Eγ ≈8.2 GeV) probes small-size
gluon configurations in the nucleon. The energy dependence of the cross section, known experimentally only at higher energies [1, 2], has been discussed in a number of theoretical frameworks [3, 4, 5, 6]. This reaction is also interesting since it may contain a contribution from
the s-channel production of the LHCb pentaquark [7] P(4450) → J/ψ + p at beam energies of
about 10.1 GeV. According to several theoretical papers [8, 9, 10, 11, 12, 13], measuring the size
of this contribution would allow to evaluate, or put a limit on, the branching ratio of the decay
P → J/ψ + p.
The Thomas Jefferson National Accelerator Facility (aka JLab) has finished a major upgrade
that doubled the energy of the electron beam to 12 GeV. The physics program [14] includes meson
spectroscopy. The main research topic of the GlueX experiment running in a new experimental
Hall D is the spectroscopy of light mesons produced by a linearly polarized photon beam with the
end point of ∼12 GeV. The experiment ran in 2016–2018 and has nearly finished the data taking.
By the time of this presentation about 20% of the full data set had been processed and analyzed.
It is expected that the full data set will be analyzed by the end of 2019, and that the systematic
uncertainties will also be improved by that time. The J/ψ photoproduction will also be studied in
other experimental halls at JLab, which run at about 1 GeV lower endpoint energy.
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resolution of about 0.1%. The maximum photon energy detected is about 200 MeV lower than the
endpoint. Most of the data were collected at the electron beam energy of 11.7 GeV, but some data
(in 2016) were collected at 12 GeV.
The energy spectrum and the flux of the tagged photons downstream of the collimator are measured with the help of the Pair Spectrometer [15]. The calculated integrated luminosity (Fig. 2(a))
shows the coherent peaks and reflects the efficiencies of the tagger detectors. The yield of a highstatistics reaction γ + p → ρ 0 + p, normalized by the luminosity spectrum is shown in Fig. 2(b) and
is smooth as expected.

flux normalized ρ yield/20 MeV, a.u.
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Figure 2: (a) - the energy spectrum of the integrated luminosity for the 2016 and 2017 data; (b) - the
luminosity-normalized yield of the reaction γ + p → ρ 0 + p (the 2016 data only) indicates that the beam flux
normalization provides a smooth energy dependence for high-statistics reactions.

The photon beam interacts with a 30 cm-long liquid hydrogen target located in the upstream
part of the GlueX spectrometer in Hall D (Fig. 3). The spectrometer is based on a superconducting
solenoid magnet with a bore 4 m long and 2 m in diameter. The magnet provides a ∼2 T field
at the axis. The tracks of charged particles are detected with the Central Drift Chamber made of
straw tubes and by the Forward Drift Chambers [16], all located in the bore of the solenoid. The
photons are detected with the Barrel Calorimeter [17] located in the bore of the solenoid, and the
Forward Calorimeter made of 2800 lead glass blocks located downstream of the solenoid. Scintillating hodoscopes around the target and in front of the Forward Calorimeter are used for timing
measurements. The spectrometer has a uniform acceptance for charged particles and photons in a
range of 0 < ϕ < 360◦ , 1◦ < θ < 120◦ . For the particle identification time-of-flight, dE/dx, and
electromagnetic calorimeter techniques are used.
The typical photon flux was about 20 MHz for Eγ > 8 GeV. The trigger logic selected events
with the full energy in the electromagnetic calorimeters above a certain value, and had a high
detection efficiency for the decay J/ψ → e+ e− . The DAQ rate was 20-50 kHz.
2.2 Data Analysis
The results presented are based on the data taken in 2016 and 2017, which accounts for ∼20%
of the full existing data set. The analysis included the reconstruction of charged tracks in the drift
chambers and energy clusters in the calorimeters. We looked for the decay J/ψ → e+ e− . The candidates for the exclusive reaction γ + p → p + e+ + e− were selected using the kinematic fit of the
2
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final state particles with the measured energy of the beam photon. The typical timing resolutions of
the spectrometer as well as the tagger detectors were much better than the time distance between the
beam bunches (4 ns). The rate of accidental coincidences of the spectrometer events with the tagger signals was measured using the off-time tagger signals. The protons are well identifiable using
the dE/dx in the drift chambers and the TOF measurements. The electrons/positrons were identified against a large pion background by comparing their energy release E in the electromagnetic
calorimeters with the measured momentum p. The structure of the Barrel Calorimeter allowed also
to employ the “pre-shower/shower” leverage. Selecting e+ e− candidates with p/E < 1.15 reduced
the pion background by a factor of ∼ 5000.
The mass spectrum of e+ e− candidates, corrected for the accidental coincidences, is shown
in Fig. 4. The J/ψ signal and the φ signal are seen. The continuum consists of the Bethe-Heitler
pairs as well as a π + π − background.
(b)
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Figure 4: (a) - the mass spectrum of e+ e− candidates. It shows the φ and J/ψ peaks. The continuum
consists of the Bethe-Heitler pairs as well as a π + π − background. (b) - the zoomed area of the J/ψ signal.
It contains 189 ± 16 candidates.

In order to evaluate the J/ψ photoproduction cross section, we used for normalization the
detected Bethe-Heitler process in the 1.5 < Me+ e− < 2.5 GeV/c2 interval (see Fig. 4(a)). The
Bethe-Heitler Monte-Carlo simulation and the cross-section calculation were based on the work of
Berger, Diehl, and Pire [18]. The beam energy range was split into 6 bins. In each bin the J/ψ and
3
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Figure 3: Hall D: the GlueX spectrometer.
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the Bethe-Heitler signals NJ/ψ , NBH , as well as the detection efficiencies εJ/ψ , εBH were estimated.
The cross section was calculated as: σJ/ψ = σBH · NJ/ψ /NBH · εBH /εJ/ψ . The relative level of the
π + π − background in the Bethe-Heitler sample was about 40%. It was measured in each energy
bin, using half-identified pairs and the measured response of the electromagnetic calorimeters to
pions. The results are shown in Fig. 5.
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Figure 5:
The energy dependence of the J/ψ photoproduction cross section.
(a) - the GlueX results.
The error bars present the statistical errors.
The systematic errors were evaluated at 30%.
A comparison with the 1975 data from SLAC [1] and
βt
Those experiments measured the dσ
In order to deCornell [2] is shown.
dt = A · e .
−2
rive the full cross section we used β = 2.9 (GeV/c)
([1]) and 1.25 (GeV/c)−2 ([2]).
(b) - the GlueX results in a linear scale. The black solid line shows the result of a fit of a production model [4] to the GlueX data assuming no pentaquark contribution. The blue dash line shows a
−
prediction [12] (obtained using the provided calculator [19]) for the pentaquark P(4450)( 32 ) production,
assuming BR(P → J/ψ p)=2% and the contribution from the t-channel equal to the result of the fit to the
data (the black solid line). The blue open circles show the same prediction with the appropriate binning.

The GlueX results for the full cross section are higher than the old results from SLAC and
Cornell (see Fig. 5(a)). In order to derive the full cross section from those old results we had to
assume a certain t-dependence of the cross section. The GlueX data are well fit with a model [4]
that has two free parameters for the contributions from the 2- and 3-gluon exchanges (see Fig. 5(b)).
The second component is needed to describe the data below 10 GeV, where the first component falls
too steeply to the threshold.
−
The experimental results are compared with a prediction [12] for the pentaquark P(4450)( 32 ),
Γ = 39 MeV/c2 production. The prediction depends on the t-channel contribution (evaluated using
this experimental result) and on the decay branching ratio BR(P → J/ψ p). For BR = 2% the
experimental result in the two bins around the resonance 9.45 < Eγ < 10.65 GeV is about 3σ (stat)
lower than the prediction. The systematic uncertainties of the prediction may come from several
4
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factors: the interference between the amplitudes of the t- and s-channels; the VMD model; a
potential influence of the wider LHCb pentaquark P(4380), Γ = 205 MeV/c2 .

3. Summary and Outlook
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