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Abstract GlueX is a nuclear physics experiment located at the Thomas Jef-
ferson National Accelerator Facility (JLab) designed to study and understand
the nature of confinement in QCD by mapping the spectrum of exotic mesons.
The experiment will be able to probe new areas by using photoproduction, i.e.
the scattering on nucleon of ∼9 GeV linearly polarized photons derived from
the recently upgraded CEBAF with a 12 GeV electron beam. Spring 2016 has
been characterized by a continued detector commissioning and initial running
at the full design energy. The current status of the GlueX detector perfor-
mance and data collection will be discussed, with a brief overview of first
physics results, future run plans, and long term upgrades.
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1 Introduction

The primary goal of the GlueX experiment is to understand the nature of
confinement in Quantum Chromodynamics (QCD) by studying the light meson
spectrum and the properties of hybrid mesons for which the gluonic field would
directly contribute to the JPC quantum numbers [1].

Lattice QCD calculations suggest that several of the nonets of these hybrid
mesons have exotic quantum numbers, corresponding to JPC values forbidden
for a simple fermion-antifermion system [2]. The expected masses for the light-
est hybrids are suited to the energy and kinematics accessible to the GlueX
experiment, which is located in Hall D at the end of a new beamline from the
Continuous Electron Beam Accelerator Facility (CEBAF) at Jefferson Lab
(JLab), using 12 GeV electrons to deliver linearly-polarized photons. Here the
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photon beam impinges on a hydrogen target contained within a detector char-
acterized by a near-complete charged and neutral particle coverage. In spring
2016, GlueX has completed its commissioning and taken its first substantial
data in the design configuration.

In this document we present some of the first results of the GlueX ex-
periment with 2016 data as well as an overview of the future physics program
which will benefit from the next upgrade of the particle identification (PID)
system with the addition of the DIRC detector.

2 The Beamline

The Hall D takes advantage of the 12 GeV electron beam from the upgraded
CEBAF. The electrons pass through a bremsstrahlung radiator and then into
the dipole magnet for tagging the energy of the scattered electrons (see Fig. 1
on the left). For the electrons producing a bremsstrahlung photon in the region
between 25% and 98% of the primary electron beam energy, the scattered
electrons are detected in a pair of tagger hodoscopes, hence tagging the energy
of the photon. For 12 GeV/c electrons, the fine-grained Tagger Microscope
(TAGM) has been placed to tag photons in the range between 8.2 GeV and
9.2 GeV, with each microscope element spanning 10 MeV in energy. For both
higher and lower energy photons, the Tagger Hodoscope (TAGH) tags photons
using elements about 30 MeV wide.

Fig. 1 A sketch of the photon tagger and the GlueX detector at JLab.

A 20 µm diamond crystal is utilized as a radiator to produce a linearly
polarized coherent bremsstrahlung photon beam. The photons in the coherent
peak range from 8.4 GeV to 9 GeV and are linearly polarized relative to
the crystal axes in the diamond with an expected polarization of ∼ 40%.
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The diamond can be rotated to produce two perpendicular directions of the
polarization. The photons travel through an 80 m long vacuum beamline before
entering Hall D. Since the coherent bremsstrahlung photons are produced in
the direction of the incident electrons, while the incoherent bremsstrahlung
photons are produced within a cone around this direction, the off-axis photons
are removed by passing the beam through a 3.4 mm diameter collimator. The
photons pass then through a Triplet Polarimeter which is used to monitor
the linear polarization, an information needed in the measurements of the
beam asymmetry as explained in the following. Successively they enter a Pair
Spectrometer system [3] that is used to monitor both the energy and intensity
of the beam. Finally the photons reach the GlueX spectrometer to impinge on
the liquid hydrogen target to produce the physics events that will be detected.
The initial operation of GlueX was with beam intensity of 107 γ/s in the
coherent peak. The ultimate rate is expected to be an order of magnitude
higher.

3 The GlueX Detector and PID upgrade

The GlueX detector is represented schematically on the right part of Fig. 1.
It is characterized by a near uniform acceptance for both charged and neutral
particles in the polar angle range from 1◦ to 120◦. The 30 cm long liquid hy-
drogen target is located in the barrel part of the detector. The solenoid magnet
provides a magnetic field of about 2 T along the direction of the beam.
Particles produced in the interaction are first detected by a scintillator-based
Start Counter surrounding the target and the beamline in the forward direc-
tion. The Central Drift Chamber (CDC) [4] based on straw-tube technology
immediately surrounds the start counter and provides the position measure-
ment along the charged tracks with 150 µm accuracy in the r−φ plane and at
the mm level along the beam axis. It also provides a measurement of dE/dx for
charged tracks which allows to separate π/p up to a momentum of 1 GeV/c.
The Forward Drift Chamber (FDC) [5] complements the tracking system in the
forward region and performs PID by measuring dE/dx. The Barrel Calorime-
ter (BCAL) [6,7] surrounds the tracking devices inside the solenoid and covers
the polar angle acceptance between 11◦ and 120◦. The energy resolution is
σE/E ≈ 6%/

√
E ⊕ 2%. The timing information is used to provide time-of-

flight for particles interacting in the BCAL contributing to the global PID for
both charged particles and photons. The Forward Calorimeter (FCAL) [8] is
located downstream of the solenoid magnet to cover a range in polar angles
between 1◦ and 11◦. FCAL is sensitive to photons with energy above 100 MeV
and has a similar energy resolution to BCAL. The Time-Of-Flight (TOF) wall
located upstream of FCAL comprises two layers of scintillator bars which are
read out on both sides using photomultiplier tubes. The TOF contributes to
the PID of forward going particles by providing the timing and energy-loss
information, with a timing resolution of 100 ps. All of the detector systems
are now performing near the design specifications.
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Fig. 2 (left) Energy loss dE/dx in the CDC (middle) β as determined from TOF and (right)
the energy measured by the FCAL divided by the momentum of the associated track. All
these quantities are shown as a function of the reconstructed momentum of the track.

An example of the PID capabilities are shown in Fig. 2 for CDC, TOF, and
FCAL respectively, as a function of the particle momentum. The energy loss
in CDC (Fig. 2 (left)) allows to separate the proton from the other positively
charged particles up to 1 GeV/c. The TOF β (Fig. 2 (middle)) is characterized
by clear bands for for π+, K+, e+, and p, with a distinguishable proton up
to 3 GeV/c and effective π/K separation up to about 2 GeV/c. Fig. 2 (right)
shows the ratio of the energy deposited in FCAL normalized to the associated
track momentum as a function of the track momentum. This quantity allows
to separate electrons/positrons (E/p ∼ 1) from hadrons in the FCAL.

Different types of measurements are planned to take advantage of the
potential of the GlueX detector. The physics program began in 2016, the
first data being already sufficient to measure the beam asymmetry for several
photo-produced reactions (e.g. γp → pX,X = π, η, η′, ρ, ω, φ), as reported
briefly in the following section. The physics data from 2017 and 2018 (planned
at low intensity with 10 MHz in the peak) will allow to measure cross sec-
tions, spin-density matrix elements, as well as the start of the exotic hybrids
search and the partial wave analysis program. The GlueX strangeness pro-
gram complements the mapping of the hybrid spectrum by identifying final
states with kaons. In particular, the quark flavor composition of a meson can
be experimentally inferred by comparing the branching ratios for strange and
non-strange decays. A systematic study of the kaon final states is planned for
2018 after the upgrade of the PID system.

A new DIRC (Detection of Internally Reflected Cherenkov light) detec-
tor [9] will be installed in the forward region of the spectrometer. After the
installation is completed, GlueX will run in a high intensity mode (50 MHz in
the peak) focusing on the identification of states with hidden strangeness and
hyperon resonances. The four existing BaBar DIRC [10] bar boxes filled with
long and narrow radiators (1.75×3.5×490 cm3) will be reused in the GlueX
DIRC without any modifications. Each pair of boxes will be attached to a new
compact photon camera, inspired by [11]. Further details on the DIRC design
can be found in [12,13]. The GlueX DIRC is located about 4 m away from
the target and forms a thin wall of fused silica radiators attached to photon
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cameras read-out by an array of multi-anode photomultipliers (MaPMT).
The DIRC will cover the polar angle range from 2◦ to 11◦ and requires four
unaltered BaBar bar boxes each made of 12 radiators. The bar boxes will be
oriented horizontally and installed upstream of the TOF detector, with two
bar boxes above and two below the beam and each pair attached to a photon
camera (one of which located to the left, the other to the right of the beam
respectively). The construction has been started, and the calibration system
is being studied. The GlueX DIRC will provide a clean separation between
π/K of at least 3σ for momenta less than 4 GeV/c.

4 Preliminary results

The primary goal of the GlueX experiment is to search for and ultimately
map out the spectrum of light quark hybrid mesons using partial wave analysis.
In the next years the beam intensity will be increased to cover all parts of the
GlueX exotic hybrid program. An extensive research program complements
and enhances these physics goals. This ranges from studies of photo-produced
resonances to physics beyond the Standard Model. The first data collected in
Spring 2016 allowed for several physics opportunities (most of which shown at
DNP, Vancouver 2016). Part of these topics is briefly reported in what follows.

Early Spectroscopy and Asymmetries: The beam asymmetry Σ provides
insight into the dominant production mechanism [14], whose understanding is
crucial to disentangle the JPC of observed states in the exotic hybrid search.
GlueX has measured the photon beam asymmetry for the reactions γp→ π0p
and γp→ ηp [15] using the 9 GeV linearly-polarized, tagged photon beam inci-
dent on a liquid hydrogen target. It’s worth mentioning that the asymmetries,
measured as a function of the proton momentum transfer, possess greater pre-
cision than previous π0 measurements, and are the first η measurements in
this energy regime. The photon beam linear polarization is measured using
the Triplet Polarimeter, with the azimuthal angle of the beam photon’s lin-
ear polarization plane in two configurations, PARA (φγlin =0◦) and PERP
(φγlin =90◦). Σ is extracted as the only free parameter of the fit of the yield
asymmetry defined by combining the two perpendicular configurations as a
function of the azimuthal angle of the production plane defined by the fi-
nal state proton, φp, as shown in Fig. 3. The results on the asymmetry are
compared to existing theoretical predictions based on t-channel, quasi-particle
exchange [16,17,18], and are thus expected to contribute to our comprehension
of the production mechanism in photo-production at high energy.

Transition Form Factors: Radiative decays of mesons are powerful probes
of the hadron structure. The GlueX experiment will produce and record huge
samples of light mesons, opening the possibility to study their radiative decays
and to measure the transition form factors of the η and η′ mesons [19].
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Fig. 3 (top) γp → π0p yield versus φp integrated over −t for (a) PERP and (b) PARA.
(c) The yield asymmetry to extract the beam asymmetry Σ. (bottom) (a) Σ for γp→ π0p
and (b) γp→ ηp. See for more details [15].

Fig. 4 M(e+e−γ) invariant mass from the
process γp→pe+e−γ with part of the data col-
lected in 2016 at GlueX, corresponding ap-
proximately to 1% of the total integrated lu-
minosity that will be collected in the next years
(cf. ‘Phase IV’).

The TFF’s are important in
studies of the muon anomalous
magnetic moment, aµ = (gµ −
2)/2, since the hadronic light-by-
light (HLbL) scattering contribu-
tion to aµ includes two meson-
photon-photon vertices that can
be related to the form factors
in P → γγ∗ → γe+e− decays
[20]. Models describing these tran-
sitions should be tested as pre-
cisely as possible to reduce the un-
certainty in the SM prediction for
aµ. The low Q2 slope of the TFF
provides a unique method to mea-

sure the pseudo-scalar meson radius, whose physical interpretation has still
not completely been explored by the theory. A recent study [21] including first
results with real data suggests that GlueX will be competitive in the next
years with the current experimental results of the η(′) TFF’s measurements
[22,23]. A preliminary plot of the invariant mass distribution in the e+e−γ
channel is shown in Fig. 4.

Physics Beyond the Standard Model : Dark Matter (DM) dominates the
matter density in the universe, but very little is known about it. Its exis-
tence and stability provides a strong hint that there may be a dark sector,
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which consists of a rich symmetry structure with new forces and new par-
ticles not interacting by the known forces (with the exception of gravity).
Consequently, the discovery of these particles would have a profound impact
in our understanding of the universe. There are only a few well-motivated in-
teractions that provide a “portal” from the SM sector into the dark sector
[24], among these the dark vector portal has inspired a global effort at high
intensity frontier centers at intermediate energies like Jefferson Lab. A com-
pelling dark-force scenario consist of promoting the baryon number to a gauge
symmetry U(1)B , in this way extending the SM to produce new bosons with
direct coupling to quarks and not to leptons (viz. “leptophobic B bosons”).

Fig. 5 Existing limits on B bosons compared
to the expected sensitivity obtained from η de-
cays at JEF [26] and photoproduction [25].

If U(1)B is broken, B is a mas-
sive vector boson with quark
couplings. This B boson has
IG(JPC) = (0−)1−−, similarly
to ω and φ. Recently the di-
rect photoproduction of leptopho-
bic bosons that couple to quarks
has been calculated [25] and it has
been estimated that γp→ pB will
provide the best sensitivity for B
masses above 0.5 GeV, as shown
in Fig. 5. GlueX will discover or
tightly constrain the existence of
a directly photo-produced B bo-
son in this mass range. Prelimi-
nary results based on 2016 data
and scaled to the higher integrated
luminosity of GlueX Phase IV

are consistent with these predictions [27].

5 Summary

The GlueX experiment has been successfully commissioned, and the first
analyses based on the available data are in progress. This paper in section 4
reports on some of the first physics results obtained: (i) early spectroscopy
and the beam asymmetry measurements [15], (ii) transition form factors with
radiative decay studies showing encouraging results and (iii) beyond Standard
Model searches with scaled preliminary results consistent with predictions.

The first stage of GlueX running at low intensity (10 MHz in the peak)
is dedicated mainly to measurements of cross-sections, asymmetries, and spin-
density matrix elements, along with the identification of known resonances and
hybrids using partial wave analysis. After 2018 it is planned to increase the
beam intensity by a factor of 5 to cover all parts of the GlueX exotic hybrid
program and upgrade the PID system by installing the DIRC detector.
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