
              III: a path to the 
luminosity frontier in Hall D         
Justin Stevens, on behalf of the GlueX Collaboration

PR12-24-006



              III: a path to the 
luminosity frontier in Hall D         
Justin Stevens, on behalf of the GlueX Collaboration

PR12-24-006

May Collaboration Meeting “PhysicsFest”:  
30+ unique analyses presented



Justin Stevens,PAC52: GlueX-III

GlueX-III: Executive Summary
Beam Request:  

200 PAC days at 12 GeV, 600 nA (twice GlueX-II)


Enables a broad Physics Program: 

More than doubling  precision: probe  
production mechanism and proton’s gluonic structure


Unique access to 5x more  and 10x more  
than expected from currently approved GlueX running


Extend hybrid program: establish  photoproduction 
mechanism and search for  and kaon hybrids 

J/ψ cc̄

χcJ ψ(2S)

π1
η1

3
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GlueX-I (2016-2018): 120 PAC days with 150-250 nA 
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The GlueX Beamline and Detector 
NIM A 987, 164807 (2021)
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PRC 108 (2023) 025201World-unique polarized 
photoproduction data: 30+ PhDs, 10 
papers: ALP search, production 
dynamics, hyperons, exotics, etc.


First observation of  at JLab; 
published precision total and 
differential cross sections: 2.2k 
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Interpretation of GlueX-I results

5

t-channel:  
gluon GPDs, mass radius

Partonic approach provides sensitivity to 
gluonic structure of the nucleon through 
differential cross section , with consistent 
between  (Hall C) and GlueX-I


Significant interest in sensitivity to gluon GPDs, 
mass radius, etc. 


GPDs:

Lattice:  

Holographic:

dσ/dt
J/ψ − 007

PRC 108 (2023) 025201
Nature 615 (2023) 813

Guo, Ji, Yuan: PRD 109 (2024) 
Guo, Ji, Liu, Yang: PRD 108 (2023) 

Mamo and Zahed: PRD 106 (2022), PRD 108 (2023) 
Hatta and Yang: PRD 98 (2018)

Hackett, Pefkou, Shanahan: arXiv:2310.08484 
Pefkou, Hackett, Shanahan: PRD 105 (2022)
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Interpretation of GlueX-I results
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open charm
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Mesonic approach sensitive to “cusps” 
near opening of open charm thresholds in 
total cross section 


Fits with both single channel (Pomeron) 
exchange and multichannel (Pomeron + 
open charm) are compatible with GlueX-I 
and  dataJ/ψ − 007
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Existing data consistent with multiple production 
mechanisms, requiring new data
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Proposed  results from GlueX-IIIJ/ψ

Two high-level results expected from GlueX-III:


Pin down mesonic (open charm) contributions


Test partonic (gluon) approach with scaling of 
differential cross sections
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Sensitivity to open charm contribution
Sensitivity of GlueX I+II+III determined in 
collaboration with JPAC from pseudodata 
generated with the 1C and 2C models


If the new data follows the 2C model, then it will be 
significantly distinguishable from the 1C hypothesis

PRD 108, (2023) 054018
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 projection

dσ/dtGlueX-III 
 projection
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Analyzed 1/3 of approved data, expect 
5.4k  when completed


First observation of  photoproduction 
with current GlueX data


Phasespace for  limited by 
electron beam energy

J/ψ

χcJ

ψ(2S)
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GlueX-II (2020-2026?): 200 PAC days with 300 nA
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Beyond the : limitations of GlueX-IIJ/ψ

BR(χc1 → γJ/ψ) = 34.3 %

BR(χc2 → γJ/ψ) = 19.5 %
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Beyond the : limitations of GlueX-IIJ/ψ

Analyzed 1/3 of approved data, expect 
5.4k  when completed


First observation of  photoproduction 
with current GlueX data


Phasespace for  and  limited 
by electron beam energy

J/ψ

χcJ

χcJ ψ(2S)

GlueX-II (2020-2026?): 200 PAC days with 300 nA
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First observation of C-even  
photoproduction with current GlueX data


Requires broad calorimeter coverage 
for radiative decay


Significant impact of CEBAF energy 
reaching full 12 GeV


Provide data for more holistic theoretical 
description of threshold  production: 




Important to validated production 
models for  and potentially more 
exotic states at EIC and JLab 22 GeV

χcJ

cc̄
J/ψ, χcJ, ψ(2S)

cc̄

Uniqueness of GlueX-III  programcc̄
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First observation of C-even  
photoproduction with current GlueX data


Requires broad calorimeter coverage 
for radiative decay


Significant impact of CEBAF energy 
reaching full 12 GeV


Provide data for more holistic theoretical 
description of threshold  production: 




Important to validated production 
models for  and potentially more 
exotic states at EIC and JLab 22 GeV

χcJ

cc̄
J/ψ, χcJ, ψ(2S)

cc̄

Uniqueness of GlueX-III  programcc̄
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PRD 102, 114010 (2020) 
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First observation of C-even  
photoproduction with current GlueX data


Requires broad calorimeter coverage 
for radiative decay


Significant impact of CEBAF energy 
reaching full 12 GeV


Provide data for more holistic theoretical 
description of threshold  production: 




Important to validate production   
models for  and potentially more 
exotic states at EIC and JLab 22 GeV

χcJ

cc̄
J/ψ, χcJ, ψ(2S)

cc̄

Uniqueness of GlueX-III  programcc̄
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PRD 102, 114010 (2020) 
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Proof of principle data in 2023 to demonstrate 
performance of existing detectors


Transition Radiation Detector (TRD): provides 
factor 10 pion suppression for di-lepton studies


GlueX I+II+III totals: 19k , 450 , 200 J/ψ χcJ ψ(2S)

GlueX-III (this proposal): 200 PAC days at 12 GeV with 600 nA

GlueX-II GlueX-III

III
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Proof of principle data in 2023 to demonstrate 
performance of existing detectors


Transition Radiation Detector (TRD): provides 
factor ~10  suppression at 90%  efficiency


GlueX I+II+III totals: 19k , 450 , 200 

π± e±

J/ψ χcJ ψ(2S)

16

TRD

TRD prototype performance

TRD 1/4 scale prototype

GlueX-III (this proposal): 200 PAC days at 12 GeV with 600 nA

III
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TRD

Proof of principle data in 2023 to demonstrate 
performance of existing detectors


Transition Radiation Detector (TRD): provides 
factor ~10  suppression at 90%  efficiency


Projected  totals: 19k , 450 , 200 

π± e±

cc̄ J/ψ χcJ ψ(2S)

GlueX-III (this proposal): 200 PAC days at 12 GeV with 600 nA

III
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TRD

GlueX-III (this proposal): 200 PAC days at 12 GeV with 600 nA

Extending hybrid 
meson spectroscopy

III

Proof of principle data in 2023 to demonstrate 
performance of existing detectors


Transition Radiation Detector (TRD): provides 
factor ~10  suppression at 90%  efficiency


Projected  totals: 19k , 450 , 200 

π± e±

cc̄ J/ψ χcJ ψ(2S)
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Status of meson spectroscopy:  exampleη(′ )π

19

Broad overlapping resonances requires 
amplitude analysis, described by 
production and decay angles


Polarized photon beam provides new 
information on production mechanism 

a2(1320)
<latexit sha1_base64="SoYY4kTm6eaDQ3FAFW7LNAm6qgY=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUzZCZDm3dFd24rGAf0g4lk2ba0ExmSDJCKf0KNy4UcevnuPNvzLQVVPTAhcM593LvPUHCmdIIfVi5tfWNza38dmFnd2//oHh41FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnK/M49lYrF4lZPE+pHeCRYyAjWRrrDA7fsVFx0PiiWkH1Rr7peFSIboZrjOhlxa17Fg45RMpTACs1B8b0/jEkaUaEJx0r1HJRof4alZoTTeaGfKppgMsEj2jNU4Igqf7Y4eA7PjDKEYSxNCQ0X6veJGY6UmkaB6YywHqvfXib+5fVSHdb9GRNJqqkgy0VhyqGOYfY9HDJJieZTQzCRzNwKyRhLTLTJqGBC+PoU/k/aru1UbPfGKzUuV3HkwQk4BWXggBpogGvQBC1AQAQewBN4tqT1aL1Yr8vWnLWaOQY/YL19Ath0jyM=</latexit>
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 spectroscopy at ηπ

20

a0 a2 �++

η

π−

Broad overlapping resonances requires 
amplitude analysis, described by 
production and decay angles


Polarized photon beam provides new 
information on production mechanism 
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Understanding production 
mechanism for conventional 
mesons, e.g.  through        
unnatural  exchange 


With well-described 
resonances try new approach:
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Semi-mass independent PWA

 spectroscopy at ηπ
Broad overlapping resonances requires 
amplitude analysis, described by 
production and decay angles


Polarized photon beam provides new 
information on production mechanism 
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Status of exotic  search with GlueX-Iπ1

22

Large  
excluded 
from 

π1

ηπ

Recent Lattice QCD prediction for  decay widths 
allowed us to set the first upper limit on exotic photoproduction


Project upper limits onto  decay modes for observation 
in pion production:  and 

π1(1600)

π1(1600)
ηπ η′ π

arXiv:2407.03316 
Submitted to PRL

γp → ηπ−Δ++ γp → η′ π−Δ++

 could be 
significant 

relative to 

π1

a2
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Δ

interference of even and odd (spin-exotic!) waves

GJ < 0
P -wave at GlueX? M(η’π-) [GeV/c2]
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COMPASS: PLB 740 (2015) 303Mη′ π = 1600 MeV
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Extending hybrid program with GlueX-III

24
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Many studies will still be statistics-limited after GlueX I+II 
are completed, focus on rare production or decay


Establish the  and its production mechanism, with 
unique sensitivity to photocouplings


Search for exotic hybrid nonet, including  
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Summary
The                experiment has acquired an unprecedented 
polarized photoproduction dataset and the meson 
spectroscopy program is well underway


Broad interest in threshold  production for both 
spectroscopy and structure, but more data needed on 
production mechanism for interpretation


GlueX-III provides unique sensitivity to understanding the 
 production mechanism and the only opportunity to 

study  and  at JLab with 12 GeV


Extension of light hadron spectroscopy in parallel with  
program utilizes same well-developed infrastructure

cc̄

J/ψ
χcJ ψ(2S)

cc̄

25

GlueX acknowledgements: gluex.org/thanks

http://gluex.org/thanks
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Backup

26
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Summary of  data and projectionscc̄

2025-2026?

2025-2026?
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Linearly polarized beam asymmetry

 asymmetry sensitive to exchange naturality:                 
+1 = natural (2-gluon) vs -1 = unnatural (3-gluon) exchange


GlueX-III roughly triples the  yield in the linearly 
polarized coherent peak to determine exchange naturality

Σ

J/ψ

29
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Amplitude:  1.00 ± 0.28Amplitude:  1.00 ± 0.40
Projected GlueX I + II Projected GlueX I + II + III

A = Σ cos(2(ϕhel − Φ))
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pentaquarks
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t-channel:  
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s-channel:   
pentaquarks

open charm: 
 , D̄*ΛC D̄Λc

t-channel:  
gluon GPDs, mass radius

Differential cross sections

PRD 108, (2023) 054018
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ALICE TRD Performance for 90%  effic. 
Prototype test: JPG 32 (2006)

e±

Prototype achieved performance 
in-line with simulation and radiator 
length dependence: factor ~10  
rejection at 90%  efficiency  


15 cm thick radiator chosen to 
minimize material upstream of 
calorimeter, while significantly 
improving di-lepton identification

π±

e±

θ = 15∘

 θ < 5∘

3 < p < 6 GeV/c

TRD prototype performance
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ALICE TRD: Space-charge Issue 
Prototype test: NIM A 525 (2004)

TRD signal with conventional wire-chamber 
(e.g. ALICE) significantly degraded by 
spaced-charge for low incident angle tracks


GlueX TRD covers , requiring a GEM 
chamber to maintain pion rejection


GEM prototype demonstrated required 
performance for small incident angles

θ < 11∘
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Q1:  Can you please give details on the schedule for the full detector production. We would like to see the final 
results of the small detector test and understand when and how the full detector will be realized.  Is this 
“minimal configuration” enough? 

The small prototype detectors (10x10 cm^2) have been tested with electrons in the Pair Spectrometer and downstream 
of the GlueX solenoid in Hall D during separate run periods.  They were exposed to electrons and pions, respectively, in 
these two configurations (see the answer to question 4). We have started testing the large-scale (¼ of the full detector) 
prototype (see the next answer). All the estimations in the proposal assume using this ¼ scale prototype.

Once the performance of the ¼ scale prototype is evaluated (expected by spring of 2025) we plan to start the production 
of the full detector, taking into account possible modifications and improvements. Detailed schedule includes:

• Design of the full detector - April-June 2025 
• Procurement of long-term items (GEM foils and readout boards from CERN) - June 2025 
• Design of the tools needed for the production - July-August 2025 
• Production of all the frames and tools needed for the production -  September-December 2025 
• Assembling of the detector and performing initial tests step-by-step during the assembly - January-May 2026 
• Final tests of the assembled detector (HV tests, gas tightness, cosmics tests) June-July 2026 
• Delivery of the detector and installation in Hall D - August-November 2026 
• December 2026 - ready for commissioning 

Based on the experience with the production of the ¼ scale prototype and other large GEM detectors,the full detector can 
be manufactured in less than two years. 

The ¼ scale prototype can be used with existing electronics, however using the spare flash ADC125 modules. In parallel 
we are working towards implementing new readout electronics, based on the OpenVPX system (designed and tested at 
Juelich Forschungszentrum). The new electronics needed for the full detector is expected to be ready by the end of 2025, 
while we will have the first prototypes in the coming months this year. We are also working on building a recirculating gas 
system.  An initial prototype of the system has been built and we plan to evaluate its performance together with experts 
from the ATLAS TRT detector. Finally, during the tests of the large-scale prototype, we evaluated the quality of the 
radiator material used at HERMES (that we have on-site)  in producing transition radiation, and found it compatible with 
the best radiators we have used so far.
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Q2:  Is it worthwhile to pursue any measurements before the TRD is fully implemented into GLUEX?

The large-scale prototype (¼ of the full detector) has been tested recently in the Hall D Pair Spectrometer arm 
but using Krypton instead of Xenon. Even so, the response of the detector with/without radiator was similar to 
the results with the small prototypes filled with Xenon. We plan to perform tests of the large-scale prototype 
downstream of the solenoid in the coming run.

The answer to the question is “yes” – the projections in the proposal are based on having only this ¼ scale 
prototype installed.  Therefore the proposed program can begin with this version of the TRD and transition to 
the full detector when it becomes available.  (Some measurements, like the chi_cJ cross sections, have unique 
kinematics that can be used to suppress background and do not require the TRD.)

Q3:  What is the output of the Carnegie Mellon University internal review committee?

We assume this refers to the internal review committee that was appointed by the Collaboration Board Chair, 
Naomi Jarvis from Carnegie Mellon.  The members of that committee were Garth Huber (U. Regina), Werner 
Boeglin (Florida International U.), and Beijiang Liu (Institute for HEP in Beijing).  We will provide a PDF with the 
concluding report of the internal review committee that was communicated to the GlueX Collaboration.  We 
would like to note that the report and the proposal you have comes at the end of the review process.  There 
was significant discussion and some revision of the proposal through the internal review.

Finally, the GlueX Collaboration voted positively to endorse the proposal, which was communicated to the PAC 
in a letter from Matt Shepherd on behalf of the Collaboration.

(The committee report is in the Document Database here.)

Questions from PAC readers

https://halldweb.jlab.org/DocDB/0064/006466/001/committee_report_final.pdf
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Q4:  When talking about the TRD, the separation of e/pi should be better quantified.

From the studies with small prototypes, exposed to electrons and pions in separate runs, we found a pion 
suppression factor of 10 at 90% electron detection efficiency. MC simulation of the transition radiation in the radiator 
and absorption in the Xenon gas gives very similar results. Tests with mixed electron/pion beams have been 
performed at Fermilab, however the quality of the beam didn’t allow to extract pure enough samples of electrons and 
pions.

Q5:  Why are you talking about to “run concurrently” when the other mentioned proposals are just LoIs?

We submitted two separate LoI’s to PAC 51 last year.  One LoI was focused on the development of the TRD and the 
second LoI was focused on a broad program of running GlueX at high intensity.  The PAC 51 report comments for 
both LOI-12-23-007 and LOI12-23-010 had the suggestion: “It could be helpful if the programs described here were 
able to run concurrently with the one described in…” the other LOI.  Hence we have combined them into the proposal 
that you are reviewing now. 

Q6:  Fig. 1: Are you really suggesting to be able to disentangle the curves?

The curves illustrate successively more complex models where couplings to 1 (red) or 2 (green) open channels are 
significant and ultimately the presence of a resonance (orange) cannot be excluded by the data.  The more complex 
models can be smoothly tuned to recover the simpler models by setting coupling constants to zero.  A goal of the 
measurement is to attempt to establish the significance of coupled-channel effects.  This would be done by showing 
the simplest model (blue curve) is inadequate to describe the data and there is statistically significant evidence for 
non-zero couplings to other open channels.  If this were the case, then these effects influence the factorization 
assumptions used to interpret the data in the context of measuring the gravitational form factors.  We will never be 
able to rule out the complex models as the parameters can be tuned to smooth the curves.  We can only show that 
these complexities are not necessary to describe the data.

Questions from PAC readers
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Dudek et al. PRD 88 (2013) 094505
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Hybrid meson: excited gluonic field coupled to  pair 


“Exotic” JPC: not simple  from the non-rel. quark model 

qq̄

qq̄

JPC = 0+�, 1�+, 2+�...
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GlueX-I: completed in 2018, full 
dataset under analysis ~118 pb-1


GlueX-II: doubled beam intensity 


 identification added in 
2020 with DIRC detector


PbWO4 calorimeter upgrade 
underway ready for 2024


Completed Primakoff expts.: 
PrimEx- , Pion Polarizability


Future program with increased 
intensity, polarized target, etc.

π/K

η
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                datasets GlueX-I dataset: 2017-2018  
250 B events and ~3 PB of data

200M 2M
40M 10M
2M 2k

ρ(770)
ω(782)
ϕ(1020) J/ψ

ωπ
ηπ
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parameters. The statistical significances of all resonances in
the PDG-optimized set are reevaluated in the presence of the
η1 state. Resonances with significance less than 5σ are
removed. The resulting baseline set of amplitudes contains a
significant contribution from an isoscalar state with exotic
quantum numbers JPC ¼ 1−þ, denoted as η1ð1855Þ. Its
statistical significance is 21.4σ, and its mass and width are

ð1855%9statÞMeV=c2 and ð188%18statÞMeV, respectively.
In addition, the baseline set of amplitudes includes four 0þþ

resonances [f0ð1500Þ, f0ð1810Þ, f0ð2020Þ, f0ð2330Þ], two
2þþ resonances [f2ð1565Þ, f2ð2010Þ], a nonresonant con-
tributionmodeled by a 0þþ ηη0 systemuniformly distributed
in phase space (PHSP), and two 1þ− resonances [h1ð1415Þ,
h1ð1595Þ] in the γη system. In addition, a 4þþ resonance
f4ð2050Þ with statistical significance 4.6σ is included.
The results of the PWA with the baseline set of

amplitudes, including the masses and widths of the reso-
nances, the product branching fractions J=ψ → γX → γηη0

or J=ψ → ηð0ÞX → γηη0, and the statistical significances,
are summarized in Table I. The measured masses and
widths of the f0ð2020Þ and f2ð2010Þ are consistent with
the PDG [34] average values. The measured mass of the
f0ð2330Þ, which is unestablished in the PDG [34], is
consistent with the results of Ref. [35], but our measured
width is 79 MeV smaller (3.4σ).
Figure 1 shows the invariant mass distributions of

Mðηη0Þ, MðγηÞ, and Mðγη0Þ for the data (with background
subtracted) and the PWA fit projections. Figure 1 also
shows the cos θη distribution, where θη is the angle of the η
momentum in the ηη0 (Jocob and Wick) helicity frame [37].
This angle carries information about the spin of the particle
decaying to ηη0. Figure 2 shows the Dalitz plots for the
PWA fit projection, the selected data, and the background
estimated from the η0 sideband.

TABLE I. The masses, widths, BðJ=ψ → γX → γηη0Þ or
BðJ=ψ→η0h1→γηη0Þ (B.F.), and statistical significances (Sig.)
for each component in the baseline set of amplitudes. The first
uncertainties are statistical, and the second are systematic.

Resonance M (MeV=c2) Γ (MeV) B.F.(×10−5) Sig.

f0ð1500Þ 1506 112 1.81% 0.11þ0.19
−0.13 > 30σ

f0ð1810Þ 1795 95 0.11% 0.01þ0.04
−0.03 11.1σ

f0ð2020Þ 2010% 6þ6
−4 203% 9þ13

−11 2.28% 0.12þ0.29
−0.20 24.6σ

f0ð2330Þ 2312% 7þ7
−3 65% 10þ3

−12 0.10% 0.02þ0.01
−0.02 13.2σ

η1ð1855Þ 1855% 9þ6
−1 188% 18þ3

−8 0.27% 0.04þ0.02
−0.04 21.4σ

f2ð1565Þ 1542 122 0.32% 0.05þ0.12
−0.02 8.7σ

f2ð2010Þ 2062% 6þ10
−7 165% 17þ10

−5 0.71% 0.06þ0.10
−0.06 13.4σ

f4ð2050Þ 2018 237 0.06% 0.01þ0.03
−0.01 4.6σ

0þþ PHSP & & & & & & 1.44% 0.15þ0.10
−0.20 15.7σ

h1ð1415Þ 1416 90 0.08% 0.01þ0.01
−0.02 10.2σ

h1ð1595Þ 1584 384 0.16% 0.02þ0.03
−0.01 9.9σ
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FIG. 1. Background-subtracted data (black points) and the PWA fit projections (lines) for (a),(b),(c) the invariant mass distributions of
(a) ηη0, (b) γη, and (c) γη0, and (d),(e) the distribution of cos θη, where θη is the angle of the η momentum in the ηη0 (Jocob and Wick)
helicity frame for (d) all ηη0 masses and (e) ηη0 masses between 1.7 and 2.0 GeV=c2. The red lines are the total fit projections from the
baseline PWA. The blue lines are the total fit projections from a fit excluding the η1 component. The dashed lines for the
1−þ; 0þþ; 2þþ; 4þþ, and 1þ− contributions are the coherent sums of amplitudes for each JPC. Note that the process J=ψ → ϕη0, ϕ → γη
is rejected, which leads to the depletion of events around 1.02 GeV=c2 in MðγηÞ.
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Many studies will still be statistics-limited after GlueX I+II 
are completed, focus on rare production or decay


Establish the  and its production mechanism, with 
unique sensitivity to photocouplings


Search for exotic hybrid nonet, including  
candidate observed at BESIII and hybrid kaon partners

π1

η(′ )
1 → η′ η


