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J/ψ Near Threshold 

Photoproduction

 CLAS12 operates close to the 8.2 GeV J/ψ
(𝑐 ҧ𝑐 meson) photoproduction threshold.

 Near threshold, the 3-gluon exchange’s 
contribution to the cross section is 
expected to dominate that of the 2-gluon 
exchange [2]. 

 [3] relates the nucleon gluonic form-
factor to the t dependency of the 
differential cross section.

 CLAS12 will make a first measurement of 
J/ψ near-threshold photoproduction on 
the neutron.

Measurements of the J/ψ total cross section as a 
function of the photon beam energy and 

theoretical predictions scaled to GlueX data [1]. 
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Mass Radius of 

the Nucleon

 The J/ψ differential cross section as a 

function of t can be related to the 

mass radius of the nucleon [4].

 Measurements on the proton at 
Jlab’s Hall-C are in good agreement 

with those from GlueX [5]. J/ψ differential cross section as a function of –t. 
Data from the GlueX Collaboration [1], plot 

taken from [4]. 
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Experiment Overview

 J/ψ decays to a lepton pair, with 𝑙+𝑙−

denoting either 𝑒+𝑒− or μ+μ−.

 CLAS12 took data with both a proton 
and a deuterium target offering several 
potential final states:

𝑒𝑝→e′J/ψ 𝑝→ e′ 𝑙+𝑙−𝑝

𝑒 𝑝𝑏𝑜𝑢𝑛𝑑 → e′J/ψ 𝑝 → (e′)𝑙+𝑙−𝑝

𝑒 𝑛𝑏𝑜𝑢𝑛𝑑 → e′J/ψ 𝑛→ e′ 𝑙+𝑙−𝑛

 Data analysis based on clas12root and 

chanser.

 Simulations with clas12-elSpectro and 

GEMC.

J/ψ quasi-real photoproduction 
on a proton target

https://github.com/JeffersonLab/clas12root
https://github.com/dglazier/chanser
https://github.com/dglazier/clas12-elSpectro


Lepton Identification
 Electrons and positrons are required to produce a signal 

in the HTCC and have a ratio of the energy deposition to 

momentum around 0.25.

 Muons are minimum ionising particles, which we select 

with cuts on their energy deposition in the calorimeters. 

 We refine leptons PID by training a machine-learning 

classifier on variables from several CLAS12 detector 

subsystems such as:

 Energy deposition and cluster information in the 

calorimeters.

 Number of photoelectrons produced in the HTCC.

 The PID process is then reduced to a cut on the response 

of the classifier.

Muons

𝒆+

π+



Hadron Identification

 For protons (and charged hadrons 

in general), PID is based on the 

Beta versus Momentum 

parametrization.

 For neutrons, we require a neutral 

charge. No further cuts were 

applied as there isn’t any strong 

evidence of photon contamination.
p
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Particle Corrections
 Radiative corrections for electrons/positrons add the 

momentum of radiated photons.

 Neutrons also produce secondary clusters. These are 
removed by taking the earliest neutral in a given
sector.

 The reconstructed path length for neutrons is 
corrected for a more accurate calculation of the 
momentum.

 We apply fiducial cuts to remove e+/e- hits close to 
the edges of the PCAL where the shower is not fully 
contained within the calorimeter. 

 Fiducial cuts in the drift chambers are applied to 
electrons, positrons, protons and muons by removing 
hits at the edge of the layers.

Thanks to

Cole Smith!



Event Selection

 We remove high-𝑄2 events to select only 
quasi-real photoproduction events.

 We also want the missing mass close to the 
mass of the scattered electron.

 Alternatively, we can train a neural 
network to distinguish between:

 J/𝜓 simulation.

 Mismatched particles from different events 
of the above.

 The neural network is trained on the four-
momentum of the final state particles and 
quantities like the missing mass.

𝑝𝑏𝑜𝑢𝑛𝑑 target

Using cuts on 

𝑄2 &missing mass

𝑝𝑏𝑜𝑢𝑛𝑑 target

Using neural network

Preliminary

Preliminary



Cross Section 

Calculation
 We can calculate the total cross section as:

σ 0 𝐸γ =
𝑁J/ψ

𝑁γ ∙ ρ𝑇 ∙ 𝑙𝑇 ∙ ω𝑐 ∙ 𝐵𝑟 ∙ ϵ 𝐸γ

 Where:

 𝑁J/ψ is the J/ψ yield in each 𝐸γ bin

 𝑁γ =
𝑄∗(𝐹𝑉+𝐹𝑅)

𝑒
the number of photons, with 𝑄 the 

accumulated charge, 𝐹𝑉 , 𝐹𝑅 the real and virtual 
photon flux, e the electron charge.

 ρ𝑇 the target density, 𝑙𝑇 the target length

 ω𝑐 is an overall normalisation factor (see Joseph’s 
talk)

 Br is the branching ratio (~6%)

 ϵ 𝐸γ is the acceptance in each 𝐸γ bin

Virtual Flux

Real Flux

Produced on bound proton

Produced on bound neutron



 Shown here is the total cross section 
measured in:

 𝒆𝒏𝒃𝒐𝒖𝒏𝒅 → (𝐞′)𝒆+𝒆−𝐧

 𝒆𝒑𝒃𝒐𝒖𝒏𝒅 → (𝐞′)𝒆+𝒆−𝐩

 𝒆𝒑→ 𝐞′ 𝝁+𝝁−𝐩

 𝒆𝒑→ 𝐞′ 𝒆+𝒆−𝐩
(Joseph Newton)

 We are still working on the absolute 
normalization.

 The 𝐿𝐷2 total cross sections were 
measured on the spring2019 RG-B 
dataset.

 The di-muon 𝐿𝐻2 total cross section was 
measured on the fall2018 RG-A dataset.

J/ψ Total Cross 

Section

Preliminary



J/ψ Differential 

Cross Section
 Shown here is the total cross section 

measured in:

 𝒆𝒏𝒃𝒐𝒖𝒏𝒅 → (𝐞′)𝒆+𝒆−𝐧

 𝒆𝒑𝒃𝒐𝒖𝒏𝒅 → (𝐞′)𝒆+𝒆−𝐩

 We are still working on the absolute 
normalization.

 The 𝑝𝑏𝑜𝑢𝑛𝑑 and 𝑛𝑏𝑜𝑢𝑛𝑑 total cross 
sections were measured on the 
spring2019 RG-B dataset.

 These agree well with other CLAS12 
measurements and the GlueX
measurement at 1.24 ± 0.07 GeV.

Preliminary



φ Total Cross 

Section

 Shown here is the total cross 
section measured in 𝑒𝑝→ e′ 𝑒+𝑒−p

 We used the fall2018 RG-A 
dataset.

 The φ total cross section can 
provide a cross check to the 
normalization by comparing to 
previous CLAS measurements.

 This is also relevant in the context 
of measuring the J/ψ scattering 
length.

Preliminary



Conclusion

 The near-threshold J/𝜓 photoproduction cross sections are related to the 
J/𝜓 production mechanism and the nucleon gluonic form factor.

 Near-threshold J/𝜓 photoproduction can be directly connected to the 
nucleon mass radius.

 We’re aiming for a first measurement directly comparing the J/𝜓
photoproduction cross sections on proton and neutron.

 AI based improvements in the tracking reconstruction at CLAS12 show an 
average 30% increase in the efficiency for 3 charged particles.



Backup Slides



𝑃𝐶
+ resonances with 

CLAS12

The J/ψ p invariant mass distribution measured 

at the LHCb. Taken from:

R. Aaij, et. al. (LHCb Collaboration), Phys. Rev. 

Lett. 122, 22 (2019).

 CLAS12 should be able to place 
upper limits on the branching 
fraction B(𝑃𝐶

+ → J/ψ p) and 
B(𝑃𝐶

+ → J/ψ n).

16/20



𝑃𝑐
+ Models

 Hadronic molecules: 
Weekly coupled charmed 
baryon and charmed 
meson.

 Hadro-charmonium 
states: compact bound 𝐜 ҧ𝐜
state and light quarks.

 Quarks in a bag: Two 
tightly correlated di-
quarks and an anti-quark.



Neutron Identification

 Qualitative arguments suggest 

there isn’t strong evidence of 

photon contamination.

 For example, photons are more 

likely than neutrons to interact with 

multiple layers in the CLAS12 

calorimeters.



ρ, ω and φ 

mesons

 Plotted here is the invariant mass of 

𝑒+𝑒− produced on a bound proton 

in the deuteron target.

 φ mesons are clearly resolved.

 ρ and ω mesons are unresolvable 

but clearly present.

ρ & ω 

φ

J/ψ


