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Experiment Overview

 The electron beam produced by CEBAF 
scatters with a deuterium target 
through the exchange of a quasi-real 
photon 𝑄2~0.

 The hadron and 𝑒+𝑒− pair produced in 
J/ψ decay are detected in the FD.

 Analyses based on chanser framework: 
https://github.com/dglazier/chanser

J/ψ quasi-real photoproduction

𝑒 𝑝𝑏𝑜𝑢𝑛𝑑 → e′ 𝑒+𝑒−p
𝑒 𝑛𝑏𝑜𝑢𝑛𝑑 → (e′)𝑒+𝑒−n

Feynmann diagram of 𝑃𝐶
+

pentaquark photoproduction.

https://github.com/dglazier/chanser


Goals

 Study the production mechanism of 
J/𝜓 near threshold by measuring the 
total cross section as a function of 
beam energy.

 Study the distribution of color 
charge in the nucleon by 
measuring the t-dependency of the 
differential cross section of J/𝜓
photoproduction.

 Compare both cross sections when 
J/𝜓 is produced on the proton or 
neutron 

The J/ψ total cross section as a function of 

beam energy, scaled to GlueX data [2]. 



Charged Particles

 e+ are identified using a classifier trained on 
ECAL/PCAL variables.

 e- are identified with the event builder, with 
some refinements such as cuts on the energy 
deposition in the ECAL /PCAL.

 Protons are identified with the event builder.

 Fiducial cuts in the DC are applied to all three 
particles.

 Fiducial cuts in the PCAL are applied to leptons.

 Radiative corrections for e+/e- correct their 
momentum by adding that of neutrals 
detected within 0.7 degrees in theta



Neutron Path 

Corrections

RG-B 

spring2019

(10.6 GeV)

 In Pass1 reconstruction the neutron 
interaction point is set to the front face of the 
calorimeter when it should be within.

 Idea is to use ep->e’nπ+ and compare 
calculated to reconstructed neutron path.

 Here we check three datasets:

 RG-A spring2019 (10.2 GeV beam)

 RG-B spring2019 (10.6 GeV beam)

 RG-B spring2019 (10.2 GeV beam)

 Follows Stepan’s g10 analysis, includes work 
by Kayleigh Gates and Paul Naidoo.

https://userweb.jlab.org/~stepanya/g10/g10_n_detection.pdf


Neutron Path 

Corrections

 Correcting the path length means we 

can then correct the neutron 

Beta/momentum.

 We can use the same procedure to 

derive corrections for MC and data.

RG-B 

spring2019

(10.6 GeV)

MC – J/𝜓 simulation



Neutral ID

 As shown in the previous slide we have 

neutrons with high beta, making it hard 

to cut on Beta to ID neutrals.

 From simulation however it doesn’t look 

like we have large photon 

contamination past our exclusivity cuts.

 We therefore don’t apply any neutral 

PID.



Secondary Neutrons

 Neutrons often produce secondary 

neutrons, due to:

 real physical processes

 Issues in reconstruction? Peak finding 

algorithm creates two clusters?

 This effect is seen in similar rates in both 

CLAS12 and GEMC (~30% of entries) 

with usual cuts and analysis procedures 

applied. 

 Thanks to Cole Smith for helping me 

make some progress on this.



Secondary Neutrons

 Initial neutrons tend to occur first:

 Earliest time when in same calorimeter 

layer

 In layer closest to target when in different 

layers

 A couple of things left to iron out:

 What happens when I have more than 

one particle in a sector (ie photons that 

are faster than neutrons)?

 What happens if I have neutrons from 

another beam bunch?

MC

spring2019 

RGB



Neutron Selection

 We have two selection procedures:

 Only consider the earliest neutral in each 

sector as our main candidate.

 Otherwise rank by χ2 value calculated 

from exclusivity variables (𝑀𝑀2/𝑄2).

 χ2 calculated as:

χ2 = Σ𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠
(𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 − 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑)2

𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑

Spring2019 

RGB

Spring2019 

RGB



Event Selection

 As we’re interested in the quasi-real 
photoproduction regime we want 𝑄2

close to 0.

 Similarly, we want the missing mass 
close to the mass of the scattered 
electron (which is effectively 0).

 The widths of these distributions can be 
parametrised as a function of the quasi-
real photon energy.

 Here we show the parametrisations in 
MC. We can extract the same for 𝑀𝑀2

in data but we don’t have a good 
enough resolution for 𝑄2.



Invariant Mass

e+ e- n

σ𝑀𝑀2 𝐸γ < 3

σ𝑄2 𝐸γ < 6

e+ e- p

σ𝑀𝑀2 𝐸γ < 2.5

σ𝑄2 𝐸γ < 6

 We can the plot the e+/e- invariant mass 
to extract the J/𝜓 yield.

 Here we’re fitting this with a Gaussian and 

third order polynomial.

 We’re still trying to understand the 

difference in mean and sigma.



AI Reaction ID

 See Wednesday’s talk at the Software 
and Calcom session.

 Basic idea is that we can extract a 
very clean J/𝜓 signal using a classifier 
trained on P/Theta/Phi of our final 
state particles.

 This gives a systematic based on a 
tighter event selection.

 In practice we need Bethe Heitler for 
normalisation, this is being 
investigated within the AI Reaction ID 
project.

e+ e- n

σ𝑄2 𝐸γ < 3

R>0.9

e+ e- p

𝑄2 < 0.3 𝐺𝑒𝑉2

R>0.86



Acceptance

RG-BSpring2019 (10.2 GeV)

e+ e- p

e+ e- n

 Simulations of J/𝜓
photoproduction on a deuterium 
target were produced with 

elSpectro event generator and 

reconstructed in GEMC.

 The acceptance is calculated by 

taking the ratio of accepted to 

generated events.

 As expected the neutron channel 
has a worse acceptance than the 

proton channel.

https://github.com/dglazier/clas12-elSpectro


Acceptance

 One notable caveat to the 

acceptance calculation is that 

currently GEMC overestimates the 
neuron detection efficiency (NDE).

 This means that we underestimate the 

neutron channel yield once 

normalized by the acceptance.

From Lamya’s presentation for 

the Efficiency Task Force



Normalised Yields 

Ratio

 Here we plot the ratio (e+ e- p/e+ e- n)of 
the yields normalized by the acceptance.

 We extract the yields and acceptance in 
the 10.2 and 10.6 GeV run periods of 
spring2019 separately.

 We have one bin; the data points are 
plotted in the centre of the bins.

 For the full cross section ratio, we need 
Bethe Heitler normalisation.



Conclusion and Next Steps

 The analysis to compare J/𝜓 near threshold photoproduction on proton 

and neutron is well advanced.

 A more sophisticated fitting routing (either sPlot based or with MCMC 

parameter estimation) would be beneficial here as we have low 
statistics.

 We still need to extract the Bethe Heitler normalisation from data, 

including with the AI Reaction ID event selection.

 Ideally we’d want to repeat this analysis for J/𝜓 decaying to μ+μ−.



References

[1] R. Aaij et al. (LHCb Collaboration), Observation of a narrow 

pentaquark state, 𝑃𝑐(4312)
+, and of two-peak structure of the 𝑃𝑐(4450)

+, 

Phys. Rev. Lett. 122 22 (2019).

[2] A. Ali et al (GlueX Collaboration), First measurement of near-threshold 

J/ψ exclusive photoproduction off the proton, Phys. Rev. Lett. 123 072001

(2019).



Backup Slides



Acceptance

RG-A (Joseph’s Thesis)

Spring2019 (10.2 GeV)

Fall2018 (10.6 GeV)

RG-BSpring2019 (10.2 GeV)

e+ e- p

e+ e- n

 We can also compare the proton channel 

to Joseph’s analysis in RG-A (see later talk) 

on the Spring2019 dataset based on 

JPsiGen.

https://github.com/JeffersonLab/JPsiGen/tree/eb228791ea863fd1128a2d502176de54b3a5bc15


Multiple Reactions

 Three training samples:

 J/psi as before

 Bethe Heitler

photo/electroproduction

 Mismatched particles from events in 

both above

 Use TCSGen for Bether Heitler

photoproduction simulation and 

Grape for electroproduction.

 Overall accuracy of 90% on testing 

set.

https://github.com/JeffersonLab/TCSGen/tree/c90d8258f86b491abeef6d8f02116771d5bdaa7d


μ+μ− Invariant Mass

in RG-B

 We have several well defined
analyses procedures for the di-muon 

final state (see June 2021 meeting).

 This is produced on full spring2019 
dataset, with the caveat that the 

train used here has tighter energy

deposition requirements than

optimal.

 Also want to do the same with

μ+μ−n.

Preliminary



Normalised Yields AI Reaction ID

 Here we plot the ratio (e+ e- p/e+ e-

n)of the yields normalized by the 

acceptance.

 We extract the yields and acceptance 

in the 10.2 and 10.6 GeV run periods of 

spring2019 separately.

 We have one bin; the data points are 

plotted in the centre of the bins.


