
Pawel Nadel-Turonski 

Jefferson Lab 

Plans to measure J/ψ photoproduction 
on the proton with CLAS12 

Nuclear Photoproduction with GlueX, 
April 28-29, 2016, JLab 



Outline 

Introduction 

J/ψ on the proton in CLAS12 

Opportunities for nuclear targets 



At high Q2 cc is produced in small-size configurations 

Charmonium is a probe of the nucleon's color field 

•  Probes distances 

J/ψ γ 

J/ψ photoproduction 

•  c.f. color transparency 

•  Local probe of color field 

•  J/ψ radius still smaller than nucleon: rJ/ψ ~ 0.2 – 0.3 fm << 1 fm 

≈ 1/√Q2+ M J /ψ
2 ≈ 1/MJ /ψ



J/ψ production at high vs. low W (= √s) 

J/ψ production at high W 

J/ψ production near threshold 
γ •  tmin and ζ large, implies large skewness x1 - x2 

•  Access to nucleon's gluon GPD at small x 
–  tmin and ζ small, well understood diffractive process  
–  Measurements at EIC, HERA, COMPASS, FNAL 

•  Natural interpretation in terms of a gluonic form 
factor sensitive to non-perturbative gluon field 

–  analogous to high-t elastic eN scattering 

•  Amplitude constant, but cross section near 
threshold suppressed by large tmin Weiss, Strikman 



Enhancement instead of suppression near threshold? 

Brodsky, Chudakov, Hoyer, 
PRL B498, 23-28 (2001) 

•  But should we expect an 
enhancement instead, despite 
the impact of a large tmin? 

•  Need theory input for 
interpretation of data, 
which will soon be here! 

•  Also need theory predictions for 
nuclear targets (both coherent 
and incoherent case) 



Exclusive J/ψ kinematics near threshold 

Four-momentum transfer to 
the nucleon 

t = − (ζ 2mN
2 + Δ T

2 )/(1− ζ )

C. Weiss, Non-perturbative forces in QCD, 
Temple U., 26-28 March 2012 

•  ζ is the „plus“ momentum transfer 
–  light cone variables 

•  ΔT is the transverse momentum transfer 

•  tmin at threshold is 2.2 GeV2 



Approved CLAS12 experiments 



Approved for 100 
PAC days as part of 
Run Group A, plus 
an additional 20 days 
with reverse torus 
polarity 

E12-12-001 



The CLAS12 detector 



The CLAS12 detector 

electron beam 



CLAS12 parameters (at max torus field) 



J/ψ mass resolution in CLAS12 

•  J/ψ + Bethe-Heitler at max field 

•  The CLAS12 resolution is good for J/ψ for fields at half field or above. 

Bethe-Heitler + J/Ψ 

100 days at 1035 cm-2s-1 



Exclusive quasi-real photoproduction in CLAS12 

•  Low-Q2 events are reconstructed by applying cuts on the transverse 
momentum of the missing beam electron. 

•  Exclusivity is ensured by detection of all produced final-state 
particles, and application of an additional missing mass cut. 



Exclusive quasi-real photoproduction in CLAS (data) 



Detection of the exclusive final state in CLAS12 

•  The leptons pairs are detected and identified using the 
High-Threshold Cherenkov Counter (HTCC) and the 
Forward Electromagnetic Calorimeter (FEC). 

•  Proton kinematics and acceptance are shown on the 
right. 

•  Pairs with one lepton below the HTCC pion threshold of 
4.9 GeV/c will have a pion pair rejection factor of 2 · 107. 

e- 

e+ 

e- vs. e+ p 



CLAS12 mass resolution as a function of the torus field 

•  Mass resolution of the detected “p-J/ψ” system 



CLAS12 acceptance for pe+e- 

•  CLAS12 has excellent acceptance for photoproduction of lepton 
pairs with a large invariant mass over a wide range of photon 
energies. 



Projected results – “inclusive” J/ψ production (no p) 

 Statistical uncertainties at a luminosity of 1035 cm-2s-1 

Filled squares: 100 days Open squares: 30 days 

•  Excellent benchmark for studies of detector efficiency 
–  Nominal acceptance for e+ e- final state identical for both torus polarities 

21.05 < s < 21.55 GeV2 



Projected results – exclusive J/ψ production 

Uncertainties for the total cross 
section assuming the most 
conservative prediction 
(smaller than point side except 
for the three lowest points) 

 Statistical uncertainties for 100 days at a luminosity of 1035 cm-2s-1 

t-dependence in narrow bins 
of s for a total cross section 
given by the lower curve on 
the left 

 Open squares: 21.05 < s < 21.55 GeV2 

 Filled triangles: 19.05 < s < 19.55 GeV2 

 Filled squares: 17.55 < s < 18.05 GeV2 

 ~ 1 event per day 



Conservative J/ψ yield projections in two sample bins 

(100 days at a luminosity of 1035 cm-2s-1) 



Complementarity between CLAS12 and GlueX 

CLAS12 GlueX 

•  Good invariant-mass resolution and 
electron ID 

–  Clean J/ψ signal 

•  High photon energy 
–  12 vs 11 GeV in CLAS12 

•  High luminosity for quasi-real 
photoproduction and > 10% 
acceptance for pe+e- 

–  Good for a proton target and 
coherent production on nuclei, but 
tricky to reconstruct Eγ if not all 
final-state particles detected 

•  Good Eγ resolution (from tagger) 
–  Does not need to detect all nuclear 

fragments 

•  Small-angle (low-Q2) electron 
tagger available, but lower rate 

–  ~2° minimum electron angle 
–  May not always be available 

•  Good and uniform acceptance 
–  Great for complex final states 



Approved beam time for nuclear targets in CLAS12 



J/ψ from nuclear targets in CLAS12 

•  Significant beam time already approved for nuclear targets: 
–  Unpolarized deuterium (90+40 days) 
–  Ammonia from polarized targets (170 days) 
–  Heavier nuclear targets (60+60 days) 

•  Run group proposals for nuclear J/ψ will be submitted! 

•  But heavier nuclei may not be scheduled in CLAS12 for quite a long time 

•  Together with limitations in quasi-real photoproduction in CLAS12 for nuclei 
where all particles in the final state are not detected and a good accepance in 
GlueX, this creates an opportunity for complementary program for J/ψ 
production on nuclear targets in GlueX! 



CLAS12 experiment E12-12-001 will measure J/ψ on the proton 

Nuclear J/ψ program has natural complementarity with GlueX! 

Extensions to J/ψ production on nuclei natural 

•  Lot of beam time already approved – can submit run group proposals 

•  Also Timelike Compton Scattering 

•  Need theory guidance! 

Summary 

•  A LOI will be submitted to this PAC for J/ψ with muons 



Backup 



CLAS12 baseline PID 


