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CLAS12 - Forward Tagger

Tracker FEE

Calorimeter

Tracker

Scintillation 
HodoscopeCAD implementation

Calorimeter: electron energy/momentum
Photon energy (ν=E-E')ν=E-E')E-E')
Polarization ε-1 ≈1 + ν2/2EE’
PbWO4 crystals with APD/SiPM readout

Scintillation Hodoscope: veto for photons
Scintillator tiles with WLS readout

Tracker: electron angles, polarization plane
MicroMegas detectors

Detect electrons at small angle to perform 
quasi-real photo-production experiments.
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CLAS12 MesonEx Experiment 
11 GeV e- scattering in 5cm lH

2
 target

Luminosity ~ 1035cm-2s-1

e' detected in forward tagger
→γ energy (7-10.5 GeV) and polarisation
- σ

E
= 0.02-0.07 GeV

3π detected in CLAS12
- σ

p
=0.5 %, σ

θ
=1 mrad , σ

φ
=3 mrad 

Neutron reconstructed by missing mass

Resolution allows good discrimination
from other final states (simulation)

Full field
Half field

80 day experiment with full luminosity
80 X more events or 106/10MeV

Expected number of reconstructed events 
from initial low luminosity data (20 days)
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e-Virtual photon flux
+ Dipole form factor t distribution with

Slope parameter b

Similar simple model as for CLAS12-MesonEx proposal :

1/(1+Q2/0.72)2

Factorise 2 photon vertices



  

(Approximate) Generator :

E
e
 = 10 GeV e- along z-axis

E
p
 = 100 GeV protons opposite z-axis

Boost e- to proton rest frame
E
e
p,rest =E

0
= 2132 GeV

Randomly sample 
0.01*E

0
 < E

e
’< 0.99*E

0
 and 10-5<θ

e
’<10-2rad 

from  virtual photon flux * Form Factor distribution

Gives γ*, Boost to LAB 
Create reaction CofM for γ* + p
Decay to meson and proton
Sample t from t-distribution
Boost to LAB

Means 10-10 etc

Capped at 1%
Of photo

No crossing angle



  

Phase space e+e- production with virtual photon



  

Phase space e+e- production with virtual photon



  

I. J/psi->e+e- 

Use σ = 25 nb (W~20GeV)
and b = 4

L=10-34cm-2s-1

Rate = Lσ∫V(EV(E
e
,θ

e
)dEdθ

Branch Ratio =0.06

Time = 1 day

# events = 70k (@0.8Hz) 
 

~20k e+e- Jpsi events?



  

J/psi e+e- production

“low mass meson”
+t-distribution
generates high
Momentum p

p detected
within 1deg 
Of beam



  

J/psi e+e- production

High Eγ

Low Eγ



  

Use σ = 25/14*0.07 nb 
and b = 4

L=10-34cm-2s-1

Rate = Lσ∫V(EV(E
e
,θ

e
)dEdθ

Branch Ratio =0.06 (Jpsi)

Time = 1 day

# events = 700 (@0.008Hz) 
 

I. X(3872) →ππ J/psi ->e+e- 

Actually 3pi cross section



  

X(3872) to ππJ/psi e+e- production

Other kinematics
Similar to Jpsi

Low energy pions
~200MeV



  

I. Υ(1S)->e+e- 

Use σ = 0.05 nb (W=20GeV) 
and b = 4

L=10-34cm-2s-1

Rate = Lσ∫V(EV(E
e
,θ

e
)dEdθ

Branch Ratio =0.025

Time = 1 day

# events = 60 (@0.7mHz) 
 



  

Upsilon e+e- 100days

Below beam

Lower than Jpsi



  

Upsilon e+e- 100days



  

Detector Considerations

Scattered electron and proton detection at 0 degrees!
 Far-forward detectors
 Tag scattered particle
 Determine momentum

Far-forward
e-

Far forward  ion

MEIC from white paper

Lower momentum threshold?



  

Back to Jpsi : Events cut on scattered particle acceptance

Possibly only 
detect proton 
OR electron

White paper
=>p>0.995p0
@50GeV...



  

Exclusivity :Assume p and e- momentum resolutions of 0.001P

J/psi
X(3872)

Miss:
None

Miss:
e-

Miss:
proton



  

Summary :

Reasonable numbers of mesons from low Q2 electroproduction 
diffractive processes can be produced at an EIC

There are two distinct regimes: High Eγ and Low Eγ
High Eγ => meson follows e- beam
Low Eγ  => meson follows proton beam

Detection of scattered proton may allow access to Low Eγ 

Detection of scattered e- may allow access High Eγ

Exclusive measurements will give excellent background rejection

With resolutions <1E-3 may also be possible with 1 missing particle 
 



  

Detector Considerations

Scattered electron and proton detection at 0 degrees!
 Far-forward detectors
 Tag scattered particle
 Determine momentum
 P

scat
< P

beam
 (how much less before detected?)

Far-forward
e-

Far forward  ion

Or Roman Pots?



  

Exclusivity :Assume p and e- momentum resolutions of 0.01P

J/psi
X(3872)

Miss:
None

Miss:
e-

Miss:
proton
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