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Jefferson Lab: Overview

•Located in Newport News?, Virginia 

•Superconducting electron accelerating facility 

•Simultaneous distribution to 4 experimental Halls 
(We did it!) 

• 12GeV for Hall D 

•Hall ABC ~11GeV 

•Beam Polarization >85%
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The 12GeV Upgrade: It’s done

New Hall

Add arc

Enhanced capabilities 
in existing Halls

Add 5 cryomodules

Add 5 cryomodules

20 cryomodules

20 cryomodules

Upgrade arc magnets  
and supplies

CHL upgrade

• Doubling beam energy


• New experimental Hall D and beam line


• Civil construction including utilities


• Upgrades to Halls B and C


• Maintain capability to deliver lower beam 
energies


• Majority of accelerator and experimental 
equipment are reused
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CLAS12 Overview
• Baseline Equipments: 

• Torus and Solenoid Magents 

• HT/LT Cerenkov Counter 

• Forward/Central TOF 

• Drift Chambers 

• Preshower and EM calorimeters 

• Silicon tracker 

• Upgrades 

• Micromegas 

• Neutron detectors 

• RICH detectors (1 sector) 

• Forward Tagger
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Key Components of CLAS12 Science Program

▪ Quark confinement and the role of the glue 
in meson and baryon spectroscopy  

▪ The 3D structure of the nucleon – from form 
factors and PDFs to GPDs and TMDs 

▪ The strong interaction in nuclei – evolution of 
quark hadronization, nuclear transparency of 
hadrons
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CLAS12 Upgrade: Forward Tagger

• FT layout 

• Calorimeter determine the electron 
energy using homogenous PbWO4 
crystals 

• Tracker: Determines electron scattering 
plane, hence the photon polarization 

• Hodoscope: Distinguish photons from 
electrons

Tracker FEE

Calorimeter

Tracker

Scintillation 
Hodoscope

CAD implementation

Why do we want FT: 
• First of its kind 
• Quasi-real photon production (FT)  of multiple particle 

final states (CLAS12) 
• Wide range of hadron spectroscopy programs 

• Hybrid meson and baryons 
• Multi-strangeness hyperons  
• …. 

Forward Tagger
E’ 0.5-4.5 GeV
ν 7-10.5 GeV

θ 2.5-4.5 deg

Q2 0.007 – 0.3 GeV2

W 3.6-4.5 GeV

Photon Flux 5 x 107 γ/s @ Le=1035
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CLAS12: MesonX experiment with FT 
Search for exotic mesons

• New Lattice QCD calculations 
consistent with earlier quark-model and 
other calculations 

• Hybrid mesons should exist 

• Exotic quantum numbers JPC, cannot be 
accomplished by quark-antiquark 
configuration alone 

• 0— ,0+-,1-+,2+- 

• GlueX (Linearly polarized photon 
beam) dedicated to hybrid meson search  

• CLAS12 search using quasi-real photon 
beam is complimentary 

Meson Spectrum in LQCD Calculation

Dudek, Edwards, Guo and Thomas, PRD 
88, 094505 (2013)
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CLAS12: MesonX experiment with FT 
Search for exotic mesons:γp!n π+π+π- 

• Partial Wave Analysis: 

• Detector acceptance accounted 

• Event-based maximum log likelihood method 

• Various mesons can be successfully reconstructed 

• The exotic wave you see here is not real data! 

• Other meson related program: 

• Vector meson: Beam asymmetry 

• Pseudoscalar mesons 

e-

γ*

p

e-

CLAS12Forward 
Tagger a2→ρπ D-wave a1→ρπ S-wave a1→ρπ S-wave

π2→ρπ P-wave π2→ρπ F-wave π2→f2π S-wave

π2→f2π D-wave π1→ρπ P-wave 3π all wave

t=0.2(0.5)GeV2 

Black: Generated
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CLAS 6 (g12) results: γp!n π+π+π- 
γp p π+π+π� 

 No exotic wave required; 
Results under review
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CLAS 6 (g12) results: Scalar Mesons 
and Glueball candidates

ZEUS Collaboration: S. Chekanov, et al, Inclusive K0
SK0

S 
resonance production in ep collisions at HERA, Phys.Rev.Lett.
101:112003,2008, arXiv:0806.0807v2  

Why choose 
strange decay? 

M.Chanowitz suggests in  PRL  
95, 172001 (2005) that glueballs 
are more likely to decay to 
strange channels 

     Why choose 
         Ks

0Ks
0 ? 

Ensure that the final state has 
the same PC =++ as the 
lightest glueball 

Scalar mesons and glueball candidates? 
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CLAS 6 (g12) results: Scalar Mesons 
and Glueball candidates  

  

Not$corrected$for$acceptance$

f2(1270) f0(1500)/ 
f2’(1525) 

The cuts: 
• Timing cuts for pion 
identification 
• Missing mass (proton) 
•  DOCA of each pion pair 
•  DOCA of kaon pair 
•  Eγ > 2.7 GeV 
•  Kinematic fit confidence   
   level > 10% 
 

The Ks
0Ks

0 invariant mass spectrum 
has a peak around 1270 MeV and 
another around 1500 MeV. 
 
  

CLAS g12: Scalar mesons CLAS g12: Scalar mesons 
S-wave domination 

•  PWA attempted but not successful 
•  Angular distributions analyzed and 
      compared with simulaton 
•  S-wave dominates 

• Angular distributions analyzed 
and compared with simulaton  

•  S-wave dominates; No glueball 
evidence. 

S. Chandavar et al. , Phys. Rev. C 97, 025203 (2018)
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CLAS12:Search for Hybrid Baryons

• Hybrid baryons have no “exotic” quantum 
numbers 

• q3G expected to be more extended objects 

• Transition form factors have different Q2 
dependence for hybrid baryons (q3G) from 
the “normal” (q3)ones.

1.3GeV

N

LQCD 

clustered
in mass

 ‘hybrid’ states

J.J. Dudek and R.G. Edwards,  
PRD 85 (2012) 054016
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CLAS12:J/Ψ Photoproduction

•Photon couples to the gluon field via intermediate 
virtual charm-anticlharm pair according to VDM 

•Near threshold J/Ψ production allows the study of 
gluonic form factors of the proton (t-dependence) 

•Rate estimation: 45 J/Ψ per day (No pentaquark 
assumption) 

•Similar search can be performed on deuteron 
target 

•Tagged quasi-real photon or untagged photon 

Experiment E-12-12-001(A)

• The photon couples to the gluon field 
through intermediate virtual charm-anti-
charm pair according to the Vector 
Dominance Model (VDM)

• Near threshold, momentum transfer 
becomes large and all three valence quarks 
must exchange energy in the form of 
gluons for the elastic production of J/ψ.  
This will allow the study of gluonic form 
factors of the proton.  

Fig.  These are the pathways for the transfer of proton momentum to 
the creation of the J/ψ

Two'gluon,exchange,
differential,cross,
section

Three'gluon,exchange,
differential,cross,
section

Fig.  T-channel production of J/Psi and its decay into an 
electron and positron, used for probing the gluons in proton

Fig.  S-channel production of P(4450) and its decay into J/ψ and the 
struck proton 

Fig.  Vector Meson Dominance Model for photoproduction 
of a vector meson through gluon exchanges in the proton

t-channel or s-channel?

Experiment E-12-12-001(A)

• The photon couples to the gluon field 
through intermediate virtual charm-anti-
charm pair according to the Vector 
Dominance Model (VDM)

• Near threshold, momentum transfer 
becomes large and all three valence quarks 
must exchange energy in the form of 
gluons for the elastic production of J/ψ.  
This will allow the study of gluonic form 
factors of the proton.  

Fig.  These are the pathways for the transfer of proton momentum to 
the creation of the J/ψ

Two'gluon,exchange,
differential,cross,
section

Three'gluon,exchange,
differential,cross,
section

Fig.  T-channel production of J/Psi and its decay into an 
electron and positron, used for probing the gluons in proton

Fig.  S-channel production of P(4450) and its decay into J/ψ and the 
struck proton 

Fig.  Vector Meson Dominance Model for photoproduction 
of a vector meson through gluon exchanges in the proton

Current and Past Measurement Regions

• Data exists in the higher energy region, 
but, there is no published data at E < 11 
GeV

• Old data fits well with two-gluon 
exchange model, data near threshold 
may end up following three-gluon 
exchange model

• If the pentaquarks exist, we will see 
them as s-channel resonances

• Without the pentaquarks, assuming the 
two-gluon exchange mechanism, we 
expect to see 45 J/ψ per day in 
CLAS12, according to FASTMC data

Fig.  Past results at SLAC and Cornell and future results for CLAS12 
for two-gluon exchanges, three-gluon exchanges, and possible 
observation of the P(4450) pentaquark.  
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            CLAS12: Very Strange Experiment 
        LQCD Calculation for the Ξ and Ω spectra 

R. Edwards et al., PRD 87, 054506(2013) 

Very few Ξ states established, with even fewer (only four) has JP measured
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CLAS6 (g12) Cascade Polarization results

• Results VS prediction: Limited by 
statistics  
 R~0.3  
vs R~1 for Λ results  

•  Unable to distinguish models    
• (K or K* exchange? Higher-mass 

hyperon contribution)  

• CLAS12 needed 

J. Bono et al., arxiv 1804.04564 [nucl-ex], submitted to PLB
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CLAS12: Spin-Parity Determination of Ξ* 

• Spin can be measured by angular 
distributions 

• Parity measurement challenge: Minami 
ambiguity  

•  Ξ*!Y (1/2+) + M1 (0
-): two 

solutions JP  

• DoubleMomentAnalysis(DMA)  
Y (1/2+) ! B (1/2+) + M2 (0

-)  
Double moments:  

• H(lmLM)= Σ DL
Mm(θ1, φ1) 

Dl
m0(θ2, φ2) 

• Linear dependence gives simple, multiple 
tests for J, P for any odd L≤2J and 
M≤L 

Example: Parity Measurement of Ξ(1820) 

Ξ(1820)      counts: ~50 
Need to detect whole decay chain  

Im
H

(1
1L

M
) 

                 ImH(10LM) 
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CLAS12: some expected Ξ results 
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CLAS12: 3D-mapping of the nucleon

Transverse Spatial Imaging Transverse Momentum Imaging

e
e’

g*

P
X

h

}

Q2

t

ξ+x ξ−x

Bjxx ≠
Bjx~ξ

TMDs: Longitudinal momentum 
fraction x  
and transverse momentum k 

GPDs: Longitudinal 
momentum fraction x at 
transverse location b 
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CLAS12: 3D-mapping of the nucleon 
Kinematic Coverage

H1, ZEUS

JLab Upgrade

11 GeV

H1, ZEUS

JLab @
 12 GeV

11 GeV

27
 G

eV

20
0 

G
eV

W = 2 
GeV

Study of high xB domain  
requires high luminosity 

0.7

HERMES

COMPASS

The 12 GeV Upgrade is well 
matched to  studies in the valence 
quark regime. 
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CLAS12: 3D-mapping of the nucleon 

Various beam/target polarization, target types planned at CLAS12 
For DVCS experiments (GPD) 

Various SIDIS experiments also planned at CLAS12 for TMD  

Contribution of 
GPD E Contribution of 

TMD f1T

Spatial Imaging
Momentum Imaging
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CLAS12 Data Collection Status

• Run Group A(proton target): 

• Five experimental groups 

• First running period: Feb -May 6 
(20% data collected) 

• Second running period: RGA and 
RGK 

• Aug 20-Dec 21, 2018 

• Third running period: RGB 
(Deuterium target) 

• Jan 28 - Mar 12, 2019 Beam quality during the last day shift 
Disclaimer (Not representative)

f=a*cos(�W-b)
a=89.0572±1.15042
b=38.3579±1.53904

Wein angle �W (degrees)

P 
(%

)

60

65

70

75

80

85

90

0 10 20 30 40 50 60 70 80

Moller Measurements results at different  
Wien angles 

Electron beam max polarization: 89%
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CLAS12 Status: Some basic data features

4 

PID 

 
 

My previous analysis My current analysis 

sin(θ)>0.6 

sin(θ)<0.6 

Preliminary Results

*Proton Detected
*Q2 < 0.5 
*Absolute Value of Missing Mass
Squared is < 0.6
*Rho and Phi Resonances Are 
Visible

*Proton Detected
*Q2 < 0.5 
*Absolute Value of Missing Mass
Squared is < 0.6
*Strict Cut on Vertex Position
*Apparent phi peak, but still 
adjusting cuts and muon PID

Analyzed)Runs:))3432,)3817,)3877,)3967,)3975,)3985,)4169,)4203,)4250,)4295,)and)4296

5 

ρ0 mass 

 
 

• MassX from reaction:  
e p → e p X, when π+π- seen 
• MassY from reaction: 
e p → e p π+ π- Y 
• Cut: -0.04 < MassY/GeV < 0.03 

Preliminary Results

*Proton Detected
*Q2 < 0.5 
*Absolute Value of Missing Mass
Squared is < 0.6
*Rho and Phi Resonances Are 
Visible

*Proton Detected
*Q2 < 0.5 
*Absolute Value of Missing Mass
Squared is < 0.6
*Strict Cut on Vertex Position
*Apparent phi peak, but still 
adjusting cuts and muon PID

Analyzed)Runs:))3432,)3817,)3877,)3967,)3975,)3985,)4169,)4203,)4250,)4295,)and)4296

TOF mass

M(pi+pi-)

Many improvements expected: Calibration; Field mapping; Tracking efficiency etc
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5

TASK
2018

Apr May Jun Jul Aug Sep Oct

Simulations 

CALIBRATION

RECONSTRUCTION

RESULTS

 

 

 

PRELIMINARY results 
to be presented  
at DNP 2018 meeting

Simulation  
Complete

Software Ready

Calibration 
Complete

Calibration Continue

Abstract submission 
To DNP

Data Processing  
Starts

Data Processing  
complete

Software New 
release

CLAS12: Towards first results and first publication
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Summary

• CLAS12 has successfully completed the upgrade 

• All detectors performed extremely well 

• Data acquisition upgrade should enable data taking at full luminosity very soon 

• First data taking period ended on May 6th, 2018 

• Many more experiments to come 

• First results expected to be reported at DNP 2018 at the joint APS/JPS meeting in 
Hawaii  

• First publication expected at the end of 2019 

• Stay tuned
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