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Jefferson Lab today 

CEBAF upgrade completed in 
September 2017  
▪ CW electron beam 
▪ Emax = 12 GeV 
▪ Imax = 90 µA 
▪ Polmax ~90% 

Physics operation 
▪ 4 Halls running simultaneously 

since January 2018

CEBAF delivers the world’s highest intensity and highest precision multi-GeV electron 
beams and has been do so for more than 25 years
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Jefferson Lab today 

HALL B - understanding the 
3D nucleon structure, hadron 
spectroscopy and nuclear 
effects 

HALL D - exploring origin of 
confinement by studying exotic 
mesons

HALL C - precision 
determination of valence quark 
properties in nucleons and nuclei

HALL A - form factors and 
PDFs, hyper nuclear physics, 
Physics BSM 
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Jefferson Lab Scientific mission 

▪ What is the role of gluon excitations in the spectroscopy of light mesons? 
▪ Where is the missing spin in the nucleon?  
▪ Can we reveal a novel landscape of nucleon substructure through 3D 

imaging at the femtometer scale?  
▪ What is the relation between short range N-N correlation, the partonic 

structure of nuclei and the nature of the nuclear force?  
▪ Can we discover evidence for physics beyond standard model of particle 

physics?  

12 GeV experimental program is in full swing 
▪ 33 experiments completed out of 91 approved 
▪ ~8 years of physics ahead (~ 30 week/years) 

Future opportunities  
@ CEBAF 

▪ Higher energy 
▪ High luminosity  
▪ Positron beam 
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Jefferson Lab 22 GeV 

Why JLAB@22GeV?  
• A new territory to explore: charm and light quarks in the same 

experiment 

• A better insight into our current program: enhancement of the 
phase space 

• A bridge between JLAB@12GeV and EIC: low to high energy 
theory validation with high precision  

• Utilize largely existing or already-planned experimental halls 
equipment 

White paper (~450 authors) 
▪ Charmed and light hadron spectroscopy 	  
▪ Structure of hadrons: Form Factors, PDFs, TMDs, GPDs, 

Fragmentation Functions, Fracture Functions  
▪ QCD in Nuclei and associated Nuclear Modifications and 

Dynamics 
▪ Low energy tests of the Standard Model 
▪ BSM physics 

Dark matter - Beam Dump experiment
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Jefferson Lab positron beam

Why Ce+BAF?  
• Electromagnetic form factors  

• Generalized Parton Distribution - GPD of nucleon  

• Test of Standard model  

• Beyond Standard Model physics: I.e. Light Dark Matter 

White paper (~250 authors) 

Dark matter - missing energy experiment 

The Positron Experimental Program at JLab has 
formally started with the C1 approval of 6 
proposals validating the 3 pillars of the JLab 
Positron White Paper and constituting 3 calendar 
years of single hall running.
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JLAB upgrades timeline 

• Accelerator team has worked up an early schedule and cost estimate 
– Schedule assumptions based on a notional timing of when funds might be available (near EIC ramp 

down based on EIC V3 profile) 
– For completeness, Moller and SoLID (part of 12 GeV program) are shown; positron source dev 

shown 

• EIC Project is shown

Credit to D. Dean 
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JLAB secondary beam

▪ CEBAF provides a high-intensity  e- beam for extracted-beam experiments 

▪ The machine can sustain up MW power (100 uA @10GeV, 200uA @5GeV) 

▪  Hall-A receives ~50-70uA @ 11GeV 

▪ High-intensity secondary beams are produced in the dump(s) fully parasitically 

▪ Muons, 

▪  Neutrinos,  

▪ LDM particles (if exists) 
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Muon flux @ JLAB

▪  µ3BDX @ JLAB 

▪ Fixed-target missing momentum 
experiment to probe invisibly decaying 
particle

▪  Exploiting muon beams would enable the search for a 
possible light gauge boson, which would couple 
predominantly to muons 

▪  Such a light boson could be either scalar or a vector 
mediator  

▪ Its existence would be a viable explanation of g-2 anomaly

▪  µBDX @ JLAB 

▪  Muon beam dump experiment to probe 
the visible decay into e+e-(γγ) 
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Neutrino flux @ JLAB

▪  Neutrino flux estimated using FLUKA for 11 GeV and 22 GeV primary e- beam on Hall-A 
BD 

▪  Low energy part due to pion and muon decay at rest  

▪  π decay produces a prompt 28.5 MeV νµ along with a µ witch subsequently decays 
producing a νe νµ 

▪  High energy ν from in-flight pion and kaon decay


