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Jefferson Lab’s Science and Technology vision
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§ CW electron beam
§ Emax = 12 GeV 
§ Imax = 90 µA, Polmax ~ 90%

§ High intensity tagged photon beam at 9 GeV

§ Experiments at ultra-high luminosities, up to 
1039 e-nucleons /cm2/ s 
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§ Beam delivered  to the 4 halls simultaneously at 
different energies and currents 
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§ Experiments at ultra-high luminosities, up to 
1039 e-nucleons /cm2/ s 
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§ Beam delivered  to the 4 halls simultaneously at 
different energies and currents 

Jefferson Lab is facing a time of 
change

• Ensuring that the 12 GeV scientific program 
is successful 

• Moving EIC forward

• Exploring the long-term scientific 
opportunities at CEBAF

• Stewarding best-in-class accelerator 
technology

• Diversifying Jefferson Lab’s scientific mission 
with a significant role in Advanced 
Computing

CEBAF has a unique program with fixed 

targets at the luminosity frontier

• Spectroscopy
• Nucleon Structure:  Forms Factors, PDFs, 

TMDs, GPDs 
• Cold Nuclear Matter
• Fundamental Symmetries

Broad Scientific Program

- What is the role of gluonic excitations in the 
spectroscopy of light mesons? 

- Where is the missing spin in the nucleon?
- What is the relation of short-range nuclear 

structure and parton dynamics?
- Can we discover evidence for physics BSM?
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Today and Tomorrow
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Hall B: CLAS12
Hall A: HRSs

Hall C: HMS-SHMS Hall D: GlueX
The 12 GeV Experimental Program is in full swing

Stage -1:  2x1035cm-2 s-1

3 years
Stage -2: > 1037cm-2 s-1

7-10 years

33 Experiments completed out of 91 approved
Luminosity Upgrade

Hall A: SBS & BB

MOLLER

SoLID e- g

CPS

KLF
NPS

~8 years at ~30 weeks/year
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Future Opportunities at CEBAF

https://indico.jlab.org/event/520/

https://indico.knu.ac.kr/event/566/

https://www.ectstar.eu/workshops/opportuniti
es-with-jlab-energy-and-luminosity-upgrade/

OBJECTIVE:

• Higher energy
• Positron beam
• High Luminosity

gather theorists and experimentalists to discuss 
the physics opportunities and technical options 
for each of the possible upgrade scenarios: 
energy, positron, luminosity

Progress in Particle and Nuclear Physics: 
In Press 
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Novel permanent magnet              
technology used for 

power and cost savings

CEBAF FFA Upgrade – ‘Currently under Study’

650 
MeV  

Courtesy Alex Bogacz

• Starting with 12 GeV CEBAF as a baseline

• NO new SRF (1.1 GeV per linac)

• New 650 MeV recirculating injector

• Remove the highest recirculation pass (Arc 9 
& A) and replace them with two FFA arcs 
including time-of-flight chicanes

• Recirculate 4+4 times to get to about 18 GeV

TO
F

TOF
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Higher Energy
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https://www.jlab.org/conference/hews22#

We are pleased to announce an upcoming series of summer workshops being organized jointly between the 
laboratory and the Jefferson Lab Users Organization (JLUO) to probe the science that would be opened up 
by a higher energy electron beam (~20-24 GeV) at Jefferson Lab. We are particularly interested in 
identifying key measurements that are not possible to access at 12 GeV, that initially utilize largely existing or 
already-planned Hall equipment, and that leverage the unique capabilities of luminosity and precision 
possible at Jefferson Lab in the EIC era.
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High Energy Workshop Series 2022
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• 5 workshop series

• Short (~1-2 
page) 
summaries of 
highlight science 
will contribute 
towards a white 
paper
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Hadron Spectroscopy
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P. A. Zyla, et al., Review of Particle Physics, PTEP 2020 (8) 
(2020) 083C01 

- Photoproduction provides an 
alternative mechanisms to study 
such states

- Polarization transfer observables 
offer new unexplored tools to 
establish their nature.

With CEBAF @ 20+ GeV the XYZ states  
and other charmonia can be studied
- states observed in B decays, e+e-

colliders
- significant theoretical interest and 

progress, but internal structure not 
yet understood

- never direcly produced using 
photon/lepton beams

Predictions 
from JPAC
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Hadron Spectroscopy
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• Initial simulations from GlueX and CLAS12 demonstrate the capabilities of 
the existing detectors to measure these reactions 

• Upgraded CEBAF energy ideally situated for near-threshold photo 
production of X and Z

• Electroproduction of N* resonances with increased Q2 range will explore 
emergence of hadron mass

𝛾𝑝 → 𝐽𝜓𝜋!𝑛 𝛾𝑝 → 𝐽𝜓𝜋!𝜋"𝑝

Full CLAS12 simulation

D. Glazier S.  Dobbs, P. Pauli
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Gluon polarization
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• Polarized jet data cannot discriminate between >0 & <0 solutions

Gluon polarization is still elusive in the 
valence region

arXiv:2201.02075v2

N. Sato
For 0.1<x<0.3 there is phase space 
with large PT

• First simultaneous global QCD analysis of spin-averaged and spin-
dependent PDFs (JAM Coll.), including single jet production data 
from unpolarized and polarized hadron collisions (STAR&PHENIX)

• In the large PT region: solid theoretical framework based on the 
collinear factorization -> observables pol./unpol. can be written 
as convolution of collinear pdf and fragmentation function.

VERY PRELIMINARY
Z=0.2 Z=0.5

• theory and exp are working together

Accessing Gluon 
Polarization
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Enhancement of the Q2 range
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Increase of Q2  rangeCLAS12

CLAS22 • Q2 evolution studies possible: 
QCD predicts only the Q2 dep. of 3D PDFs 

• Possible to 
more cleanly 
separate pure 
twist-2 CFFs with 
suppressed 
higher twist (3) 
contributions

• The relevant Q2

range for the Qn

scaling test 
significantly 
icreases with 
18/22 GeV beam

H. Avakian

A. Kim 
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Enhancement of the PT range
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• For some kinematic regions, at low z, the 
high PT distribution appear suppressed: 
there is no enough energy in the system to 
produce hadron with high PT (phase space 
effect).

TMDs universal, so what is the origin of the 
differences observed ?

• JLab: not enough energy to produce 
large PT

• HERMES: not enough luminosity to 
access large PT

What is the origin of the
“high” PT (0.8-1.8) tail?
Perturbative/non 
perturbative  contributions?

Larger PT range and high 
luminosity is the key for a better 
insight into the problem

H. Avakian

Increase PT range
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Anti-Shadowing

18

§ X~ 0.1 is a most dynamical rich 
regime of partonic structure in 
nucleon and nuclei

- Emergence of the gluon dominance
- Interface between the sea and the 

valence, role of strange sea, …
- Nuclear structure at the parton level, …
- …

• Region near-equally dominated by valence 
quarks, sea-quarks, and gluons 
→ many many models!!

• Transition between shadowing and the EMC 
regimes (where there is still much to learn) is a 
testing ground for ¹ descriptions

• In this intermediate region we can understand the 
nuclear force and the role of the pion

• Anti-Shadowing is the least studied nuclear 
structure function effect experimentally   
• flavor and spin dependence essentially uncharted 
• no tagged measurements
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• High precision →  high luminosity
• e-A (x, Q2) range accessible 
• Ability to change targets quickly,…
• Tensor polarized deuterium, mirror 

nuclei, polarized/unpolarized 
mapping across A, N, Z, 

• Nuclear tagging → links between 
nuclear dynamic & quark structure
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• Region near-equally dominated by valence 
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→ many many models!!

• Transition between shadowing and the EMC 
regimes (where there is still much to learn) is a 
testing ground for ¹ descriptions
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nuclear force and the role of the pion

12 GeV
§ JLab at ~22 GeV is an anti-

shadowing regime machine !

~22 GeV

• Anti-Shadowing is the least studied nuclear 
structure function effect experimentally   
• flavor and spin dependence essentially uncharted 
• no tagged measurements

What is needed

• High precision →  high luminosity
• e-A (x, Q2) range accessible 
• Ability to change targets quickly,…
• Tensor polarized deuterium, mirror 

nuclei, polarized/unpolarized 
mapping across A, N, Z, 

• Nuclear tagging → links between 
nuclear dynamic & quark structureALL P

ossib
le @ Jla

b 22 GeV

I. Nicolescu
4He 197Au



21

Physics Beyond the Standard Model
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p0 Primakoff production off an 
electron target will eliminate all 
nuclear backgrounds 

L. Gan
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J/y photoproduction

22

χc

Substantial increase of the flux in the 
coherent peak allows precise cross 
section measurements covering the whole 
region down to threshold 

Significant increase of the linear 
polarization  allows to do important 
polarization measurements in the 
threshold region

Golden process to 
unveil:  

• the nucleon mass 
structure

• pentaquark state 
involving the 
charm quarks

• poorly constrained 
gluon distribution 
of the nucleon at 
large x (> 0.1).

L. Pentchev
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J/y away from the threshold
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χc

• Complementary probe to probe the gluonic field in the proton
• Better constrain on model dependencies and factorization 

assumptions

S. Joosten
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Conclusions
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• CEBAF 20+ GeV upgrade is technical feasible 
• There is a strong science for such an upgrade:
§ Many new charmonium states, so-called “XYZ states,” could be directly 

observed/tested at JLab
– Fundamental question on how hadrons are emerged?

§ Uniquely determine the sign of gluon polarization 
– Critically important for understanding the “proton spin”

§ Significant enhancement of x, Q2, PT range
– Critically important for better interpretation of the current theory

§ Explore the anti-shadowing phenomenon 
– a chance to solve the multi-decade mystery

§ Allow 𝝅0 Primakoff production off an electron target
– help eliminate nuclear background

§ Precision charmonium production near threshold in lepton-hadron collisions 
– as a precision probe of fundamental hadron properties and its 
tomography


