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Introduction

2

Stuart’s summary talk at the DOE S&T review July 19-21, 2022 

• Jefferson Lab is in a very strong position with 
an exciting vision for the future

• Our priorities are clear:
– Ensuring that the 12 GeV scientific program is 

successful in all facets
– Moving EIC forward aggressively
– Exploring the long-term scientific opportunities at 

CEBAF
– Stewarding best-in-class accelerator technology 

in support of DOE mission
– Diversifying Jefferson Lab’s scientific mission 

with a significant role in Advanced Computing
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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 86 approved

Luminosity Upgrade

Hall A: SBS & BB

MOLLER

SoLID e- g

CPS

KLF
NPS
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Experimental Schedule – Planning Ahead
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~8 years at ~30 weeks/year
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Uniqueness of CEBAF
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CEBAF has a unique program with fixed targets at 
the luminosity frontier and in the x valence region
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Several Initiatives 
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- 12 GeV program 
accomplishments

- Planned program approved by 
PAC 

- Future opportunities: high 
luminosity, positron beam,  
higher energy

Accepted to Progress in Particle and Nuclear Physics 

• Update 2012 white paper

• Discussions for future 
opportunities at CEBAF 
(high luminosity, higher 
energy, positron 
beam) have been 
initiated during 
collaboration meetings 
and also in dedicated 
round table meetings 
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Very Active Community
https://indico.jlab.org/event/520/

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

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

Objective of the workshops is to gather 
theorists and experimentalists to discuss the 
physics opportunities and technical options 
for each of the possible upgrade scenarios: 
luminosity, energy, positron
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Looking at the Future
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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
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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



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

17

Novel permanent magnet              
technology used for 

power and cost savingsPass Arithmetic:  5 -1 + 4 + 3 = 11

CEBAF FFA Upgrade – ‘Currently under Study’

TO
F

TOF

TO
F

TOF

Install a second pair of FFA arcs ‘on the floor’ 
below Arc 9 & A

Recirculate 3 times to get to about 24 GeV

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 + 6 times to get to about 22 GeV
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Novel permanent magnet              
technology used for 

power and cost savings

CEBAF FFA Upgrade – ‘Currently under Study’

TO
F

TOF

TO
F

TOF

650 
MeV  

Courtesy Alex Bogacz

Pass Arithmetic:  5 -1 + 6 = 10
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FFA CEBAF with              -like Arcs

CEBAF FFA Energy Upgrade

Courtesy Alex Bogacz

Synchrotron Radiation impact on beam quality
- Net transverse emittance dilution (normalized): 60 mm 

mrad
- Net natural energy spread: 2×10-3

- Net synchrotron radiated energy: 1 GeV 

at 23 GeV,  b = 20 m  →  s = 150 microns
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Hadron Spectroscopy

20
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Hadron Spectroscopy
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• Many new charmonium states observed, so-called “XYZ states,” in B 
decays, e+e- colliders, etc.

• Significant theoretical interest and progress, but internal structure not 
understood

P. A. Zyla, et al., Review of Particle Physics, PTEP 2020 (8) (2020) 083C01 
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Hadron Spectroscopy
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• Photoproduction provides an alternative mechanisms to study such states

• Predictions from JPAC indicate these are accessible at an upgraded 
CEBAF with Ee = 17 or 22 GeV

S.  Dobbs, P. Pauli
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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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The Next Generation of 3D Imaging
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GPD

SIDIS
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Enhancement of the Q2 range - SIDIS
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• Allow studies of evolution 
properties
QCD predicts only the Q2-
dependence of 3D PDFs !!

CLAS12

CLAS22

SoLID z

Q2

• The theory is supposed to work
better

H. Avakian

• Fill the gap with EIC

V. Khachatryan 

Sivers SSA

3He: 24 GeV -100 days 12 GeV -69 days

AUT
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Enhancement of the Q2 range - GPD
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Ø The higher reach allows one to 
more cleanly separate pure 
twist-2 CFFs with suppressed 
higher twist (3) contributions

Ø Evolution effects in GPDs may 
be studied more fully at the 
higher Q2 as well

• Higher Q2 reach will 
significantly enhance the 3D 
imaging exclusive program
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Enhancement of the Q2 range - DVMP 
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The relevant Q2 range for the 
Qn scaling test significantly 
icrease with 18/22 GeV beam

Hall C – HMS-SHMS Hall B – CLAS12

A. Kim 

G. Huber
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sL/ sT in Hall C
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Measurement of R with high precision is 
crucial to validate the ratio sL/sT in SIDIS 
and critical for understanding the 
systematic for phenomenology.
An energy upgrade can extende the 
study of R  up to significantly higher PT

Relative rate

D. Gaskell

H. Avakian
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Enhancement of the PT range

29

• 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
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Accessing 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. SatoFor 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
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Kinematic Suppression at Large x
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• At large x fixed target experiments are 
sensitive to all Structure Functions

• For EIC, observables surviving the e→1 
limit (FUU, FUL, Transversely pol. FUT)

H.Avakian/A. Bacchetta

X=0.3

EIC 5x41
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Conclusions

32

• CEBAF is THE home of high luminosity experiments and  will remain the 
prime facility for fixed target electron scattering at very high luminosity also 
in the EIC era.

• We need to expand the time horizon of Jlab’s scientific program beyond 
2030. Ideas have been developing on extending CEBAF energy, luminosity 
and accelerating positrons. 

• Staff and users are active and engaged.

• The laboratory and the Jefferson Lab Users Organization has organized 
a series of one-day workshops on “JLab at Higher Energies” to build a 
science case in preparation for the Long-Range Plan.

• The workshops aim to develop compelling physics arguments for 
energy upgrade - utilizing largely existing or already-planned Hall 
equipment - and are looking for:
- Unique science in luminosity and precision frontier
- New avenues and key science questions accessible with E>20 GeV 

electron beams
- Complementarity with EIC



33

Backup Slides
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Gluon Polarization
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arc 1 1.7 0.063 5.1 0 1.8E-01 2.4E-08 2.4E-08 6.3E-06 6.3E-06

arc 2 2.8 0.127 10.2 0 1.8E-01 1.1E-07 1.4E-07 1.1E-05 1.7E-05

arc 3 3.9 0.126 10.2 1 1.8E-01 8.0E-07 9.4E-07 2.4E-05 4.1E-05

arc 4 5.0 0.253 20.4 1 1.8E-01 8.7E-07 1.8E-06 2.2E-05 6.3E-05

arc 5 6.1 0.253 20.4 3 1.8E-01 1.4E-06 3.2E-06 3.6E-05 1.0E-04

arc 6 7.2 0.253 20.4 6 9.0E-02 3.8E-06 7.0E-06 5.5E-05 1.5E-04

arc 7 8.3 0.379 30.6 7 9.0E-02 3.9E-06 1.1E-05 5.2E-05 2.1E-04

arc 8 9.4 0.379 30.6 11 9.0E-02 8.2E-06 1.9E-05 7.0E-05 2.8E-04

   Hx = γ x Dx
2 + 2α x Dx Dx

' + βx Dx
'2

Energy Loss, Emittance Dilution (4-pass CEBAF)  

Geometric Arc Radius [m] 80.6

CEBAF FFA Energy Upgrade 35



FFA 9 10.43 0.876 70.6 7 4.0E-03 1.3E-07 1.9E-05 4.0E-05 3.2E-04

FFA 10 11.51 0.876 70.6 11 4.0E-03 2.4E-07 1.9E-05 5.1E-05 3.7E-04

FFA 11 12.59 0.876 70.6 16 4.0E-03 4.1E-07 2.0E-05 6.4E-05 4.3E-04

FFA 12 13.67 0.876 70.6 22 4.0E-03 6.6E-07 2.1E-05 7.9E-05 5.1E-04

FFA 13 14.73 0.876 70.6 30 4.0E-03 1.0E-06 2.2E-05 9.5E-05 6.1E-04

FFA 14 15.80 0.876 70.6 39 4.0E-03 1.6E-06 2.3E-05 1.1E-04 7.2E-04

FFA 15 16.85 0.876 70.6 50 4.0E-03 2.3E-06 2.5E-05 1.3E-04 8.5E-04

FFA 16 17.89 0.876 70.6 64 4.0E-03 3.3E-06 2.9E-05 1.5E-04 1.0E-03

FFA 17 18.91 0.876 70.6 80 4.0E-03 4.7E-06 3.3E-05 1.8E-04 1.2E-03

FFA 18 19.92 0.876 70.6 99 4.0E-03 6.4E-06 4.0E-05 2.0E-04 1.4E-03

FFA 19 20.91 0.876 70.6 120 4.0E-03 8.5E-06 4.8E-05 2.3E-04 1.6E-03

FFA 20 21.88 0.876 70.6 144 4.0E-03 1.1E-05 6.0E-05 2.6E-04 1.9E-03

FFA 21 22.83 0.876 70.6 170 4.0E-03 1.4E-05 7.4E-05 2.8E-04 2.2E-03

FFA 22 23.75 0.876 70.6 199 4.0E-03 1.8E-05 9.2E-05 3.1E-04 2.5E-03

Energy loss, Emittance Dilution (7-pass FFAs)  

CEBAF FFA Energy Upgrade 36

Final Energy [GeV] 24.6

Total Energy Loss [MeV] 1080
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3D Imaging
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