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The 22 GeV Physics Program

WHY 22 GeV?
A NEW territory to explore

A BRIDGE between JLab @ 12 GeV and EIC
CRITICAL to some measurement @ EIC
A BETTER insight into our current program

Bi-weekly meetings to refine the scientific case (2024)

LNF Workshop Dec 9-13, 2024

SCIENCE AT THE
LUMINOSITY FRONTIER:

LABORATORI NAZIONALI DI FRASCATI - INFN (ITALY)
DECEMBER 9-13, 2024

White Paper
A Bur.Phys.J.A 60 (2024)9; 175

Hadrons and Nuclei
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Eur. Phys. J. A (2024) 60: 173
https://doi.org/10.1140/epja/s 10050-024-01282-x

Review

Strong interaction physics at the luminosity frontier with 22 GeV electrons
at Jefferson Lab

A. Accardi', P. Achenbach?, D. Adhikari®, A. Afanasev®, C. S. Akondi®, N. Akopov®, M. Albaladejo, H. Albataineh®,
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A document outlining the progress of the scientific case will be available within a few months
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SCIENCE AT THE
LUMINOSITY FRONTIER:

91 participants
O 62 plenary talks

O 6 parallel sessions

A lot of scientific discussions
bUt a|SO fun - ThanksSusan forthe photosI

LABORATORI NAZIONALI DI FRASCATI - INFN (ITALY)
DECEMBER 9-13, 2024

The path forward is clear



22 GeV: A New Window into the World of XYZ States

* This program suits perfect the 22 GeV upgrade: Thresholds for XYZ states open just above 12 GeV:

* Direct Production: Photons can directly produce XYZ states, unlike some other methods that rely on
the decay of heavier particles.

«  Complementary Information: Photoproduction can provide complementary information to what we
learn about XYZ states from other production mechanisms, giving us a more complete picture.

Measurements of X(Y) Z states at JLab with 22 GeV e- are feasible!
Simulations from GlueX & CLAS12 with existing %etectors
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Next steps:

 Develop reasonable non-resonant background models to include in the MC
* Evaluate the contribution of open charm channels



Imaging Studies: the JLab Advantage

Jefferson LAB : IDEAL PLACE TO CARRY OUT IMAGING STUDIES in the non-perturbative region

High Luminosity + High Polarized beam and target + High Resolutions State-of-the-art
detectors + Versatile experimental setup + Multiparticles FS detection

The increased energy will enable several advancements, including:

1. Multidimensional studies of the evolution of 3D
observables with the energy scale (Q?)
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2. A unique opportunity to measure y*| and y*; contributions
to observables at higher Q?

22 GeV
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3. A unique opportunity to evaluate the contribution of
various processes (i.e. diffractive p,..) at higher Q2
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— All the above will enable us to evaluate the assumption
of the TMD factorization

— 2. & 3. will serve as a bridge between lower energy experiments
and EIC, providing critical information for interpreting EIC results
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Structure Functions and Depolarization Factor

v=E-FE

O’ =4EE sin(6/2)
x=0/2Mv
szfh /v

'=F

Pt =zkt + kt

* Measurements of Fyyrand Sivers
requires separation, evaluation of
longitudinal photon (JLab)

At higher energies (EIC), observables
surviving the e—1 limit (Fyy, FuL,
Transversely pol. Fyr)
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e At large x fixed target experiments are
sensitive to ALL Structure Functions

» Combination of statistics and depolarization
factors defines measurable SFs
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e Measurements of correlations of
spin and transverse momenta

provides direct access to details of

QCD dynamics

* Full decomposition of SFs is

needed to underlying the 3D PDFs

w

e=ratio of longitudinal and transverse photon flux

1

08

06

0.2

04

 —————
o EIC5x41
[0 © :
OJLab24/HERME
I &
L ®
3 0]
[ JLAB12
¢}
| 0]
:‘ | X=__.0'_‘3_\
0 50

JELLET DUI1 I_db

o—

o



Measurements of o, with JLab@22 GeV

It is the most important quantity of QCD, key parameter of
the SM, but (by far) the least known fundamental coupling:

Comparison with JLab at 6 and 11 GeV
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v -And Many More
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| 22 GeV will cover a large range in -t and may discover existence of pressure domains.




Path Forward

« Jefferson Lab continues to work with the community to articulate the scientific
motivation for positron beams and for an increase in the maximum electron beam
energy from 12 GeV to 22 GeV.

* Such capabilities could be realized in the future through a DOE construction

project, which means that advance planning is important now to assess the key
elements of a pre-conceptual project plan and the technical feasibility of the

design.

* An overview of the DOE process for projects from establishing the mission need
for a scientific capability (Critical Decision-0) through to project completion
(Critical Decision-4) will be presented together with a brief look at early planning

activities.
From A. Lung
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Department of Energy (DOE) Project Planning & Phases

Projects are planned in
Phases which are “gated” by
Critical Decision (CD) reviews
and approval:

CD-0 Mission Need
— Science Case

CD-1 Cost Range
CD-2 Baseline
CD-3 Construction

CD-4 Completion
— Transition to Ops

'
'
—
:
'

Independent
Request Review to EIR for Major
PED Funds Validate PB System Projects

Operating ' PED@ Construction _’E‘_ Operating _"

> l < — >
l'unds Funds p3 Funds Funds

F | | | 1

CD-0 CD-1 CD-2 CD-3 CD-4
Critical Approve Approve Approve Approve Start Approve
Decision Mission Alternative Performance of Start of
Need Selection Baseline (PB) Construction Operations
and Cost i or Execution or Project
Range " Completion

_ Projects Report Earned Value > $20M |

- -

22 GeV Upgrade is in pre-project development mode.

Focus on science case and technical feasibility.

p
.ggf_fe-r:son Lab



Pre-R&D Studies are Critical to Initial Project Planning

Demonstrating technical feasibility is the foundation for defining the scientific
capability as well as the range of cost, schedule, and scope.

« What has Jefferson Lab been doing in this arena?
— Investing annually through Accelerator R&D ($K)

Activities toward improving existing facility Past FY23 FY24 FY25 TOTAL
Years Actual Est. Est. (SK)
542 514 518 523

Positrons for CEBAF 2,097
22 GeV CEBAF 128 350 354 358 1,190
Total 670 864 872 881 3,287

— Requested an increase from DOE Nuclear Physics to $3M level annually

— Investing in Lab Directed R&D (LDRD)
High-intensity, polarized-beam prototype photogun for the Ce+BAF positron source Max Bruker
Joe Grames

Positron injector model integrator
Ryan Bodenstein

Total ~S600K

Jefferson Lab

FFA@CEBAF permanent magnet resiliency in real radiation environment



Scientific Foundation for An Electron-lon Collider was Built

ong Range rilans, Ite apers; eviews, tudy; Yellow eport
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22 GeV would require similar activities, progression quicker to match size




Next Steps in Pre-Project Planning

* Draft a Preliminary Technical Design Report (TDR)
— Capture the urgent questions that must be answered
— Define and execute the plan to answer those questions through Pre-R&D, LDRD,
modeling, etc
—Update to full TDR as the results are known and the design matures

« Continue to develop the most compelling science case
— Synthesize the most impactful results into language non-physicists understand
—Users and Lab lead the way; highlight international collaborations

Work during this preliminary phase advances the field of nuclear physics

through technology development and a refined understanding of critical
science questions.....and creates the foundation for a 22 GeV Project.

Jefferson Lab



Steps and Milestones to Achieve the Goal

A B
Goal: strong placement in next Long Range Plan
Working backwards. .. Development of the Science Case
for the 22 GeV

Assume LRP every seven years, so look to 2029 town
meetings — not actually a lot of time!

Prepare a strong TDR for ~2028, excellent physics case

Enable accelerator to make a major splash with
technolc;gy demonstration in ~2027 (Nature, Science,
press,...

Earlier pTDR prepared in ~2026

Communicates to DOE and science community

+ Capture the critical questions that must be answel_’ed - enz_ables
grant writers to point to the activity (do NOT call it a “project”!!)

* Workshops and meetings to prepare

* A small study group (11 Beople) from Jab management, Physics,
Accelerator and Theory Divisions, and 3 representatives of the
user community, meets monthly

Laboratory to continue communication with funding
agencies in parallel

A document outlining the progress of
the scientific case will be available
within a few month to be prepared

according to the following guidelines:
1. capture the changes, refinements, and improvements
of motivation, theoretical and experimental studies,

since the white paper;
2. set milestones for critical-path theoretical or

experimental studies
3. summarize, where possible, the anticipated global

landscape 10-15 years from now, when the 22 GeV
upgrade might begin producing results.
Define the optimal strategy for
restarting the "Open Discussion” series
again in preparation for the next
workshop, if not sooner

Next workshop spring-summer 2026




Summary — from Thia @ Frascati Workshop

* A lot of fascinating science - THANK YOU all!

* Exciting accelerator opportunity — nearly double the energy
with no new cryomodules!
* The laboratory supports this effort
« Funding some development
« Organization and guidance
« Communicating intent to funding agencies
* It will "take a village”, all of us, to bring this to reality!
Please...

 Organize and attend topical and annual workshops,
meetings

 Contribute to the pTDR and TDR
« Tell your friends ©

December 9-13, 2024 « LNF, Frascati, Italy

TOPICS

- Charmed and light hadron spectroscopy
- Structure of hadrons

- QCD.in Nuclei

S Opport:mities fo BSM opportunities

__This workshop will focus on the continuing development of

the scientific case for a 22 GeV upgrade to CEBAF made
possible by recent novel advances in accelerator
technology. CEBAF’s envisioned capabilities, at the
highest luminosities, will enable exciting opportunities
that give scientists the full suite of tools necessary to
comprehensively understand how QCD builds hadronic
matter in the valence region. Through this workshop,
JLab and its user community will continue to build the
science case with descriptions and concrete projections
for experiments that would become possible with an
upgrade. While the JLab 12 GeV program is running, it
is already time to plan the future developments for the
facility.

CHAIRS

D. Dean (Jefferson Lab)

C. Keppel (Jefferson Lab)

P.Rossi (Jefferson Lab and INFN-LNF)
M. Shepherd (Indiana U) v ., .
LOC

M. Battaglieri (INFN-GE)

M. Mirazita (INF!

F)
= A Pilloni (Messina U. and INFN-CT)

P. Rossi (Jefferson Lab and INFN-LNF) *

“#PROGRAM COMMITTEE

H. Avagyan (Jefferson Lab)

+ 3P Chen (Jefferson Lab)
L. I Fassi (Mississippi State U.)
L. Elouadrhiri (Jefferson Lab)
L. Gan (NC U, Wilmington)

+ D. Gaskell (Jefferson Lab)

R. Gothe (USC)

G. Huber (U. of Regina)
1. Niculescu (JMU)

M. Sargisian (FIU)

N. Sato (Jefferson Lab)
J. Stevens (W & M)

C. Weiss (Jefferson Lab)
SECRETARIAT

A. Tamborrino Orsini (INFN-LNF)
L. Natoli (INFN-LNF)

|=—————— =

Program and abstract submision on:

e ) https://agenda.infn.it/event/39742/
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Notional CEBAF and EIC Efforts on One Chart

~ « 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

24 25 26 27 28 29 30 31 32 (33 34 35 36 37 38 39 40 41 42
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