Opportunities with JLab energy and
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= CW electron beam
Emax = 12 GeV

" Polax ~ 90%

= High intensity tagged photon beam at
9 GeV

= Experiments at ulira-high luminosities,
up to 10%? e-nucleons /cm2/ s!
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Explore the fundamental nature
of confined states of quarks and
gluons — Non-perturbative
regime of QCD

Discover evidence for physics
beyond the standard model
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Tooloy ond Tomorrow
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The 12 GeV Experimental Program is in full swing
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CEBAF & Jefferson Lab

Luminosity x 10%0/cm?/s
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polarized beam

« CEBAF has been
delivering the world’s
highest intensity and
highest precision muilti-
GeV electron beams
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Energy Upgrade: the ‘Big Picture’

—~1.2
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5 a2=10Ggev2] CQuark-gluon dynamics
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» precise measurements to validate the
theoretical assumptions

* an energy upgrade:
- deeper access to quark-gluon dynamics

- opening new opportunities on studies of
the charm sector
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CEBAF FFA Upgrade — ‘Currently under Study’

- 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

 Install a secondo pair of FFA arcs ‘on the flool

below Arc 9&A
650
* Recirculate 3 times to get about 24 GeV MeV

Pass Arithmetic: 5-1+4 +3 =11

Novel permanent magnet

° ° v /
Recirculate 4 + 4 times to get to about 22 Ge CBETZX.  technology used for
power and cost savings

Pass Arithmetic: 5-1+6 =10

Courtesy Alex Bogacz 6 Jefferdon Lab
Jeffe



Multi-Energy Beam Dynamics in FFA Arc

CBETX January 2022
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- Stopped/Finished

Particles remaining: 4000 / 4000 / 4360
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Future Opportunities at CEBAF
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Abstract

We summarize the ongoing scientific program of the 12 GeV Continuous Electron Beam Accelerator Facility (CE-
BAF) and give an outlook into future scientific opportunities. The program addresses important topics in nuclear,
hadronic, and electroweak physics including nuclear femtography, meson and baryon spectroscopy, quarks and glu-
ons in nuclei, precision tests of the standard model, and dark sector searches. Potential upgrades of CEBAF are

https://indico.jlab.org/event/520/
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Opportunties wift JLab Eneray and Cuminasity Upgrade. - Progress in Particle and Nuclear Physics:
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vl [nucl-ex] 30 Nov 2021

o

UL The electroproduction of mesons and photons has been shown to be a powerful tool for studies of
Timetable the interaction of elementary particles and their dynamics at short and long distances. In particular,

TOPICS studies of the orbital motion of partons encoded in transverse space and momentum distributions of
Participant List

partons, like Generalized Parton Distributions (GPDs) and Transverse Momentum Distributions

- Physics opportunities (TMDs), have been widely recognized as key objectives of the JLab 12 GeV program. Studies of https ://www.ectstar_eulworkshops/opportu niti

azimuthal distributions of hadrons and photons in exclusive and semi-inclusive DIS (SIDIS) provide

- Hadron spectrosco access to variety of observables widely recognized as key objectives of the COMPASS A h A I b d I A H de/

e Etructure Py ORGANIZERS measurements, various activities at RHIC and KEK, the LHC fixed target projects (LHC spin, eS-WIt 'l a 'energy'an - U m I nOSIty-U pg I'a
SMOG2@LHCb) and a driving force behind the construction of the future Electron lon Collider (EIC).

- Nuclear structure M. Battaglieri (INFN Ge Studies of the ground and excited nucleon state structure in terms of nuceon elastic form factors,

- Detector developments G. Mandaglio (Messina PDFs, and the N—N* (nucleon to nucleon transition el offera

: A. Pilloni (Messina U. ai unique complementary opportunity to explore the evolution of active components in the structure of O O S A
Accelerator infrastructures A Szczep:‘:niagc(lgdia"‘ the ground and excited state nucleons at distances where the transition from quark-gluon P p R T U N I T I E W I T H J L B
E. Voutier (LP: reno
confinement to the perturbative QCD regime is expected and where the dominant part of hadron
oo amerges Theoe s reof partclar mpertence o sdress key penpromems e ENERGY AND LUMINOSITY
Standard Model on emergence of hadron mass and quark-gluon confinement. The upgraded to 24

GeV JLab, with much wider kinematical coverage,in partcular at large O, will be crucial o extend all | J [P G RADE

ongoing projects at JLab, in particular studies of the 3D structure of hadrons and hadronization, pin
down interaction dependent parts, providing missing deeper access to quark- gluon dynamics and
opening new opportunities on studies of the charm sector and significant improvement in secondary
beam capabilities

OBJECTIVE:

Starts Jul 18,2022, 9:00 AM APCTP, Pohang
Ends Jul 23,2022, 1:00 PM Classroom 308

gather theorists and experimentalists to discuss
the physics opportunities and technical options
for each of the possible upgrade scenarios: 26 September 2022 — 0 September 2022 emmaise e

hen@mitedu

Organizers

Harutyun Avagyan (Jefferson Lab, Newport News/Us)
avakian@jlaborg

| 30hn Arrington (Lawrence Berkeley National Laboratory, Berkeley/Us)

Xiangdong Ji (University of Maryland (UMD), College Park/Us)

ECT* - Villa Tambosi sji@umdedu

e n erg y' p os iiro n , I U m i n os iiy 8 Sirads deiieSTabardliaione :y;l;\:’seonJoo(unwerflfyofconn«l\cu( (Uconn), storrs/us)

Trento - Italy Xiaochao Zheng (University of Virginia (UVa, Charlottesville/us)




High Energy Workshop Summer Series 2022

Probe the science that would be opened

up by a 20+ energy electron beam

 initially utilize largely existing or already-
planned Hall equipment

* leverage the unique capabilities of luminosity
and precision possible at JLab in the EIC era

Hadron Spectroscopy with The Next Generation of 3D
a CEBAF Energy Upgrade Imaging

=== P,(4440)

: z:g:ggg; o~ 1. flagship measurements that can be done only
e Z05(4220) X with 20+ GeV (uniqueness)
Z(4200) - 2. flagship measurements with 20+ GeV that can
{_c_(_f_(_ﬂ?')__ Z:4000) extend and improve the 11 GeV
2¢(3906)— Z.,(3985) measurements, (enrichment)
. 3. measurements with 20+ GeV that can set the
bridge between JLab12 and EIC

(complementarity)

0(4240)

https://www.jlab.org/conference/hews22# - Working on a white paper document

Science at Mid x: Anti- Physics Beyond the
shadowing and the Role of Standard Model
the Sea

J/Psi and Beyond

Fermi
motior
Anti-shadowing

.ggfigon Lab



Z¢,(4000)
Z.(3900)  Zes!

Hadron Spectroscopy m

3985)
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- Tetraquark candidates observed in

25 NV 7T
B decays, e*e colliders - Zc(3900) :

— Z.(3900 |

10 &= — Z,(10610)" —

—— Z,'(10650)"

- Significant theoretical intferest and
progress, but internal structure not
yet understood

o(yp = Zn) [nb]
I

- Never direcly produced using — —
photon/lepton beams
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Golden processes to pin down:
a) existence/confirmation of pentaquark resonances
b) nucleon structure (mass, gluon distribution...)
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Q2 evolution studies possible
More cleanly separate pure twist-2 CFFs
Significantly increase of the relevant Q? range for the Q" scaling test — Not yet proven at
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Gluon polarization
Accessing Gluon Polarization f:l’::cz’rfgéar:“" still elusive in the

How well do we know the gluon polarization in the proton?

Y. Zhou! 2445 N. Sato and W. Melntchouk? * First simultaneous global QCD analysis (JAM Coll.), including data
04| SU@Q —SUB) —su@+pes | from unpolarized and polarized hadron collisions (STAR&PHENIX)

0.2

<°1° 00 * Polarized jet data cannot discriminate between >0 & <0 solutions
S 0

—0.2 1

o4l @m0 1 * In the large P; region: solid theoretical framework based on the
, 0.01 01 05 collinear factorization (For 0.1<x<0.3 phase space with large Py )
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SIDIS at Large x

SIDIS at Large x : JLab domain!

. ' : - %
At large x fixed iarge’r experiments are sensitive to Ty e de
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* Region extremely interesting, near-equally
— £(N/IA (N)
R(x, A) = fN(x, A) 1) C— dominated by valence quarks, sea-quarks,
I_ - Motion and gluons — many many models!!
|
Antll-ShadOV\fng + Anti-Shadowing is the least studied nuclear
. structure function effect exp.
x~0.01 m x~04  flavor and spin dependence essentially uncharted
lx ~ 0.1 EMC no tagged measurements
NG/
Shedowig I | * The transition between shadowing and the EMC
I regimes — a testing ground for different
I_ 1 descriptions
~22 GeV
What is needed 2 c,e\|
High precision — high luminosity @ N9
e-A (x, Q2) range accessible ‘,osé\b\e
Ability to change targets quickly,.. P

Pol./unpol. mapping across A, N, Z
Nuclear tagging — links between nuclear dynamic
& quark structure 15 et el

o—



Physics Beyond the Standard Model

SoLID PVDIS on deuteron A. Emmert Prelim. Study — reduced uncertainty in sinZ0y,
BSM in PVDIS experiments S. Mantry e — u study underway
Primakov effect experiments L. Gan v+ e = © +e, new gauge boson searches
BDX experiment M. Spreafico Prelim. Study — expanded reach
BSM with secondary beams M. Bondi Competitive with current hadron facilities
70 Primakoff production off an electron target: eliminate nuclear bkg
: - 28¢; 0 4, 28¢; L
PrimEx-Il: y + “°Si -» n° + “°Si - e 24 Gev
§ 70 i T o T ] c- 300_
€ R Primaic 28SI i = 1
3: t Incoherent "g‘
i3 Mo | y+e-n’+e
0 3
. S 100
L. Gan
20 _l‘\

eepache. | ORI
Q02704 06 08

0 h 3 B _//// < 0 r‘Iab [o]
O e Measurement Reaction E. (GeV)
Science 368, 506-509 (2020) I(m° > yy) y+e-on®+e 18.0
F(r®->yy) e+e->n’+e+e 18.1

16 .cl,é/f_f.egon Lab



Many more...

« Electroproduction of N* resonances with increased Q? range to
explore emergence of hadron mass

« DDVCS for direct probe of GPDs away from the x=%¢ line.
« Parity-violating DIS for unambiguous access to Strange Quark
« Hadron Formation using Nuclei

* Nuclear forces at extreme dynamics: investigation of Nuclear
Repulsive Core

« Search for sub-GeV dark scalars and pseudoscalars

17 Jefferson Lab



Science at the Luminosity Frontier: JLab at 22 GeV

Next Workshop : Jefferson Lab — January 23-25, 2023

[Cuga] ***Save the Date*** "Science at the Luminosity Frontier: Jefferson Lab at 22 GeV" Jan.

X
23-25, 2023- a message from Thia Keppel and David Dean AR N ¢

First Circular

Mark your calendars for "Science at the Luminosity Frontier: Jefferson Lab at 22 GeV", a workshop to explore the science
made possible by an energy upgrade to the CEBAF accelerator. The workshop will take place at the laboratory from Monday,
January 23, to Wednesday, January 25, 2023. This workshop will encompass the broad spectrum of topics in medium energy
physics enabled by the potential upgrade, and will feature theoretical advances as well as recent and potential results.
Concrete projections for experiments are encouraged. Topics will include:

Hadron spectra as probes of QCD

Transverse structure of the hadrons

Longitudinal structure of the hadrons

3D structure of the hadrons

Hadrons and cold nuclear matter

Low-energy tests of the Standard Model and Fundamental Symmetries

All sessions will take place at the CEBAF Center auditorium. In-person attendance is strongly encouraged, but the meeting
will likely have a hybrid connection. Morning registration and an evening reception will be held on Monday, January 23.

Further announcements will be sent along with the organizing committee, as well as guidelines for requesting a presentation.
For now, please reserve the date and plan to attend!

David Dean

Deputy Laboratory Director

and

Cynthia Keppel

Associate Director for Physics

Thomas Jefferson National Accelerator Facility

18 Je@-?son Lab
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Conclusions

 CEBAF 22 GeV upgrade capitalizes on existing investments
« Scientific program with existing Hall equipment
« Leverage new FFA accelerator technology with resistive
magnets

« Sirong science case for JLab energy upgrade in development
- Unigue measurements at the luminosity frontier
- Complementary to EIC
- Leverages precision capabillities of Jefferson Lab

« Support for energy upgrade development
- Users
- Lab support, including LDRD investment
- DOE encouragement to develop the science reach and
technical aspects of an upgrade

19 Jefferson Lab



