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Jefferson Lab — Experimental Overview

= CEBAF Upgrade
completed in September

2017
o CW electron beam
O Ema =12 GeV
O lnax =90 MA
o Pol,x ™~ 90%

= Physics Operation

o 4 halls running
simultaneously since
January 2018

DDVCS Measurement with the CLAS12 P

Hall D — exploring origin |
of confinement by

Hall A — SRC, form factors and : ] /
studying exotic mesons | g

{PDFs, hyper-nuclear physics,
1 Physics BSM

Hall C = precision
4 determination of
valence quark
properties in
nucleons and

i nuclei

1. INJECTOR
2. LINACS
3. RECIRCULATION ARCS

¢ Hall B -
| understanding the 3D
hucleon structure,
hadron spectroscopy,
and nuclear effects

4 J ff/gon Lab



Jefferson Lab — Experimental Overview
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CLAS12 - Physics Program

I
Tomographic images - GPDs » " Confined motion - TMDs

Nucleon and nuclear structure, spatial and
momentum tomography, form factors ...

Cold nuclear matter, NN correlations,
hadronization, color transparency ...

Exploring origin of confinement, meson and
baryon spectroscopy, exotics ...

Currently a total of 44 approved experiments, with large coverage of the nuclear physics field

Organized into 11 run groups to optimize accelerator usage, based on overlapping experimental
configurations, e.g., beam energy, target, magnetic fields
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CLAS12 — Detector

Forward Detector (FD)

Design Luminosity
* 10 cm?2 s

Physics Targets
Beamline | '  LH,, LD,, LHe, LAr

Central Detector (CD) _ : | _ | o D, 4He

| . 12C to 208Pb

» Polarized NH3;, NDs,
6LiH, 7LiD, 3He-gas

Beamline

https://www.jlab.org/Hall-B/clas12-web/
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CLAS12 — Detector

Installation complete in 2017,
production running since 2018
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CLAS12 - Luminosity Upgrade — Phase 1 — Motivation
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« Alot was learned from the first year(s) of data collection
about detector and software performance, by analysis of
many key reactions
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 High-occupancy, forward tracking inefficiencies, which
led to conservative running at less than design
luminosity, combined with optimistic assumptions in the >
original proposals, e.g., pertect efficiency and unrealistic S
acceptance o
— and we are effectively down by about a factor of ~2 in &
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— Significant efficiency recovery has already happened with
Al/ML-based software techniques and efforts are
continuing

— But tracking hardware improvements will also be required

to keep occupancies and efficiencies acceptable and T Al |
achieve 2x luminosity 20 a0 60 80 100
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CLAS12 - Luminosity Upgrade — Phase 1 — Plans

To mitigate occupancy-related inefficiency of forward tracking, an additional tracking layer with fast
timing will be added to the 18!, most upstream, tracking region

— uRWell with 2-D, 10° stereo, strip readout with capacitive — Simulations fully developed and show existing
sharing, is the chosen technology tracking software can already achieve the desired
— Integration wise, on(ljy minor repositioning of upstream efficiency at higher luminosities
detectors is require
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CLAS12 — Luminosity Upgrade — Phase 1 — Status

* Forward tracker upgrade

— Small uRWell prototype built and tested at JLab
in 2022

— Full-scale, single-sector, prototype assembled at
CERN, in collaboration with University of Virginia

 Partially installed in proposed location in CLAS12
for a few weeks with beam in 2023, data analysis
underway and lessons learned
— Timeline:
« 2023: design final, including electronics
« 2024: testing of prototype-1, start procurement
« 2025: fabrication of full 6 sectors

 2026: installation

» All other CLAS12 detectors can already handle doubling the
luminosity, except some need for aging mitigation/replacement of
MTs, in progress

« Some DAQ hardware components will require incremental upgrades,
e.g. TDCs and one detector’s front-end boards, in progress
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CLAS12 - Luminosity Upgrade — Phase 2 — Motivation

» CEBAF at the luminosity
frontier, with large-
accepta nce detector systems,
is a natural continuation of
the JLab12 physics program
and complementary to EIC.

CLAS12 Flagship program —
accessing GPDs through
measurements of
beam/target asymmetries
and the cross sections of
Compton processes (TCS
and DVCS)

* The upgraded CLAS12 will be
one of future facilities at JLab
capable of taking nuclear
femtography to a new level.

P

Jefferson Lab at the luminosity
frontier is the only place in the
world DDVCS can be measured!

ULCLAS12 is one of two
proposed facilities, another
being SoLID in Hall-A,
capable of carrying out
such measurements.

« Two orders of magnitude
igher luminosities,

LAS12 for muon-pair
electroproductlon at = 1037
cm*< s, is proposed for the
2nd phase of the CLAS12
luminosity upgrade.

DDVCS Measurement with the CLAS12 High-Luminosity Upgrade 12

First experimental measurement with

CLAS12 PRL 127, 262501 (2021)
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GPDs in Virtual Compton Scattering

See tomorrow’s plenary talk by Maxime Defurne on “Experiment Studies of GPDs”

Spin asymmetries (Im, X=§)
HERMES, CLAS, Hall A, JLAB12, COMPASS
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DDVCS (x # £) & TCS (Im, Re) — Real parts of CFFs provides a direct

7 -2 -1
JLAB12 at L 2 10°7 cm? sec measurement of the D-term and access to the

mechanical properties of the proton

But DDVCS cross section is three orders of magnitude smaller than DVCS
= inaccessible to CLAS12 without large luminosity increase
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MCLAS12 — Luminosity Upgrade — Phase 2 — Plans

Remove the high-threshold Cherenkov

counter and install:

— a new Moller cone that extends to larger polar
angles, ~7°

— shield the forward detector from
electromagnetic and hadronic backgrounds

— a new PbWO, calorimeter to cover 7° to 30°
polar angles for electron and photon detection;

— install fast, high rate MPGD trackers in front of
the calorimeter for vertexing and inside the
solenoid for recoil tagging (with some detector
for simple timing-based PID).

—The existing downstream trackers and
toroidal field become a muon
spectrometer for luminosities of 103’
cmist

Calorimeter

—Time frame for Phase 2 is 6-8 years.

ceor?
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MCLAS12 — DDVCS Projections

* MC studies validate the proposed
measurement, with acceptable
background and trigger rates and
muon/pion separation.

* DDVCS letter of intent submitted to
JLab’s PAC in 2016, with
recommendation to wait for DVCS
measurements from CLAS12 to be
realized before submitting full

proposal.

* More studies necessary to finalize

detector design for a final proposal.
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Summary

« CLAS12 has a diverse physics program, with its detector commissioned in 2018 and since then
acquiring physics data.

« The detector performance is close to design after improvements from Al-assisted tracking, but
luminosity upgrades will greatly help efficiently execute the existing physics program and facilitate new
physics opportunities.

« Two phases of luminosity increases are planned.

- The first, a doubling to 2x103% cm2 s-!, is in progress with an additional, fast tracking layer and en
route in the next 3 years.

- The second, larger, phase, to 103 cm2 s-!, converts CLAS12’s forward acceptance region into a
muon detector.
« WCLAS12 in the 2" phase is one of only two facilities in the world that can measure DDVCS,
extending access to GPDs into new kinematic space.
- Also can provide, for example, access to heavy quarkonium.

SSGG al\s/g, an energy extension, P. Rossi’s plenary talk tomorrow, “New Opportunities with Jefferson Lab at
e
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