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Jefferson Lab - Experimental overview (1)

CEBAF upgrade completed

in September 2017
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Physics operation

= 4 Halls running
simultaneously since
January 2018

Continuous Electron Beam Accelerator Facility
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Jefferson Lab - Experimental overview (2)

HALL C - precision
determination of valence quark

properties in nucleons and
nuclei

HALL B - understanding the
3D nucleon structure, hadron
spectroscopy and nuclear
effects
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- SINSM
HALL D - exploring origin of
confinement by studying exotic
mesons

= *

HALL A - form factors and
PDFs, hyper nuclear physics,
Physics BSM




CLAS12 in JLAB-HALL B
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CLAS12 - Detector
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High Threshold Cherenkov
Forward Tagger

Drift Chambers

Low Threshold Cherenkov
Ring Imaging Cherenkov
Forward Time of Flight

EM Calorimeter

B0 =G T

Design Luminosity:
= 1035 cm-2s-1
Physics targets:

« LH2, LD, LHe, LAr
« D, 4He

= 12C to 208Pp

» Polarized NHs, ND3, 6LiH, 7LiD,
3He-gas



CLAS12 physics program

The multidimensional structure of the
nucleon — from form factors and PDFs to
GPDs and TMDs

Quark confinement and the role of the
glue in meson and baryon spectroscopy

The strong interaction in nuclei —
evolution of quark hadronization, nuclear
transparency of hadrons, short range
correlation

Richard Milner
EINN 2025




Electro- and photo-production of muon pairs with
1CLAS12: Double Deeply Virtual Compton
Scattering, Timelike Compton Scattering, and

PR1225-001

BH1 BH2
(b)

FIG. 9: Diagrams of the DDVCS process (a) and the BH process (b).

J /1 production

Motivation: The proposal presents an innovative experimental program to explore nucleon structure via
Double Deeply Virtual Compton Scattering (DDVCS), Timelike Compton Scattering (TCS), and near-
threshold J/y production, utilizing muon pairs in the final state:

DDVCS (e p — e' p' p'i) provides direct access to the full three-dimensional (x, & ) mapping of
Generalized Parton Distributions (GPDs) beyond the x = +£ constraint of DVCS/TCS, offering a unique
opportunity to test the analytic structure of the Compton amplitude and its connection to QCD
dispersion relations. Cross-section measurements and angular distributions will complement
asymmetries to constrain both the real and imaginary parts of the Compton Form Factors (CFFs).
TCS provides complementary sensitivity to the real and imaginary components of Compton Form
Factors (CFFs), through observables such as photon beam polarization asymmetries and forward-
backward angular asymmetries, providing a timelike counterpart to DVCS results and enabling
stringent cross-checks of GPD universality.

Near-threshold J/y production probes gluonic GPDs and the nucleon’s gravitational form factors
(GFFs), which encode information about the mass and pressure distributions side the nucleon. Near-
threshold J/Ay measurements will determine total and differential cross-sections, exploring gluonic
contributions and gravitational form factors.

Search for exotic states: The program also aims to investigate exotic states, such as hidden charm
pentaquarks, by constraining or measuring their electroproduction cross sections. The anticipated J/y
yield will be significantly higher (up to 25 times compared to current CLAS12 programs), allowing
searches for pentaquark states and detailed studies of hidden charm dynamics.
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CLAS12 Luminosity upgrade, staged approach

= Phase1: achieve luminosity of 2x1035 cm-2s-1 for CLAS12 normal

running conditions with charged particle reconstruction efficiency
of >85%.

= To support efficient and fast execution of the current program;

= Support a growing demands of physics program with a low rate, exclusive
reactions (TCS, J/Psi production,...);

= Will need to upgrade forward tracking. The beam-line and the rest of the
detector systems will perform at x2 higher luminosity;

» Phase2: achieve two orders of magnitude higher luminosities:
MCLAS12 at > 1037 cm-2s-1

= New physics opportunities for CLAS12 — DDVCS and e-J/y;

» Requires a large acceptance forward calorimeter (FTCal-Large), a recoil
detector and a forward vertex tracker
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CLAS12 Luminosity upgrade - Phase 1 - Plans

To mitigate occupancy-related inefficiency of FD tracking, we plan to add faster tracking
MPGD layers to the forward drift chambers.
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= Each layer will consist of 6 triangular large detectors
= Each detector will consist of three modules (there are no foils large enough to cover the whole R1).
=« URWell with 2-D, 10° stereo, strip readout with capacitive sharing, is the chosen technology
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CLAS12 Luminosity upgrade - Phase 1 - Status

CLAS12 large pRWELL foil with U/V readout produced at Rui’s MPT workshop at CERN

Simulations fully developed and show:

= NO Sizable degradation of momentum
resolution with pair of such detectors in front of

R1DC

= existing tracking software can already achieve
the desired efficiency at higher luminosities

Full-scale, single-sector, prototype
assembled at CERN, in collaboration

with University of Virginia

= Trapezoid with an active area of [1460 mm —
1012 mm] x 50 mm

» U & V strips at 10-degree stereo pitch =1 mm
»« Capacitive-sharing R/O scheme

Timeline:
» 2024: testing of prototype
» 2025: fabrication of full 6 sectors
» 2026: installation

GEMC (CLAS12 GEANT4 model)_: a pair
of uRWELL detectors in front of R1 DC.
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CLAS12 Luminosity upgrade - Phase 2 - Plans

Remove HTCC and block the CLAS12
forward with a W-shield and PbWQOg4
calorimeter to prevent flooding of DC I‘ICLAS1 2
by EM background; s _—
~i"'\,, A
: - \\\
L

Scattered electrons will be detected in
the calorimeter, while shield will work .
as pion filter, as most of charged pions A
will shower and will not reach to the ¢
forward tracking system;

front of the calorimeter for vertexing
and inside the solenoid for recoill

tagging.

Calorimeter

The existing downstream trackers and - N 7
toroidal field become a muon T N 5
spectrometer for luminosity of Detector capable of measuring
1037cm-1s-1 ep »e'p'utuy @L > 103"cm ?%sec™?
Time frame for Phase 2 is 6-8 years.
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New PolarizedHe Target for CLAS12

Combining two technologies: doub&ll polarized
SHe target (Maxwell, Milner, NIM A, 2021.)
A concept for polarized *He targets for high

luminosity scattering experiments in high / [ ! { MHQaA P ¢ azft S )f 2 A
magnetic field environments

5.4amg comparable to SEOP

Show more v

+ Addto Mendeley o3 Share 99 Cite

https://doi.org/10.1016/j.nima.2021.165590 Get rights and content 2

High Field MEOP DoubleCellCryoTarget

High magnetic field (5 T) Polarize®He using MEOP at room te
Polarization ~ 60% (300 K)

Higher pressure (100 times) compar Diffuse transfer to 5 K target cell

to typical low fie:ﬁb'\ggop (100 mbar Density increase by 60 times
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Proposal PR1:20-002 to PACA48

A program of spitlependent electron scattering using a polarigidd target in C

(CoeSpokespeople: H. Avakian, J. Maxwell, R. Milner, D. Nguyen)

Pr-dependence of n longitudinal spin structure
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FIG. 13: Projected number of DIS events and absolute statistical uncertainty in the
asymumetry for 30 days of running at 0.5 A on the polarized *He target.
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FIG. 15: x—dependence projection plot for charged pions, the black data points are
HERMES data [83], the red data points are projection for this proposal for 30 days of

Beam energy = 10.6 GeV
Beam current = 500A
Target thickness = 2.9 x2LGHe cn¥
Targetpoln. = 50%

Beampoln. = 80%

Luminosity = 2.7 x 20nucleons/cn/s
30 days of running

0.05 <x< 0.7
1<@®<9(GeVi®
0.2<z<0.9
0 <p;< 1.3 (GeVic)
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running at 0.5 gA. The curves use GRV [84] PDFs, and D;(z) from DSS [85], with black

curves calculated for proton, and red curves calculated for neutron.
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FIG. 16: z—dependence projection plot for charged pions in the valence region

0.1 <2 < 0.6, compared to the HERMES data on proton [86]. The curves use GRV [84]

PDFs, and D;(z) from DSS [85].
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Proposal PR1:20-002 to PACA48

A program of spitlependent electron scattering using a polarigidd target in C

(CoeSpokespeople: H. Avakian, J. Maxwell, R. Milner, D. Nguyen)
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FIG. 16: z—dependence projection plot for charged pions in the valence region

0.1 <2 < 0.6, compared to the HERMES data on proton [86]. The curves use GRV [84]
PDFs, and D;(z) from DSS [85].
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i Enhanced polarization of low pressure 3He

Photodiode

through metastability exchange optical
pumping at high field

1.D. Maxwell @ & & ]. Alessi b, G. Atoian b, E. Beebe b, C.S. Epstein 9, R.G. Milner 9,
M. Musgrave 9, A, Pikin b, J. Ritter b, A. Zelenski b

Show more
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Figure 3: Photograph of the polarizing apparatus and EBIS spare solenoid

warm bore. In the foreground are the pumping laser circular polarization optics.

The probe laser fiber enters a circular polarizer on the right, and after passing

through the cell the probe light is reflected by a mirror back to a photodiode on

the left. The sealed cell is illuminated by the RF discharge plasma in pink; for Richard Milner
this photograph it is much brighter than is effective for optical pumping. EINN 2025



