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Experimental Frontier of QCD Studies

PDFs for CT10 for Q2 = 10 GeV?

Proton’s 1D structure after
four decades of study
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Experimental Frontier of QCD Studies

PDFs for CT10 for Q2 = 10 GeV?
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https://www.youtube.com/watch?v=Dt8FZ4ksWiY
https://arts.mit.edu/visualizing-the-proton/
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Experimental Frontier of QCD Studies

* SoLID will measure small cross sections and asymmetries with high or
meaningful precision:
> Imaging the proton from 1D (PDF) to 3D or more (TMD with SIDIS, GPD with
DVCS, TCS, DEMP etc.)

> Threshold studies to probe the proton mass and gluonic field

> High precision parity-violating electron scattering (PVES) and test of the SM

* SoLID will measure processes never measured before:

> Deep exclusive processes — DDVCS, etc.
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Experimental Frontier of QCD Studies

* SoLID will measure small cross sections and asymmetries with high or

meaningful precision:
> Imaging the proton from 1D (PDF) to 3D or more (TMD with SIDIS, GPD with

DVCS, TCS, DEMP etc.)
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SoLID for JLab Hall A — SIDIS and TMDs
Leading Twist TMDs
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SoLID for JLab Hall A — SIDIS and TMDs

Compare SoLID 3He with
World Data

in SIDIS and e+e- annihilation

World data from HERMES,
COMPASS

e+e- data from BELLE, BABAR,
and BESIII

Monte Carlo method is applied

Including both systematic and
statistical uncertainties

SoLID enhanced = SoLID approved

by the PAC

also see
Z. Ye et al., Phys. Lett. B767 (2017) 91-98
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SoLID for JLab Hall A — SIDIS and TMDs

* Nucleon tensor charge as important
as its other static properties —
electric charge, mass, spin

gt = [ W) - Wi(a) da,
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SoLID for JLab Hall A — J/Psi Threshold Production

* Oirigin of the proton mass — a prominent topic in contemporary hadronic physics
* Quarkonium production near threshold uniquely sensitive to the non-perturbative gluonic

structure of the proton

* Existing measurement by GlueX and Hall C J/psi E12-16-007, probing gluonic gravitational
form factors (GFF) of the proton
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E12-16-007 see: B. Duran et al., Nature 615, 813-816 (2023)
GlueX: A. Ali et al., Phys. Rev. Lett. 123, 072001(2019)

Figure provided by S. Joosten, see P. Achenbach et al.,
https://arxiv.org/abs/2303.02579
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SoLID for JLab Hall A — J/Psi Threshold Production

0 (+10) days of 3uA beam on a 15-cm LH2 target

* SoLID allows for study of J/psi
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SoLID for JLab Hall A — Parity-Violating DIS

* BSM Physics has large phase space, precision measurements would point the way

* PVDIS deuteron measurement access effective electron-quark couplings
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Slide from P. Souder, PAC50 talk

 BSM physics probed: leptophobic Z', dark Z,
strong PV (https://arxiv.org/abs/2306.04704 )
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SoLID for JLab Hall A — Parity-Violating DIS

MARATHON W asymmetry, PVDIS-
3 3 PVDIS-proton,
He /"H V DIS, e+ scattering deuteron

Charge Symmetry
New Physics

* PVDIS proton measurement access
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Latest — CLEO-Il Magnet Cold Test at JLab
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Latest — CLEO-Il Magnet Cold Test at JLab

* Alow current test conducted on March 24*. The
current for this test was ramped up to 120A and was

held for 30 mins.
* PSU output voltage ~ 1.15V during ramp up at 0.5A/s.

* No increase in coil voltages observed during ramp up
or while at 120A for 30 minutes.

* Coil believed to be superconducting with flat lined

nature of temp curves during test.

* A 3 axis Hall probe was installed in the bore of the
magnet for each of the tests. Data matched TOSCA

model well.

* Coil average temperature remained constant during

test.

JLUO Annual Meeting, June 26-28, 2023
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Latest pre-R&D — Detector Beam Test (2022-23 Hall C)
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* Extensive simulation, PID study with both classical and Al/ML
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Latest pre-R&D — Detector Beam Test (2022-23 Hall C)

* 82 deg: Shower MIP not visible,
calibrate sim/data using spectrum slope

Event (rate)

- : hist3
10° b—o- :.....| Entries 384114
= Mean 18.96
T S 1 T
107 o oo red smulahonml:h.....i _____________
F ; showersum>8 MeV
o black:dala un 3564 15
X Data ADC channeI*O 0095
E I l. - 1 1 T - l A § - 1 L L UL L - — i i ——
0 10 20 30 50 60 70 80 90
Edep (MeV)

* ML vs. classical PID with “pencil sim™:

Zoom: e Efficiency vs m~ Rejection

JLUC

e Efficiency

1.0 _--_-—-_-_-——--——--_----"'-—-_____...-‘
0.9 4
0.8 A
7
0 | —— Classical
1 —— MLP
064 CNN
1 95% Ceff
| — 95%my; \
0.5

m~ Rejection

0.60 065 070 0.75 0.80 0.85

0.90

0.95

1.00

100

Event

10°

10*

10°

10?

1000

slide from Y. Tian & D. Upton
7 and 18 deg:

 detectors calibrated with sim using MIP
location

” rates agree with simulation to within
(10-15)%

simulated =®

simulated e’

simulated n®+x +tt+e’

run4780 TS4 triggered...... -

200 400 600 800 1000 1200 1400
ShowerSum Edep (MeV)

TS4 Triggered 2000<Shower_|<3000

L L PR 1 h e o oo
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

PreSh_|
L4 < 1] 4 o— - =




SoLID Timeline
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SoLID Timeline
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https://indico.mit.edu/event/538/

NSAC 2023 LRP Town Meetings - QCD https://arxiv.org/abs/2303.02579

Recommendation 1: Capitalizing on past investments (Yes: 335; No: 3; No Answer: 4)

The highest priority for QCD research is to maintain U.S. world leadership in nuclear science for the next decade
by capitalizing on past investments. Maintaining this leadership also requires recruitment and retention of a
diverse and equitable workforce.

We recommend support for a healthy base theory program, full operation of the CEBAF 12-GeV and
RHIC facilities, and maintaining U.S. leadership within the LHC heavy-ion program, along with other
running facilities, including the valuable university-based laboratories, and the scientists involved in all
these efforts.

This includes the following, unordered, programs:

e The 12-GeV CEBAF hosts a forefront program of using electrons to unfold the quark and gluon structure
of visible matter and probe the Standard Model. We recommend executing the CEBAF 12-GeV program at
full capability and capitalizing on the full intensity potential of CEBAF by the construction and deployment
of the Solenoidal Large Intensity Device (SoLID).

e The RHIC facility revolutionized our understanding of QCD, as well as the spin structure of the nucleon.
To successfully conclude the RHIC science mission, it is essential to complete the sSPHENIX science
program as highlighted in the 2015 LRP, the concurrent STAR data taking with forward upgrade, and the
full data analysis from all RHIC experiments.

»|® The LHC facility maintains leadership in the (heavy ion) energy frontier and hosts a program of using
heavy-ion collisions to probe QCD at the highest temperature and/or energy scales. We recommend the
support of continued U.S. leadership across the heavy ion LHC program.

e Theoretical nuclear physics is essential for establishing new scientific directions, and meeting the chal-
lenges and realizing the full scientific potential of current and future experiments. We recommend
increased investment in the base program and expansion of topical programs in nuclear theory.

; 2
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NSAC 2023 LRP TOW“ Meetings —_ FSNN https://indico.phy.ornl.gov/event/209/

2) We recommend increased investments in targeted initiatives with
unique sensitivity to violation of time reversal invariance, interactions
beyond the Standard Model, and the neutrino masses.

We highlight the most compelling scientific opportunities:

a. The expeditious completion of high-impact experimental campaigns,
including the nNEDM@SNS, the world’s most ambitious search for the neutron
electric dipole moment (EDM); and MOLLER@JLab, planning the most
precise low energy measurement of a purely leptonic weak neutral current
interaction

b. Realizing the full potential of the existing experimental program to address
recent questions surrounding CKM unitarity, substantially improve constraints
on CP violation, and extend the precision frontier’'s capability to discover BSM
physics.

c. Support of R&D efforts targeting emerging opportunities with demonstrated
scientific cases. These include the next generation measurements of the absolute
neutrino mass (Project 8), lepton flavor universality in the weak interactions
(PIONEER)| search for new neutral current interactions (SoLID)| as well as EDM
searches enabled by FRIB.

. D
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Summary and Outlook

* SoLID will fully capitalize on the 12 GeV CEBAF at the intensity frontier,
allowing precision studies of a number of modern topics central to hadronic
physics and test of the SM:

> SIDIS, J/psi, PVDIS, TCS, DEMP (DVCS, DDVCS, CLFV ... ... )

> complementary to existing facilities and the EIC

* The SoLID collaboration, currently consists of 240 collaborators from 69
countries, worked tirelessly on the physics program and conceptual design
since the early 2010’s.

* SolLID is of high priority:
> successful first magnet cold test at JLab

> DOE-funded pre-R&D activities on Cherenkov, GEM readout, and detector beam tests
recently completed or well underway

> Timely realization of SoLID is essential for the US nuclear science program

SeliD J)ej_fe’?son Lab 23
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SoLID for JLab Hall A — SIDIS and TMDs

Example: E12-10-006 (SIDIS on Transversely Polarized 3He)

» SoLID SIDIS projections of A ; in various 4-D bins at 11/8.8 GeV beam energies

> Projections at EIC kinematics for the same observable at 29 GeV CM energy
» SoLID and EIC synergistic towards each other, by covering different x and Q2 ranges
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