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The Solenoidal Large Intensity Device (SoLID) is a large acceptance spectrometer capable of
operating at the luminosity frontier. It is proposed to fully exploit the scientific potential of the
continuous electron beam accelerator facility (CEBAF) 12 GeV energy upgrade at Jefferson Lab.
Its conceptual design is mature, having passed multiple reviews and been validated by a successful
pre-R&D phase. The envisioned scientific program consists of three avenues of research, namely
the 3D momentum imaging of the structure of the nucleon, the origin of the proton mass through
the gluonic gravitational form factors (GFFs), and the search of physics beyond the standard model
of particle physics. These avenues are complemented by a growing supplemental list of run group
experiments that address a variety of important topics.
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1. Introduction; SoLID "raison d’être"

To address some of the key questions in hadronic and nuclear physics highlighted in the Long
Range Plan of Nuclear Physics [1], CEBAF’s 12 GeV upgrade at Jefferson Lab has enabled signif-
icant electron scattering data collection over the last five years with four operational experimental
halls [3]. On one hand, Halls B and D are equipped with large-acceptance, toroidal (CLAS12)
and solenoidal (GlueX) spectrometers respectively, operating at moderate luminosities about 1035

cm−2s−1. On the other hand, Halls A and C are equipped with spectrometers (HRS, SBS, HMS,
SHMS) that offer high to moderate momentum resolution and can reach a maximum central mo-
mentum of up to 11 GeV. Although these spectrometers have a smaller acceptance, they can operate
at significantly higher luminosity up to 1039 cm−2s−1. In contrast and to fully leverage the 12 GeV
energy upgrade of CEBAF, the proposed Solenoidal Large Intensity Device (SoLID) is essential
to enable a large acceptance detector to handle a luminosity in the range 1037-1039 cm−2s−1. The
SoLID experiment is unique in that it operates at the luminosity frontier to enable multidimensional
measurements in hadronic/nuclear physics. SoLID’s features enable the most challenging mea-
surements to be performed with high precision in the valence quark region of nucleons and nuclei.
SoLID’s scientific program and detector are described in detail in its white paper Ref. [2].

2. SIDIS in SoLID and TMDs
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Figure 1: SoLID uncertainties projections on the transversity 𝑥ℎ1 (𝑥) (left) and Sivers 𝑥 𝑓 ⊥(1)
1𝑇 (right) distribu-

tions as a function of 𝑥 for the up (red) and down (blue) quarks compared to the world data extraction (wide
bands).

The transverse parton momentum structure of the nucleon is rich but its unraveling has taken
center stage only in the last 20 years. One way to access the missing information, namely the nu-
cleon partons’ transverse momentum is through semi-inclusive deep inelastic scattering (SIDIS) [4].
SoLID will advance the 3D momentum imaging of the partonic structure of the nucleon by pro-
viding high precision data for each bin of multi-variables relevant to the SIDIS experiments [2]
in the valence quark region. As an example, Fig. 1 shows the impact of proposed SoLID SIDIS
measurements on the extraction of the transversity and Sivers functions compared to the present
world data.
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3. Near-Threshold 𝐽/𝜓 Production in SoLID and gluonic GFFs

Recently, it was suggested that the measurement of near threshold photo-production of 𝐽/𝜓 on
the proton would give access to fundamental gluonic mechanical properties of the proton described
by the energy-momentum form factors [5, 6]. Measurements of such a reaction where performed
by GlueX [7], 𝐽/𝜓 − 007 [8] and CLAS12 [9]. In particular in 𝐽/𝜓 − 007, the authors extracted,
for the first time, the gluon contribution of the gravitational form factors (GFFs) 𝐴𝑔 (𝑘) and 𝐷𝑔 (𝑘).
Studies on the quark sector are related to the measurements of the Compton form factors (CFFs)
through deeply virtual Compton Scattering (DVCS) and the extraction of the generalized parton
distributions(GPD). In this case and the for the first time, 𝐷𝑞 (𝑘) quark gravitational form factor
was extracted [10]. Both 𝐴(𝑘) and 𝐷 (𝑘) are needed to discuss the mass density distribution in the
proton. However, with knowledge of 𝐷 (𝑘) alone, the pressure density distribution in the proton
has been determined [10]. In Fig. 2 we show the projected impact of the SoLID 𝐽/𝜓 experiment
compared to the current determination of the gluonic form factors including those of lattice quantum
chromodynamics (QCD) [11].
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Figure 2: Left two panels, gluonics GFFs 𝐴𝑔 (𝑘) and 𝐷𝑔 (𝑘) extracted from the SoLID projected data and
compared to 𝐽/𝜓 − 007 current determination and lattice QCD. Right panel, impact of the SoLID PVDIS
experiment on the determination of the couplings 𝑔𝑒𝑞

𝑉𝐴
(vertical axis) versus 𝑔𝑒𝑞

𝐴𝑉
(horizontal axis) [2, 14].

4. SoLID Parity Violation Deep Inelastic Scattering Experiment

Parity violation in deep inelastic scattering (PVDIS) in search of physics beyond the standard
model is the most demanding measurement in SoLID and requires its own configuration of detectors
to accept an unprecedented luminosity in a large acceptance detector, about 1039 cm−2s−1. More
details on the challenges and impact of this experiment on physics beyond the standard model search
as well hadronic structure of the proton, like the 𝑥 dependence of the ratio of down- over up-quark
distribution functions are discussed in Ref. [2]. SoLID with its deuteron PVDIS measurement
will provide new constraints on the effective couplings 𝑔

𝑒𝑞

𝑉𝐴
and 𝑔

𝑒𝑞

𝐴𝑉
, and unique sensitivity to

BSM physics, see Fig. 2 (most right panel) adapted from [14]. Together with the upcoming
MOLLER [12] measurement at JLab and the P2 experiment [13] at the MESA facility in Mainz,
SoLID PVDIS will also map out the weak mixing angle sin2(𝜃𝑊 ) in the low to intermediate energy
region, complementary to BSM search provided by the electron-quark couplings.
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5. Summary

SoLID offers an exceptional and unique opportunity to enhance and extend the scientific reach
of the 12 GeV upgrade of CEBAF at Jefferson Lab. For more complete description of the SoLID
science program and detector configurations details we refer the reader to Ref. [2]
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