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Goals of PVDIS with SoLID

parameter space where new physics is not excluded. In this context, the goal of SoLID is to reduce the
volume of this multi-dimensional parameter space by an order of magnitude by measuring one specific
combination of the coupling constants.

One experiment at the LHC, the production of Drell-Yan e+e� pairs, has relevance for SoLID. Al-
though the observables in the experiment are parity conserving, there are large interference terms with
the parity-violating SM that give sensitivity to parity-violating couplings. The experiment thus measures
linear combinations of 14 couplings. The SoLID measurement will provide an additional constraint. An
SMEFT analysis of the both LHC Drell-Yan and PVES data has been published [8]. The analysis was
limited to scenarios where many of the couplings were arbitrarily set to zero. We are awaiting a full
model-independent analysis that can show the full impact of SoLID.

Another possibility for BSM physics is the existence of “dark light” in which there is a light boson
that also couples to dark matter Xiaochao: cite?. The resulting modification to PVES experiments is
that sin2 ✓W Souder: has an additional Q2-dependence beyond that predicted by the SM.varies with Q2

Xiaochao: add “differently from the SM prediction” (note: the weak mixing angle already varies with Q2

in the SM). Here, PVDIS is unique in that its Q2 ⇠ 7(GeV/c)2. In this scenario, the analysis process
is different from the determination of the couplings. Instead of extracting 2geuV A � gedV A, the SM values
of the couplings are used and the asymmetry becomes a function of sin2 ✓W . The value of sin2 ✓W can
thus be extracted from the measured asymmetry and compared with other high-precision measurements
at different Q2 values.
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Figure 2: Left panel: Expected limits on the coupling constants from future experiments. Right panel:
Projection limits on the scale of BSM physics for SoLID. Definitions are given in Ref.[3].

4 Measurement of the PDF d/u Independent of Nuclear Structure

A measurement of ADIS
RL on a proton target is sensitive to the ratio of the d to u quark PDF. The standard

determination of the d/u ratio relies on fully inclusive DIS on a proton target compared to a deuteron
target. In the large x region, nuclear corrections in the deuteron target lead to large uncertainties in the
d/u ratio. However, they can be completely eliminated if the d/u ratio is obtained from the proton target

5

APV with deuterium
1.  Search for BSM physics at a high 

energy scale.
2.  Search for CSV at the quark level
3.  Search for quark-quark higher twist 

effects

APV with the Proton
1.  Help determine d/u PDF’s
2.  Insight into nuclear effects 

at high x 
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PVDIS for eD Scattering

e-

N X

e-
Z* γ*

At high x, Aiso becomes independent 
of pdfs, x & W, with well-defined 

SM prediction for Q2 and y

Q2 >> 1 GeV2 , W2 >> 
4 GeV2

€ 

APV =
GFQ

2

2πα
a(x) + f (y)b(x)[ ]

Unique feature: sensitivity to C2’s
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SM Effective Field Theory (SMEFT) and LHC Data 

SoLID and LHC data 
are complementary 

Goal: Measure each Cd
ij

as precisely as possible
(Nobody really knows where

the new physics is.)

New Drell-Yan LHC data  measures a 
combination of parity conserving and 

parity violating couplings. 

Figure courtesy of Frank Petriello…
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Dark Boson Zd and other Sub-TeV BSM Models

• Davoudiasl, et al. Phys.Rev.D 92 
•(2015) 5, 055005

Exploring Dark Parity at Future Colliders

• Polarized electron beam of the future electron ion collider (EIC) a potential probe
- Production of Zd in coherent Z2-enhanced electron-ion scattering

HD, Marcarelli, Neil, work in progress

• Precision on sin2 ✓W based on 40 ab�1 of “Chiral Belle” data: ±0.00018
- Approximately 70% longitudinally polarized electron beam; Q2 = (10.58 GeV)2

- Possible sensitivity [mostly invisible; Br(Zd ! `+`�) ⇠ 0.003]: |"�0| <⇠ 3⇥10�4 ) � sin2 ✓W <⇠ 5⇥10�4

From: S. Banerjee et al. [US Belle II Group and Belle II/SuperKEKB e-Polarization Upgrade
Working Group], 2205.12847

16

Thomas, A. W. and Wang, X. G.
arXiv hep-ph ADP-22-19/T1190 (2022),
author = Thomas, A. W. and Wang, X. G. 
and Williams, A. G. arXiv
hep-ph ADP-22-4/T1175 (2022)

Page 19

Constraints of new W mass versus PV

Using Cs value from Dzuba et al., Phys Rev Lett 109 (2012) 203003

Thomas and Wang, arXiv: 2205.01911
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PVDIS with the Proton

PVDIS and EW @ JLab and beyond- 16 June 2022accardi@jlab.org

● Global QCD analysis is a powerful tool:

⟶ d/u, nuclear dynamics, parton correlations, CSV

⟶ PVDIS still relevant in BONuS 12 / Marathon era !!

Need half a honeycomb, at least!

3333

W asym, PVDIS p, 
𝜈 DIS, e++p

tagged DISDIS on D

d/u
& nucl dyn.

 & Higher Twists

MARATHON
3He/3H

PVDIS on D

CSV
BSM

PVDIS is complementary to 
the rest of the Jlab d/u program. 

Only PVDIS has no nuclear effects

The MARATHON Data on d/u has different interpretations.  Hence as many 
targets as possible should be studied: PVDIS, BONUS (D), and MARATHON

Phys.Rev.Lett. 127 (2021) 24, 242001
Phys.Rev.Lett. 128 (2022) 13, 132003

Figure courtesy of A. Accardi

Fig. from talk by F. Hauenstein
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SoLID PVDIS Apparatus Described in Pre-CDR

Baffles                             GEM Chambers       

• 50 𝜇A beam current.
• 40 cm LD2 target
• ~40% azimuthal coverage with 

baffles which provide curved 
channels that block positive and 
neutral background particles

• Azimuthally symmetric.
• High-rate GEM tracking Chambers

Achieving High Luminosity

Magnet from CLEO 
experiment at Cornell 
is at JLab.  Cold test 

is  expected to be 
completed by October. 
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Summary of Uncertainties and Beam Request 

Energy(GeV)
Days(LD2)
Days(LH2)

4.4
18

9

6.6
60
-

11
120
90

Test
27
14

169 Days were Approved.  Based on the urgency of the science and
successful Pre-CDR design, we now request the full 338 days.  

Total 0.6
Polarimetry 0.4

Q2 0.2

Radiative Corrections 0.2

Event reconstruction 0.2

Statistics 0.3

Experimental Uncertainty Budget
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Fine points
parameter space where new physics is not excluded. In this context, the goal of SoLID is to reduce the
volume of this multi-dimensional parameter space by an order of magnitude by measuring one specific
combination of the coupling constants.

One experiment at the LHC, the production of Drell-Yan e+e� pairs, has relevance for SoLID. Al-
though the observables in the experiment are parity conserving, there are large interference terms with
the parity-violating SM that give sensitivity to parity-violating couplings. The experiment thus measures
linear combinations of 14 couplings. The SoLID measurement will provide an additional constraint. An
SMEFT analysis of the both LHC Drell-Yan and PVES data has been published [8]. The analysis was
limited to scenarios where many of the couplings were arbitrarily set to zero. We are awaiting a full
model-independent analysis that can show the full impact of SoLID.

Another possibility for BSM physics is the existence of “dark light” in which there is a light boson
that also couples to dark matter Xiaochao: cite?. The resulting modification to PVES experiments is
that sin2 ✓W Souder: has an additional Q2-dependence beyond that predicted by the SM.varies with Q2

Xiaochao: add “differently from the SM prediction” (note: the weak mixing angle already varies with Q2

in the SM). Here, PVDIS is unique in that its Q2 ⇠ 7(GeV/c)2. In this scenario, the analysis process
is different from the determination of the couplings. Instead of extracting 2geuV A � gedV A, the SM values
of the couplings are used and the asymmetry becomes a function of sin2 ✓W . The value of sin2 ✓W can
thus be extracted from the measured asymmetry and compared with other high-precision measurements
at different Q2 values.
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Figure 2: Left panel: Expected limits on the coupling constants from future experiments. Right panel:
Projection limits on the scale of BSM physics for SoLID. Definitions are given in Ref.[3].

4 Measurement of the PDF d/u Independent of Nuclear Structure

A measurement of ADIS
RL on a proton target is sensitive to the ratio of the d to u quark PDF. The standard

determination of the d/u ratio relies on fully inclusive DIS on a proton target compared to a deuteron
target. In the large x region, nuclear corrections in the deuteron target lead to large uncertainties in the
d/u ratio. However, they can be completely eliminated if the d/u ratio is obtained from the proton target

5

The formula

is at leading order (LO) in QCD. 
Extracting d/u requires higher order 
corrections, which are performed by 
PDF groups.  Comparisons of relative 
errors between BONUS, Marathon,
and SoLID is done at LO.

Qweak, APV, and P2 do not provide
constraints in the vertical direction.  
Only PVDIS experiments
(SLAC, Jlab 6 GeV, and Solid)
constrain the C2’s
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SoLID PVDIS Collaboration

247 Members
62 Institutions
13 countries

P. A. Souder: Contact
X. Zheng: Co-spokesperson
P. Reimer: Co-spokesperson
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Backup
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PDF contributions

Limited data for x>0.25
New SeaQuest data for x<0.5 coming soon
If strange sea < light quark sea, strange contribution is small
PDF fits less useful because of extrapolation errors
PDF contribution may be < 0.3%  

42

from SeaQuest
● Data taken on LD2 

target

● Analysis in 
progress

x2 distribution
~25% collected 
data

x

Expected Statistical uncertainty

LD2

Slide credit: Shivangi Prasad

Anticipated improvements on  light antiquarks from SeaQuest
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Impact of PDF Errors for Various Fits

3

and the ✏’s account for c� c̄ and s� s̄ which are often set to zero in PDF sets:

✏c ⌘
2(c� c̄)

u+ + d+
, ✏s ⌘

2(s� s̄)

u+ + d+
. (7)

One can see that for the deuteron, the PDFs enter at minimal level to APV value.

II. METHODS

A. SoLID PVDIS simulation

We used GEMC to simulate 50 µA of electron beam on a 40-cm long liquid deuterium target. Trigger cuts and
DIS cut of the invariant mass W > 2 GeV were applied, resulting in a kinematic coverage shown in Fig. 1. The color
scale of Fig. 1 indicates the size of APV calculated using Djangoh with CT18NLO PDF set as input.
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FIG. 1. Size of APV in parts per million (ppm) as calculated using CT18NLO PDF for SoLID 11 GeV PVDIS coverage. The
grid shows binning of projected data and the numbers are for bin labeling.

From the simulation, we extracted the scattering rate (which is based on the JLab F1F2 20 fit) and event count
for each bin assuming 120 days beam with 100% e�ciency. For event count of N , the expected statistical uncertainty
on APV is

dAPV,stat =
1

Pe

p
N

(8)

where the electron beam polarization is assumed to be Pe = 80%.
The expected rates and dAPV,stat are shown in Figs. 2.

B. Generation of Pseudo Data

For our analysis, data of one pseudo experiment were generated as follows: For the bth bin, with given x, and
Q2 values and using the nominal PDF set under consideration, we first compute the theoretical SM prediction,
(APV)thSM,0,b. The pseudo data in the bin are obtained by

(APV)
pseudo

b = (APV)
th

SM,0,b + rb

r
�2

stat,b + (APV)thSM,0,b

⇣�uncorr

A

⌘2

b
+ r0

r
(APV)thSM,0,b

⇣�corr

A

⌘2

b

(9)

8

FIG. 8. Comparison of the theoretical asymmetry vs. all uncertainties. The PDF uncertainties are from PDF4LHC21 PDF
set.

C. Comparison of PDF sets on RS and RV

To illustrate how di↵erent PDF fits di↵er in their treatment of the valence and strange quark PDFs, we show in
Figs. 9 to 12 how the value of RV and RS vary with bin numbers (increasing bin number can be interpreted as
increasing x). Finally, we show in Fig. 13 all PDF sets together.

FIG. 9. Individual uncertainty PDF uncertainties of Rv and Rs for CT18NLO.

FIG. 10. Individual uncertainty PDF uncertainties of Rv and Rs for NNPDF31NLO.

Red lines are seq quark uncertainties:
At x~0.25, fits similar
At x=0.7, fits differ by more than two 

orders of magnitude!

Definition of bins
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Radiative Corrections
Radiator function

Observed cross section:

Convolution of cross section ⌦ radiator functions

d�obs(P, q) =
Z

d3k
2k0

X

n

Rn(l , l 0, k) d�̂(0)
n (P, q � k)

Shifted kinematics
observed momentum transfer Q2 = �(l � l 0)2,
‹ shifted momentum transfer Q̃2 = �(l � l 0 � k)2

observed Bjorken x = Q2/2P · (l � l 0)
‹ shifted Bjorken x̃ = Q̃2/2P · (l � l 0 � k)
Use Q2 = xyS ‹ Q̃2 = x̃ ỹS

d�obs(x , Q2) =

Z 1

x
dx̃

Z y

0
dỹ

X

n

Rn(x , x̃ ; y , ỹ) d�̂(0)
n (x̃ , Q̃2)

d�̂(0)
n = theory prediction for cross section without radiation

(sometimes called “true” — a misnomer)
H. Spiesberger (Mainz) 29. 6. 2022 10 / 30

INT Workshop “PVDIS at JLab 12 GeV and Beyond” 14

initial state radiation

final state radiation

Q2_vertex vs. W_vertex for 6 GeV that 

includes only internal radiations

(Djangoh simulation)

simulation from 6 GeV (both int and ext 

radiation), barely any seen for final state 

radiation (note that this is a linear z plot), 

or could it be that initial state radiation 

dominates for fixed-target experiments 

(due to extended target material)? 

Rn from Djangoh

Formula for internal corrections

Uncertainties for internal and external
radiative corrections are being
calculated from known cross sections
and projected asymmetries that SoLID
will measure in the resonance region.

Box diagrams and other higher order
corrections can be calculated with 
the desired precision.
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BSM PVES Experiments

MOLLER, SoLID, and P2 all improve precision

A 𝜹A 𝜹A/A(%)
SoLID 500 ppm 3 ppm 0.6

MOLLER 0.035 ppm 0.0008 ppm 2.2

P2 0.020 ppm 0.0004 ppm 2.0
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Figure 1: Left panel: History of PVES experiments in the size and precision of the asymmetry measured.
Right panel: Anticipated kinematic coverage for SoLID in the PVDIS configuration. The top band is for
a 11 GeV beam and the bottom band is for a 6.6 GeV beam. The number in each bin (with bin boundary
shown by red dashed lines) represent the relative statistical precision in percent, while the color scale
shows the size of APV for the deuteron in ppm.

where ↵ is the fine structure constant and the PDF and many other possible corrections cancel to first order
due to the isoscalar nature of the target. The SoLID spectrometer is designed to have large acceptance at
large y, so that APV is very sensitive to the geqV A couplings.

The main motivation for the experiment is that PVDIS is the only known experiment that can isolate
one combination of the coupling constants, 2geuV A� gedV A with minimal theoretical errors. For processes at
lower values of Q2, large, uncertain radiative corrections involving hadrons limit the possible precision.
The fundamental motivation for PVDIS is that it is important to measure as many of the couplings as
possible, each to as high a precision as possible.

From Eq. 2, we se that PVDIS is also sensitive to the geqAV , but presently these are known from Atomic
parity-violation and the recently-published Qweak experiment [6]. In the future, the P2 experiment [7] at
MESA will further improve on the precision of these couplings. With the new data published by Qweak
and anticipated from P2, the uncertainty on the geqAV will essentially be completely negligible in extracting
2geuV A� gedV A, an important development since the proposal was submitted. The projected uncertainties on
the couplings from SoLID and P2 are shown in the left panel of Fig. 2. We note from Fig 1 that the the
12C part of P2 proposes to measure an asymmetry at the 0.5% level.

3 Physics beyond the Standard Model

One possibility for BSM physics is new interactions that occur at the multi-TeV scale. At low energies,
these interactions are manifest as contact interactions of the form of Eq. 1. In total, there are 86 possible
operators for SM particles. The theoretical framework to model these heavy-particle new physics is called
Standard Model Effective Field Theory (SMEFT), and global analyses can be done to identify regions of

4
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Hadronic Physics: Charge Symmetry Violation

Additional contribution
to NuTeV anomaly?

For APV in electron-2H DIS 

“The paper on PVDIS and the EMC effect 
highlights a way -- perhaps the best way -- to 
access the flavor dependence of the EMC 
effect using PVDIS.”  Ian Cloet
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A Special HT Effect

14

Zero in quark-parton modelHigher-Twist valence quark-quark correlation

Isospin decomposition

before using PDF�s

Use ν data for small b(x) term.

following the approach of  

Bjorken, PRD 18, 3239 (78), 

Wolfenstein, NPB146, 477 (78)

The observation of Higher Twist in PV-DIS would be exciting direct evidence for diquarks

(c) type diagram is the only operator 
that can contribute to a(x) higher 
twist: theoretically very interesting!

σL contributions cancel

Castorina & Mulders, �84

€ 

APV =
GFQ

2

2πα
a(x) + f (y)b(x)[ ]

6/1/18 CIPANP

Unique Higher Twist Contribution

Zero in quark-parton modelHigher-Twist valence quark-quark correlation

Isospin decomposition
before using PDF’s

The observation of Higher Twist in PV-DIS would be exciting direct evidence for diquarks

(c) type diagram is the only operator that 
can contribute to a(x) higher twist: 
theoretically very interesting!

σL contributions cancel

€ 

APV =
GFQ

2

2πα
a(x) + f (y)b(x)[ ]

u d

following the approach of  
Bjorken, PRD 18, 3239 (78), 
Wolfenstein, NPB146, 477 (78)

See Mantry et al.,  PRC 82 065205 (2010),
Belitski et al., PRD (2011) 84 014010

< 𝑉𝑉 >−< 𝑆𝑆 >=< (𝑉 − 𝑆)(𝑉 + 𝑆) >∝ 𝑙𝜈𝜇∫ < 𝐷|𝑢 𝑥 𝛾𝜇𝑢 𝑥 𝑑 0 𝛾𝜈𝑑 0 |𝐷 > 𝑒𝑖𝑞𝑥𝑑4𝑥−−
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Untangling the Physics

x Y Q2

New Physics none yes small
CSV yes small small

Higher Twist large? no large

AMeas. = ASM

"
1 +

�HT

(1� x)3 Q2
+ �CSVx

2

#

Kinematic dependence of physics topics:

ASM 𝜷HT 𝜷CSV
ASM 1 0.18 -0.67
𝛽HT 0.18 1 -0.81
𝛽CSV -0.67 -0.81 1

SoLID DOE Science Review
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Projected Results

Improvement in 
couplings  

Improvement in 
energy reach for

electron-nucleon couplings  

With this precision,
SoLID makes a unique contribution

to the SMEFT program.

parameter space where new physics is not excluded. In this context, the goal of SoLID is to reduce the
volume of this multi-dimensional parameter space by an order of magnitude by measuring one specific
combination of the coupling constants.

One experiment at the LHC, the production of Drell-Yan e+e� pairs, has relevance for SoLID. Al-
though the observables in the experiment are parity conserving, there are large interference terms with
the parity-violating SM that give sensitivity to parity-violating couplings. The experiment thus measures
linear combinations of 14 couplings. The SoLID measurement will provide an additional constraint. An
SMEFT analysis of the both LHC Drell-Yan and PVES data has been published [8]. The analysis was
limited to scenarios where many of the couplings were arbitrarily set to zero. We are awaiting a full
model-independent analysis that can show the full impact of SoLID.

Another possibility for BSM physics is the existence of “dark light” in which there is a light boson
that also couples to dark matter Xiaochao: cite?. The resulting modification to PVES experiments is
that sin2 ✓W Souder: has an additional Q2-dependence beyond that predicted by the SM.varies with Q2

Xiaochao: add “differently from the SM prediction” (note: the weak mixing angle already varies with Q2

in the SM). Here, PVDIS is unique in that its Q2 ⇠ 7(GeV/c)2. In this scenario, the analysis process
is different from the determination of the couplings. Instead of extracting 2geuV A � gedV A, the SM values
of the couplings are used and the asymmetry becomes a function of sin2 ✓W . The value of sin2 ✓W can
thus be extracted from the measured asymmetry and compared with other high-precision measurements
at different Q2 values.
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Figure 2: Left panel: Expected limits on the coupling constants from future experiments. Right panel:
Projection limits on the scale of BSM physics for SoLID. Definitions are given in Ref.[3].

4 Measurement of the PDF d/u Independent of Nuclear Structure

A measurement of ADIS
RL on a proton target is sensitive to the ratio of the d to u quark PDF. The standard

determination of the d/u ratio relies on fully inclusive DIS on a proton target compared to a deuteron
target. In the large x region, nuclear corrections in the deuteron target lead to large uncertainties in the
d/u ratio. However, they can be completely eliminated if the d/u ratio is obtained from the proton target

5
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PVES Lagrangian and PVDIS for eD Scattering

At high x, ADIS becomes approximately 
independent of pdfs, x & W, with well-

defined SM prediction for Q2 and y

Figure 1: Left panel: History of PVES experiments. Right panel: Antici-
pated statistical precision for SoLID in the PVDIS configuration. Top band is
data obtained at 11 Gev and bottom band is data taken with 6.6 GeVbeam.

2 Phenomenology of PVDIS

The fundamental parity-violating weak neutral current Lagrangian can be
approximated as a four fermion contact interaction:
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where the PDF and many other possible corrections cancel to first order due
to the isoscalar nature of the target. The SoLID spectrometer is designed
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PVES Lagrangian
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Projected statistics
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Figure 1: Left panel: History of PVES experiments in the size and precision of the asymmetry measured.
Right panel: Anticipated kinematic coverage for SoLID in the PVDIS configuration. The top band is for
a 11 GeV beam and the bottom band is for a 6.6 GeV beam. The number in each bin (with bin boundary
shown by red dashed lines) represent the relative statistical precision in percent, while the color scale
shows the size of APV for the deuteron in ppm.

where ↵ is the fine structure constant and the PDF and many other possible corrections cancel to first order
due to the isoscalar nature of the target. The SoLID spectrometer is designed to have large acceptance at
large y, so that APV is very sensitive to the geqV A couplings.

The main motivation for the experiment is that PVDIS is the only known experiment that can isolate
one combination of the coupling constants, 2geuV A� gedV A with minimal theoretical errors. For processes at
lower values of Q2, large, uncertain radiative corrections involving hadrons limit the possible precision.
The fundamental motivation for PVDIS is that it is important to measure as many of the couplings as
possible, each to as high a precision as possible.

From Eq. 2, we se that PVDIS is also sensitive to the geqAV , but presently these are known from Atomic
parity-violation and the recently-published Qweak experiment [6]. In the future, the P2 experiment [7] at
MESA will further improve on the precision of these couplings. With the new data published by Qweak
and anticipated from P2, the uncertainty on the geqAV will essentially be completely negligible in extracting
2geuV A� gedV A, an important development since the proposal was submitted. The projected uncertainties on
the couplings from SoLID and P2 are shown in the left panel of Fig. 2. We note from Fig 1 that the the
12C part of P2 proposes to measure an asymmetry at the 0.5% level.

3 Physics beyond the Standard Model

One possibility for BSM physics is new interactions that occur at the multi-TeV scale. At low energies,
these interactions are manifest as contact interactions of the form of Eq. 1. In total, there are 86 possible
operators for SM particles. The theoretical framework to model these heavy-particle new physics is called
Standard Model Effective Field Theory (SMEFT), and global analyses can be done to identify regions of

4
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Precision Polarimetry: 𝛅𝑷𝒃/𝑷𝒃~0.4%

SoLID DOE Science Review

• Method I: Compton Polarimeter:
• Operates at full beam intensity.
• Operates simultaneously with the PVES experiment.

• Method II: Moller Polarimeter:
• Independent systematics.
• Operates at low beam current.
• Invasive measurement.

• Built on extensive experience with PVES experiments in 
both Hall A and Hall C. 

• Compton capital upgrade (lasers, new electron detector).
• Commissioning will occur during the MOLLER 

experiment. 
• An upgrade for the Moller polarimeter is part of the 

MOLLER MIE.
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BSM Physics and the EIC

Very large
range in x,
particularly
low x.  Little
data above 
x=0.4.  No 
CSV test

All of the SoLID data is at large y and sensitive to C2;
about 25% of the EIC data is at large y. 

EIC emphasizes new structure functions for P and D data.
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EIC/ECCE Preliminary

-1ep: 5 GeV x 100 GeV 36.8 fb
-1ep: 10 GeV x 100 GeV 44.8 fb

-1ep: 10 GeV x 275 GeV 100 fb
-1ep: 18 GeV x 275 GeV 15.4 fb

 eD-1 ep + 10 fb-1YR ref: 100 fb

https://arxiv.org/abs/2204.07557)

https://arxiv.org/abs/2204.07557)
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SoLID Apparatus for PVDIS

• High Luminosity with E ~ 11 GeV
• Only electron is detected.
• Wide x-range: 0.25-0.75: untangle physics.
• W2 > 4 GeV: Isolate DIS events.
• Large scattering angles ~22° < 𝜃 < ~35° ∶

(for high x & y). 
• Large azimuthal acceptance.
• Better than 1% statistical errors for small 

bins
• Q2 range a factor of 2 for each x bin: 

Measure Higher Twist.
• (Except at very high x)

• 2 GeV < E’< 6 GeV:  Low background
• ~2% Momentum resolution 

Kinematic Requirements

CLEO magnet with the LD2 or 
LH2 target in the center provides 
the desired acceptance.
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SoLID Apparatus

Baffles                             GEM Chambers       

• 50 𝜇A beam current.
• 40 cm LD2 target
• ~40% azimuthal coverage with 

baffles which provide curved 
channels that block positive and 
neutral background particles

• Azimuthally symmetric.
• High-rate GEM tracking Chambers

Achieving High Luminosity

Magnet from CLEO 
experiment at Cornell 
is at JLab.  Cold test 

is  expected to be 
completed by October. 
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• Light Gas Cherenkov: identify 
electrons for trigger; reject pions.

• Shashlyk electromagnetic 
calorimeter (ECal) : coincident 
trigger and further particle 
identification.

• With tracking, tight E/p cuts reduce 
pion backgrounds.

SoLID Apparatus

Baffle                  5xGEMs     EC

Requirements for Particle Identification and Trigger

LGC 
SoLID DOE Science Review
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Goals of SoLID, MOLLER, and P2

Moller (Simple formula)

P2: eP (Simple formula at low E and 𝜃)

SoLID PVDIS (Simple for d at large E 
and 𝜃, only way to get C2’s)

Measure all the C’s as precisely as possible
SoLID DOE Science Review
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Normalization Systematics: 

• Beam Polarimetry
• Average Q2

• Event reconstruction (f)

SoLID DOE Science Review


