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SoLID PVDIS 11 GeV Program

1. Parity Violating DIS on Isoscalar Deuteron

a. Precision determination of electroweak parameters
b. Beyond-the-Standard Model (BSM) physics search

2. Parity Violating DIS on Proton Target
a. d/u measurement

3. Parity Violating EMC Effect
a. Isospin dependence of the EMC effect by the use of

neutron-rich isotopes
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SoLID PVDIS Program: Isoscalar Deuteron
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SoLID PVDIS Program: Isoscalar Deuteron

% Full exploration of BSM physics ]
> need lepton-lepton or lepton-quark interactions Queak
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SoLID PVDIS 22 GeV Program

e 50 PYA ¢ beam incident on 40cm liquid
deuterium target

e Scaled by trigger efficiency
DIS kinematic cut: W > 2

e Acceptance cut for nominal target position
(z=10cm): 22° < B < 35°
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Uncertainties: Statistical and (Experimental) Systematics

% Statistical uncertainty
1

—> dASi;c\a}t :: Ostat,b
(PMs) ’
N

120 days
% Experimental systematic uncertainties

Beam polarization = 85%

Source Relative Uncertainty dA/A
Beam polarization 0.4%
Q? determination 0.2%
Event reconstruction 0.2%
Radiative correction 0.2%

Completely correlated (ocorr/A = 0.45%)
Uncorrelated (ouncorr/A = 0.28%)



PDF Uncertainties

% PDF uncertainties were determined following the prescription of each PDF set
% Hessian PDF Sets

1 Nppr/2
(ZBoF) by = 2 Z (A2m,b — A2m—1,6)(A2m,br — A2m—1,1)
m=1
% Replica PDF Sets
(ZBpR) py = 77— (Am,b — Ao,b)(Am,br — Ao,b)
bb/ m’ ) m7 )
Nppr “—~
PDF Uncertainty Matrix
Accounted for both diagonal Oipas  OipdrOupds T Tipds Moinpar
2 O5,0y, .
and off-diagonal elements 22, = Tapar " *binpar
of PDF uncertainty ' o2
Npinpdr 10




Fitting Procedure

1. Generate Pseudo data

d Ouncorr 2
(Apv), " = (Apy)3" + ’b\/0s2tat,b + [(APV)EM e

A ]b
s (%),

2. Preform y? minimization

X2 _ [Apseudo . Aﬁt][(ZZ)—l][Apseudo o Aﬁt]T
Where

(Apv)E = (Apv)p™ [sin? O] (1 + f _ﬂir)l;Qz + 5cst2)
[Ciq) Cog]
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SoLID PVDIS Program: Isoscalar Deuteron
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2C2u = C2d VS. 2C1u = Cld

22 GeV best fit provides a ~10% reduction in vertical constraint vs 11 GeV
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SoLID PVDIS 22 GeV Program: Proton

X3
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Proton measurement

Lack of free neutron target
> Nuclear corrections in the deuteron (large uncertainties)

> Measurement of d/u — challenging at high x
BoNuS (Barely Off-Shell Neutron Structure)

MARATHON (Ratio of A=3 mirror nuclei)
SoLID PVDIS on the Proton

> d/u obtained free nuclear effects
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SoLID PVDIS Strange Quark

PVDIS analysis utilizing a joint QED-QCD framework
=> Information on the nucleon’s light sea and strange content
Advantages of 22 GeV measurement:

1. Higher Q? suppresses power corrections
2. Expands the x region suitable for analysis within a
joint QED+QCD factorization framework o i : |
T. Liu, W. Melnitchouk, J. Qiu, N. Sato
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SoLID PVDIS Strange Quark
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C?> 301 Preliminary 2. (1) + QED effects
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E-?, 20 et Note:

X ggg B — P =85%

S ‘ol H 11 — dL/dt = 4.85 x 1038 cm™2 57!
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SoL.

PVDIS Strange Quark Projections
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Richard Whitehill, SoLID Opportunities and Challenges (2024)
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New Possibilities to Explore for 22 GeV: Strong PV

e Proton internal structure in mirrored world
o QCD — invariant under Parity transformation
o Parity conservation in strong interactions — not guaranteed
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https://www.sciencedirect.com/science/article/pii/S0370269324000145

Weak Mixing Angle at the EIC

% High luminosity machine
> (102 -10%cm?s™)
% Large center-of-mass energy range
> 21-140 GeV
% Polarized ¢, protons and light ions beams
>  270%
% lons beam from deuteron to heavier nuclei
> Gold, lead, or uranium

olarize:

Electron Beam: 5-18' GeV
Ton: 40,100-275 GeV
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Settings

Electron Proton Energy Annual Electron Deuteron Annual
Energy [GeV] [GeV] Luminosity [fb1] Energy [GeV] Energy [GeV] Luminosity

[fb]

5 100 36.8 5 100 36.8
10 100 44.8 10 100 44.8
10 275 100 10 137 100
18 275 154 18 137 154

18 275 100
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Extraction of the Weak Mixing Angle at the EIC

2 2 2M%x
-~ 1Alnyz [gAZyFVZ + 94 (xy X702 . ) B + g5 2 —y)FsyZ]
RL = 2 2
2 2 2M4x 2 2 2M4x
14 Y\ v vZ Y\ vz vZ
2yF1 +<E_;_ Q )F nyZlgVZYF +gV(xy_;_ QZ )Fz +gﬁ(2—}’)F3

« Extraction of sin?8;, from minimization of the y?
2 — [Apseudo—data _Atheary]T(ZZ)—l [Apseudo—data — Atheory]

Uncertainty Matrix

« Atheory i5 3 function of sin%6,, via the weak neutral - - -
couplings Cppr = Cppr + B3ar)
 Single parameter fit to extract - sin?6,,
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R. Boughezal et al., Neutral-current electroweak physics and SMEFT studies at the EIC, Phys. Rev. D
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ep Results
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eD Results

——— eD: 5 GeV x 100 GeV/u 36.8 fb”'

——— eD: 10 GeV x 100 GeV/u 44.8 o'
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Statistical and beam polarimetry uncertainties dominate;

moderate precision in an unmeasured energy region, multi-year run would help

Combining ep + eD results, approach the sensitivity of Yellow Report: ~+0.00097
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Summary and Outlook

SoLID PVIDS has a strong 11 GeV program

o Precision measurements of electroweak parameters
o du
SoLID PVIDS at 22 GeV could expand

Exciting new studies using measured Apv of SoLID at 22 GeV
o Explores”
o Search for strong PV

At the EIC / ePIC

o  Can measure sin?(0) in an unmeasured energy range
o Bridging region between fixed target and collider experiments

22
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EIC Kinematic range
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Charged Lepton Flavor Violation

Neutrino oscillations

> Provided evidence for lepton flavor violation
No experimental evidence for flavor violation in

charged lepton sector

Predicted CLFV branching ratio

>  Br(u—ey) <104

Example: Supersymmetry prediction

>  Br(u—ey)~107"

Br(u—ey) < 103 : Current limit (MEG experiment)

> Baldini, A.M., Bao, Y., Baracchini, E. et al. Eur. Phys. J. C 76, 434

e—1 transition constraints - much weaker

> Br(e—tY)~ 10

'Xio
q g q
Heavy Z
"
g ¥ A 4
q q

Leptoquarks
Color triplet particles

Couple to leptons & quarks
Mediate CLFV processes at
tree-level

w d

Supersymmetry -

Leptoquarks

LQ

BSM
models
that
predict
CLFV

25


https://link.springer.com/article/10.1140/epjc/s10052-016-4271-x

Charged Lepton Flavor Violation: Decay Channel(s)

1 Prong 3 Prong (from e—1)

T—uUv v T 7T TV
T T

Larger branching ratio ~ 17% 1. Identification is easier than 1 prong
Suppression of SM background channel
Needs (good) « identification "
10° H % EIC/ECCE Preliminary: Leptoquark signal selection
o channel i :
— SM 105 5 I B
10° — {gig]hm 10* : E g
104 10° 1‘—%—1 g
2 ,FE_ Leptoquark —
§ 103 10 Neutral current
4] 10 Charged current
102 Photoproduction
. | | | | | | | | | |
101 Moyt Prvy, Sban Missy, iy, e”"aylceaear/so Plpe Oup, — WRsy,,  %ecqy,  Masg '""Ss/ngph/

10 20 30 40
P4 (GeV) hi
*Image courtesy of Emanuele Mereghetti 26

Charged Lepton Flavor Violation at the EIC



https://arxiv.org/pdf/2102.06176

