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Electro-Weak & BSM Physics at the EIC
• Primary focus of the EIC is to address “fundamental questions in 

science”
• Origin of nucleon spin & nucleon mass
• 3-dimensional structure of protons and nuclei

• EIC beam and detector design
• Wide kinematic coverage
• High luminosity
• Polarized lepton & hadron beams
• Capacity for fast spin-flip

• Electroweak and BSM physics at the EIC
• Dark photon
• Charged lepton flavor violations (CLFV): See talks by Bardh and Emanuele
• Provide constraints on sin𝟐𝜽𝑾 over a wide 𝑸𝟐 range

Opportunity to study Electroweak and BSM physics
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Opportunity to study Electroweak and BSM physics
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Neutral Current Electroweak Physics Studies at the EIC
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Parity-Violating Deep Inelastic Scattering Asymmetry
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Parity Violating Asymmetry
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Electroweak Neutral Current Study: Extraction of the 
Weak Mixing Angle
• Carried out a detailed study using both deuteron and proton beams

• High precision data at the EIC makes the extraction of sinA𝜃B from the proton 
possible

• Analysis uses realistic uncertainties for both theoretical and 
experimental systematics

• CT18NLO, MMHT2014, and NNPDF31 PDF sets
• Results recently published 

• Phys. Rev. D 106: Neutral-Current Electroweak Physics and SMEFT Studies at the EIC
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.016006


e+p
• 18x275
Integrated Luminosity
• 100 fb-1
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Simulation and Event Selection
Simulation
l Djangoh 4.6.16 combined with fast-

smearing from single-electron gun 
simulation

l Modified user routine of Djangoh to 
calculate counts and size of Apv

l Events unfolded to leptonic truth using R-
matrix inversion method

l 20M events per energy/beam setting

Event selection
• Q2

det>1.0 GeV2
• ydet>0.1 & ydet<0.9
• ηdet>-3.5 and ηdet<3.5



Simulated Settings

Electron 
Energy 
[GeV]

Proton 
Energy 
[GeV]

Annual 
Luminosity 

[fb-1]

Electron 
Energy 
[GeV]

Deuteron 
Energy 
[GeV]

Annual 
Luminosity

[fb-1]

5 41 4.4 5 41 4.4

5 100 36.8 5 100 36.8

10 100 44.8 10 100 44.8

10 275 100 10 137 100

18 275 15.4 18 137 15.4

18 275 100

EIC Yellow Report Setting

ep ed

sin(𝜃0 extracted from each of the pseudo-data sets
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Pseudo-Data
1. In each bin ( 𝑠, 𝑄2, 𝑥)

• Nominal PDF set used to calculate 𝐴CDEFGH

2. Pseudo-experimental asymmetry generated utilizing the statistical 
and systematic uncertainties
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• 𝑟5 and 𝑟6: random number drawn 
from Normal distribution

• 𝑟6 common across all bins

sin(𝜃0 = 0.231 used in generation 
of pseudo-data

Uncorrelated uncertainties Correlated uncertainties
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• Statistical: dAstat=
!
"

• Systematics
• Background:

478
5
= 1%

• Polarimetry: 
49:;
5
= 1%

(e- beam polarization = 80%)
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Experimental Uncertainty Matrix
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PDF Uncertainties

• PDF uncertainties were determined following the prescription of 
each PDF set (CT18NLO, MMHT2014, NNPDF31)

• Hessian

• Replica
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Accounted for both diagonal 
and off-diagonal elements of 
PDF uncertainty

PDF Uncertainty Matrix
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Extraction of the Weak Mixing Angle
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• Extraction of sinA𝜃B from minimization of the 𝜒A
𝜒0 = 𝐴$%&'()J(/-/ − K Σ0 JL 𝐴$%&'()J(/-/ −

• 𝑨𝒕𝒉𝒆𝒐𝒓𝒚 is a function of sin(𝜃0 via the weak neutral 
couplings

• Single parameter fit to extract à sin𝟐𝜽𝑾
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Uncertainty Matrix
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ep better than eD; statistical and beam polarimetry uncertainties dominate; 
moderate precision in an unmeasured energy region, multi-year run would help

Fit Results
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ep Results eD Results



Summary and Outlook

• We preformed a detailed study of the extraction of sin#𝜃$ at the EIC using 
the ECCE detector design for both the proton and deuteron beams

• Accounted for statistical, systematic, and PDF uncertainties and their correlations
• Will update once ePIC simulations are ready for physics analysis

• Focused on statistical, beam polarimetry, and PDF uncertainties for ECCE 
study

• Uncertainty due to unfolding to be studied
• The EIC has the potential to play an important role in Electroweak 

and BSM physics covering an energy scale between fixed target and 
collider experiments
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Thank You
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Summary of Results 

ep Results eD Results

Tables from: Phys. Rev. D 106, 016006

EIC Yellow Report Setting

ep better than eD; statistical and beam polarimetry uncertainties dominate; 
moderate precision in an unmeasured energy region, multi-year run would help

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.016006


Neutral Current Electroweak Physics Studies at the EIC
Simulation:
Fast-smearing performed on:
• Electron momentum, polar and 

azimuthal angles (θ,𝜙) 
• RMS of fast smearing spectra

• Provides for reliable projections
• Limitation: selection of hadronic 

state not implemented
• Could provide better identification 

DIS events



These also represent 
precision on the 
“additional EW 
structure functions” 
(namely g1,5gZ)

“unpolarized” PV “polarized” PV 18x275 ep 100 fb-1


