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Weak Mixing Angle Measurement at EIC

• Main focus of EIC is on exploring fundamental QCD    
• Can also have an impact on Electroweak and BSM physics
• Discussed in Yellow Report

• The EIC can provide constraints on sin!𝜃" over a wide 𝑄! range
• Energy range between those achievable in fixed-target and collider experiments

• Proton target?
• PVDIS experiments extracting sin!𝜃" focus on the isoscalar deuteron due to 

cancelation of structure function effects
• High precision data at EIC may make extraction of sin!𝜃" from the proton*EIC 

Yellow Report
• Both deuteron and proton beams used in the following study
• Analysis uses realistic uncertainties for both theoretical and experimental 

systematics to determine impact of EIC on sin𝟐𝜽𝑾
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Parity Violating Asymmetry

• PVDIS asymmetry:
1. 𝐴!"

($) ≡ &!'&"
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(unpolarized)

• 𝜎*(𝜎+) is the cross-section of right-
handed (left-handed) electrons 
scattering off unpolarized hadrons

2. 𝐴!"
(,) ≡ )&%

)&$
(polarized)

• Unpolarized e- scattering off of right-
handed and left-handed hadrons

k(E,k)

γ,

k’(E’,k’)

Z0
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𝑑𝜎 = 𝑑𝜎# + 𝑃$𝑑𝜎$ + 𝑃%𝑑𝜎% + 𝑃$𝑃%𝑑𝜎$%DIS cross sections:

Parity-Violating asymmetries:
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Lepton-charge asymmetries:

Double-spin asymmetries:
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Parity Violating Asymmetry
𝐴!"#

&. =
𝜆 𝜂$% 𝑔&#2𝑦𝐹'

$% + 𝑔&#
2
𝑥𝑦 −

2
𝑥 −

2𝑀(𝑥𝑦
𝑄( 𝐹(

$% + 𝑔)# 2 − 𝑦 𝐹*
$%

2𝑦𝐹'
$ + 2

𝑥𝑦 −
2
𝑥 −

2𝑀(𝑥𝑦
𝑄( 𝐹(

$ − 𝜂$% 𝑔)#2𝑦𝐹'
$% + 𝑔)#

2
𝑥𝑦 −

2
𝑥 −

2𝑀(𝑥𝑦
𝑄( 𝐹(

$% + 𝑔&# 2 − 𝑦 𝐹*
$%

Where

𝐹)
* , 𝐹)

*+ , 𝐹)+ = 𝑥7
,

[𝑒,), 2𝑒, 𝑔"
, , 𝑔"

, ) + 𝑔-
, )] 𝑞 + >𝑞

𝐹.
* , 𝐹.

*+ , 𝐹.+ = 𝑥7
,

[0, 2𝑒,𝑔-
, , 2𝑔"

,𝑔-
,] 𝑞 − >𝑞

𝑔-# = − /
)

𝑔-
, = ± /

)

𝑔"# = − /
)
+ 2 sin)𝜃0 𝑔"

, = ± /
)
− 2𝑒,sin)𝜃0

𝑔-
#(,) and 𝑔"

#(,): axial 
and vector neutral 
weak couplings of the 
electron (quark)

𝜂*3 =
𝐺4𝑄)

2 2𝜋𝛼
𝑀3
)

𝑀3
) + 𝑄) 5



Data sets simulated and processed

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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Neutral Current Electroweak Physics Studies at the EIC
Simulation: 
l July 2021 concept, 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 Best way to treat the uncertainty 
of unfolding and bin migration?

l 20M events per energy/beam setting
l Inclusive electrons detected and 

identified by EIC Comprehensive 
Chromodynamics Experiment detector 
concept (ECCE) tracking  and Ecal
system
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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
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Event selection applied
• Q2

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

“unpolarized” PV “polarized” PV 18x275 ep 100 fb-1
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These also represent 
precision on the 
“additional EW 
structure functions” 
(namely g1,5gZ)

“unpolarized” PV “polarized” PV 18x275 ep 100 fb-1
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Pseudo-Data & Uncertainties
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Pseudo-Data Generation

• In each bin ( 𝑠, 𝑄3, 𝑥)
• Nominal PDF set used to calculate 𝐴KLMN$O

• Remaining PDF sets used to determine PDF uncertainty

• Generate pseudo-experimental asymmetry utilizing the statistical and 
systematic uncertainties

𝐴&' (
)*$+,- = 𝐴&' ./,(

12$- + 𝑟( 𝜎*131! + 𝐴&' ./,(
12$- 𝜎*4*

𝐴 (

!
+ 𝑟5 𝐴&' ./,(

12$- 𝜎)-6
𝐴 (

!

• 𝑟5 and 𝑟6: random number 
drawn from Normal distribution

• 𝑟6 common across all bins

sin)𝜃0 = 0.231 used in generation 
of pseudo-data
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• Statistical: dAstat=
%
&

• Systematics
• Background: 

778
8
= 1%

• Polarimetry: 
79:;
8
= 1%

(e- beam polarization = 80%)

Σ'! =

𝜎%! 𝜎%𝜎! ⋯ 𝜎%𝜎&!"#
𝜎!! ⋯

⋱
𝜎!𝜎&!"#

⋮
𝜎&!"#
!

Experimental Uncertainty Matrix

Diagonal	Terms

𝜎() = 𝜎*+,+,() + 𝐴./ 01,%,(
+234 𝜎*5*

𝐴 (

)
+ 𝐴./ 01,%,(

+234 𝜎647
𝐴 (

)

Off-Diagonal	Terms

𝜎( = 𝐴./ 01,%,(
+234 𝜎647

𝐴 (

Experimental Uncertainties
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PDF Uncertainties

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

• Replica

Σ!"#$
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*
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)*"#$
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⋮
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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

𝐴!"#
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• Extraction of sinX𝜃Y from minimization of the 𝜒X
𝜒8 = 𝐴9:;<=>?=@A@ − B Σ8 ?C 𝐴9:;<=>?=@A@ −

• 𝐴@A#BCD is a function of sin)𝜃0 via the weak neutral 
couplings: 𝐴@A#BCD(sin𝟐𝜽𝑾)

• Single parameter fit to extract à sin𝟐𝜽𝑾

Σ) 55( = Σ$) 55( + Σ<=>)
55(

Uncertainty Matrix
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Take-way: ep better than eD; statistical and beam polarimetry uncertainties dominate; PDF uncertainty 
not a big issue; moderate precision in an unmeasured energy region, multi-year run would help

Fitting of weak mixing angle
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Summary of Results 

ep Results eD Results

*Tables from: https://arxiv.org/pdf/2204.07557.pdf *

EIC Yellow Report Setting

Take-way: ep better than eD; statistical and beam polarimetry uncertainties dominate; PDF uncertainty 
not a big issue; moderate precision in an unmeasured energy region, multi-year run would help
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Conclusion

• We preformed a detailed study of the extraction of sin3𝜃4 at the EIC 
using the ECCE detector design for both the proton and deuteron
• Accounted for statistical, systematic, and PDF uncertainties and relevant 

correlations (i.e. PDF)
• Overall uncertainties larger than those in Yellow Report

• Statistical and beam polarimetry uncertainties dominate
• The EIC can play an important role in Electroweak and BSM physics 

covering energy scale between fixed target and collider experiments
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Thank You
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Data sets simulated and processed:


