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Existing empirical determinations of the running of sin2 ✓W
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Sensitivity to              from global QCD analysissin2 ✓W
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existing PVDIS data from JLab 6 GeV experiment provides 
some constraint on weak mixing angle
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Parity-violating deep-inelastic scattering

PVDIS asymmetry

unpolarized

lepton polarized
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Parity-violating deep-inelastic scattering

lepton polarized

unpolarized
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PVDIS asymmetry

structure functions
at leading order
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PVDIS asymmetry for deuteron

c ⇡ c̄
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assuming

further assuming                               gives
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PVDIS asymmetry for deuteron

c ⇡ c̄
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assuming

further assuming                               gives

sensitivity to
weak mixing angle

competing contribution 
from strangeness
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PVDIS asymmetry for deuteron

c ⇡ c̄
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assuming

further assuming                               gives

PVDIS asymmetry for proton

unique sensitivity to d/u PDF ratio at high x 
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PVDIS asymmetry for deuteron

interplay between weak mixing angle and strange PDF dependence 
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QED radiative corrections

Liu, WM, Qiu, Sato, JHEP 11, 157 (2021)

 hybrid QED+QCD factorization framework 

lepton distribution
function (LDF)

lepton fragmentation
function (LFF)

induced QED radiation changes hard scale                           ,
could push “true” scale out of DIS regime even when      above cut

Q2 ! bQ2 = (⇠/⇣)Q2
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QED radiative corrections

Liu, WM, Qiu, Sato, JHEP 11, 157 (2021)

 hybrid QED+QCD factorization framework 

lepton distribution
function (LDF)

lepton fragmentation
function (LFF)

for given measured            , actually probe colliding nucleon
over much wider kinematic region of 

(xB, Q
2)
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(x̂B, bQ2)
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QED radiative corrections

effects of RCs ameliorated with increasing energy of the lepton beam

 hybrid QED+QCD factorization framework 
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Higher twist corrections

need to include possible HT effects global analysis of PVDIS data

 assume multiplicative form

     extracted from JAM global QCD analyses, 
but                  unknown … study dependence on
H

�
2
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Impact study
pseudo-data for JLab 11 GeV and 22 GeV kinematics with SoLID
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Impact on strange PDF determination

C

degree of uncertainty reduction does depend on specific value of  R
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Impact on weak mixing angle

likelihood function L ⇠ exp
⇥
� 1

2�
2(sin2 ✓W )

⇤
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Impact on weak mixing angle — EIC kinematics
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larger EIC Q  range will sample running
of 

2
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EIC Yellow Report, Nucl. Phys. A1026, 122447 (2022)

Whitehill et al.
in preparation (2025)
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Impact on weak mixing angle — EIC kinematics
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in preparation (2025)



Outlook

PVDIS is a unique process which can provide (clean) data for input into
global analyses:

In future, consider also: 

improve determination of weak mixing angle (test BSM physics)

also constrain strange quark PDF in the nucleon

Thanks to Richard Whitehill (grad student at ODU) & Nobuo Sato (JLab)

polarized PVDIS?
PVDIS to constrain          asymmetrye+/e�

<latexit sha1_base64="4U2OYj0zjmS67bEfttwH8whQy/g=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBZBEGNSWtRbwYvHCvYD2rRstpN26WYTdjdCCf0RXjwo4tXf481/47YNotUHA4/3ZpiZ58ecKe04n1ZuZXVtfSO/Wdja3tndK+4fNFWUSAoNGvFItn2igDMBDc00h3YsgYQ+h5Y/vpn5rQeQikXiXk9i8EIyFCxglGgjtaB3dgG9836x5NjOHNixy2XXva7ib8XNSAllqPeLH91BRJMQhKacKNVxnVh7KZGaUQ7TQjdREBM6JkPoGCpICMpL5+dO8YlRBjiIpCmh8Vz9OZGSUKlJ6JvOkOiRWvZm4n9eJ9HBlZcyEScaBF0sChKOdYRnv+MBk0A1nxhCqGTmVkxHRBKqTUIFE4K7/PJf0izbbsWu3lVKtUoWRx4doWN0ilx0iWroFtVRA1E0Ro/oGb1YsfVkvVpvi9aclc0col+w3r8AS5aO2w==</latexit>

s� s̄

<latexit sha1_base64="zCRwu03VvK5zFsn907u7LsoWv1M=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4cdmUFvVW8OKxgv2AdinZNNuGZrNrkhXK0j/hxYMiXv073vw3pu0iWn0w8Hhvhpl5QSK4Np736aysrq1vbBa2its7u3v7pYPDlo5TRVmTxiJWnYBoJrhkTcONYJ1EMRIFgrWD8fXMbz8wpXks78wkYX5EhpKHnBJjpY4+7wVEId0vlT3XmwN5bqWC8VUNfSs4J2XI0eiXPnqDmKYRk4YKonUXe4nxM6IMp4JNi71Us4TQMRmyrqWSREz72fzeKTq1ygCFsbIlDZqrPycyEmk9iQLbGREz0sveTPzP66YmvPQzLpPUMEkXi8JUIBOj2fNowBWjRkwsIVRxeyuiI6IINTaiog0BL7/8l7QqLq66tdtquV7N4yjAMZzAGWC4gDrcQAOaQEHAIzzDi3PvPDmvztuidcXJZ47gF5z3L4kKj5w=</latexit>

important to perform simultaneous analysis of PDF and EW parameters
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