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A Brief History of Parity-Violating Electron Scattering  PVES
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PVES is powerful in probing the structure of 
the SM crossing the energy scales from 
Thompson Limit to the Z-pole.

The Running of the Weak-mixing Angle vs. PVES
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Averaged out from 
unpolarized target!

} ~ 0.07

@ MOLLER

@ P2

A per-cent measurement of 
the small weak charge is 
per-mille search for new 
NC amplitude!

PVES as an Amplifier   



        Phenomenology Indication
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together with 

probe purely leptonic and semileptonic contact interactions at 
scales comparable to, and chiral-complementary with, 
LEP/LHC constraints

Precise theoretical prediction of the SM becomes important.!

    Take-away 

>>



Framework Set-up
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PV asymmetry

Asymptotically, we organize the effective weak charge in such a way

     loop number,    order of Born suppression,   order of                         

Systematic way of resumming the large-log ?
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NLO EW correction to MOLLER

Marciano, Sirlin 80’; 
Czarnecki and Marciano, 
96’; Denner and Pozzorini, 
98; Petriello, 03; J.Erler, 
A.Kurylov, 
M.J.Ramsey-Musolf 03’; 
Kolomensky et al, 05’; 
Zykunov et al, 05’; 
Zykunov, 09’; Aleksejevs et 
al 10’,11’,12’, S. 
Kollatzsch, D.Moreno, D. 
Radic, A.Signer ‘25 (LEFT 
+ LL Res)



Framework Set-up (LEFT)  see S.Kollatzsch, D. Radic, MITP workshop

https://indico.psi.ch/event/18251/contributions/62127/attachments/33464/67938/EW-input.pdf


Framework Set-up (LEFT)
 PV asymmetry

EFT Lagrangian

   Observable

  Resummation

SM fixed-order input



Effective Weak charge vs. LEFT

❏                 separates the    -function of the            mixing effects from the EW large log      . Easy to 
incorporate hadronic effects when                .

❏ Resumming the manifestly gauge-invariant       at each order is challenging.

❏ LEFT organize the      ,                    systematically.
❏ How to reach                ?
❏ Physical meaning of the             ?



      EW Radiative Correction Categorization for MOLLER 

…

1-loop

2-loop

1 closed-fermion loop 0 closed-fermion loop 
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Du, Freitas, et al 

Chen, Freitas, Kwak, 
Erler 26 

Czarnecki 26

https://arxiv.org/pdf/1912.08220
https://arxiv.org/pdf/2610.12287
https://arxiv.org/pdf/2610.12287
https://arxiv.org/pdf/2610.40247
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❏ Expansion by regions. Use me
2 ≪ 

Q2 ≪ MW,Z
2 to evaluate the integrals 

analytically.
❏ IR cancellation. Keep me (collinear) 

and mγ (soft). The regulator logs 
cancel in the virtual asymmetry.

❏ γ5 prescription. Use NDR with 
diagram-dependent projections and 
subtractions.

❏ Cross-checks. Compare 
independent calculations and verify 
UV and IR finiteness.

     Bosonic NNLO corrections to the weak charge
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      Workflow of the Calculation



   Renormalization scheme



Why             @ Lower Scale 
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❏ Resum                      systematically. Including 
higher order perturbative QCD (via RGE and 
matching) Erler, Ferro-Herrández 

❏ Incorporate the non-perturbative light-quark 
effects and their uncertainties (via flavor 
separation) Erler, Ramsey-Musolf

❏ Finite-     contribution is very small (~10^-6).

https://arxiv.org/pdf/1712.09146
https://arxiv.org/pdf/hep-ph/0409169
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❏ sw(0)-scheme converges 
much faster.

❏ Two-loop bosonic 
correction minimize the 
uncertainty down to 4.9% 
to the precision goal 
(~0.1% to the 
measurement)

Preliminary Results



Comparison Between Two Results
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❏ Suppressed double-log are 
off by factor of 2, ( missing 
diagrams? RG exponential 
expansion of the two-loop 
coefficients?)
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Outlook
❏ We have two independent NNLO 

calculation to the Møller scattering 
at low-energy, which suffice the 
theoretical input for MOLLER 
experiment.

❏ A small discrepancy (factor of 2) is 
under investigation. Overall 
agreement has been achieved.

❏ A thorough error estimation, with 
data-driven(e+e-/Lattice) method to 
the light-quark contributions is 
expected in our new paper. 

❏ Working towards NNLO e-p PVES.



                                        Back-ups
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   the Large Logs (LL) @ PVES @ NNLO
A naive estimate

The photonic-EW corrections is more severe in e-p scattering
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Kwak,26

https://indico.jlab.org/event/1097/contributions/19644/attachments/14644/23740/Kwak.pdf
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Kwak,26

https://indico.jlab.org/event/1097/contributions/19644/attachments/14644/23740/Kwak.pdf
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Master Prescription:

Subtraction Prescription:


