
      NNLO Electroweak Correction @ MOLLER and P2 
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work with Jens Erler, Ayres 
Freitas, Juhun Kwak
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❏               Møller scattering
❏                           
❏               

❏           elastic scattering
❏                    
❏

           PVES experiments
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❏ Testing the weakest estimation in the current theory error budget.
❏ Completing one of the very few 2-to-2 full NNLO EW corrections.
❏ Providing a bridge for P2 ( especially the large-log issue ).
❏ Protecting the BSM interpretation.

   the Large Logs (LL) @ PVES @ NNLO

Having complete NNLO calculation for MOLLER means

See more about the LL of PVES @ 
NLO in talks by Sophie and David

A naive estimate:



              Electroweak Radiative Correction Categorization for MOLLER 

…

1-loop

2-loop

1 closed-fermion loop 0 closed-fermion loop 

❏ fermion loop corrections are often 
numerical leading.

❏ In boson loop correction, large-logs 
are also important.

❏ Loops that are (1-4sw^2) suppressed 
are numerically less important. 
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LO : Derman and Marciano, 79’

NLO : 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)

NNLO:  Aleksejevs et al ‘12 ‘15; Freitas,Yong, M.J.Ramsey-Musolf, H.Patel ‘19; Freitas, J.Erler, R.Ferro-Hernandez’22 

Relevant Integrals:  S.Weinzierl, N.Schwanemann, N.Böttcher ‘23, S.Weinzierl, N.Schwanemann ‘24  

-0.39              +0.77 +0.07               -1.15                   ~±0.13, est*

Low-energy scheme, 
(s,y)=(0.011GeV^2, 

04),sw(0)-scheme, in 
unit of 10-3 
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A systematic, complete NNLO calculation, along with the 
proper SM phenomenology study is yet to be carried out.

EW Radiative corrections @ MOLLER
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Technical Aspects

❏ Analytical results can be obtained via expansion by region (EBR).
❏ Soft and collinear factorization ensure the IR-divergences from virtual 

corrections cancel out at asymmetry-level. IR-divs are regularized by      (coll.) 
and       (soft).

❏      is handled with diagram-dependent prescription.
❏ All results are obtained at least twice via independent calculations. Analytical 

forms, UV- and IR-finiteness provide cross check.
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Renormalization 

❏ All masses except        , couplings : on-shell scheme. 
❏             :          with              and/or 
❏
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J.Erler, Rodolfo F, 
A.Freitas 22NNLO fermionic contribution



Progress and Outlook

❏ The NNLO bosonic corrections in full SM is close to completion.
❏ Some validation and cross-check are still in progress.
❏ It would be interesting to write the large-log structure systematically in the 

final result and communicate it with the low-energy EFT/LEFT description.

11



12

Existing Framework for e-p PVES

Don’t define proton 
weak-charge

@ NLO (Marciano & Sirlin, Erler, Kurylov & Ramsey-Musolf,)
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W/Z W/Z

❏ Hard physics dominant. 

❏ OPE                                       

❏ Free-quark matching  + pQCD 
(Erler/Kurylov/Ramsey-Musolf)

NLO Boxes 

         are data-driven 
with certain model 
assumptions (see 
Misha’s talk)

Gorchtein & Horowitz; Sibirtsev, Blunden, 
Melnitchouk & Thomas; Rislow & Carlson; Gorchtein, 
Horowitz & Ramsey-Musolf; Blunden, Melnitchouk & 
Thomas; Hall, Blunden, Melnitchouk, Thomas & 
Young; later Erler, Gorchtein, Koshchii, Seng & 
Spiesberger
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 NNLO Box with Large Log subloop corr. on 
hadronic-side

subloop corr. On 
leptonic-side, including 
SE of photon-Z mixing.  

But question: how good do we know about 



Outlook for P2 @ NNLO

❏ P2 reuses many building blocks from NNLO @ MOLLER.
❏ The only conceptually new part left is the box containing photon.
❏ Dispersion relation seems to be the most consistent way of bookkeeping EW effects from 

elastic regime to DIS.

  

  Open questions:

❏ How proton weak-charge Qp  should be defined beyond NLO?
❏ How to organize the large log structure in the dispersion relation? 
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