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proton spin: Jaffe, Manohar;  Chen et  al;  
Wakamatsu; Hatta; …
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Thanks to my collaborators  
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Helicity PDFs at NNLO: framework



DIS SIDIS pp high-pT 

jet,
pion

W bosons

• PDF evolution:

• Partonic hard scattering:



First NLO “global” analysis of nucleon helicity  (GRSV, 1996)



Why NNLO ?
• need per cent accuracy for EIC and JLab (cf. LHC experience)
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• reduce theory uncertainty

SIDIS@EIC

Abele, De Florian, WV

• progress in lattice computations



Zijlstra, van Neerven 
1994 NNLO 

pol. DIS
NNLO 

W± at RHIC

Boughezal, Li, Petriello 2021

NNLO 
ppàjets,𝛑
at RHIC ✘soft-gluon approximate NNLO:

Anderle, Ringer, WV  2012
Abele, de Florian, WV  2021

use soft-gluon approx.

evolution:

hard scattering:

NNLO 
pol. SIDIS

Bonino, Gehrmann, Löchner,
Schönwald, Stagnitto 2024
Goyal, Lee, Moch, Pathak, 
Rana, Ravindran  2024

(not suitable yet for glob. analysis)

NNLO 
evolution*

* Moch, Vogt, Vermaseren
  Blümlein, Marquard, 
  Schneider, Schönwald
  QCD Pegasus: A. Vogt



• DIS-only analysis Taghavi-Shahri et al., 2016

NNLO helicity PDFs:

• DIS and (approximate) SIDIS  MAP:  Bertone, Chiefa, Nocera 2024 

• Fully global analysis with approximate NNLO for SIDIS and pp 
BDSSV:  Borsa, de Florian, Sassot,Stratmann, WV   (to appear)



<latexit sha1_base64="LY33EauPchdlooz1HoEPZY/Q1sk="></latexit>

x̂ =
Q2

2pa · q
<latexit sha1_base64="oVIDFXNe8AmEwJaL3+ibFnxDsp0="></latexit>
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!

+

+ �(1� ẑ)
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•  logs can be resummed to all orders: threshold resummation Anderle, Ringer, WV
Abele, de Florian, WV
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COMPASS 
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Bonino, Gehrmann, Stagnitto
Goyal, Moch, Pathak, Rana, Ravindran

Full NNLO unpolarized:



Approximate NNLO corrections for pp à jet+X at RHIC:

Kidonakis, Oderda, Sterman
de Florian, WV
Hinderer, Ringer, Sterman, WV, ….
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Global NNLO analysis: results



• unpol. PDFs: MSHT20-NNLO  

Parameters & data selection:

• unpol. FFs:  Borsa-de Florian-Sassot-Stratmann NLO   2022,2024 
(BDSSV NNLO fit does not have pp à hadron data)

• data:

(no dijets yet)

277

850

however…



MAP:  Bertone, Chiefa, Nocera

Bonino et al. 

à breakdown of approximation?
• “bump” not present in threshold approximation for SIDIS

• interesting feature for SIDIS:



• in any case, lower-x SIDIS data involve FFs (and unpol. PDFs) outside 
   regimes where they have been determined (and don’t work so well)

• similar observation: FF fits and MAP analysis

• we find:

• introducing cut x>0.12  (and                    ):
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phT > 2 GeV
implemented
in our analysis
to be conservative









Concluding remarks:

• pQCD analysis “in good shape”

• numerous outstanding issues: low-x, power corrections, synergies with lattice

• further improvements will come: full SIDIS, improved NNLO for high-pT

• qualitative step forward:  first global NNLO analysis of helicity PDFs

• SIDIS crisis?


