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Polarized charged-current DIS
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Helicity PDFs: status



−�q(x) =

−�g(x) =

•  in QCD:  operator definition
                  à dependence on “resolution” scale <latexit sha1_base64="hwiXV5W0aqRtlXtdwBK1T0939U8="></latexit>µ



proton spin: Jaffe, Manohar;  Chen et  al;  
Wakamatsu; Hatta; …
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Helicity PDFs accessible in polarized high-energy scattering:

DIS SIDIS

EMC, SMC, 
COMPASS,
E142, E143, E154, 
E155, HERMES, 
CLAS, HALL-A

high-pT 

jet,
pion

W bosons

RHIC:
PHENIX, 
STAR
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jet

DSSV Borsa,
de Florian, Sassot,
Stratmann, WV 

Nocera, Ball, Forte,
Ridolfi, Rojo, …

Sato, Cocuzza, 
Ethier, 
Melnitchouk, …



Total up and down polarizations:



Light sea quarks:

�d

�ū

(consistent w/ SIDIS)

also NNPDF, JAM 
(Cocuzza, Melnitchouk, Metz, Sato)

(from 2302.00605)
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Gluon polarization: 2014 RHIC-discovery that
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�g > 0

à improvement and consolidation !

+ Phenix 
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+ STAR dijets 
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strangeness                :
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K
à  little trace of strangeness

JAM’17:
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SU(3): sizable negative 
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Recent theory advances:
Nucleon helicity structure at NNLO 



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



DIS SIDIS pp high-pT 

jet,
pion

W bosons

How to get to NNLO ?

• PDF evolution:

Ingredients for NNLO:

• Partonic hard scattering:



Zijlstra, van Neerven 
1994 NNLO 

pol. DIS
NNLO 

W± at RHIC

Boughezal, Li, Petriello 2021

NNLO 
pol. SIDIS✘

NNLO 
ppàjets,𝛑
at RHIC ✘

àuse QCD resummation techniques to obtain approximate NNLO
    for SIDIS and pp Abele, de Florian, WV

NNLO 
evolution*

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

Boninio, Gehrmann, Stagnitto
Goyal, Moch, Pathak, 
Rana, Ravindra (2024)

unpolarized:
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•  logs can be resummed to all orders: threshold resummation Anderle, Ringer, WV
Abele, de Florian, WV



COMPASS 
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Boninio, Gehrmann, Stagnitto
Goyal, Moch, Pathak, Rana, Ravindran
(2024)

Full NNLO unpolarized:



0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

-0.2

-0.15

-0.1

-0.05

-0

0.05

0.1

0.15

0.2

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

10
-3

10
-1

1

x(∆u +∆u)

NNLO

NLO

BDSSV22

Q
2
 = 10 GeV

2

x(∆d +∆d)

x∆g

x

x(∆s +∆s)

x∆u

x∆d

x

-0.04

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

10
-3

10
-1

1

BDSSVBorsa, de Florian, Sassot,Stratmann, WV 

First global NNLO analysis of helicity PDFs:
NEW



COMPASS 2016 (p)
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Charged-current studies at EIC: inclusive
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LO, 4 active flavors:
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�ū � �d + �c̄ � �s

i
(x,Q2)

<latexit sha1_base64="FXOj+PSaabGIeFk9+cnJZvEXGcU="></latexit>

g4 = 2xg5 (Dicus)

<latexit sha1_base64="tO7/FNXJcMz9+eLlTymYyt6UWPU="></latexit>

] <latexit sha1_base64="Xw6L0OUZ2NM1cPhW8SfgLHS5t+U="></latexit>

+

<latexit sha1_base64="jlar0CZvMPyc6h+S4QCfswUn9To="></latexit>

gW
+

1 + gW
�
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Define HERA-like "reduced” cross sections:
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If neutrons available, e.g.
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at NLO:
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NNLO corrections: 
(exploit similarities                                               ) 

Borsa, de  Florian, Pedron, 2022van Neerven, Zijlstra 1991
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Meeting reality of CC at EIC: Aschenauer, Burton, Martini, 
Spiesberger, Stratmann 2013
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includes detector resolution (GEANT4), QED radiative effects (DJANGOH)
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Aschenauer, Burton, Martini, 
Spiesberger, Stratmann 2013



Less inclusive observables



Borsa, de  Florian, Pedron 2023

inclusive-jet production in CC  DIS:
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Gehrmann, Huss, Niehues, Vogt, Walker 2018
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Further improvements for flavor separation: Kang, Liu, Mantry, Shao 2020

“jet charge”
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Arratia, Furletova, Hobbs, Olness, Sekula 2021

CC charm production:

charm jet tagging



unpolarized strange PDF ratio



Arratia, Furletova, Hobbs, Olness, Sekula 2021

Aivazis, Olness, Tung
Kretzer, Stratmann

Full NLO treatment with charm mass: 

(unpolarized ep)

Apply to polarized case? 



Arratia, Kang, Paul, Prokudin, Ringer, Zhao 2023TMD physics in    +jet:  
(Liu, Ringer, WV, Yuan 2019)

<latexit sha1_base64="Ph2vhVQbLKS7uYdVmu71pQdBbso="></latexit>⌫

imbalance of 
<latexit sha1_base64="zkKIBM+HuE7GgrqiasD8+rTw0cE="></latexit>

~qT = ~p jet
T + ~p ⌫

T

• TMD factorization for 
<latexit sha1_base64="W4YiVC6j8mljYLAN3Xl/b/cMvbg="></latexit>

qT ⌧ p jet
T , p ⌫

T

<latexit sha1_base64="DI61iyjEzDUvYYGUKf0H5ZkyxYk="></latexit>e
<latexit sha1_base64="Id8dYDNpooJIzK9ru2+0jGq8xuw="></latexit>p

<latexit sha1_base64="Ih2z1hiOEscEAzq6T4gDTnur0qQ="></latexit>⌫

<latexit sha1_base64="XETMmOeL8Quc6GHU5GDQJNI7HFc="></latexit>

jet

ep lab frame

<latexit sha1_base64="MIdCC/KmkBTFk1o0N/JGSCucgQs="></latexit>

*





Concluding remarks:

• qualitative step forward to NNLO:  pQCD analysis “in good shape”

• CC observables at EIC will allow new insights into proton helicity structure  

• need for updated studies (now that ePIC takes shape) 

• enormous theoretical progress



+  Miguel Arratia, Daniel de Florian, Thomas Gehrmann, Zhongbo Kang, Matt Sievert


