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Polarized charged-current DIS
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Helicity PDFs: status
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Helicity PDFs accessible in polarized high-energy scattering:
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Light sea quarks:
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Gluon polarization: 2014 RHIC-discovery that Ag > 0

- improvement and consolidation !
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Recent theory advances:
Nucleon helicity structure at NNLO



Why NNLO ?

e need per cent accuracy for EIC and JLab (cf. LHC experience)

e reduce theory uncertainty
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e progress in lattice computations



How to get to NNLO ?

PP

W bosons
SIDIS pp high-py
Ingredients for NNLO:
: L A ~ LO Qs | ~ NLO Qg ~ NNLO
e Partonic hard scattering: Aé,, = A6, + ?Aaab + (?) A6, + ...
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s



Zijlstra, van Neerven Boughezal, Li, Petriello 2021
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First global NNLO analysis of helicity PDFs:

Borsa, de Florian, Sassot,Stratmann, WV

0.4

035
03

0.25
0.2
0.15
0.1
0.05

0.16

0.14 [

0.12

0.1 [
0.08 |
0.06 |
0.04

0.02 |

002 |

-0.04

BDSSV

T
x(Au +Au)
Q% =10 GeV?

— NNLO
— NLO
BDSSV22

.......

0.2

0.15

0.1
0.05

-0.05
-0.1
-0.15
-0.2
0.04
0.03
0.02
0.01

-0.01
-0.02
-0.03
-0.04



0.8 T

T T T T T T I T T T T I T

[
BDSSV22
— NLO
— NNLO

=

07 L COMPASS 2016 (p)

0.6 F — NLO
— NNLO

llllllllll
llllllllll

>
&
)
|
i

1 1 I 1 1 1 1 l 1 1 1 1 I 1 1
i T T I T T T T I T T T T I T T ]
0.04 + STAR 2015 run —
[ Y Inl<05 ]
0.02 L B 05<n<1.0 (I
ot "L e— ™ e _
ALL 0 . 7

—
-}
—
-}
—



Charged-current studies at EIC: inclusive
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LO, 4 active flavors: gy = 2xgs  (Dicus)
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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:
4 . +.
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NNLO corrections: van Neerven, Zijlstra 1991  Borsa, de Florian, Pedron, 2022
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Meeting reality of CC at EIC: Aschenauer, Burton, Martini,
Spiesberger, Stratmann 2013

Jacquet-Blondel method:
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Less inclusive observables



inclusive-jet production in CC DIS:

Borsa, de Florian, Pedron 2023
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CC semi-inclusive DIS:

91" "(2,2,Q%) = |Au(x) Dli(2)+ Ad(x) DL(2) + Ac(x) DI (2) + As(x) DI (2)

o

o (,2,Q%) = [~Aux) Di(2) + Ad(x) Di(2) — Ac(x) D (2) + As(x) DE(2)

O

NLO corrections: de Florian, Rothstein Habarnau 2013
Further improvements for flavor separation:  «kang, Liu, Mantry, Shao 2020
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de Florian, Rothstein Habarnau 2013
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CC-DIS, 10GeVx275GeV, Q*>100 GeV?
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unpolarized strange PDF ratio
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Arratia, Furletova, Hobbs, Olness, Sekula 2021

CC-DIS, 10GeVx275GeV, Q*>>100 GeV?
! 1 1 11T A A A
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Full NLO treatment with charm mass:
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Apply to polarized case?



TMD physics in v +jet:

ep lab frame

jet

e TMD factorization for qr < p

Arratia, Kang, Paul, Prokudin, Ringer, Zhao 2023
(Liu, Ringer, WV, Yuan 2019)
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Concluding remarks:

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

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

enormous theoretical progress

need for updated studies (now that ePIC takes shape)
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