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QCD: From PDFs to the underlying QCD 2
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No time for ... Lattice Calculations, TMDs, Generalized PDFs 4

Hadpron structure is much richer than f(x) conveys
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precision fa(x,Q)) can serve as Boundary Condition for fi(x,0,kr,br,0)



nPDEKs:

Extend Precision &

Kinematic Reach in {x,Q*}



nPDFs: Extend Precision & Kinematic Reach in {x,Q%} [
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Nuclear PDFs

Parton Distribution Functions

Neutron

Proton

nCTEQ nuclear PDF parameterization

... Limitations, Assumptions ...



Nuclear A-Dependence ... assume “smooth” in nuclear A 9
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Mechanics of nPDFs ... assume smooth in A 10
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Isospin Symmetry used to generate nPDFs 1
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Combined Challenges for Precision nPDFs

Measurements on “neutron” beam
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Extended
Kinematics

Higher twist
mass etffects

limit x—1

PHYSICAL REVIEW D 103, 114015 (2021)
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nCTEQ

Challenges at Large x & Low Q* & Low W2
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Hadron / Parton Transition: How Low in W* and Q° can we go??? 15
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nCTEQ15HIX include large x JL.ab data 16
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Nuclear PDFs: In the limitx — 1 17
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larget Mass
orrections

The challenge of a multi-scale problem

January 20, 2023
Target mass corrections in lepton-nucleus DIS:

theory and applications to nuclear PDFs
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Target Mass Corrections (TMC) for nuclear processes 19
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Strange PDF

Parton Distribution Functions

vDIS ... has a significant impac on the strange quark PDF
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Puzzle: Split Personality ... What is the correct Nuclear ratio

21
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Neutrino DIS

Depends on nuclear corrections

Charged Lepton DIS

some caveats
... correlated errors
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Puzzle: Split Personality ... What is the correct Nuclear ratio

nCTEQ: Faiq Muzakka, Karol Kovarik, ...
Q? =5Gev?

Q% =5GeV?
115 L15 7

Fe /
]
]

—_— 110 110 .
1

I

I

D 105 105 ,'
[}

1

I

100 _ 100 .
SO
Ca o
W 095 X pgs
o
p —— Fe nCTEQ15WZ
0.90 1 L, —— Fe DimuNeu I 0.90
24 === SAC/NMC F —— Fe nCTEQ15WZ
085 ‘,, ; Fe BCDMS-87 085 4 ’f’ = Fe DimuNeu
L ® Fe BCDMS-85 4 === SLAC/NMC
B Fe SLAC-ED49a 3 FeNuTeV
0.80 : ; 0.80 : .
0.1 02 03 04 05 06 07 08 09 0.01 01 02 03 04 05 06 07 08 09
X X

Iron What is the correct nuclear correction ???
Are these data sets compatible???

proton+neutron
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Charm PDF

Parton Distribution Functions

What is the status of Intrinsic Charm?
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https://doi.org/10.1038/s41586-022-04998-2



Measuring the nuclear Gluon PDF

Parton Distribution Functions

how can we determine
f],i(xg Mﬁ) the gluon

Quarkonia
g Production

Semi-Inclusive
Hadron Production

fa.i(z, i)

g(x): Large Uncertainties
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Gluon: Nuclear Medium Effects at small momentum fraction (x) 25
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your theory here

Review: Edmond Iancu & Raju Venugopalan: arXiv:0303204



Precision Gluon can help study nuclear medium etfects

26

nCTEQ: Pit Duwentaster, Michael Klasen, ...
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Precision Gluon can help study nuclear medium etfects 27
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nPDEs:

Physics inspired parameterizations



Short Range Correlations (SRC)

nCTEQ with

Andrew Denniston & Or Hen
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CONCLUSIONS



QCD: From Parameterization to a Deeper Understanding

31

Proton PDF: f)(z,Q)
generally NNLO; approaching ~1% precision; Boundary Conditions for nuclear PDF

Nuclear PDF: fa(z,Q)

generally NLO; leverage proton PDF tools; recent progress encouraging (e.g., PDG)

evolve from parameterizing to deeper understanding of QCD

Extend kinematic {x,Q} range: ... probe extreme regions of QCD
Low Q: non-perturbative region; correlation effects ...
Low x: resummation; saturation; BFKL; ...

Low W: resonance region; duality; ...
Need theoretical guidance in these regions
Extend Unpolarized Colinear to Spin, TMD & GPD

... explore full tomographic nuclear structure in spin, kr, br

precision fa(x,)) can serve as Boundary Condition for fi(x,0,kr,br,0)
include Lattice QCD info on moments and quasi-PDFs

Need coordination/communication between efforts



QCD: From Parameterization to a Deeper Understanding 32

isospin

QCD quark-gluon violation o
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Lagrangian p o rotion
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jet
quenching target mass
DGLAP violation??? shadowing corrections

saturation

DGLAP violation???

saturation resummation
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non-linear QCD
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higher twist * Spin Lattice QCD
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higher Twist
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