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● Spin
● TMDs
● GPDs

QCD:    From PDFs to the underlying QCD 2

Lattice QCD

QCD
Lagrangian

Nuclear targets 
key for flavor 
differentiation



Q cut

W cut

nPDFs:  Extend Precision & Kinematic Reach in {x,Q2}

High-x: 

Nuclear PDFs:  x>1 allowed; 
impacts F2

Nuc/F2
Iso in Fermi 

region
Target Mass Corrections

pick up M2/Q2 higher twist 
Deuteron Corrections 

impacts F2
Nuc/F2

Deuteron  ratio

Low-Q2:
Non-Perturbative inteface

collective effects
Target Mass Corrections

pick up M2/Q2 higher twist 
FL at low Q2 access to g(x) 

Run at multiple energies

Low-x:
Shadowing
Recombination
Resummation
BFKL
Saturation
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nCTEQ: PRD104 (2021) 094005.

nCTEQ: Phys.Rev.D 104 (2021) 094005

nCTEQ: arXiv: 2204.13157

nCTEQ: Phys.Rev.D 103 (2021) 11, 114015 

nCTEQ15º nCTEQ15WZ

nCTEQ15WZ+SIH nCTEQ15HIX
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precision fA(x,Q)  can serve as Boundary Condition for fA(x,Q,kT,bT,¾) 
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Proton PDF:   fp(x,Q) 
generally NNLO; approaching ~1% precision;  Boundary Conditions for nuclear PDF

Nuclear PDF:  fA(x,Q) 
generally NLO; leverage proton PDF tools; recent progress encouraging (e.g., PDG)

QCD:  From Parameterization to a Deeper Understanding  5

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, kT, bT 

precision fA(x,Q)  can serve as Boundary Condition for fA(x,Q,kT,bT,¾) 
include Lattice QCD info on moments and quasi-PDFs

Need coordination/communication between efforts

 evolve from parameterizing to deeper understanding of QCD
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… beyond parameterizations?   … nearest neighbor interactions 7



FREE PROTON

SRC PAIR

Universal
A-Independent

f A(x,Q0) = (1-cA) f p(x,Q0) + (cA) f SRC(x,Q0)
Universal

A-Independent 

Nuclear Correction Ratio: 

nucleon nucleon - nucleon

“Free nucleons”  + “nucleon pairs”          Short Range Correlations (SRC) 8

Linear Combination
of 2 functions

Very different from standard parm. (e.g., nCTEQ)

Question: do CA coefficients display any patterns???

f p(x,Q0)

f SRC(x,Q0)



Standard

Free p & n

Link p & n

Improved fit 
compared to 
traditional 
approach

New approach:    Inspired by nearest-neighbor interaction    Short Range Correlations (SRC) 9

Fully accounts for all DOF

ArXiV:2312.16293

Is the fit reasonable???

https://arxiv.org/abs/2312.16293


Proton

Neutron

Fraction of SRC Pairs vs. Nuclear A

Fit p,n 
separately

Nuclear A



Fraction of SRC Pairs vs. Nuclear A

Proton

Neutron
Adjust for 

neutron excess

Lead

Gold

Nuclear AConstrained fit: Â2 0.80  → 0.82  



Cp = 0.256
Cn = 0.177

A = 197
Z =   79
N = 118

Cp × Z = 20.2
Cn × N = 20.9

Fit Proton & Neutron Separately …   a curious observation .. 12

The fit suggests equal # of protons & neutrons participate

Consistent with hypothesis that SRCs are (pn) pairs

Nuclear A
Homework: what is the pattern?



➔ Simple Nearest-Neighbor 
(SRC) inspired form 

yields remarkably good fit

➔ Comparable/better than
traditional approach

➔ Coefficients scale with ln(A)

➔ Separate p,n fits are 
consistent with (pn) SRC pairs

Different Param.   ⇒    i) NN / SRC  and ii) nuclear character  13

Nuclear A

Nature is trying 

to tell us something

This parameter form connects to new concepts



Homework: what is the pattern?

CONCLUSIONS:

Assembling the puzzle pieces

Interdisciplinary …
Use tools from 

HEP, Nuclear, 
& Lattice QCD

… to really understand the 

strong force

Nature is telling us ...

Why (pn) pairs?

What drives this pattern?



Parton Distributions and Lattice Calculations (PDF Lattice 2024) 18-20 November  2024



Homework: what is the pattern?

CONCLUSIONS:

Assembling the puzzle pieces

Interdisciplinary …
Use tools from 

HEP, Nuclear, 
& Lattice QCD

… to really understand the 

strong force

Nature is telling us ...

Why (pn) pairs?

What drives this pattern?
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