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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)

with EIC, 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 nPDFs fa(x,Q)) can serve as Boundary Condition for fi(x, O,kr,b1,0)
include Lattice QCD info on moments and quasi-PDFs

Need coordination/communication between efforts

F. Olness



Do we really understand QCD ...

push to extreme {x,Q}
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Need theoretical guidance in these regions

Nuclear PDFs: x>1 allowed;

impacts F,"*°/F,"* in Fermi region

Target Mass Corrections

pick up M?/Q? higher twist

Deuteron Corrections

impacts F M¢/F P ratio

Are we just looking under the lamppost
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nNNPDF, EPPS, nCTEQ, TUJU, ...
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Figure 18.5: Comparison of the nNNPDF2.0, CTEQ15WZ+SIH and EPPS16 nuclear PDEFs.
The curves shown are ratios to the result in the limit of no nuclear corrections. Plot from NNPDF
collaboration (Juan Rojo — private communication).

precision fa(x,()) can serve as Boundary Condition for fi(x, O,kr,br,0)

TUJU at NLO and NNLO



Nuclear A-Dependence:

need input from theory and experiment
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precision fa(x,)) can serve as Boundary Condition for fi(x,0,kr,br,0)
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xFitter Colldboration Meetinig February 2020, DESY

Need coordination/communication between efforts

Open-source PDF framework suitable for comparing,
experimenting, and PDF generation

New: modular C++ interface



XFitter www.xFitter.org %F/'[z‘e/‘

Sample data files:
LHC: ATLAS, CMS, LHCb
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Fixed Target: ...
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BFKL interface



Nuclear xFitter: (Daiquiri)
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PHYSICAL REVIEW D 100, 096015 (2019)

Open-source QCD analysis of nuclear parton distribution functions
at NLO and NNLO

Marina Walt®,"" Tlkka Helenius®,”>" and Werner Vogelsamgl‘i

ANNPDF2.0 -----

g NCTEQ15WZ oo
O 15} EPPS16 ==-===
X TUJU21 NLO ——
-I'E 43
|

[@)]

o

0.5 B
0.001 0.01 0.1 1
X

RuvaF’b (X,Qz)

INPUT

e Experimental data
® Initial fit parameters
*  Other input data

| ¥

|
I
|
|
—1
I
| QCDNUM or APFEL
|
|
I
|
|
I
|
|
|

|

|

|

| § Convolution of grids
| with new nPDFs
| i
|
I
|
[

Y

MINUIT

FIG. 1: Schematic view of the high-level xFrrTER functionalities as relevant for Drell-Yan and W=, Z boson

production processes, with the newly implemented convolution routine in XFITTER as used for the nPDF fit
TUJU21. XFITTER logo eredited from [60]
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Open-source PDF framework suitable for comparing,
experimenting, and PDF generation




CONCLUSIONS
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higher twist *Spin Lattice QCD
non-linear QCD *TMDs
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higher Twist

F. Olness



QCD: From Parameterization to a Deeper Understanding
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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)

with EIC, 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 f4(x,0,kr,br,0)
include Lattice QCD info on moments and quasi-PDFs

Need coordination/communication between efforts

F. Olness
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