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nNNPDF2.0 

Overview - Parameterisation - Constraints 
“nNNPDF2.0: Quark Flavor Separation in Nuclei from LHC Data” 

                                    — arXiv:2006.14629

2

Towards nNNPDF3.0 
CMS 5 TeV dijets - DY at NNLO 

“Phenomenology of NNLO jet production at the LHC and its impact on 
parton distributions” 

                                                                              — arXiv:2005.11327

Electron Ion collider Impact 
“Self-consistent determination of proton and nuclear PDFs at the 

Electron Ion Collider” 
                                    — arXiv:2102.00018

Talk on  
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https://arxiv.org/pdf/2005.11327.pdf
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Overview
DSSZ12 KA15 nCTEQ15 EPPS16 TUJU19 nNNPDF1.0 nNNPDF2.0 nNNPDF3.0

Order NLO NNLO NLO NLO NNLO NLO & NNLO NLO NLO & NNLO
✔︎ ✔︎ ✔︎ ✔︎ ✔︎ ✔︎ ✔︎ ✔︎

✔︎ ✔︎ ✔︎ ✔︎

✔︎ ✔︎ ✔︎

✔︎ ✔︎ ✔︎ ✔︎ ✔︎

✔︎

✔︎ ✔︎ (k-factors)

✔︎ ✔︎ ✔︎ (k-factors)

✔︎

Q0 1.0 1.41 1.3 1.3 1.3 1.0 1.0 1.0

Q cut in DIS 1.0 1.0 2.0 1.3 1.87 1.87 1.87 1.87

Datapoints 1579 1479 708 1811 2336 451 1467

Error analysis Hessian Hessian Hessian Hessian Hessian Monte Carlo Monte Carlo Monte Carlo

Free Proton Baseline MSTW08 JR09 CTEQ6.1 CT14nlo HERA2.0 NNPDF3.1 NNPDF3.1 NNPDF4.0

Heavy quark effects ✔︎ ✔︎ ✔︎ ✔︎ ✔︎ ✔︎ ✔︎

Flavour separation ✔︎ Some ✔︎ ✔︎ ✔︎

Parametrization
Modification


Ratio in

Mellin space

Modification

Ratio

Proton pdf 
parametrised 

with A
Modification


Ratio
Proton pdf 

parametrised 
with A

Neural Network

With A as input

Neural Network

With A as input

Neural Network

With A as input

Reference PR D.100.096015 PR D.93.014026 PR D.93.085037 EPJ C77 163 PR D.100.096015 EPJ C79 471 JHEP 09 (2020) 183

 Neutral current DIS ℓ + A /ℓ + d
 Dell-Yan dilepton p + A /p + d

 RHIC pions d + Au /p + p
 Charged current DIS ν + A

 Drell-Yan dilepton π + A
 LHC (di)jet (5 TeV) p + Pb

 LHC W, Z (5, 8 TeV) p + Pb
 LHC D0 p + Pb

Rabah Abdul Khalek Overview1

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.096015
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.014026
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.085037
https://link.springer.com/article/10.1140/epjc/s10052-017-4725-9
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.096015
https://link.springer.com/article/10.1140/epjc/s10052-019-6983-1#citeas
https://inspirehep.net/literature/1803318
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nNNPDF2.0 Parameterisation
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f p/A
i = Nixα(1 − x)βNNi(x, A)

f A
i = Zf p/A

i + (A − Z)f n/A
i

f n/A
u(d),ū(d̄) = f p/A

d(u),d̄(ū)
SU(2) isospin symmetry

25 nodes

3 inputs 6 independent flavours, 256 free parameters, μ0 = 1 GeV

x

ln x

A

Sum Rules
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nNNPDF2.0 Constraints
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Sum Rules

χ2 =
Ndat

∑
i,j=1

(Di − Ti)(covt0
)−1
ij (Dj − Tj)

+λbc

nf

∑
m

Nx

∑
l=1

(f (p/A)
m (xl, Q0, A = 1) − f (p)

m (xl, Q0))
2

+λpos

Npos

∑
k

max(0, − Opos
k )

A=1 Boundary condition 
Member-by-member correlation

Positivity constraint for  
 

x ∈ [10−7,1]
Fu

2 , Fd
2 , Fs

2, d2
M2yσ

DY
uū , d2

M2yσ
DY
dd̄ , d2

M2yσ
DY
ss̄ , Fl

L
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nNNPDF2.0 Results
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Towards nNNPDF3.0
nNNPDF3.0

Order NLO & NNLO
✔︎

✔︎

✔︎ (k-factors)

✔︎ (k-factors)

✔︎

Q0 1.0

Q cut in DIS 1.87

Datapoints
Error analysis Monte Carlo

Free Proton Baseline NNPDF4.0

Heavy quark effects ✔︎

Flavour separation ✔︎

Parametrization Neural Network

With A as input

Reference

 Neutral current DIS ℓ + A /ℓ + d
 Dell-Yan dilepton p + A /p + d

 RHIC pions d + Au /p + p
 Charged current DIS ν + A

 Drell-Yan dilepton π + A
 LHC (di)jet (5 TeV) p + Pb

 LHC W, Z (5, 8 TeV) p + Pb
 LHC D0 p + Pb

Main Focus



CMS Dijet 
pp and pPb at 5 TeV
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p-p CMS 5 TeV
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p-Pb CMS 5 TeV

6

Both spectra (See slide 3) and  
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— NLO     ,  
— NNLO  , 

(χ2
tot /N = 1.42) (χ2

dataset /N = 2.51)
(χ2

tot /N = 1.41) (χ2
dataset /N = 6.91)

NNPDF3.1+dijet + pp CMS 5 TeV
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NNPDF3.1+dijet + pp CMS 5 TeV
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NLO NNLO

Includes 7 and 8 TeV  
CMS and ATLAS dijets
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nNNPDF2.0 + pPb CMS 5 TeV
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— w/o dijet  
— w/ CMS dijet pPb  
— w/ CMS dijet pPb/pp 

→ χ2
dataset /N = [6.47]

→ χ2
dataset /N = [6.16]

→ χ2
dataset /N = 3.85
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NLO NLO

Lead, A=208Boundary condition
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nNNPDF2.0 + pPb CMS 5 TeV
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PDF and nPDF fit quality
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(pPb)

(pp)

(pPb/pp)

[11.07]

[6.47]

3.53 [9.86]

3.85 [6.16]

—

—

—

—

No tension is recorded between pp CMS 5 TeV dijet  
and the 7 and 8 TeV already considered in 

“Phenomenology of NNLO jet production at the LHC and its impact on parton distributions”  
                                                                              — arXiv:2005.11327 

(More on this in the appendix)

https://arxiv.org/pdf/2005.11327.pdf


A word on the pA 
Drell-Yan at NNLO
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QCD K-factors
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σNLO (pA → ℓℓ) = ̂σNLO (pp → ℓℓ) ⊗
ℒNLO

pA

fNLO
p ⊗ fNLO

A

KNNLO
pA = ̂σNNLO (pp → ℓℓ) ⊗ ℒNNLO

pA / ̂σNNLO (pp → ℓℓ) ⊗ ℒNLO
pA

≈ ̂σNNLO (pp → ℓℓ) ⊗ ℒNNLO
pp / ̂σNNLO (pp → ℓℓ) ⊗ ℒNLO

pp

≈ KNNLO
pp  (With the appropriate pA kinematics)

σNNLO (pA → ℓℓ) ≈ KNNLO
pp ⋅ ̂σNNLO (pp → ℓℓ) ⊗

ℒNLO
pA

fNLO
p ⊗ fNLO

A

Not trivial with the available MC generators
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CMS Z pPb 5 TeV
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CMS Z - 5.02 TeV

MCFM6.8(NLO) + PDF(NLO)

MATRIX(NLO) + PDF(NLO)

MATRIX(NNLO) + PDF(NNLO)

MATRIX(NNLO) + PDF(NLO)

We started computing  Using MATRIX [arXiv:1711.06631]KNNLO
pp

Will improve with 
increased 
accuracy

https://arxiv.org/abs/1711.06631
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nNNPDF3.0 Status
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CMS pPb dijet at 5 TeV


Problem with the observable? Systematic uncertainties and missing 
correlations might be crucial to describe well this dataset.

Inability to describe its pp data with NNPDF3.1 seems the main 
bottleneck to be able to fit pPb data with nNNPDF2.0

NNLO k-factors need investigation.

In order to include this dataset, we would need to cut out the extreme 
rapidity bins.


Drell-Yan at NNLO 
CMS pPb  at 5 TeV — completed ✔︎

ATLAS pPb  at 5 TeV — on the way

ATLAS pPb  at 5 and 8 TeV — on the way

Z
Z
W±
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nNNPDF2.0 + p-Pb CMS 
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Dijet Paper

+ EW corrections 
considered in the paper

Absence of  
correlation



NNPDF3.1 w/ CMS dijet 5 TeV

χ2/ndat

NNPDF3.1  
+ 7 and 8 TeV Dijet (paper) 
 ± CMS dijet 5 TeV
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