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PDFs Selected Highlights
How well do we know the sea quarks?



Semi-Inclusive processes in Global Fits
New insights from SIDIS
Combined extraction of PDFs & FFs
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NNLO extractions

 High precision LHC 
measurements now included 
in fits (ATLAS/CMS W,Z 
production)

Uncertainties reduction to a 
few percent points (and 
expected to be further 
constrained by the HL-LHC).

Remarkable progress in the last decades:
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We have a pretty clear image of  how 
the quarks and gluons are distributed 

inside the proton

Remarkable progress in the last decades:

 8

NNLO extractions

 High precision LHC 
measurements now included 
in fits (ATLAS/CMS W,Z 
production)

Uncertainties reduction to a 
few percent points (and 
expected to be further 
constrained by the HL-LHC).

PDFS SELECTED HIGHLIGHTS



Remarkable progress in the last decades:

NNPDF3.1 Eur.Phys.J. C77 (2017) no.10, 663  9

NNLO extractions

 High precision LHC 
measurements now included 
in fits (ATLAS/CMS W,Z 
production)

Uncertainties reduction to a 
few percent points (and 
expected to be further 
constrained by the HL-LHC).

PDFS SELECTED HIGHLIGHTS



)2 = 1.9 GeV2(x=0.023, QSR
0.4 0.6 0.8 1 1.2 1.4

 )d + u ) / ( s = ( s + SR
NNPDF3.0

NNPDF3.1 global

NNPDF3.1 collider

NNPDF3.1 HERA+AWZ11

xFitter 2016

 )d + u ) / ( s = ( s + SR

sR
0 0.2 0.4 0.6 0.8 1 1.2 1.4

ABM12
NNPDF3.0
MMHT14
CT14
ATLAS-epWZ12

ATLAS-epWZ16
exp uncertainty
exp+mod+par uncertainty
exp+mod+par+thy uncertainty

ATLAS, x=0.0232 = 1.9 GeV2Q

THE STRANGENESS PUZZLE

Tension in strangeness between global fits and xFitter persists in NN3.1

Rs(x,Q
2) =

⇥
s(x,Q2) + s̄(x,Q2)

⇤
/
⇥
ū(x,Q2) + d̄(x,Q2)

⇤

NNPDF3.1 Global NNPDF3.1 Collider
ATLAS 2011 W/Z 2.14 1.55
ATLAS 2010 W/Z 0.96 0.92
NuTeV dimuon 0.82 26.5

Driven by disagreement  
between collider data and  
neutrino DIS

Rs (x,Q
2 ) = [s(x,Q2 )+ s(x,Q2 )] / [u(x,Q2 )+ d(x,Q2 )]

The strangeness puzzle

HOW WELL DETERMINED ARE THESE PARTON DISTRIBUTIONS?

Strange content of the proton not so well constrained.

Tension in strangeness driven by disagreement between collider 
data and neutrino DIS
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ū(x,Q2) + d̄(x,Q2)

⇤

       x  
4−10 3−10 2−10 1−10

)2
 ( 

x,
 Q

SR

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6 NNPDF3.1 
NNPDF3.1 collider
NNPDF3.0

NNLO, Q=100 GeV

 11

Strange content of the proton not so well constrained.

Tension in strangeness driven by disagreement between collider 
data and neutrino DIS
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There is still a lot of room for PDFs improvement
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Strange content of the proton not so well constrained.

Tension in strangeness driven by disagreement between collider 
data and neutrino DIS



HOW WELL DETERMINED ARE THESE PARTON DISTRIBUTIONS?
The strangeness puzzle

How can we improve our knowledge of the PDFs?

What can we learn from a future Electron-Ion Collider?
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• DIS with electroweak currents
• W/Z production in p-p 

For strange 
distributions

HOW CAN WE IMPROVE OUR KNOWLEDGE OF THE PDFS?

 14

*

Which are the experiments constraining the strangeness in the proton?
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Deuterium + Flavor symmetries 
for flavor separation

Traditional approach: completely 
inclusive DIS data 



Indirect sensitivity to the strange 
content of the proton
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distributions
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Which are the experiments constraining the strangeness in the proton?

*
Traditional approach: completely 

inclusive DIS data 



IDENTIFIED FINAL STATE PARTICLES OBSERVABLES
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SIDIS as a tool to probe the sea quark distributions

 16



FFs acting as an 
effective charges, 

allowing for 
flavor a separation
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SIDIS as a tool to probe the sea quark distributions
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SIDIS as a tool to probe the sea quark distributions



IDENTIFIED FINAL STATE PARTICLES OBSERVABLES
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|K+⟩ = |us̄⟩ |K−⟩ = | ūs⟩

IDENTIFIED FINAL STATE PARTICLES OBSERVABLES

Kaon production 
as a tool to pin 

down the 
strangeness in the 

proton

K-
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SIDIS as a tool to probe the sea quark distributions



IDENTIFIED FINAL STATE PARTICLES OBSERVABLES
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|K+⟩ = |us̄⟩ |K−⟩ = | ūs⟩

Semi-inclusive 
observables as a 
tool to probe the 
sea quark of the 

proton

IDENTIFIED FINAL STATE PARTICLES OBSERVABLES

PDFs & FFs global fit?
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SIDIS as a tool to probe the sea quark distributions



PDFs & FFs Combined Global Extraction: Cross-Talk between non perturbative quantities

IDENTIFIED FINAL STATE PARTICLES OBSERVABLES

Big number of 
parameters to fit 
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Precision



IDENTIFIED FINAL STATE PARTICLES OBSERVABLES

Big number of 
parameters to fit 

Factorial-like increase in the 
number of iterations 

needed

PDFs & FFs Combined Global Extraction: Cross-Talk between non perturbative quantities

Some effort made in this direction:

JAM Collaboration PDFs+FFs 
arXiv:1905.03788

JAM Collaboration polPDFs+FFs 
Phys.Rev.Lett. 119 (2017)
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Different Phase Space/ 
Precision



A different approach: Bayesian Inference

IDENTIFIED FINAL STATE PARTICLES OBSERVABLES

fi(x)

Based on the previous generation of replicas of the PDFs/FFs

NNPDF: Nucl.Phys. B849 (2011)112-143  26



A different approach: Bayesian Inference

IDENTIFIED FINAL STATE PARTICLES OBSERVABLES

fi(x)
fi(x)

fi(x)

NNPDF: Nucl.Phys. B849 (2011)112-143

Based on the previous generation of replicas of the PDFs/FFs
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A different approach: Bayesian Inference

IDENTIFIED FINAL STATE PARTICLES OBSERVABLES

fi(x)
fi(x)

fi(x) ⟨𝒪⟩ =
1

Nrep

N
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k=1

𝒪[ f(k)]

Δ𝒪2 =
1

(Nrep − 1)

N

∑
k=1

(𝒪[ f(k)] − ⟨𝒪⟩)2

Statistically sound uncertainties

Allows for the inclusion of new data 
without a refit

NNPDF: Nucl.Phys. B849 (2011)112-143

Based on the previous generation of replicas of the PDFs/FFs
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A different approach: Bayesian Inference

IDENTIFIED FINAL STATE PARTICLES OBSERVABLES

fi(x)
fi(x)

fi(x) w(k)
w(k)
w(k)

NNPDF: Nucl.Phys. B849 (2011)112-143

Based on the previous generation of replicas of the PDFs/FFs

Δ𝒪2 =
1

(Nrep − 1)

N

∑
k=1

(𝒪[ f(k)] − ⟨𝒪⟩)2

⟨𝒪⟩ =
1

Nrep

N

∑
k=1

𝒪[ f(k)]

w(k) ∝ e− 1
2 χ2( fk)

We can include new information in the fit:

 29

χ2(y, f ) = ∑
i

(yi − yi[ f ])2

σ2
i



A different approach: Bayesian Inference

IDENTIFIED FINAL STATE PARTICLES OBSERVABLES

fi(x)
fi(x)

fi(x) w(k)
w(k)
w(k)

⟨𝒪⟩new =
1

Nrep

N

∑
k=1

𝒪[ f(k)] ⋅ w(k)

Δ𝒪2
new =

1
(Nrep − 1)

N

∑
k=1

(𝒪[ f(k)] − ⟨𝒪⟩)2 ⋅ w(k)

NNPDF: Nucl.Phys. B849 (2011)112-143

Based on the previous generation of replicas of the PDFs/FFs

w(k) ∝ e− 1
2 χ2( fk)

We can include new information in the fit:
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ITERATIVE PDF & FF EXTRACTION

PDFs & FFs

Reweighting using 
SIDIS data

Modified 
PDFs

FFs extraction 
using new PDFs

FFs

IB, R. Sassot, M.Stratmann Phys. Rev. D 96, 094020 (2017)
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ITERATIVE PDF & FF EXTRACTION

Reweighting using 
SIDIS data

Modified 
PDFs

FFs

PDFs & FFs

FFs extraction 
using new PDFs

Combined PDFs & FFs 
extraction including 

COMPASS & HERMES 
π and K SIDIS data

Robust

Fast convergence

Independent of the 
PDFs set used

IB, R. Sassot, M.Stratmann Phys. Rev. D 96, 094020 (2017)
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COMBINED PDFS & FFS EXTRACTION FROM  EIC

What can we learn from SIDIS @ EIC?

Reweighting with EIC π± & K± SIDIS pseudo-data

103 NNPDF3.0 replicas
105 DSS14 & DSS17 replicas

E. Aschenauer, IB, R. Sassot, C. Van Hulse.    Phys.Rev. D99 (2019) no.9, 094004
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COMBINED PDFS & FFS EXTRACTION FROM  EIC
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What can we learn from SIDIS @ EIC?
E. Aschenauer, IB, R. Sassot, C. Van Hulse.    Phys.Rev. D99 (2019) no.9, 094004

 37



COMBINED PDFS & FFS EXTRACTION FROM  EIC

Wide coverage in {x,Q2}
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What can we learn from SIDIS @ EIC?
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E. Aschenauer, IB, R. Sassot, C. Van Hulse.    Phys.Rev. D99 (2019) no.9, 094004
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COMBINED PDFS & FFS EXTRACTION FROM  EIC

What can we learn from SIDIS @ EIC?
E. Aschenauer, IB, R. Sassot, C. Van Hulse.    Phys.Rev. D99 (2019) no.9, 094004
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COMBINED PDFS & FFS EXTRACTION FROM  EIC

What can we learn from SIDIS @ EIC?
E. Aschenauer, IB, R. Sassot, C. Van Hulse.    Phys.Rev. D99 (2019) no.9, 094004
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COMBINED PDFS & FFS EXTRACTION FROM  EIC

What can we learn from SIDIS @ EIC?

30% uncertainty reduction for u
20% uncertainty reduction for d

E. Aschenauer, IB, R. Sassot, C. Van Hulse.    Phys.Rev. D99 (2019) no.9, 094004
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COMBINED PDFS & FFS EXTRACTION FROM  EIC
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COMBINED PDFS & FFS EXTRACTION FROM  EIC
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E. Aschenauer, IB, R. Sassot, C. Van Hulse.    Phys.Rev. D99 (2019) no.9, 094004
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COMBINED PDFS & FFS EXTRACTION FROM  EIC
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Effect on Fragmentations



SUMMARY
• There is still a lot of room for PDFs improvement 

• Semi-inclusive DIS offers a great tool to probe the sea quark of the parton, 
as well as the confinement process into hadrons

• The same analysis could be translated to nPDFs!

•   EIC semi-inclusive data expected to provide important constrains on both 
PDFs & FFs, with new insights on the:

• Proton’s strange content

• Charge (& isospin) symmetry breaking

• Nuclear effects on PDFs & FFs
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