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How to decrease PDFHow to decrease PDF
uncertaintiesuncertainties

→  →  impact of EICimpact of EIC



  

2

                          
                          K. W

ic hm
a nn  @

 D
I S 20 2 4           

K. W
ic hm

a nn  @
 D

I S 20 2 4            



  

3

                          
                          K. W

ic hm
a nn  @

 D
I S 20 2 4           

K. W
ic hm

a nn  @
 D

I S 20 2 4            

Proton structure

LHCLHC TevatronTevatron

● PDFs used in hadron interactions: LHC, Tevatron, HERA →  also EIC! also EIC!
● Precision of many measurements often limited by PDF uncertainty

Inclusive measurements from HERAInclusive measurements from HERA
are core of every parton densityare core of every parton density

extractionextraction
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Eur. Phys. J. C75 (2015), 12, 580

HERA combined inclusive DISHERA combined inclusive DIS

HERAPDFHERAPDF
philosophyphilosophy

HERAPDF approach uses only 
HERA data in global QCD fit

→  →  extend it to onlyextend it to only
DIS data ...DIS data ...
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New DIS data:New DIS data:

  

EICEIC
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HERA &HERA &
ATHENAATHENA

phase-spacephase-space

QQ22
minmin = 3.5 GeV = 3.5 GeV22

High-x region not covered by HERA 

→  impact on high-x PDFs expected
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NNLO QCD analysis with DIS dataNNLO QCD analysis with DIS data
● EIC pseudo-data created using HERAPDF2NNLO with αs(MZ) = 0.118
● HERAPDF procedure used

● Cuts
● Q2 > 3.5 GeV2

● W2 = Q2(1-x)/x > 10 GeV
● 0.001 < y < 0.95

● Pseudodata uncertainties
● Most data points have uncorrelated systematic uncertainty of 1.9%,

extending to 2.75% at lowest y values
● Additional normalisation uncertainty of 3.4% taken to be fully correlated

between data at each CME, and fully uncorrelated between different CMEs
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DIS-only fitsDIS-only fits
● Dramatic improvement of valence quarks at large x
● Improvement also for gluons/sea

Log-x scale                                                   Lin-x scale             
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Impact of EIC data on global fitsImpact of EIC data on global fits

● Studies using MSHT20 approach
● Parameterisations using Chebyshev polynomials (52 parameters in total)

● Data with Q2 > 2 GeV2, W2 > 15 GeV2

● Pseudo-data created with MSHT20 with uncertainty assumptions
● Most data points have uncorrelated systematic uncertainty of 1.9%,

extending to 2.75% at lowest y values
● Additional normalisation uncertainty of 3.4% taken to be fully correlated

between data at each CME, and fully uncorrelated between different CMEs
● DIS data with Q2 > 2 GeV2, W2 > 15 GeV2
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● Improvement significantly
reduced compared with
HERAPDF2.0

● Still significant effects
present
→  biggest impact on up-
valence distribution
→  small but valuable
improvement on all parton
species visible at all x and Q2

 values

Impact of EIC data onImpact of EIC data on
global fits @NNLOglobal fits @NNLO

y>10-2

y>10-2
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Parton luminositiesParton luminosities

● Reduced uncertainties
● Largest impact at high mX

coming from PDF constraints
at high x  

● gluon-gluon luminosity shows
largest reduction in
uncertainty, up to ∼50% at
larger invariant masses

● Relatively mild improvement for
luminosities

● Impact of EIC pseudodata on
MSHT20 smaller than that of
HERAPDF2.0
→  consistent with changes seen in
PDF uncertainties
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● Reduction in gluon-gluon luminosity uncertainty directly affects  precision of
predictions for Higgs production from gluon-gluon fusion
→  with EIC uncertainty in gg luminosity at mH 125 GeV goes from 1.2% to 0.8% 
→  same for PDF uncertainty
→  however large scale variations make overall impact smaller

Impact of EIC data on Higgs productionImpact of EIC data on Higgs production
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Nuclear PDFs from EICNuclear PDFs from EIC

● EIC will have revolutionary
impact on eA phase space →
most promising environment to
observe novel low-x effects

● Studies performed @ NLO in
xFitter & HERAPDF framework
to assess sensitivity of EIC
relative to EPPS21
(representative current global fit)

● EPPS21 includes 

→  Fixed target DIS and DY

→  p+A at LHC

→  p0 from PHENIX
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Impact on Nuclear PDFs: GluonImpact on Nuclear PDFs: Gluon

● Nuclear PDFs studied in terms of
nuclear modification factor R:

● Relative uncertainty of gluon in
proton EIC-only fits

● Uncertainty of gluon in gold nucleus
● Nuclear modification factor formed

from ratio of gluon in gold and
proton

It encodes deviations of nPDFs from
simple scaling of free nucleon PDFs

with atomic mass A after accounting
for varying proton-to-neutron ratios

using isospin symmetry
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Impact on Nuclear PDFs: sea and valence u quarksImpact on Nuclear PDFs: sea and valence u quarks

Precision largely improved with EIC data only
→  factor of 2 @ x ~ 0.1



  

16

                          
                          K. W

ic hm
a nn  @

 D
I S 20 2 4           

K. W
ic hm

a nn  @
 D

I S 20 2 4            

Message to take homeMessage to take home
Using EIC data will make tremendous difference in proton and

nuclear PDFS, especially at high x
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