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What is xFitter

Quantitative comparison of the data and QCD predictions aimed to determine 
theory parameters involves a number of steps. xFitter binds them together.
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Status of xFitter project

3



Example analyses for the last year
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Analysis of DIS data at N3LO: settings

● HERAI+II inclusive (arXiv:1506.06042)  and charm+bottom data (arXiv:1804.01019) 
● N3LO evolution as implemented in APFEL based on code in HOPPET  (refs?)
● N3LO coefficient  functions from APFEL checked with HOPPET, exact and 

approximate matching conditions 
● FONLL  VFNS implemented in xFitter, checked with fortran APFEL for N2LO 5

q20 1.9±0.2

q2min 3.5±1.0

mc 1.47±0.06

mb 4.50±0.25

fs 0.40±0.08

Model variations: HERAPDF2.0 parameterisation: 

Alternative gluon parameterisation:



N3LO with approx. matching vs N2LO and N1LO

● Implement approximate N3LO based on https://arxiv.org/pdf/2207.04739
● Similar pattern as observed in the past: N3LO gluon is more negative at low x 

for the starting scale, 𝜒2/dof is the worst.
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N3LO with approximate matching uncertainties

Approximate matching conditions have uncertainties for transition matrix 
elements. Large impact on gluon/charm due to  -2000 <agg,H<-700
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Exact N3LO vs approximate N3LO

First fit using exact N3LO matching conditions, shown with full experimental  plus model 
uncertainties. Large difference vs aN3LO central fit for the gluon and charm, however within 
uncertainties of aN3LO. Fit quality to the data is about the same
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N1LO, N2LO vs N3LO with exact matching

Fits with alternative gluon parameterisation, consistent results to HERAPDF style. 
N3LO gluon is the hardest, also largest at small x. For x=0.01, all orders agree.
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Effect of the matching conditions on charm

Compare xc(x) vs q2 between approximate and exact N3LO (for the same PDFs), 
exact N3LO fit and N2LO fit. Significant differences at low  x
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Heavy flavour uncertainties

Additional uncertainties arise from approximate treatment of massive coefficient 
functions. Implemented based on https://arxiv.org/pdf/2401.12139

→significant uncertainty due to small-x  parameter variation, dominant compared to 
other sources.  MAYBE DOUBLE COUNTING (discussion with Marco)
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F2 charm predictions (N2LO and N3LO)

● Compare predictions of the N2LO and N3LO fit to the inclusive data vs 
charm from combined H1ZEUS analysis https://arxiv.org/abs/1804.01019

● Better 𝜒2/dof for the N3LO fit
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Fitting charm data (N2LO and N3LO)
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N3LO pdfs with full uncertainties

● PDF obtained for N3LO fit to HERA inclusive plus 
charm and bottom data, including model and theory 
uncertainties.

● Leading model uncertainty: mC variation
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N3LO uncertainties at Q2 = MZ
2

At higher scales, large uncertainties 
for valence quarks at low x. Significant 
theory uncertainty for gluon at x<0.01. 
Charm and bottom uncertainties from 
mC and mB values
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Impact on predictions at the LHC 

Predictions at N3LO for ggH, Z.  Only scale uncertainties. 
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Summary and Outlook

● Analysis with consistent N3LO for the evolution and coefficient functions
● First analysis including exact matching conditions
● Residual uncertainties from heavy flavour coefficient functions
●
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