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1. The motivations 2. The datasets

3. The technicalities[1]

NNLO QCD analysis  performed with xFitter[6] framework + MINUIT[7]

Jets à V boson data: 
Higher x, Q2 reach

W+ jets 8 TeV[4] Z+ jets 8 TeV[5]
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kfactors: NLO QCD predictions à NNLO & LO EW predictions à NLO
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DIS predictions: NNLO 
in QCD
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Sensitive to gluon @ leading 
order in QCD

Quark flavour: Fit strange sea directly

(𝑑̅ − %𝑢) @ high x

E866[3] à > 0

ATLASepWZ16[2] 

à Compatible with 
0, slightly negative

Rs
Rs tension: ATLAS vs neutrino-induced DIS

4. The results[1]

uncertainties constrained

𝑑̅ increases 𝑠̅ decreases

HERA 
constrains 

sum

identical fit without 
Vjets data

(𝑑̅ − %𝑢) at high x…

ATLAS preference for large 𝑑̅ (Cd small) … …à (𝑑̅ − &𝑢) > 0 

Chi-square definition Partial term

Correlated term
Log penalty 

(bias correction)

D: Data point  T: Theory prediction  δuncor (stat): Uncorrelated statistical (systematic) uncertainties on D  
𝛾: Correlated systematic uncertainties  b: Nuisance parameters  Cstat: Statistical correlation matrix

𝜒" =+
#$

𝐷# − 𝑇# 1 −+
%

𝛾#%𝑏% 𝐶&'(', #$*+ 𝐷# , 𝐷$ 𝐷$ − 𝑇$ 1 −+
%

𝛾$%𝑏%

++
%

𝑏%" ++
#

log
𝛿#,,-./0" 𝑇#" + 𝛿#,&'('" 𝐷#𝑇#
𝛿#,,-./0" 𝐷#" + 𝛿#,&'('" 𝐷#"

LHCC 2021
References
[1] ATLAS Collaboration, CERN-EP-2020-237, arXiv: 2101.05095 (accepted by JHEP)
[2] ATLAS Collaboration, Eur. Phys. J. C 77 (2017) 367, arXiv: 1612.03016 [hep-ex]
[3] FNAL E866/NuSea Collaboration, Phys. Rev. D 64 (2001) 052002, arXiv: hep-ex/0103030
[4] ATLAS Collaboration, JHEP 05 (2018) 077, arXiv: 1711.03296 [hep-ex]
[5] ATLAS Collaboration, Eur. Phys. J. C 79 (2019) 847, arXiv: 1907.06728 [hep-ex]
[6] S. Alekhin et al., Eur. Phys. J. C 75, 304 (2015) 304, arXiv: 1410.4412 [hep-ph]
[7] F. James and M. Roos, Comput. Phys. Commun. 10 (1975) 343
[8] H1, ZEUS Collaborations, Eur. Phys. J. C 75, 580 (2015), arXiv: 1506.06042

Add extra D, E, F parameters 
(low-x sea), relax constraints

Vary theoretical assumptions: Q2
min, Q2

0, 
heavy quark masses, alphas etc.

Includes ATLAS  
inclusive W, Z data

𝑅! =
𝑠 + 𝑠̅
%𝑢 + 𝑑̅

√𝑥𝑓 𝑥 = 𝐴𝑥" 1 − 𝑥 # 1 + 𝐷𝑥 + 𝐸𝑥$ 𝑒% (extra gluon term: −𝐴&'𝑥"!
" 1 − 𝑥 #!" )

General form:

Parameterisation

if needed

Constrained by:

• Momentum sum rule
• Number sum rule
• %𝑢 = 𝑑̅ as x à 0

HERAPDF2.0[8]

+ Euv, Dg

= 16 free 

parameters

[2]

Scales

Q2
0 =1.9 GeV2 starting scale evolved with DGLAP 

Q2
min =10 GeV2 (avoid region with poor HERA 𝜒2 )

HERA data 
+ inclusive 
ATLAS W/Z 
data @ 7 
TEV[2]

V+jet data 
in fit à at 
high x…

Tension 
remains with 
global fits but 
reduced vs 
previous 

ATLAS fits

RS

Uncertainties

• Experimental
• Model
• Parameterisation


