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Inelasticity Photon virtuality

HERA Collider
● The only existing ep collider (1992 - 2007)
● About 0.5 fb-1 of data per experiment
● Two multi-purpose detectors (H1 + ZEUS) 

Photoproduction

Deep-inelastic
scatering (DIS)

    e±         +    p
27.6 GeV + 920 GeV
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NNLO       fit of H1 jets data in DIS
Why       ?

● Among the least known SM 
parameters

● Great importance for LHC 
physics

Why now?
● NNLO revolution in the last years 
● NNLO predictions now available 

for both pp and ep dijets
● Complementary to the

extraction in pp at intermediate 
scales 

Dijet DIS production at H1

First NNLO       fit of the jet ep data

[PDG16]
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● New NNLO predictions for ep dijets 
based on antenna subtraction
J. Currie, T. Gehrmann, A. Huss and J. Niehues, 
JHEP 07 (2017) 018, [1703.05977]

● Matrix element tables precalculated by 
NNLOJET program (~1M CPU hours)

● Then convoluted with PDFs and        
with fastNLO using the APPLfast 
interface (<1s)

NNLO calculations

A bit of history
● 1973 Asymptotic freedom of QCD
● 1993 NLO studies of DIS jets
● 2016 NNLO corrections for DIS 

jets

real-real real-virtual

virtual-virtual

✔ Real-real + real-virtual 
crosschecked with 
NLOJET++ & SHERPA



5

The data-sets used in NNLO QCD 
analysis
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Inclusive jets (H1 HERA-II)
Double-dif.

●       and 
●  Phase space:

jets found in
with kT algo (R=1)

NLO predictions
● NNPDF 3.0 NLO
● Larger scale unc.
● Chi2/ndf = 1.7

NNLO predictions
● NNPDF 3.0 NNLO
● Smaller scale unc.
● Chi2/ndf = 1.3
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Dijets (H1 HERA-II)
Double-dif.

●       and 
● Mean dijet 

jets found in
with kT algo (R=1)

NLO predictions
● NNPDF 3.0 NLO
● Larger scale unc.
● Chi2/ndf = 1.4

NNLO predictions
● NNPDF 3.0 NNLO
● Smaller scale unc.
● Chi2/ndf = 0.6
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Scale dependence
● The NNLO predictions depend less on the 

renormalization scale (=have smaller theor. unc.)

● To estimate the uncertainty the scale varied up and 
down by the factor of 2

● As a scale we use Others functional 
forms also tested
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● 7 possible function studied
● NNLO       is typically 

smaller than the NLO one
● The NNLO       is usually 

beter
● NNLO scale unc. is smaller

Functional form of the scale

All data above mb threshold used
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Original PDFs at scale
evolved to higher/lower scales by
DGLAP with 

     in PDF and      in ME
● Alpha strong afects both, 

PDFs and matrix element
● Both efects considered,

      in ME more prominent

DGLAP equations

PDFs at scale                        very 
well constrained by lot of data 
→        - “independent”
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Dependence on PDF and 
In full H1 jet data sample 
positive correlation 
between           and 

Restricting to
makes the      -fit 
uncorrelated to
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Which data do we use in the fit?
● The scale uncertainty gets 

higher with smaller scales

(                            )

● We use only data

Small          → high theor. unc.
Large          → high exp. unc. Compromise 
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Alpha strong running
and central value

← PETRA
← LEP
← LEP

← LHC

← HERA
Data unc.

Hadronisation

NNPDF 3.1 unc.

         variants

PDFs from 5 collab.

Scale unc.

● Scale and experimental 
unc. dominant

● Consistent with PDG 
“world average” value
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● HERAPDF-like parametrization with 12 
parameters at the starting scale

● Only data with 
● The      taken as an additional free parameter 

of the fit
● Experimental, scale, parametrization and 

model uncertainty considered

Simultaneous       + PDF fit
(H1PDF2017)

Normalized jet data

Inclusive NC+CC
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● Resulting fit of inclusive+
jet/inclusive data sets:

(with 141 jet data points)

● Anti-correlation between 
gluon density and 

● Huge precision gain by 
including jet data

→ Jet data mater

Simultaneous PDF +      fit

Data+had unc.

Quark masses
unc.

Parametrization
unc.

From
simultaneous

ren.+fact. scale
 variation 
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● Both values of        consistent 
with       from global PDF fits

● The NNLO reduces the scale 
uncertainty by half

● The theoretical uncertainty 
(scale) still dominates

● The indication for lower
values when low-scale data 
included
→ missing higher orders?

Alpha strong values
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Conclusion
● The       from the jet DIS data estimated with NNLO 

precision for the first time
● The obtained value competitive with LHC and LEP 

measurements but at unique scale 7-80GeV
● Simultaneous determination of       and PDFs 

possible with high precision using H1 jet data

H1 NNLO jets
H1 NNLO jets+PDF

S. Bethke, 
Nucl.Part.Phys.Proc. 282-284 
(2017) 149-152
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Backup
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History of Alpha Strong
● The current world average 

value
● Mostly driven by latice and 

tau-decays
● From LHC the most precise 

estimate is from tbar (NNLO)

[PDG16]

At least NNLO fits [PDG16]
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