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  Back to the future:Back to the future:
NNLO QCD fits to HERA jets NNLO QCD fits to HERA jets 
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ZEUS-prel-19-001

H1prelim-19-041

H1prelim-19-013 



  

2

                          
                          K. W

ic hm
a nn  @

 2 6 .11 .2 01 9            N
N

LO
 je ts  @

 H
E RA

K. W
ic hm

a nn  @
 2 6 .11 .2 01 9            N

N
LO

 je ts  @
 H

E RA

 

40 years of jet production @ DESY40 years of jet production @ DESY
Jets at PETRA, 1979Jets at PETRA, 1979

           dijets                                     trijets

At HERA direct information on gluon 
distribution and as comes from jet production

→ Possible simultaneous determination of 
parton densities and as

Jets at HERAJets at HERA
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New NNLO calculations for HERA jet production 
available now

→ → Possible simultaneous determination of parton Possible simultaneous determination of parton 
densities and densities and aass at NNLO at NNLO

→ → Possible simultaneous fit to diffractive inclusive and Possible simultaneous fit to diffractive inclusive and 
dijet data and determination of dijet data and determination of 

NNLO diffractive parton densitiesNNLO diffractive parton densities
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Simultaneous determination of parton Simultaneous determination of parton 
densities and densities and aass at NNLO at NNLO
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Why study jets in DIS @ HERA?Why study jets in DIS @ HERA?

● HERA inclusive data carry little 
information on as

● Jet data sensitive to as
● So far NLO available

● Implemented in FastNLO and 
APPLEGRID → fast cross 
section calculation possible

New NNLO calculations for 
HERA ep jet production 

available now

→→  Possible simultaneous determination of parton densities and Possible simultaneous determination of parton densities and aass at NNLO at NNLO
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HERA jet data used in PDF fitHERA jet data used in PDF fit

●  Inclusive jets and dijetsdijets
●  Some data points excluded due theory limitations
● Absolute and normalisednormalised cross sections 
● Low-QLow-Q22 and high-Q2 production
● HERAI and HERAII

● Possibilities for PDF fit with jet data
● With fixed as

● With free as or doing as scan  → → aass value value
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Comparison to HERAPDF2.0Comparison to HERAPDF2.0

HERAPDF2.0Jets NNLO (prel.), HERAPDF2.0Jets NNLO (prel.), aass(M(MZZ) = 0.118) = 0.118
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aass @ NNLO from HERA jets @ NNLO from HERA jets  

●   Two ways of estimating as 
@NNLO using HERA jet data
→  as-scan
→  simultaneous fit of PDFs 
and  as 

● Both methods give the same 
result 

ZEUS-prel-19-001
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Full uncertaintiesFull uncertainties
● Experimental, model, parametrisation and hadronisation uncertainties 
● In fits with free αs(MZ)  scale uncertainty  important
→ factorisation and renormalisation scales varied both separately and 

simultaneously by a factor of two and taking maximal positive and negative 
deviations (assumed to be 50% correlated and 50% uncorrelated)
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Comparison to other HERAPDF2.0 fitsComparison to other HERAPDF2.0 fits

● NNLO fits with and without jets of similar quality
● c2/d.o.f = 1.203 for free αs(MZ) fit with 1328 degrees of freedom
● c2/d.o.f = 1.205 for HERAPDF2.0NNLO with only 1131 degrees of freedom

● NLO and NNLO results for αs(MZ) consistent within experimental 
uncertainties

● Scale uncertainties reducedScale uncertainties reduced
→ as expected for NNLO calculations

HERAPDF2.0Jets NLOHERAPDF2.0Jets NLO

HERAPDF2.0Jets NNLO (prel.), free HERAPDF2.0Jets NNLO (prel.), free aass(M(MZZ) ) 
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Comparison between Comparison between aass = 0.115 and 0.118 = 0.115 and 0.118
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Gluon at scale of MGluon at scale of MZZ
22 very similar very similar
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Finally a full picture of jets@HERAFinally a full picture of jets@HERA

● Just as at NLO the jet data 
constrain αs(MZ)
● Similar level of accuracy at NNLO 
and NLO
● αs(MZ) clearly lower at NNLO 
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Comparison to other NNLO resultsComparison to other NNLO results

HERAPDF2.0Jets NNLO (prel.)HERAPDF2.0Jets NNLO (prel.)

Eur.Phys.J.C77 (2017), 791
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Summary & conclusionsSummary & conclusions

● HERAPDF2.0 family completed 
→ → NNLO fit including jet data performedNNLO fit including jet data performed

● Two new PDF sets
→ HERAPDF2.0Jets NNLO αs(MZ) = 0.118 → PDG

→ HERAPDF2.0Jets NNLO (prel.), αs(MZ) = 0.115 → value favoured by our fit
● Jet data allow us to constrain αs(MZ)

● Compared to NLO result

Systematic shift downwards at NNLO and reduction of scale uncertainty
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Diffractive production in epDiffractive production in ep
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DDIS and diffractive jet data in DPDF fitDDIS and diffractive jet data in DPDF fit

Used first time in DPDF

Double differential in Q2 and jet p
T
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Details of QCD analysisDetails of QCD analysis
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Fitted parameters and model uncertaintiesFitted parameters and model uncertainties
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DPDF ComparisonDPDF Comparison
(H1 Fit2019 NNLO vs H1 Fit2006B NLO)(H1 Fit2019 NNLO vs H1 Fit2006B NLO)

● Old and new DPDFs in 
different QCD order & 
flavour scheme

→ comparison problematic
● Quark single component 

comparable for both 
fits

● Gluon component of the 
newer fit ~25% lower
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Fitted data – Inclusive Sample - QFitted data – Inclusive Sample - Q22 dependence dependence
● Good description of fitted combined H1 HERA I+HERA-II data for 

xIP = 0.0003, 0.001, 0.003, 0.01, 0.03
● Description in “extrapolated” region Q2 < 8.5 sometimes worse



  

23

                          
                          K. W

ic hm
a nn  @

 2 6 .11 .2 01 9            N
N

LO
 je ts  @

 H
E RA

K. W
ic hm

a nn  @
 2 6 .11 .2 01 9            N

N
LO

 je ts  @
 H

E RA

 

Fitted data – Inclusive Sample - β dependenceFitted data – Inclusive Sample - β dependence
● Data well described by NNLO QCD predictions over wide range of 

xIP and β
● At LO β is the momentum fraction of parton entering hard 

process wrt pomeron (argument of DPDF)
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Fitted data – diffractive jetsFitted data – diffractive jets

● Currently only the 2D pT
jet1  vs Q2 H1 HERA-II cross sections fitted

● Shown PDF & scale uncertainty of fit

● Good fit quality

c2/dof = 12/15
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Testing QCD collinear factorisationTesting QCD collinear factorisation
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Collinear QCD factorisation theorem in Collinear QCD factorisation theorem in 
hard diffractionhard diffraction
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NNLO compared to HERA dijetsNNLO compared to HERA dijets

● H1 Fit2019 NNLO 
→ describes well the H1 
HERA-II data + ZEUS HERA-I
→ H1 HERA-I data slightly 
below

●  H1 Fit2006B NLO with NNLO 
ME overestimates all cross 
sections

In addition to total
cross sections we analyzed 39 

single-differential and
4 double-differential

distributions
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NNLO compared to H1 jets (VFPS)NNLO compared to H1 jets (VFPS)

● Data based on Very Forward 
Proton Spectrometer (VFPS) 
do not contain any proton 
dissociation and are in many 
ways systematically 
independent from LRG-based 
data

● Good description of 
kinamatic variables zIP, Q2, 
pT

jet1, <η>
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NNLO compared to ZEUS LRG dijetsNNLO compared to ZEUS LRG dijets
● Good agreement of H1 

Fit2019 NNLO predictions 
with ZEUS dijet data 
[arXiv:0708.1415]

Factorisation in diffractive DDIS up to NNLO established
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Summary and conclusionsSummary and conclusions

● First combined fit to inclusive+jet DDIS 
data at NNLO

● NNLO DPDF has lower gluon contribution 
compared to NLO

● Jet data compatible with new inclusive data 
(for both NLO and NNLO)

Factorisation in diffractive DDIS up to NNLO established
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Additional informationAdditional information
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HERA combined DIS data are 
core of every modern PDF 

extraction

● 2927 data points combined 
to 1307

● impressive precision

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

HERA combined inclusive DISHERA combined inclusive DIS

HERAPDF approach uses 
ONLY HERA data in 

global QCD fit
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HERAPDF2.0 parameterisationHERAPDF2.0 parameterisation

● Additional constrains
●                         constrained by the quark-number sum rules and 

momentum sum rule
●

●                       at starting scale, fs = 0.4
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PDF uncertaintiesPDF uncertainties

  ExperimentalExperimental  uncertaintiesuncertainties::
- - HessianHessian  methodmethod
- Conventional - Conventional ΔχΔχ22  = 1 => 68% CL= 1 => 68% CL

  Model uncertaintiesModel uncertainties
- variations added in quadrature- variations added in quadrature

  Parametrisation uncertaintiesParametrisation uncertainties
- largest deviation- largest deviation Adding D and E parameters to each PDFAdding D and E parameters to each PDF

 HERAPDF experimental, model and HERAPDF experimental, model and 
parameterisation uncertainties parameterisation uncertainties 

  When jets included – also hadronisation uncertainty When jets included – also hadronisation uncertainty 

→ → offsetting corrections given for each jet data setoffsetting corrections given for each jet data set
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Scans with harder QScans with harder Q22 cuts cuts

● HERA data at low x and Q2 may be subject to need for ln(1/x) resummation 
or higher twist effects

→ → cc22 scans scans performed with harder Q performed with harder Q22 cuts cuts

Q2 cuts do not result in 
any significant change to 

the value of αs(MZ)
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Let's first look at PDFs with Let's first look at PDFs with aass = 0.118, as for HERAPDF2.0 = 0.118, as for HERAPDF2.0

HERAPDF2.0Jets NNLO (prel.), HERAPDF2.0Jets NNLO (prel.), aass(M(MZZ) = 0.118) = 0.118
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Let's look at PDF with Let's look at PDF with aass = 0.118 = 0.118  
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Comparison of theory Comparison of theory 
predictions to H1 HERA I predictions to H1 HERA I 

inclusive jets @ low and high Qinclusive jets @ low and high Q22

  → good agreement→ good agreement



  

39

                          
                          K. W

ic hm
a nn  @

 2 6 .11 .2 01 9            N
N

LO
 je ts  @

 H
E RA

K. W
ic hm

a nn  @
 2 6 .11 .2 01 9            N

N
LO

 je ts  @
 H

E RA

 

Comparison of theory Comparison of theory 
predictions to ZEUS HERA I predictions to ZEUS HERA I 

inclusive jets and dijetsinclusive jets and dijets
  → good agreement→ good agreement
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Comparison of theory Comparison of theory 
predictions to H1 HERA II predictions to H1 HERA II 
normalised jets @ low Qnormalised jets @ low Q22

  → good agreement→ good agreement
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Comparison of theory Comparison of theory 
predictions to H1 HERA II predictions to H1 HERA II 
normalised jets @ high Qnormalised jets @ high Q22

  → good agreement→ good agreement
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