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Measurement and Measurement and 
QCD analysis of inclusive jet QCD analysis of inclusive jet production production 

in deep inelastic scattering in deep inelastic scattering 
at ZEUSat ZEUS

K. Wichmann
On behalf of the ZEUS Collaboration
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Jets produced @ DESY for almost 45 years Jets produced @ DESY for almost 45 years 
Jets at PETRA, 1979Jets at PETRA, 1979

           dijets                                     trijets

At HERA direct information on gluon 
and as(MZ) comes from jet production

→ Possible simultaneous determination of 
parton densities and as(MZ)

Jets at HERAJets at HERA
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Why study jets @ HERA?Why study jets @ HERA?

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

New NNLO calculations for HERA ep jet production available now

→→  Possible simultaneous determination of PDFs and Possible simultaneous determination of PDFs and aass(M(MZZ) at NNLO) at NNLO

● HERA inclusive data carry 
little information on as(MZ)

● Jet data sensitive to as(MZ)

EPJ C 82, 243 (2022) arXiv:2112.01120 
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Why look at Why look at aass
  ??
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→ Recent HERAPDF2.0Jets NNLO PDFs and αs(MZ) determination

New ZEUS jet measurementNew ZEUS jet measurement

now new ZEUS jet measurement and PDF +  αs(MZ) determination 
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Cross section definitionCross section definition

F. Lorkowski@Moriond23F. Lorkowski@Moriond23
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Monte Carlo modelsMonte Carlo models

● Reconstructed jets corrected 
to hadron level using bin-by-bin 
correction
→ ARIADNE: colour dipole 
model
→ LEPTO: leading log(Q2) 
parton cascade

● After reweighting → good 
description of data across  
entire phase space
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Theory predictionsTheory predictions

F. Lorkowski@Moriond23F. Lorkowski@Moriond23
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New ZEUS jet measurementNew ZEUS jet measurement

●  New HERAII high-Q2 

inclusive jets results 
from ZEUS (15 years 
after shutdown)
● Phase-space and cuts 
identical to H1 high-Q2 

result → direct 
comparison possible

● Good agreement with 
H1 and with theory 
predictions → used in 
simultaneous PDF and as 
fit  



  

11

                          
                          K. W

ic hm
a nn  @

 E PI P H
A

N
Y 23            P D

Fs  @
 H

E R A
K. W

ic hm
a nn  @

 E PI P H
A

N
Y 23            P D

Fs  @
 H

E R A

 

New ZEUS jet measurementNew ZEUS jet measurement

●  New HERAII high-Q2 

inclusive jets results from 
ZEUS (15 years after 
shutdown)
● Phase-space and cuts 
identical to H1 high-Q2 

result → direct comparison 
possible

● Good agreement with H1 
and with theory predictions 
→ used in simultaneous PDF 
and as fit  
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ZEUS-jets QCD fit @ NNLOZEUS-jets QCD fit @ NNLO
● Used jet data sets

● HERAI ZEUS inclusive jets at high Q2  
● HERAI+II ZEUS di-jets at high Q2  
● New HERAII ZEUS inclusive jets at high Q2  

 
● Statistical correlations between ZEUS HERAII jet data sets taken into 
account via correlation matrix
● Fit method and settings follow exactly HERAPDF2 strategy

 Results

● Note scale uncertainty (fully correlated)!
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Comparison to HERAPDF2Jets NNLOComparison to HERAPDF2Jets NNLO

● Central value compatible with 
HERAPDF and with PDG world average
● Increased experimental uncertainty 
← fewer jet datasets used

Significantly decreased 
100% correlated scale 

uncertainty ← absence of low 
Q2 jet data
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Comparison to NLOComparison to NLO
● Scale uncertainties fully correlated

● Scale uncertainties half-correlated, half-uncorrelated

Significant decrease of scale uncertainties in comparison to NLO
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ConclusionConclusion

Reduced scale uncertainty →
 

present analysis is one of the present analysis is one of the 
most precise measurements of most precise measurements of 

ααss(M(M22
ZZ) at hadron colliders so far) at hadron colliders so far† † 

†PTEP 2020, 8, 083C01 (2020)
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Impact of new data on predictionsImpact of new data on predictions

●  Theoretical cross section 
before and after including ZEUS 
inclusive jet dataset in fit 
→ slight change 
→ slightly larger at large p⊥ ,Breit 

● Largest contribution from 
updated  αs(MZ

2)  and gluon PDF
● Quark PDFs not changed 
significantly 
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Message to take awayMessage to take away
● New ZEUS new jet measurement + αs(MZ) fit

HERA still has something to say!HERA still has something to say!

→ one of the most precise measurements of one of the most precise measurements of 
ααss(M(M22

ZZ) at hadron colliders) at hadron colliders

→ in comparison to recent HERAPDF2.0Jets 
NNLO
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Additional slidesAdditional slides
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DIS @ HERADIS @ HERA
First: 1993 → Final: 2015First: 1993 → Final: 2015

2007: HERA shutdown 2007: HERA shutdown 
→ → 1515thth anniversary of start, 30 anniversary of start, 30thth anniversary of end anniversary of end



  

20

                          
                          K. W

ic hm
a nn  @

 E PI P H
A

N
Y 23            P D

Fs  @
 H

E R A
K. W

ic hm
a nn  @

 E PI P H
A

N
Y 23            P D

Fs  @
 H

E R A

 

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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HERA jet data used in NNLO PDF fitHERA jet data used in NNLO PDF fit
●  Inclusive jets and dijets included
● Trijets from HERAPDF2Jets NLO excluded → no NNLO predictions
● H1 low Q2 data added – particularly sensitive to as(MZ) 
●  Some data points excluded due theory limitations 

● Data at low scale μ = (pt2 +Q2) < 10 GeV → scale variations are large (~25% NLO 
and ~10% NNLO) 

● 6 ZEUS dijet data points at low pt for which predictions are not truly NNLO 

● QCD PDF fit with jet data
→ With fixed as(MZ)

→ With free as(MZ) or doing as(MZ) scan  → → aass(M(MZZ) value) value

EPJC C82 (2022) 243
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Updates in the procedureUpdates in the procedure

C. Gwenlan @ Moriond22C. Gwenlan @ Moriond22
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Estimation of charm & beauty massesEstimation of charm & beauty masses
● new HERA combined charm and beauty data: EPJ C78 (2018), 473
→ updated estimation of Mc and Mb 
→ Heavy Quark (HQ) coefficient functions evaluated using Thorne-Roberts 
Optimised Variable Flavour Number Scheme  

Mc = 1.41 +- 0.04 Mc = 1.46 +- 0.04 

Mb = 4.2 +- 0.1 Mb = 4.3 +- 0.1 
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