Eur. Phys. J. C (2021) 81:739 THE EUROPEAN M)
https://doi.org/10.1140/epjc/s10052-021-09370-8 PHYS'CAL JOURNAL C Cuf;)%caﬁégr

Erratum

Erratum to: Measurement of jet production cross sections in
deep-inelastic ep scattering at HERA

H1 Collaboration

V. Andreev!?, A. Baghdasaryan31, K. Begzsurenzs, A. Belousov!?, A. Bolz!2, V. Boudryzz, G. Brandt*!, V. Brisson?!,
D. Britzger'’, A. Buniatyan?, A. Bylinkin*3, L. Bystritskaya'®, A. J.Campbell'’, K. B. Cantun Avila!”, K. Cerny?3,
V. Chekelian?’, J. G. Contreras!’, J. Cvach??, J. B. Dainton!*, K. Daum?®, C. Diaconu!®, M. Dobre?, V. Dodonov!’-%,
G. Eckerlin'?, S. Egli??, E. Elsen!’, L. Favart?, A. Fedotov!3, J. Feltesse’, J. Ferencei**, M. Fleischer!’,

A. Fomenko!?, E. Gabathuler'* 7, J.Gayler!’, S. Ghazaryan!?-7, L. Goerlich®, N. Gogitidze!, M. Gouzevitch?’,

C. Grab®, A.Grebenyuk?, T. Greenshaw'4, G. Grindhammer?’, D. Haidt!?, R. C. W. Henderson'?, J. Hladky>*,

D. Hoffmann!%, R. Horisberger?®, T. Hreus>, F. Huber!2, M. Jacquet?!, X. Janssen?, H. Jung!’-3, M. Kapichine3,

J. Katzyw, C. Kieslingzo, M. Klein“, C. Kleinwort!, R. Koglerll, P. Kostka“, J. Kretzschmar“, D. Kriicker!?,

K. Kriigerlo, M. P. J. Landon!5, W. Lange32, P. Laycock“, A. Lebedevlg, S. Levonianlo, K. Lipkam, B. Listlo,

J. List'’, B. Lobodzinski?’, E. Malinovski'®, H.-U. Martyn!, S. J. Maxfield'4, A. Mehta'4, A. B. Meyer!’, H. Meyer™’,
J. Meyer!?, S. Mikocki®, A. Morozov®, K. Miiller>*, Th. Naumann?2, P. R. Newman?, C. Niebuhr!?, G. Nowak®,

J. E. Olsson'?, D. Ozerov?, C. Pascaud?!, G. D. Patel'4, E. Perez’, A. Petrukhin®’, I. Picuric??, H. Pirumov'?,

D. Pitz1', R. Platakyte!?, R. Polifka?3-3?, V. Radescu®’, N. Raicevic??, T. Ravdandor;j?3, P. Reimer?*, E. Rizvi'®,

P. Robmann?, R. Roosen®, A. Rostovtsev*2, M. Rotaru?, D. Silek?*, D. P. C. Sankey®, M. Sauter!2, E. Sauvan!6-4?,
S. Schmitt!® @, L. Schoeffel’, A. Schoning!?, F. Sefkow!?, S. Shushkevich3®, Y. Soloviev!?:!°, P. Sopicki®, D. South!?,
V. Spaskov®, A. Specka??, M. Steder!?, B. Stella?, U. Straumann*, T. Sykora>5, P. D. ThompsonZ2, D. Traynor!5,

P. Truol?* 7, 1. Tsakov?’, B. Tseepeldorj?3-38, A. Valkérova2s, C. Vallée!S, P. Van Mechelen?, Y. Vazdik!®-",

D. Wegener’, E. Wiinsch'?, J. Zatek?5, Z. Zhang?!, R. Zlebéik?®, H. Zohrabyan’!, F. Zomer?!

! 1. Physikalisches Institut der RWTH, Aachen, Germany
2 School of Physics and Astronomy, University of Birmingham, Birmingham, UK®
3 Inter-University Institute for High Energies ULB-VUB, Brussels and Universiteit Antwerpen, Antwerp, Belgium?
4 Horia Hulubei National Institute for R&D in Physics and Nuclear Engineering (IFIN-HH) , Bucharest, Romania/
5 STFC, Rutherford Appleton Laboratory, Didcot, Oxfordshire, UK®
6 Institute of Nuclear Physics Polish Academy of Sciences, Krakow, Poland®
7 Institut fiir Physik, TU Dortmund, Dortmund, Germany®
8 Joint Institute for Nuclear Research, Dubna, Russia
9 Irfu/SPP, CE Saclay, Gif-sur-Yvette, France
10 DESY, Hamburg, Germany
' Institut fiir Experimentalphysik, Universitit Hamburg, Hamburg, Germany®
12 physikalisches Institut, Universitit Heidelberg, Heidelberg, Germany®
13 Department of Physics, University of Lancaster, Lancaster, UK®
14 Department of Physics, University of Liverpool, Liverpool, UK®
15 School of Physics and Astronomy, Queen Mary, University of London, London, UK®
16 Aix Marseille Université, CNRS/IN2P3, CPPM UMR 7346, 13288 Marseille, France
17 Departamento de Fisica Aplicada, CINVESTAV, Mérida, Yucatan, Mexico!
18 Institute for Theoretical and Experimental Physics, Moscow, Russial
19 1 ebedev Physical Institute, Moscow, Russia
20 Max-Planck-Institut fiir Physik, Munich, Germany
21 AL, Université Paris-Sud, CNRS/IN2P3, Orsay, France
22 LR, Ecole Polytechnique, CNRS/IN2P3, Palaiseau, France
23 Faculty of Science, University of Montenegro, Podgorica, Montenegro®
24 Institute of Physics, Academy of Sciences of the Czech Republic, Praha, Czech Republic!
25 Faculty of Mathematics and Physics, Charles University, Praha, Czech Republic
26 Dipartimento di Fisica Universita di Roma Tre and INFN Roma 3, Rome, Italy
27 Institute for Nuclear Research and Nuclear Energy, Sofia, Bulgaria
28 Institute of Physics and Technology of the Mongolian Academy of Sciences, Ulaanbaatar, Mongolia
29 paul Scherrer Institut, Villigen, Switzerland
30 Fachbereich C, Universitit Wuppertal, Wuppertal, Germany
31 Yerevan Physics Institute, Yerevan, Armenia

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1140/epjc/s10052-021-09370-8&domain=pdf
http://orcid.org/0000-0001-8387-1853

739 Page2of 11

Eur. Phys. J. C (2021) 81:739

32 DESY, Zeuthen, Germany
33 Institut fiir Teilchenphysik, ETH, Zurich, Switzerland®
34 Physik-Institut der Universitét Ziirich, Zurich, Switzerland®

35 Now at IPNL, Université Claude Bernard Lyon 1, CNRS/IN2P3, Villeurbanne, France
36 Now at Lomonosov Moscow State University, Skobeltsyn Institute of Nuclear Physics, Moscow, Russia

37 Now at CERN, Geneva, Switzerland
38 Also at Ulaanbaatar University, Ulaanbaatar, Mongolia

39 Also at Department of Physics, University of Toronto, Toronto, ON M5S 1A7, Canada
40 Also at LAPP, Université de Savoie, CNRS/IN2P3, Annecy-le-Vieux, France
41 Now at II. Physikalisches Institut, Universitit Géttingen, Gottingen, Germany

42 Now at Institute for Information Transmission Problems RAS, Moscow, Russia

1

43 Now at Moscow Institute of Physics and Technology, Dolgoprudny, Moscow Region, Russian Federation™

44 Now at Nuclear Physics Institute of the CAS, Rez, Czech Republic
45 Now at Department of Physics, Oxford University, Oxford, UK

Received: 15 June 2021 / Accepted: 23 June 2021 / Published online: 16 August 2021

© The Author(s) 2021

Abstract The measurement of the jet cross sections by
the H1 collaboration had been compared to various predic-
tions including the next-to-next-to-leading order (NNLO)
QCD calculations which are corrected in this erratum for
an implementation error in one of the components of the
NNLO calculations. The jet data and the other predictions
remain unchanged. Eight figures, one table and conclu-
sions are adapted accordingly, exhibiting even better agree-
ment between the corrected NNLO predictions and the jet
data.
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The measurement of absolute and normalised inclusive jet
and dijet cross sections by the H1 collaboration [ 1] were com-
pared to next-to-next-to-leading order QCD predictions by
the NNLOJET program [2]. An implementation error of spe-
cific integrated initial-final antenna functions that has impact
on the numerical predictions for jet production cross sections
in DIS was found in this numeric calculation [3,4]. The data,
the next-to-leading (NLO) and approximate next-to-next-to-
leading order (aNNLO) predictions remain unchanged, as
well as figures for three-jet cross sections and the results on
the strong coupling constant az(Mz), which are based on
NLO predictions.

In this erratum, we provide corrected figures for the com-
parison of inclusive jet and dijet cross section data, both for
absolute and normalised jet cross sections. The changes to the
NNLO predictions are overall small, such that differences are
only visible in figures of cross section ratios. The calculated
values for X2/ ngof are corrected in Table 3. The discussion
is corrected accordingly.

8 Cross section measurements

The differential cross sections are presented for absolute and
normalised inclusive jet, dijet and trijet production at hadron
level in Ref. [1]. The agreement of the various predictions
with the data is judged by calculating values of x2/ngor [5].
Here ngof is the number of data points in the calculation. The
values of X2 /ndot for the absolute and the normalised jet
cross sections are listed in Table 3. All calculations provide
a reasonable value of X2 /ndof, taking into account the fact
that uncertainties on the theory predictions, such as scale
variations or the PDF uncertainties, are not included.
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Table 3 Summary of values of x2/ngof for absolute and normalised jet cross sections for the NLO, aNNLO and NNLO predictions, whenever

those are available

Ndof Value of x2/ngof
NLO aNNLO NNLO NLO aNNLO NNLO
Absolute jet cross sections Normalised jet cross sections
Inclusive jet at low-Q? 48 1.7 2.1 0.7 1.9 1.6 1.0
Inclusive jet at low- and high-Q? 78 1.7 2.0 1.1 1.9 22 1.5
Dijet at low-Q? 48 1.4 1.9 0.4 1.6 1.7 0.6
Trijet at low-Q? 32 0.6 0.6

8.2 Inclusive jet cross section

The measured double-differential inclusive jet cross sections
as function of P%et and Q2 for low and high values of 0?2 are
compared to different theoretical predictions in Fig. 8. Ratios
of the data and of the predictions in aNNLO and full NNLO
to the NLO predictions are provided in Fig. 9.

8.2.1 Inclusive jet cross sections at low- Q>
(0% < 80GeV?)

The conclusions drawn on the agreement between the NNLO
predictions and the data remain largely unchanged with
respect to Ref. [1]. The NNLO predictions give a good
description of the P%et—distributions following the excellent
value of x2/ngof (Table 3).

The NNLO corrections to the cross section predictions,
which are defined as ratios of NNLO to NLO predictions
and are displayed in Fig. 9, are particularly large at low val-
ues of P%et or at low values of Q2, equivalent to low values
of the renormalisation and factorisation scales ., and 1 .
The NNLO predictions themselves have significantly smaller
scale uncertainties than the NLO predictions. Atlow values of
P%et and small QZ, where the data are most precise, the uncer-
tainties from scale variations of all predictions, however, are
significantly larger than the experimental uncertainties. At
higher values of P%et the relative theoretical uncertainties are
becoming smaller, but the data uncertainties, both statisti-
cal and systematic, increase and overshoot the uncertainties
from scale variations.

8.2.2 Measurement of inclusive jets at high-Q?
(0% > 150 GeV?)

The phase space of additional inclusive jet cross sections at
high values of Q7 is extended to the region P%et < 7GeV
by adding an extra bin at low P%et [1]. These additional cross
section points as a function of Q? for inclusive jet production
in the range 5 < P%et < 7GeV are shown in Figs. 8 and 9.

The low-P%et inclusive jet cross sections at high-Q? are
underestimated by the NLO and aNNLO predictions, while
the NNLO predictions give a good description of these data
points. In the high-Q? domain the NNLO predictions have
significantly smaller scale uncertainties than the NLO cal-
culations, and the NNLO scale uncertainties typically are
smaller than the experimental uncertainties. Figure 9 and
the values of XZ /ndof in Table 3 indicate that the aNNLO
predictions have difficulties describing the previously pub-
lished high-Q? inclusive jet data [5] accurately. The NNLO
predictions provide a good description of both, the low- and
high-Q? inclusive jet data.

8.3 Normalised inclusive jet cross section

In order to obtain the normalised jet cross sections, cross sec-
tions for inclusive NC DIS are measured for 0.2 < y < 0.6
in the Q2 bins in the range 5.5 < 0 < 80 GeV?2. The nor-
malised inclusive jet cross sections, derived using the inclu-
sive NC DIS and the absolute inclusive jet cross sections, are
displayed together with theoretical predictions in Fig. 11. The
ratio of normalised inclusive jet cross sections to NLO pre-
dictions and the predictions in aNNLO and full NNLO to the
NLO predictions is shown in Fig. 12. The dominating system-
atic uncertainties do not cancel in the normalisation, and the
systematic uncertainty is significantly reduced only in bins
where the overall systematic error is small, typically at low
P%et. The normalised jet cross sections confronted with the-
oretical predictions confirm the observations obtained using
the absolute cross sections.

8.4 Dijet cross sections

The double-differential dijet cross sections as function of
(Pr)2 and Q2 are displayed in Fig. 13 and compared to the-
oretical predictions in NLO, aNNLO and NNLO. A compar-
ison of the ratio of data to NLO predictions is provided in
Fig. 14 together with the ratio of NNLO to NLO.

The aNNLO and NNLO predictions provide a better
description of the shapes, while the NNLO predictions pro-
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Fig. 8 Cross sections for inclusive jet production in NC DIS as a func-

tion of P%et for different Q% ranges. The new data are shown as full
circles whereas full triangles indicate previously published data. The
error bars indicate statistical uncertainties. The hatched area indicates
all other experimental uncertainties added in quadrature. The NLO and

vide an overall accurate description of the normalisation of
the dijet data. The uncertainty from scale variations of the
NLO predictions is larger than the experimental uncertainty
for (Pr)2 < 35GeV, while the scale uncertainty of the
NNLO calculations is reduced compared to the NLO predic-
tions and is larger than the experimental uncertainties only
at lower Q2 values and for (Pr)> < 11 GeV.
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NNLO QCD predictions corrected for hadronisation effects together
with their uncertainties from scale variations are shown by the shaded
and hatched band, respectively. The aNNLO calculations are shown as
full red line. The cross sections in each bin are divided by the bin-size

. jet 2
in Py and Q

The normalised dijet cross sections are displayed together
with theoretical predictions in Fig. 15, and the ratio to
NLO predictions is shown in Fig. 16. When comparing nor-
malised dijet cross sections to theory predictions, the features
observed with the absolute dijet cross sections are confirmed.



Eur. Phys. J. C (2021) 81:739 Page 50f 11 739

o
& & 11< Q%< 16 GeV2 Z & 16<Q%<22GeV?
o ° © 16t 3
© ©
567 10 20 30 567 10 20 30 567 10 20 30 567 10 20 30
P [GeV] P [Gev] P [GeVv] P [GeV]
218 2 18F 2 2 18
Z 22<Q?<30Ge\? S 30<Q?<42GeV? 2 42<Q?<60 GeV? s 60<Q?<80 GeV?
[ [ 145 job )
. 0.4f
0.2 , 0.2 ,
567 10 20 30 567 10 20 30 567 10 20 30 567 10 20 30
P [GeV] P [GeV] P¥ [GeV] P [GeV]

o o
H1 Inclusive jets & 1.8 150<Q2<200GeV? 7 & 188 200<Q2<270GeV? 188 270<Q2<400GeV?
©o

o

pr}

=z
©
—
©

1.6F E
1.4F 3
$ H1HERAI 12
1
+ H1 HERA-II 0.8F 3
Eur. Phys. J. C75 (2015) 65 0.6E 3
§ Systematic uncertaint 82_ ] 0.2
N =Y y : - . ,
67 10 20 3040 67810 20 30 40 67 10 20 3040
P [Gev] P [GeV] P [GeVv]
21 8k 2 \2 21 8| 2 \2 91 8F 2 V2 7
. NLO ® hadr. corr. \bz ] 400<Q*<700GeV* 7 \bz 8 700<Q*<5000Ge EZ b 5000<Q*<15000GeV*
, © 14f 3° ° 14t 3
% NNLO ® hadr. corr. 1.2F E
‘ 1
0.8F
— aNNLO ® hadr. corr. 06k R
0.4F 3
0.2k , 3 0.2F , E
67 10 20 30 40 67810 20 30 40 67 10 20 30 40
P [GeV] P¥ [GeV] P [GeV]

Fig. 9 Ratio of inclusive jet cross sections to the NLO predictions and ratio of aNNLO and NNLO to NLO predictions as functions of 0% and
PJ". More details are given in the caption of Fig. 8
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Fig. 11 Normalised inclusive jet cross sections compared to NLO, aNNLO and NNLO predictions as functions of Q% and P%Cl, The cross sections

are divided in each bin by the bin size in P%el. Further details can be found in the caption of Fig. 8
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Fig. 13 Dijet cross sections
compared to NLO, aNNLO and
NNLO predictions as functions
of Q2 and (Pr),. The cross
sections in each bin are divided

by the bin-size in (Pr), and Qz.

Further details can be found in
the caption of Fig. 8
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Fig. 15 Normalised dijet cross
sections compared to NLO,
aNNLO and NNLO predictions
as functions of Q2 and (Pr)s.
The cross sections are divided in
each bin by the bin size in
(Pr)>. Further details can be
found in the caption of Fig. 8
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10 Summary

An error in the implementation of the next-to-next-to-leading
order (NNLO) predictions is corrected. While the data, the
NLO and the aNNLO predictions remain unchanged, some
conclusions drawn from the comparison of the data to the
NNLO predictions are revisited. The predictions in NNLO
perturbative QCD improve the descriptions of the inclusive
jet and dijet cross sections compared to NLO predictions,
and give an overall good description of the new data at low
and high Q2.
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