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Y. Yamazaki n,26, N. Zakharchuk q,29, A.F. Żarnecki ad, L. Zawiejski g, O. Zenaiev j, 
B.O. Zhautykov o, D.S. Zotkin s

a INFN Bologna, Bologna, Italy 1

b University and INFN Bologna, Bologna, Italy 1

c Physikalisches Institut der Universität Bonn, Bonn, Germany 2

d Panjab University, Department of Physics, Chandigarh, India
e Calabria University, Physics Department and INFN, Cosenza, Italy 1

f National Centre for Particle Physics, Universiti Malaya, 50603 Kuala Lumpur, Malaysia 3

g The Henryk Niewodniczanski Institute of Nuclear Physics, Polish Academy of Sciences, Krakow, Poland 4

h AGH—University of Science and Technology, Faculty of Physics and Applied Computer Science, Krakow, Poland 4

i Department of Physics, Jagellonian University, Krakow, Poland
j Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany
k Deutsches Elektronen-Synchrotron DESY, Zeuthen, Germany
l School of Physics and Astronomy, University of Glasgow, Glasgow, United Kingdom 5

m Hamburg University, Institute of Experimental Physics, Hamburg, Germany 6

n Institute of Particle and Nuclear Studies, KEK, Tsukuba, Japan 7

o Institute of Physics and Technology of Ministry of Education and Science of Kazakhstan, Almaty, Kazakhstan
p Institute for Nuclear Research, National Academy of Sciences, Kyiv, Ukraine
q Department of Nuclear Physics, National Taras Shevchenko University of Kyiv, Kyiv, Ukraine
r Meiji Gakuin University, Faculty of General Education, Yokohama, Japan 7

s Lomonosov Moscow State University, Skobeltsyn Institute of Nuclear Physics, Moscow, Russia 8

http://dx.doi.org/10.1016/j.physletb.2016.04.007
0370-2693/© 2016 CERN for the benefit of the ZEUS Collaboration. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

http://dx.doi.org/10.1016/j.physletb.2016.04.007
http://www.ScienceDirect.com/
http://www.elsevier.com/locate/physletb
http://dx.doi.org/10.1016/j.physletb.2016.04.007
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/j.physletb.2016.04.007
http://crossmark.crossref.org/dialog/?doi=10.1016/j.physletb.2016.04.007&domain=pdf


ZEUS Collaboration / Physics Letters B 757 (2016) 468–472 469

t Max-Planck-Institut für Physik, München, Germany
u Department of Physics, University of Oxford, Oxford, United Kingdom 5

v INFN Padova, Padova, Italy 1

w Dipartimento di Fisica e Astronomia dell’ Università and INFN, Padova, Italy 1

x Polytechnic University, Tokyo, Japan 7

y Raymond and Beverly Sackler Faculty of Exact Sciences, School of Physics, Tel Aviv University, Tel Aviv, Israel 9

z Department of Physics, Tokyo Institute of Technology, Tokyo, Japan 7

aa Università di Torino and INFN, Torino, Italy 1

ab Università del Piemonte Orientale, Novara, and INFN, Torino, Italy 1

ac Physics and Astronomy Department, University College London, London, United Kingdom 5

ad Faculty of Physics, University of Warsaw, Warsaw, Poland
ae National Centre for Nuclear Research, Warsaw, Poland
af Department of Particle Physics and Astrophysics, Weizmann Institute, Rehovot, Israel
ag Department of Physics, York University, Ontario, M3J 1P3, Canada 10

a r t i c l e i n f o a b s t r a c t

Article history:
Received 23 February 2016
Received in revised form 31 March 2016
Accepted 2 April 2016
Available online 12 April 2016
Editor: L. Rolandi

The high-precision HERA data allows searches up to TeV scales for beyond the Standard Model 
contributions to electron–quark scattering. Combined measurements of the inclusive deep inelastic cross 
sections in neutral and charged current ep scattering corresponding to a luminosity of around 1 fb−1 have 
been used in this analysis. A new approach to the beyond the Standard Model analysis of the inclusive 
ep data is presented; simultaneous fits of parton distribution functions together with contributions of 
“new physics” processes were performed. Results are presented considering a finite radius of quarks 
within the quark form-factor model. The resulting 95% C.L. upper limit on the effective quark radius is 
0.43 · 10−16 cm.
© 2016 CERN for the benefit of the ZEUS Collaboration. Published by Elsevier B.V. This is an open access 
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1. Introduction

Precision measurements of deep inelastic e± p scattering (DIS) 
cross sections at high values of negative four-momentum-transfer 
squared, Q 2, allow searches for contributions beyond the Standard 
Model (BSM), even far beyond the centre-of-mass energy of the 
e± p interactions. For many “new physics” scenarios, cross sections 
can be affected by new kinds of interactions in which virtual BSM 
particles are exchanged. The cross sections would also be influ-
enced were quarks to have a finite radius. As the HERA kinematic 
range is assumed to be far below the scale of the new physics, all 
such BSM interactions can be approximated as contact interactions 
(CI). In all cases, deviations of the observed cross section from the 
Standard Model (SM) prediction are searched for in ep scattering 
at the highest available Q 2. The predictions are calculated using 
parton distribution function (PDF) parameterisations of the proton.

The H1 and ZEUS collaborations measured inclusive e± p scat-
tering cross sections at HERA from 1994 to 2000 (HERA I) and from 
2002 to 2007 (HERA II), collecting together a total integrated lumi-
nosity of about 1 fb−1. All inclusive data were recently combined 
[1] to create one consistent set of neutral current (NC) and charged 
current (CC) cross-section measurements for e± p scattering with 
unpolarised beams. The inclusive cross sections were used as in-
put to a QCD analysis within the DGLAP formalism, resulting in 
a PDF set denoted as HERAPDF2.0. Due to the high precision and 
consistency of the input data, HERAPDF2.0 can be used to calculate 
SM predictions with small uncertainties. A search for BSM contri-
butions in the data should take into account the possibility that 
the PDF set may already have been biased by partially or totally 
absorbing previously unrecognised BSM contributions.
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