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The H1 and ZEUS experiments at HERA have reently presented the ombined measurement of

inlusive deep inelasti ross setions in neutral and harged urrent ep sattering, based on the

�nal data sample orresponding to a luminosity of about 1 fb

�1

. The measurement was used as

an input to QCD analyses, providing a set of parton distribution funtions HERAPDF2.0. Here

the analysis is extended to take into aount possible signals from physis beyond the Standard

Model. The auray of the data requires a ombined analysis, taking into aount possible

ontributions from the Beyond Standard Model proesses in the QCD �t to the data. In the

presented study this approah is developed for the quark form fator model and the resulting

95% C.L. limit for the radius of the eletroweak harge of quarks is 0:45 �10

�16

m.
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1. Introdution

Preision measurements of deep inelasti e

�

p sattering (DIS) ross setions in the domain of

large negative four-momentum-transfer squared, Q

2

, allow searhes for Beyond Standard Model

(BSM) ontributions far beyond the enter-of-mass energy of the e

�

p interations. Due to virtual

effets, the ross setions would be affeted by new kinds of interations where BSM partiles

would be exhanged. This ould be leptoquarks, for whih e

�

p sattering is partiularly sensitive,

or gravitons in models with large extra dimensions. Far below the sale of the atual new physis,

we an approximate all suh BSM interations as ontat interations, CI.

The analysis presented in this ontribution fouses on the possible CI ontribution due to �nite

quark radii, within the formalism of the quark form fator model [1℄. Deviations of the observed

ross setion for ep sattering at the highest available Q

2

from the SM preditions are searhed

for. In the ZEUS analysis [2℄ of the 1994-2000 HERA data, the unertainties on the PDFs turned

out to be a dominant soure of systematis. However, as the CTEQ5D parameterization used for

alulating model preditions, inluded only a small fration of HERA data at low Q

2

, one ould

assume it is not sensitive to BSM ontributions. This is no longer the ase in the analysis of the

ombined HERA measurements [3℄ as the parton distribution funtions (PDFs) used to alulate

model preditions are derived from the same data whih is used to searh for CI. For the analysis

presented here a new proedure to set limits on the BSM model parameters was developed, where

BSM ontributions and QCD evolution are �tted simultaneously.

2. Data samples

The H1[4, 5, 6℄ and ZEUS [7℄ detetors were general purpose instruments whih onsisted

of traking systems surrounded by eletromagneti and hadroni alorimeters and muon detetors,

ensuring lose to 4p overage of the ep interation point. The presented study is based on the in-

lusive NC and CC ross-setion measurements for unpolarised e

�

p sattering at HERA, resulting

from the ombination [3℄ of the all available data from the H1 and ZEUS experiments. The analysis

inluded 41 different data sets olleted at four different entre-of-mass energies from 1994 to 2007

(HERA I and HERA II). During the HERA I period, eah experiment olleted about 100 pb

�1

of

e

+

p and 15 pb

�1

of e

�

p data, while at HERA II period, about 150 pb

�1

of e

+

p and 235 pb

�1

of

e

�

p data were added. The original double-differential ross-setion measurements, as published

by the H1 and ZEUS ollaborations, were averaged using the HERAverager tool [8℄ whih is based

on a 

2

minimisation method. The 2927 published ross-setion values were ombined to 1307 av-

eraged ross-setion measurements. For the resulting 1620 degrees of freedom, a 

2

min

= 1687 was

obtained, demonstrating very good onsisteny of all onsidered data sets. Sine H1 and ZEUS

used different reonstrution methods, similar systemati soures in�uened the measured ross

setions differently. Therefore, requiring the ross setions to agree at all x and Q

2

values resulted

in signi�ant redution of the systemati unertainties. For more details, see [3℄.

3. QCD analysis

In the following, the framework used in the perturbative QCD (pQCD) analysis of the om-

bined data, as used in the HERAPDF2.0 study [3℄, is brie�y desribed. Only ross setions for Q

2

2
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starting from Q

2

min

= 3:5 GeV

2

were used in the analysis. A �t to the data, resulting in the set of

PDFs, was obtained by solving the DGLAP evolution equations at NLO in the MS sheme. This

was done using the programme QCDNUM [9℄ within the HERAFitter framework [10℄. The PDFs

parameterised are the gluon distribution, xg, the valene-quark distributions, xu

v

, xd

v

, and the u-

type and d-type anti-quark distributions, x

¯

U , x

¯

D. The PDFs parameter values at the starting sale

m

2

f

0

were �tted to the data, taking into aount statistial unertainties, as well as unorrelated and

orrelated systemati unertainties of the input experimental data.

Unertainties of the PDFs resulting from the experimental unertainties were determined with

the riterion D

2

= 1 and veri�ed with the Monte Carlo method based on analysis of a large number

of pseudo data sets alled replias. The two approahes gave onsistent estimates of experimental

errors. The unertainties on HERAPDF2.0 due to the hoie of the model settings and the form of

the parameterisation were also evaluated, and the total PDF unertainty was obtained by adding in

quadrature the experimental, the model and the parameterisation unertainties. For more details,

see [3℄.

4. Quark form fator

One of the possible methods to searh for deviations from SM preditions in ep sattering is

to assign a �nite size for the radius of the eletroweak harges of eletrons and/or quarks while

assuming the SM gauge bosons remain pointlike and their ouplings are unhanged. The expeted

suppression of the SM ross setion an be desribed using a semi-lassial form fator approah.

If the expeted deviations are small, the SM preditions for the ross setions are modi�ed, ap-

proximately, to:

ds

dQ

2

=

ds

SM

dQ

2

�

1�

R

2

e

6

Q

2

�

2

 

1�

R

2

q

6

Q

2

!

2

; (4.1)

where R

e

and R

q

are the root-mean-square radii of the eletroweak harge of the eletron and the

quark, respetively. In the present analysis only the possible �nite spatial distribution of the quark

harge is onsidered and the eletron is assumed to be point-like (R

e

� 0).

The QCD analysis desribed in the previous setion is extended by introduing R

q

as additional

model parameter and modifying all e

�

p DIS ross-setion preditions aording to formula (4.1),

to take into aount possible signals from physis beyond SM. The estimate of the quark radius

squared resulting from the simultaneous �t of R

q

and the PDF parameters to the data is

R

2Data

q

= �0:5 �10

�6

GeV

�2

:

The result is in good agreement with the SM preditions, taking into aount the expeted statistial

�utuations. As the obtained value is negative, outside the onsidered R

2

q

range, we use the value

of R

2 Data

q

= 0 for the limit setting. This orresponds to the assumption that, within the onsidered

model, the ross setion enhanement at high Q

2

observed in the data ould only be due to statistial

�utuations.

3
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5. Limit setting proedure

The limit on the effetive quark radius R

q

is derived by using a frequentist approah. We

ompare the most likely value of the quark radius squared, determined from the 

2

minimization,

for the atual input data and for a large number of equivalent replias. Exluded at the 95% C.L.

are R

q

values whih, in more than 95% of the replias, result in the �tted radius squared value,

R

2 Fit

q

, greater than that obtained for the data, R

2 Data

q

.

To set the limit, a distribution of R

2 Fit

q

values had to be reonstruted from QCD�ts to multiple

replias, for different values of the assumed true radius, R

true

q

. However, the assumed value of R

true

q

needs to be taken into aount in the replias generation as well. Therefor, for eah R

true

q

value

onsidered, a dediated QCD �t to the ombined data was �rst performed (with R

q

�xed to R

true

q

)

to obtain the orresponding PDF parametrization. These PDFs were then used to generate multiple

data replias for a given value R

true

q

. Replia data-sets were reated by taking the redued ross

setions alulated from PDFs and �utuating their values randomly within given statistial and

systemati unertainties taking into aount orrelations. All unertainties were assumed to follow

the Gaussian distribution. Finally, the full QCD �t was performed on the generated replia set

using a 

2

method, to reonstrut the R

2 Fit

q

distribution.

In the last step, the probability of obtaining the R

2 Fit

q

value smaller than that obtained for the

atual data, Prob(R

2 Fit

q

< R

2 Data

q

), was plotted as a funtion of R

true

q

, as shown in Fig. 1. Points

with error bars represent replia sets generated for subsequent R

true

q

values. The errors are statistial

only, alulated assuming a binomial probability distribution for Prob(R

2 Fit

q

< R

2Data

q

). The blue

dashed line, drawn to guide the eye, represents the dependene expeted for gaussian distribution

of R

2 Fit

q

. For omparison, the dependene obtained with PDF parameters �xed to HERAPDF2.0

values (both in replia generation and in R

q

�ts to replia sets based on 

2

minimization), is indi-

ated by the green dash-dotted line. The probability distribution is interpolated to alulate the R

q

value orresponding to the 95% C.L. limit. The interpolation is done with a �t of an exponential

funtion to the points with an estimated probability between 2.5 and 8.5%.

6. Results

The limit setting proedure desribed above was repeated for different model and parameter

settings onsidered as systemati heks in the QCD �tting proedure (see [3℄ for details). The

resulting variations of the R

q

limit values are very small, of the order of 1%. The obtained 95% C.L.

upper limit on the effetive quark-harge radius is:

R

q

< 0:45 �10

�16

m :

This result is about 10% weaker than the limit obtained without taking into aount possible R

q

in�uene on the PDF �t result. As a ross hek the limit on R

q

was also determined from the

simultaneous PDF and R

q

�t to the data (see Se. 4 and 5), looking at the variation of the 

2

value

minimized with respet to the PDF parameters when hanging the R

q

value. The estimated limit

was in a good agreement with the result presented here.

Cross setion deviations orresponding to the 95%C.L. exlusion limit for the effetive radius,

R

q

, of the eletroweak harge of the quark are ompared with the ombined H1 and ZEUS high-Q

2

NC DIS data in Fig. 2.
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7. Conlusions

The H1 and ZEUS ombined measurement of inlusive deep inelasti ross setions in neutral

and harged urrent e

�

p sattering, was used to set limit on the possible physis beyond SM in

the lassial quark form fator approximation. The QCD analyses of HERA data, providing a set

of parton distribution funtions HERAPDF2.0, was extended to take into aount possible ross

setion modi�ation due to a �nite quark harge radius. As the same data are used to alulate

PDFs and to set limit on BSM senario, the limit setting proedure was based on a simultaneous

�t of PDF parameters and R

q

, properly taking into aount possible ontributions from the BSM

proesses in the QCD �t to the data.

A quark-harge radius larger than 0:45 �10

�16

m has been exluded on a 95% C.L., assuming

R

e

= 0, whih is almost a fator of two improvement ompared to the published ZEUS limit of

0:85 � 10

�16

m, based on the HERA I data [2℄. The present result improves the limit set in ep

sattering by the H1 ollaboration [11℄ (R

q

< 0:65 �10

�16

m) and is similar to the limit presented

by the L3 ollaboration (R

q

< 0:42 �10

�16

m, assuming R

e

= 0), based on a quark-pair prodution

measurement at LEP2 [12℄.
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Figure 1: The probability of obtaining the R

2 Fit

q

value smaller than that obtained for the atual data, R

2Data

q

,

alulated from multiple Monte Carlo replias, as a funtion of the assumed value for the quark radius,

R

true

q

. Points represent Monte Carlo replia sets generated for different values of R

true

q

, with R

2 Fit

q

values

estimated from the simultaneous �t of the R

q

and PDF parameters. The green dash-dotted line represents the

dependene obtained when �xing the PDF parameters to HERAPDF2.0 values.
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Figure 2: Combined H1 and ZEUS e

+

p data (top plot) and e

�

p data (bottom plot) ompared with the

95%C.L. exlusion limit for the effetivemean-square radius of the eletroweak harge of the quark. Results

are ompared to the Standard Model expetations alulated using the HERAPDF2.0 parton distributions.

The green bands represent the total unertainty on the HERAPDF2.0 preditions. The insets show the

omparison in the Q

2

< 10

4

GeV

2

region, with a linear ordinate sale.
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