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Abstract

In physics a better understanding of nature is achieved legarsive
interplay between experiment and theory. This requireslidatin

of both. On the theory side Monte-Carlo event generatordearali-

dated by means of data from experiment. This data has to bected
for detector effects to render an immediate comparisondateyenera-
tors meaningful. A HepData database is available to regnpeblished
measurements including error correlation matrices frothas. Fur-
thermore a validation framework Rivet is available in whéchhors are
supposed to implement the necessary code to reproducetindished
measurement exactly. To prevent any ambiguities this impfgation
should be accomplished at the time of publication. The caimgs

from published measurements are needed for further eveerater
development, of which experiments in turn will benefit in trext it-

eration.

1 Introduction

In high energy physics the ultimate goal of experiment ambity is a better understanding of
nature. While the theory needs input from experiment forweefication or falsification of
concurrent models the experiment needs input from thearyhi® prediction of observables,
the understanding of scattering processes/producties eatd the discrimination of instrumental
effects and background processes from (new) physics. Asweunterplay takes place between
experiment and theory where the experiment probes theiggsorof nature provided by the
theory, as schematically depicted in fig. 1. The intersagtioint where experiment and theory
meet is the cross section. But before measurements can lpapeato theory, the measurements
have to be corrected for detector effects on the one handnenchddels in which the theory is
embedded have to be simulated on the other hand. To rendeothearison between theory
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Fig. 1: Relations between theory, experiment, simulatioth mature. The intersection point where experiment and
theory meet is the cross section. While the theory makesigiieas of nature and interfaces via models to the
simulation the experiment measures nature and interfdeethe detector simulation or corrections obtained from
data to the models.

and measurement meaningful the understanding (verificatialidation and optimization) of
Monte-Carlo event generation, simulation and experingentucial.

The need for the validation of experiment and theory is alscuchented by Sir Arthur
Eddington’s statement: “It is a good rule not to put overmachfidence in a theory until it has
been confirmed by observation. | hope | shall not shock themxgntal physicists too much if
| add that it is also a good rule not to put overmuch confidendée observational results that
are put forwarduntil they have been confirmed by theoflyis italics).

2 Need for corrected data from experiment

The theory makes predictions to very few fixed orders (LO, Niplis resummation of radi-
ation. More or less phenomenological models are neededofoparison with measurements.
The models are implemented in Monte-Carlo event genetraidmsy contain phenomenological
parameters like e.g.:

e Parton shower termination parametgtsmin, 1 min

e Lund string and cluster fragmentation parameters: stungtion parameters, mass

e Underlying event: primordiat , color reconnection parameters,

e Parton Distribution Functions (PDF’s).
Therefore the models need to be validated and adjusted reahdata from experiment. The data
is coming form the HepData database [1] which is an archiveublished HEP data from the
last 30 years. It contains almost exclusively data whichliesn corrected for detector effects.
Its focus is on cross section and similar measurements whaktes the archive complementary
to the Particle Data Group.

Authors who are publishing a measurement should remembsertd their data to the
HepData database. This data has to be corrected for desdfetors (i.e. acceptance, efficiency



and instrumental background) which corresponds to a diwreto the hadronic final state or
particle level. It is important that the data is not corrdca@y further to prevent the introduction
of model dependencies since the models are supposed totée véth the data among others.
Only if corrected in this way the data can be always compavéddnte-Carlo event generators
and it will be useful any time in the future. Otherwise the lmiied measurement will be obsolete
sooner or later (typically rather soon).

3 Reproducibility of published analyses

Before a comparison of the theory and models via simulatiodata can be accomplished the
published analyses have to be implemented and they have ttth rifee publications exactly.
Phenomenologists spend an enormous amount of time to teg@quliblished data analysis in all
details, e.g. jet algorithm details and how the algorithms lbeen applied exactly. The publication
might seem unambiguous at the time of writing. Experienamvsh that this is no longer the
case later on. The solution is the validation tool Rivet [djieth contains the analysis code
and provides the real data for comparison. Rivet can bettlireterfaced by means of the
standardised event record format HepMC [3] to various Mddelo event generators, e.g. via
the interface package AGILe [4]. Authors of published ccied measurements (see last section
for details on the correction) should implement their agsalynto the Rivet framework and this
at the time of publication to prevent any ambiguities. Omlyhis way an exact reproduction is
guaranteed.

Present and past collider centre-of-mass energies pravidee points of operation. Event
generator authors (of Herwig++, Pythia8, Sherpa, etc.)reapgte very much corrected analy-
ses form the electron positron collider LEP where the hadation corrections turned out to be
larger than the detector corrections. Important condsain fragmentation models have been
provided by LEP analyses. The most important ones havedgireaen implemented into the
Rivet validation framework.

Another important item to be mentioned within the contextagroducibility is the cor-
relation between errors in the measurement. The matricesroélated errors are typically only
provided by analyses accomplished in the QCD group of expmaris. This information has to
be obtained on an event by event basis and can therefore metteered from published plots
containing measured distributions. Thus it is extremelgantant to document this information,
too.

Constraints from new published data corrected for detexffects are needed for further
Monte-Carlo event generator development, the more therb&xkperiments will benefit from it
in the next iteration.

4 Summary

An important prerequisite for the validation of experimant theory is that experiments correct
their data for detector effects. In this way the data can leel @¢ a later time point, when dif-

ferent or new models and/or Monte-Carlo event generators ttabe validated and optimised.
In the case of correlated errors it is also important thatetkgeriment provides the covariance
matrix, since this information can not be recovered fromlighld plots containing measured



distributions. Once a measurement is being published, abelts should be send to the Hep-
Data database. The authors of the analysis should impletineintanalysis into the validation
framework Rivet at the time of publication. In this way theefidness of their measurement
is guaranteed any time in the future. Experiments will bérisdm the additional constraints
imposed by their published analyses in the next iteratioeveht generator validation.
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