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FINAL REPORT
1. Introduction
This document constitutes a periodic report relating to the above project, subject to the terms
and conditions of the Grant Agreement. Due to the termination request submitted by the
beneficiary, this document is also the final report.
2. Summary of Results
The top quark is one of the most recently discovered subatomic particles, and will be
intensively studied at the forthcoming Large Hadron Collider at CERN, Geneva. Due to the
large mass of the this particle, it is widely hoped that effects of new physics (i.e. beyond the
Standard Model of particle physics) will show up in the top quark sector. Thus,
measurements of top quark behaviour have the potential to revolutionise our understanding of
fundamental physics. Efficient scrutiny necessitates the development of sophisticated
theoretical tools, which calculate how the top quark behaves both within and beyond the
Standard Model. This has been the focus of the project TOP@LHC, and the researcher has
achieved the following goals:
(a) The implementation of the Wt scattering process (in which a top quark is made in
association with a W boson) in the MC@NLO software framework. This is a general purpose
computer code designed to interface theoretical calculations of top quark behaviour with an
algorithm designed to model the effects of a real experiment. The MC@NLO code for top
quark production completes the description of single top production modes in this
framework, and provides the state of the art for modelling such processes. The software has
a potentially wide application in the experimental particle physics community and example
results are shown in figure 2.1.
(b) A detailed study of the feasibility of measuring Wt production at the LHC. The theoretical
description of this process is potentially undermined by quantum interference effects (i.e.
with top quark pair production, whose scattering crosssection is much larger). An indepth
analysis is required and has been carried out, showing that one may be confident of
measuring the Wt process. Furthermore, the MC@NLO description has been shown to be
accurate in a different context, that of modelling the Standard Model background to Higgs
boson production with subsequent decay to a pair of W bosons. The Higgs boson is a
currently undiscovered particle used within the Standard Model to explain the origin of mass.
It is hoped that the LHC will discover this particle, and this decay mode offers the only hope
of discovery if the mass of the particle lies within a certain range. Accurate modelling of top
quark backgrounds is needed in order to be certain that a Higgs signal has been found.
(c) The implementation of the H t process (in which a single top quark is produced in
association with a charged Higgs boson) within the MC@NLO software framework. This is

an important scattering process, given that charged Higgs bosons do not occur within the
Standard Model, but generically occur in extensions to it (such as supersymmetry), which are
widely hoped to appear at the LHC. Again, the MC@NLO software provides the state of the
art in describing such processes, and can be used to develop and test strategies for finding the
new particle if it exists.

Figure 2.1. Example results from the MC@NLO software for single top quark production
in association with a W boson. The two curves show the transverse momentum distribution
of the top quark, calculated in two different ways so as to estimate the effect
of quantum interference with the process of top pair production.

The above results address research objectives 1, 2 and 4 of the original research proposal.
Objective 3 could not be feasibly completed within the timescale of the project, given the
termination after 12 months.
3. Foreground
The project has produced the following results, in the form of publications, conference
proceedings etc.:1
Publications
"Singletop hadroproduction in association with a W boson"; S. Frixione, E. Laenen, P.
Motylinski, B. Webber and C. D. White; JHEP 0807:029,2008
"Isolating Wt production at the LHC"; C. D. White, S. Frixione, E. Laenen and F. Maltoni; to
appear in JHEP.
"Single top production in association with a charged Higgs boson"; S. Frixione, M. Herquet,
M. Klasen, E. Laenen, T. Plehn, G. Stavenga, in preparation.
Conference proceedings and invited talks
"Single top production in the W t mode with MC@NLO"; 16th International Workshop on
Deep Inelastic Scattering and Related Subjects (DIS 2008), London, England, April 2008;
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Note that we have included here documents whose publication date lies between the start of the negotiation
procedure and the official project start date.

HERALHC meeting, DESY, Hamburg, Germany, May 2008; 44th Rencontres de Moriond
on QCD and High Energy Interactions, La Thuile, Valle d'Aosta, Italy, March 2009
"Isolating Wt Production at the LHC", Nikhef Theory meeting, Nikhef, Amsterdam,
Netherlands, September 2009.
The researcher also participated in two relevant workshops at CERN, Geneva:
"Top quark physics: from the Tevatron to the LHC"; May 2009.
"SM and BSM physics at the LHC"; August 2009.
4. Impact2
Top quark physics is an active and fertile research field, combining both theorists and
experimentalists. The software produced by the researcher and detailed in the first and third
papers above) has immediate application to contemporary research problems, and will be
heavily used in coming years. Potential applications involve developing strategies to measure
properties of the top quark sector, and also modelling backgrounds to new physics processes.
A number of important conclusions have been reached in the second of the above papers.
Firstly, that it is possible to identify Wt production at the LHC. This has important
implications not just for Standard Model measurements (such as the measurement of mixing
coefficients in the quark flavour sector), but also searches for physics beyond the Standard
Model. Secondly, that the Wt process can be accurately modelled (by means of a MC@NLO
description) when it is a significant background to other processes of great phenomenological
interest, particularly Higgs boson production with decay to W bosons. This latter process
offers the only hope of a Higgs discovery if the mass of the new particle is intermediate, and
accurate description of Standard Model backgrounds is crucial in such a scenario.
All of these conclusions are extremely relevant given the proximity of the LHC. This facility
will dominate particle physics research in coming years, and top quark physics will be
studied within the first year. Thus, the potential impact of the software developed during the
TOP@LHC project is sizeable. The researcher has extensively promoted the results,
particularly to experimental collaborations (ATLAS, CMS) involved in the LHC facility.
There has already been interest in this tool, as evidenced by citations to the above
publications, and the number of invited talks given.
The above results have and will be disseminated as follows:
•
•
•
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Publication of papers in recognised scientific journals (e.g. two have already been
accepted by JHEP).
Findings presented at international conferences, workshops and invited seminars.
The produced software (MC@NLO) is freely downloadable from a publicly available
webpage.

As detailed in the original proposal, no ethical or gender equality issues arose in the carrying out of this
project.

