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1. SCIENTIFIC QUALITY OF THE PROJECT 

1.1 Motivation for the proposed research 
The project proposes the creation of a Research Training Network (with acronym ARTEMIS) 
to carry pioneer research in particle physics. It aims to explore the physics discovery potential 
of the Large Hadron Collider at the European Organisation for Nuclear Research (CERN), 
combining expertise from theoretical and experimental particle physics.  

The “Standard Model” (SM), the theory that reflects our understanding of elementary 
particles and their fundamental interactions, has been extensively studied and experimentally 
verified to an unprecedented precision over the past decades. Despite its impressive success, 
there are unanswered fundamental questions; the most interesting being the origin of mass of 
the elementary particles. In the SM the “Higgs mechanism” provides a way to give mass to 
the particles but requires the existence of a new particle the “Higgs boson”, yet unobserved.  
Direct and indirect experimental searches have set limits to the mass of the Higgs boson in the 
range between 114 GeV and 250 GeV.   
The Large Hadron Collider (LHC) is the accelerator dedicated to address the key issue of 
ElectroWeak Symmetry Breaking (EWSB) via the Higgs mechanism or investigate alternative 
schemes marking thus the beginning of a new era in our understanding of nature. The LHC is 
expected to start operation in summer 2007 and will collide proton-proton beams at a centre-
of-mass energy of 14 TeV. The high collision energy and luminosity of this accelerator gives 
the unique opportunity to explore the energy frontier of a few TeV.  
The ATLAS experiment is one of the two large general purpose detectors designed to 
exploit the LHC physics potential. It features an inner tracking system, electromagnetic and 
hadronic calorimeters, and a muon spectrometer. All subsystems rely on numerous novel 
technologies to address the challenges posed by the harsh conditions at the LHC. In addition, 
state-of-the-art computing, network and software technologies are being pioneered in order to 
record and analyse the colossal volume of data that will be produced. Nearly 2,000 physicists 
and engineers from over 150 institutes around the world are contributing to the project.  
Description of the expertise of the participating institutes: The ARTEMIS network 
combines expertise of key aspects of various ATLAS sub-detector systems, of particle physics 
phenomenology, of computing technologies and software tools. A short description of the 
expertise of the collaborating institutes (in alphabetical order) follows. The group of the 
Commissariat à l’Energie Atomique (CEA-Saclay) is specialized on: electron reconstruction 
and identification, muon identification (it comprises alignment of the muon system, 
momentum reconstruction and detector performance), GRID technology, interactive 
3dimensional graphic techniques, handling of large Data Bases and software tools.  The group 
of Max Planck Institute of Physics (MPI Munich) is specialized on: muon detector 
performance and muon identification, hadronic energy calibration, GRID technology. The 
group of the University College of London (UCL) is specialized on: triggering issues 
(especially tracking at the second level trigger), Monte Carlo generators and interactive 
visualization techniques. The group of the University of Durham (IPPP Durham) has 
pioneered research on particle phenomenology and is specialized on Monte Carlo generators.  
The University and INFN of Pisa (Univ.-INFN Pisa) is specialized on: electron and jet 
reconstruction, calorimetry, hadronic energy calibration.   The University of Sheffield (Univ. 
Sheffield) is specialized on: electron and photon identification and reconstruction, 
electromagnetic energy calibration. The Aristotle University of Thessaloniki (AUTH) is 
specialized on: muon detector performance and muon identification, GRID technology. All 
participating institutes have a long standing experience in data analyses techniques and in 
particular Standard Model physics and Higgs boson searches. 
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1.2 Scientific objectives and work plan 
The main scientific objective of ARTEMIS is to investigate the nature of EWSB, by searching 
directly for the Higgs boson in a number of key topologies or indirectly through the process of 
longitudinal vector boson fusion, which will provide valuable insight in the absence of a 
Higgs discovery. In order to maximize our chances of success, we will use the commissioning 
period and the first data of ATLAS to understand and optimise the performance of its 
subsystems. We will then concentrate on measuring some fundamental SM cross sections, 
which will be largely used as benchmark measurements to ensure that the ATLAS data are 
well understood. At the same time, some of these processes are often among the important 
backgrounds in the Higgs searches that we intend to perform, and hence they require thorough 
understanding. Finally, while continuing to ensure the optimal quality of the recorded data, 
we will move systematically to the investigation of EWSB as detailed above. 
Integration of disciplines: An important element of ARTEMIS is that it will bring together 
world experts from both the theoretical and the experimental Particle Physics communities, 
which often are fragmented and work independently. This is of particular importance as the 
LHC takes us into a completely unexplored energy regime and many theoretical projections 
and predictions will be seriously tested. The close interaction between theory experts and 
experimentalists will allow for swift, thorough and critical evaluation of the experimental 
results and will no doubt lead to revisions of theoretical models and new calculations. The 
participation of theorists will also be extremely beneficial for the training of the young 
researchers participating in the ARTEMIS network, as explained in detail in the training 
programme of this proposal.  
Proposed methodology: The proposed work can be divided into three work packages which 
we describe in details in the remainder of this Section. This reflects the chronological order in 
which the various tasks have to be performed, as the results from each work package will 
have an impact on the subsequent activities. Overall, the proposal is extremely timely, as it 
covers the beginning of data taking with ATLAS at the LHC. 
In the first period (late 2006 – late 2007) we intend to devote our efforts to understanding the 
performance of the ATLAS detector, using the commissioning period and the first collisions, 
in order to obtain reliable results and optimal sensitivity. Our first work package focuses on 
the understanding of the performance of the relevant detector subsystems, where members of 
ARTEMIS have unique expertise. The performance of the trigger, the calibration of the 
electromagnetic and hadronic calorimeter, and the efficiency of the muon spectrometer are the 
focus of the work package. 
The understanding of the first ATLAS data (mid-2007 – mid-2008) will be achieved through 
the study of well known SM physics processes, such as Z and W boson production.  The 
experimental results will be compared with the high precision SM predictions, based on state-
of-the-art higher order calculations. This work will be carried out in close collaboration 
between experimentalists and theorists and defines our second work package. It is an absolute 
prerequisite in order to be confident that the detector and the SM processes are well 
understood before we are able to look for unambiguous signatures of new physics. 
The main thrust of the third work package (early 2008 – late 2010) is the search for the Higgs 
boson through several key channels, which cover fully the mass range from 114 GeV to 200 
GeV and above, and are suited to the expertise of the institutes participating in ARTEMIS. 
Our efforts will concentrate on developing the necessary tools to optimize the analyses in the 
individual physics channels. Finally, the measurement of the Higgs boson properties or the 
study of longitudinal WW scattering in the absence of a Higgs discovery, and the theoretical 
interpretation of these results will be vital for identifying the underlying physics responsible 
for the process of EWSB.  
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Work Package 1: Optimizing the ATLAS performance 1.2.1 
a. Trigger Performance – One of the greatest challenges for the LHC experiments is to deal 
with the unprecedented beam crossing rate of 40MHz. ATLAS is expected to be able to 
record about 200 events per second, hence its Trigger system has the task of achieving an 
overall online rejection of more than five orders of magnitude, retaining only a handful of 
events (the most interesting ones) in every million. It is therefore critical to develop tools that 
will allow us to test the performance of the Trigger system and to ensure that the desired 
events are selected as efficiently as possible, as this is the starting point for all physics studies 
in ATLAS. 
The ATLAS Trigger system is divided into three levels of event selection and employs state-
of-the-art technologies and concepts that have never been used before in High Energy Particle 
Physics. The expertise within ARTEMIS lies in the Inner Detector track reconstruction at the 
second level (LVL2) Trigger. The LVL2 Trigger is the earliest stage where (a) tracking is 
possible and (b) the information from the different sub-systems of ATLAS can be combined. 
As a result, tracking has a central role in the LVL2 event selection.  
Building up on the existing expertise, members of ARTEMIS will develop tools to monitor 
and optimize the performance of LVL2 tracking and to determine the trigger efficiencies for 
the various signatures with the early ATLAS data, using pre-scaled triggers and benchmark 
signatures, such as events arising from the decay of a Z boson to a pair of electrons or muons 
(Z → e+e–/μ+μ–). This is indispensable input for all the studies in work packages 2 and 3. 
b. Calorimetry and Jet Calibration – The proposed scientific programme addresses the 
calibration of the electromagnetic (EMC) and hadronic (HAC) calorimeters of the ATLAS 
detector. The goals to be achieved by the calibration procedure for the ECM are:  
• The response of the EMC on electrons and photons must be equalized from cell-to-cell 

(uniformity) and must be controlled to the 0.1% level for energies ranging from 7 GeV to 
the TeV scale (linearity); 

• The electron and photon energy must be accurately measured (resolution) at the level of 
10%/√E; 

• The absolute electromagnetic energy scale must be determined to the 0.05% level. 
However, the presence of significant non-uniform amount of material upstream of the EMC 
complicates calibration procedures and monitoring of uniformity, linearity, resolution and 
energy scale during data taking. The present calibration strategy is to use the detailed Monte-
Carlo simulation of the ATLAS detector to correct for material effects, and real data events 
(for example the decays of a Z boson to a pair of electrons, or the decays of a W boson to an 
electron and a neutrino) for uniformity and monitoring of the linearity, resolution and energy 
scale. Present EMC Test-Beam analyses with different material configurations aim at 
extracting the level of description of the calorimeter response by the Monte-Carlo Simulation, 
and members of the institutes participating in the ARTEMIS proposal are leading this study. 
The hadronic and jet calibration in ATLAS is more challenging than the electromagnetic 
calibration due to the complex proton-proton collision environment and the different 
calorimeter technologies used. The requirements for the jet measurement are: 
• A linearity within 2% in the energy range 100-5000 GeV; 
• A jet energy resolution at the level of 50%/√E. 
The analysis of the data collected at the Test-Beams is a first fundamental step to 
understanding most of the issues related to the final ATLAS hadronic calibration. The 
hadronic calibration relies partly on Monte-Carlo and partly on data. Halo and cosmic muons 
will allow an intercalibration between the electromagnetic and hadronic calorimeters before 
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the commencing of the physics runs. The key point to understanding the hadronic energy 
scale is the analysis of the calorimeter response to single pions and protons. The ATLAS 
granularity allows the distinction of electromagnetic deposits from the hadronic ones. Thus a 
correction depending on the nature of the deposit is possible. Such corrections are based on 
Monte-Carlo simulation which, as in the case of the EMC, must be validated using Test-Beam 
data. Once the agreement between Monte-Carlo and data is satisfactory, the Monte-Carlo may 
be used to predict the electromagnetic fraction inside the hadronic shower, and to compute the 
calibration coefficients for single hadrons. Single particle simulation studies may then be used 
to extract the calorimeter response to jets of particles and the related calibration constants. 
Further corrections, taking into account the specific topologies of the jets emerging from the 
collision events have to be evaluated. Since the theoretical predictions are not precise enough 
to provide these numbers from the Monte-Carlo, a strategy will be developed to extract them 
from real data. The first data available from the proton-proton collisions at the LHC will 
provide physics channels such as W→jj (with the W coming from the top decay), Z+jets and 
W→tau nu (the 1-prong tau decay), thus providing the final in situ calibration.  
c. Muon identification – Muons are essential in most physics processes and can be used 
either for study of signal events, for example Higgs decaying to 4 leptons, or as a tag for 
certain processes, for example processes that require b-quark identification (b-tagging). 
Therefore muon identification presents an important issue in all the physics topics that we 
plan to cover within the ARTEMIS network. 
The ATLAS Muon Spectrometer is composed of Tracking and Trigger detectors which span a 
total area of 5600 m2. The designed momentum resolution varies between 2–10% for a 
momentum range between 5 GeV and 1 TeV. To achieve this resolution, the 1200 individual 
tracking chambers –composed of drift tubes– were constructed with a mechanical precision of 
better than 20 microns (in the position of the drift tubes in a chamber), while the position and 
deformation of individual chambers will be monitored to better than 30 microns during data 
taking. To maintain the designed momentum resolution, the following ingredients are 
necessary:  
• Alignment constants of individual chambers extracted from alignment data recorded during 

data taking 
• Calibration constants for the precise calculation of the distance of minimum approach (r-t 

relation) of the muon tracks from the individual detectors (drift tubes) 
• Energy corrections due to energy losses of the muon in the 'dead' material before the muon 

spectrometer and energy correction using the measured energy loss in the calorimeters 
• Evaluation of the performance of the muon spectrometer and optimization of the track 

reconstruction efficiency. This evaluation is especially important in searches for new 
particles 

A first evaluation of the performance of the spectrometer is already accomplished using muon 
test beam data at the CERN H8 test area where an octant of the ATLAS muon spectrometer 
was installed together with parts of the inner tracker and calorimeter modules of the final 
detector. With the first LHC data, the calibration and validation of the muon spectrometer will 
be done using dedicated event samples from W and Z boson decays. The reconstruction of the 
invariant mass of Z-bosons decaying to muon pairs will provide the absolute scale calibration 
and a validation of the alignment and calibration constants. 
Institutes participating in ARTEMIS have played a central role in the design, construction and 
test of the muon tracking and alignment systems, and in the development of the muon track 
reconstruction software. Therefore we are expected to play a leading role in the muon 
identification issues, which are crucial for the physics goals of this network. 
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Work Package 2: Measurement of Standard Model cross sections 1.2.2 

1.2.3 

At the LHC, a number of well-known heavy particles (W and Z bosons, top quarks) will be 
produced in large amounts. Top quarks will be produced at a rate about 30 times higher than 
Standard Model Higgs bosons, while events with W or Z bosons will occur about 1000 and 
10000 times more frequently, respectively.  
Since the mass of these known particles is close to the expected Higgs boson mass, and since 
their decays involve the same light particles (such as electrons, muons, and jets), standard 
events and Higgs events share common aspects of detection and kinematic reconstruction.  
Standard events therefore provide a crucial control sample that will allow us to make robust 
predictions of the ATLAS Higgs boson search potential before its discovery, and precise 
measurements of its properties after it is discovered. 
The masses of the W and Z particles are known very precisely (better than 0.05%) and can 
serve to constrain the energy scale and linearity of the relevant detectors (Inner Detector, 
Electromagnetic Calorimeter, Muon Spectrometer), by ensuring that their mass as measured 
in ATLAS actually corresponds to the known values. Given the requirements and expected 
rates, this goal can be achieved within the first year of LHC running. The concrete algorithms 
however remain to be defined, which constitutes one of the goals of this work package. 
Higgs boson production rates and decays differ between the Standard Model and its 
extensions, so measuring these properties will allow us to constrain the underlying physics. 
This requires that the detection efficiency of electrons, muons and jets be controlled to high 
precision. Detection efficiencies can be measured in Z boson and top quark decays using our 
knowledge of their decay properties: one determines the nature of a sample of events using a 
subset of the measured decay particles, and counts in what fraction of these events the 
remaining particles, known to have been produced, are actually correctly detected. Here 
again, concrete algorithms still need to be defined. 
In many search channels, the decay patterns and kinematics of standard events are very close 
to the expected Higgs boson signal, so that standard events constitute a background to these 
searches: it is impossible to determine the nature of each event, and the Higgs boson signal 
will manifest itself as a numerical excess of events above the standard background. Claiming 
a discovery thus implies that the production rates of standard events are well known. This 
requires accurate experimental measurements based on sophisticated algorithms and high-
precision theoretical predictions. Given the Higgs boson search channels considered in this 
proposal, the production rates of Z bosons with at least two jets, of pairs of W and Z bosons, 
and of top-quark pairs need to be determined precisely. Such measurements are to be 
performed in the early phases of LHC data taking.  We will confront these measurements with 
the currently most precise theoretical predictions. This will advance the understanding of both 
the theoretical description and the experimental aspects of the SM processes. These results 
will condition any correct interpretation of the Higgs boson searches. This preparatory work is 
the third component of this work package. 

Work Package 3: Direct/Indirect Higgs searches and Interpretation 
a. ttH (t→bjj, t→blν, H→bb) – The associated production ttH is a key channel in the search 
for a Higgs boson in the mass range 115-130 GeV. This low mass region is one of the most 
interesting ones, given the experimental indications and theoretical prejudice, but at the same 
time it is the hardest and least well covered Higgs mass region at the LHC. The topology of 
the ttH final state is quite complex, comprising six jets (four of them b-jets), an energetic, 
isolated lepton and missing transverse energy.  
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One of the main handles for eliminating most backgrounds in this channel is the full 
reconstruction of the two top quarks. This relies heavily on achieving the best possible jet 
energy resolution and energy scale, particularly for b-jets, because this allows for (a) narrower 
mass windows for the reconstructed objects and (b) higher probability to pick the correct pair 
of b-jets for reconstructing the Higgs invariant mass. Hence this channel will benefit greatly 
from the network’s existing expertise and the proposed work on optimizing the jet energy 
resolution as described above. Moreover, we will construct specific tools for this channel, for 
the optimal reconstruction of the full event topology, and we will develop techniques for 
determining the invariant mass spectrum of the background using real ATLAS data, rather 
than relying on simulations.  
The other important handle for suppressing the background in this channel is b-jet 
identification (b-tagging). Within ARTEMIS, there is considerable expertise in this area from 
Higgs searches in previous experiments and we will profit from it to develop tools for 
systematically evaluating and improving the b-tagging performance in ATLAS. 
b. Higgs production from Weak  Boson Fusion – The Higgs production from the Weak 
Boson Fusion will provide one of the Higgs boson discovery channels in ATLAS at LHC, 
especially in the low mass region (m < 200 GeV) where the Higgs is expected. The distinctive 
features of the final state, i.e. two energetic forward jets and the lack of hadronic activity in 
the central region of the detector are very powerful tools against the background. In particular, 
the WW and tau tau decays, with Ws or taus going to jets, are important channels for the 
Higgs detection. In fact, there are many physics background channels to be correctly 
considered, most of them involving QCD calculations at higher order. Therefore, the Monte 
Carlo calculations have to be carefully examined and cross checked to provide a reliable 
prediction of the backgrounds. Experimentally, the Higgs search in these channels requires an 
in-depth knowledge of the entire detector. An example is the Higgs decay mode into tau pairs. 
In fact, an efficient reconstruction of the tau decays requires the combined information of 
calorimetry and tracking for an optimum identification and energy measurement. The 
proposed programme will develop the best tools to identify and measure both forward and 
central jets (from tau and W decays) to define the best strategies for the Higgs discovery 
sensitivity. A precise jet energy calibration is also necessary both for the background rejection 
and the Higgs mass reconstruction. 
c. Higgs to 4leptons – Observation of Higgs boson decays to 4 leptons (electrons and muons) 
provides the most powerful experimental signature for the Higgs boson discovery, almost 
throughout the possible Higgs mass range for a SM Higgs. The Higgs to 4 leptons channel has 
the unique advantage that it provides a narrow peak in the 4-lepton invariant mass 
distribution, on top of a smooth background. Application of specific cuts on the reconstructed 
electrons and muons can reduce the background coming from Zbb and ttbar production to 
negligible levels, leaving only the pp→ZZ→4 leptons, a SM process which is irreducible but 
well understood. 
Discovery relies critically on understanding the performance of the detectors responsible for 
electron and muon reconstruction: the inner tracking system, EM Calorimeter and Muon 
Spectrometer. Discovery also requires the development of advanced analysis software tools 
which will efficiently operate within the ATLAS software framework.  Drawing upon the 
significant hardware and software expertise within the ARTEMIS network, we will pioneer 
the development of such tools. In particular, we will develop tools for in-situ electron and 
muon calibration using standard model channels (e.g. Z to 2 electrons and Z to 2 muons), and 
analysis tools which not only perform cuts but also serve as efficiency monitors (e.g. using 
pp→ZZ→4 lepton events). Finally, advanced tools for optimization of the analysis and 
estimation of the background and its systematic uncertainties, using statistical techniques, will 
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also be developed. These must be ready in day-one of data taking operation in 2007, and they 
could provide the first glimpse to a possible discovery. The proposed research will allow 
young researchers to acquire expertise in the Silicon Tracker, Calorimeter and Muon detectors 
and in the development of high level software which could be shared, extended and reused by 
the ATLAS collaboration for the years to come. 
d. Longitudinal WW boson scattering – In the energy regime well above electroweak 
unification, the Higgs is required in the SM in order to prevent the cross section for gauge 
boson scattering WW→WW violating unitarity. This means that the measured cross section at 
WW centre-of-mass energies above 1 TeV, within the LHC range, is either a fundamental test 
of a Higgs discovered at low mass at the LHC, or explicitly involves the new physics which 
must somehow replace the Higgs, if the Higgs is not responsible for electroweak symmetry 
breaking. Thus this process is an absolutely critical measurement for ATLAS to make. 
The signature is two W bosons and two high rapidity "tag" jets, with a suppression of QCD jet 
activity elsewhere. The most promising channel is with one W boson decaying leptonically 
and the other hadronically, since the leptons give background suppression, while the fact that 
there is at most one neutrino means the WW centre-of-mass energy can still be measured. The 
major backgrounds are W+jet production, and top pair production. Separation of signal and 
background requires excellent understanding of the electromagnetic and hadronic energy 
scale and resolution of the calorimeter, as well as muon identification and measurement and a 
reasonable understanding of the underlying event. The identification of b-jets will also be 
important for rejecting the top background. Precise measurements of the background 
processes at a range of energies in the early days of LHC running is a requisite input.  
Initial studies show that ATLAS can make important measurements of the WW→WW cross 
section, with sensitivity to new forces or resonances, up to at least 2 TeV. 
e. Higgs properties and interpretation of results – After a convincing observation of a 
Higgs-like  signal in ATLAS, scientists will be faced with the difficult task of establishing 
whether the particle is indeed the relic of the EWSB mechanism, and whether it has the 
properties predicted by the SM or extensions of it. Pracrtically all theories of physics beyond 
the SM predict either an extended Higgs sector with more physical states or new physics 
affecting electroweak symmetry breaking. This may imply that a SM-like Higgs boson is 
supplemented with further Higgs states or that Higgs phenomenology differs drastically from 
the SM case. If no clear signal of a particle with properties consistent with a Higgs boson 
emerges, this implies far-reaching consequences about the nature of EWSB.  
Our goal is to make optimal use of the expertise within the ARTEMIS network on both the 
experimental and theoretical issues relevant for investigating EWSB with ATLAS, so that at 
each stage of data taking the resulting physics output is maximised. The information that we 
obtain in this way on the nature of EWSB will then be used to improve the strategies for 
subsequent searches. 
The discovery channels that ARTEMIS will focus on play a central role in determining the 
Higgs boson properties after the initial discovery. For example, if the four-lepton channel is 
detected, it will provide an accurate determination of the Higgs mass, while the angular 
distribution of the leptons contains information about the spin and the CP properties of the 
decaying object. All three channels above provide information about the couplings of the 
Higgs to the bosons and fermions of the SM. 
Within the ARTEMIS network, we will carry out a detailed analysis of the observed signals, 
in close collaboration between experimentalists and theorists. In order to identify the nature of 
new observed states it will be crucial to distinguish properties that can be measured in an 
essentially model-independent way, like the mass of the particle or ratios of branching 
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fractions, from further information that can be extracted under the assumption that certain 
model predictions hold. All available information on the new state(s) should then be used to 
investigate which classes of models are compatible with the experimental findings. For 
example, if a new particle is detected in the weak boson fusion channel and/or the decay into 
W and Z bosons, the observed rate allows us to establish a lower bound on the coupling of the 
new particle to gauge bosons. The observation of further channels and the precise 
measurement of their relative rates will pin down the properties of the new particle. If no clear 
signal of a Higgs is established, we will investigate the possibilities that a Higgs boson has 
been missed due to its non-standard properties and that EWSB is associated with a new kind 
of strong interaction or boundary conditions in a higher-dimensional space time. This will be 
done by carefully assessing the experimental results in view of the different models. 

2 TRAINING AND TRANSFER OF KNOWLEDGE 
In parallel to addressing one of the highest profile topics in modern science, ARTEMIS aims 
at forming a training platform that will enable the participating young European researchers to 
develop a strong background in key aspects of experimental and theoretical particle physics, 
but also a wide range of transferable skills that are in high demand in the European job 
market. To achieve this, ARTEMIS is based on:  
• Participation of leading theoretical and experimental physicists. This will provide a very 

attractive environment for young scientists and guarantees that a high level of training, as 
well as research, will be achieved.  

• Selective choice of the collaborating research teams in the network. This was based on 
previous fruitful collaboration with exchange and sharing of knowledge and experience, and 
on well-balanced distribution of the required expertise among the groups (phenomenology, 
trigger, calorimetry, muon detection, software).   

• Optimal number of collaborating institutes, that makes it possible to develop stronger links 
between the young researchers and the experts, hence enabling the young scientists to build 
more confidence and visibility within a large research project like ATLAS.  

2.1 Objectives of training and transfer of knowledge activities 
The objectives that we want to reach with the training programme are the development of the 
following essential skills: 
Theoretical and experimental particle physics: With the combination of theoretical and 
experimental particle physics experts, we can achieve a multidisciplinary training programme, 
providing skills in both theory and experiment closely linked to the physics topics in the work 
packages as presented in this proposal.  
Software skills: The work in the complex environment of the proposed network requires high 
computing skills and training with highly in demand software tools. Our network-appointed 
researchers will be involved in the validation of the ATLAS Computing Model, based on 
GRID technology, in modelling the ATLAS detector using GEANT4 simulations (GEANT4 
tool is also used in medical applications and Petroleum Industry), in the development of 
interactive graphical tools for data visualisation and of sophisticated databases to store the 
detector parameters. 
Communication skills: The work in a multinational environment as well as the interaction on 
an every day basis among persons that participate to the same project will allow the network-
appointed researchers to develop high communication skills.  
Competitive skills: The nature of the work in our field as well as the training will allow the 
early-stage and experience researchers of the network to develop high competitive skills. 
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Management skills: The working platform in our field is based on the interaction among well-
structured teams with specific tasks. Therefore the researchers of the network will have the 
opportunity to play a leading role in these research teams and acquire valuable experience in 
management.  

2.2 Training topics  
The expertise of the collaborating institutes covers all important issues of LHC physics and at 
the same time has the attractive feature of a manageable compact RTN which is very 
important for young researchers in a large collaboration, of almost 2000 physicists, like 
ATLAS. 
The training topics match the expertise of the participating institutes and the scientific 
objectives of ARTEMIS. In the following, we list the training topics together with the 
institutes that will be responsible for organising the training according to their expertise:  

• Theoretical Physics  
o Monte Carlo generators (IPPP Durham, UCL) 
o Particle physics  phenomenology (IPPP Durham) 

• Experimental Particle Physics  
o Detector performance  

 Muon identification (CEA-Saclay, MPI Munich, AUTH) 
 electron, jet reconstruction (Univ. INFN Pisa, Univ. Sheffield, CEA-Saclay) 
 Trigger performance (UCL) 

o Analysis of physics channels (all institutes) 
• Grid Computing (MPI Munich, AUTH, CEA-Saclay) 
• Object Oriented Computing and ATLAS software (all experimental institutes) 
• Visualization Techniques (UCL,CEA-Saclay) 
• Handling of large Data Bases (CEA-Saclay, MPI Munich) 
• Computational and Statistical methods (all institutes) 

2.3 Training programme 
To achieve the network objectives, we plan various training activities. Many of them will be 
carried out by inviting all ESR and ER to common meetings. These common activities will 
provide an encouraging atmosphere and will help to foster personal contacts of the ESR and 
ER with the members of the ARTEMIS network. The latter aspect is of particular importance 
in collaboration as large as ATLAS.  
 
In particular, the training programme will comprise the organisation of:  
• Short training workshops at the network institutes:  Organisation of regular short workshops 

based on the needs of the progress within the work packages of the network. The calibration 
issues of the ATLAS calorimeter, the muon identification problems and strategy within the 
ATLAS detector, the existing generators of the Standard Model and the Higgs boson 
processes and their interface within the ATLAS detector are some examples of the 
workshops we aim to organise.  

• Training in theoretical physics: Organisation of series of lectures in theoretical physics 
focused in topics related with the research interests of the network. These lectures aim at 
providing a sound theoretical background to early stage researchers and will be open to any 
researcher of the network. All lectures will be organised by the theory experts of the 
network and will take place at the Institute for Particle Physics Phenomenology in Durham. 

• Tutorials on specific subjects: Organisation of tutorials on specific tools needed to proceed 
and progress in the data analyses of the working packages. These tutorials are mandatory for 
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all participants so that the members of each group function efficiently. Each institute will 
provide tutorials according to its expertise.  

• Career path development: There will be a strong follow up on the career path of the early-
stage researchers as well as the experienced researchers appointed to the network. Because 
of the large variety of topics that can be offered to the PhD students participating in the 
network, the early stage researchers have the opportunity to choose their subject of interest.  
Also distinct tasks and responsibilities will be given to each of the experienced researchers 
of the network. High priority will be given to ESR and ER to present the results achieved 
within the network in collaboration meetings and international conferences.  The aim is to 
give to the young and experienced researchers the necessary visibility that will help them in 
their career.  

2.4 The strategy on the implementation of the training 
In order to implement the training programme we will proceed as follows:  
• Lectures on theoretical physics will be given for a specific period every year in order to 

guarantee continuity in the education of young researchers.  
• On the basis of the needs of the project and the research plan we will define at each stage 

the workflow, the deliverables and the mile stones to be reached in terms of training. During 
the various stages of the project the tutorials and the workshops will be adapted accordingly. 

2.5 Impact of the training and transfer of knowledge activities 
The proposed network will be highly beneficial for both the early-stage and the experienced 
researchers appointed to the network for the following reasons: 
• They will be able to get valuable experience working at various European laboratories of 

High Energy Physics. 
• They will be able to spend part of their training time in different institutes participating in 

the network. 
• The acquired knowledge on high energy particle physics will give them high chances to 

follow an academic or research career in the field. 
• The complementary skills obtained in advanced computational techniques will allow them 

to transfer their expertise into industry if so wished. 
Therefore there are high chances that their professional career will be established in Europe. 
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