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INTRODUCTION 
 
 
During 2005 LIP will pursue the execution of the Associated Laboratory Contract, 
namely with the opening of a new recruitment process for the selection of new 
researchers and technicians, both at Lisbon and Coimbra. 
 
We summarize here the main trends of LIP activity for 2005. 
 
Lisboa centre and Algarve pole 
 
The strong commitment with CERN has been pursued, still centred in the LHC 
experiments and technologies, namely ATLAS, CMS and LCG. The COMPASS 
Collaboration will be consolidated. 
 
The involvement in space related activities will continue, namely with the participation 
in the AMS and EUSO collaborations and the radiation environment simulation contracts 
with ESA.  
 
The GRID Computing activities will be enlarged, LIP being now a relevant partner of the 
EU EGEE project. 
 
Medical Physics research, including the ambitious PET project, will maintain a sustained 
activity. 
 
The LIP Algarve team will be involved in the medical physics projects, namely in the 
PET project, being now a main partner of the ISPA and RD39 collaborations at CERN. 
 
In 2005, LIP will participate in numerous education and outreach activities.  
 
LIP is now a member of the SNO Collaboration, beginning developing a more active 
interest in neutrino physics.  
 
During 2005 LIP is in charge of the local organisation of the EPS High Energy Particle 
Physics Conference 2005 that will take place in Lisbon, from the 21st to the 27th July 
2005. 
This is a major operation that we plan to integrate in the national events related with 
International Year of Physics, organizing a Festival where Portuguese students and 
physics teachers will meet scientists coming from all over the world. 
 
For the International Year of Physics, LIP plans to organise a series of events mainly 
directed to the general public, students and teachers. 
In particular, LIP is co-organiser of the 6th International Workshop New Worlds in 
Astroparticle Physics (Faro in January 8-10 2005), which is the first national event 
within the International Year of Physics. 
 
LIP will also be proud to commemorate the 20th anniversary of Portugal being a full 
member of CERN. 
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Coimbra centre 
 

ATLAS and LHC Physics - The immediate aim of the team is to have a leading role in 
the study of top rare decays from anomalous couplings and Flavour Changing Neutral 
Currents (FCNC), as well as to study the properties of the top quark (like the couplings 
and the charge) in close collaboration with theoretical groups. 

Dark matter search with liquid Xe – LIP is recognized in the UKDM Collaboration as 
one of the very few laboratories with expertise in the technologies involved in liquid 
xenon detectors and thus capable of R&D in this field. Future work involves increasing 
integration in that Collaboration, with plans for the exchange of students with other 
member institutes.  

Studies of air scintillation for astroparticle physics - Triggered by the LIP participation in 
EUSO, the main goal of this project is the systematic measurements of total yields of 
scintillation light emitted by nitrogen and dry air as a function of pressure and 
temperature, when excited by energetic electrons.  

ToF with RPCs - We are preparing the tests of the ToF wall for the HADES Experiment 
(at GSI, from September 2005). Meanwhile, LIP was attributed the responsibility for 
delivering of the final detector (partly EC financed). With further developments around 
higher intensity accelerators in view, the team is also participating in the Advanced 
Time-of-Flight (ATOF), within I3HP/FP6. 

PET with RPCs - Preliminary work in the direction of PET-RPC seems very promising, 
particularly since the demonstration of a position resolution of 0,4 mm for the 
reconstruction of a point-like source with a two head prototype detector and the recent 
approval by FCT of a project, to carry out in collaboration with the Physics Department 
and Faculty of Medicine (IBILI) of the University of Coimbra, which aims at assessing 
the feasibility of an RPC based full-body PET scanner.  

GEM R&D and Applications - The foreseen work in this project deals with the 
development of a prototype pulse counting imaging detector readout by PMTs and, in 
parallel, the R&D of a large area (32x32 cm2) gaseous 3He detector for thermal neutron 
imaging (project MILAND, in the framework of NMI#/FC6).   

Infrastructures – The "Programa Nacional de Reequipamento Científico” allocated 441 
kEuros to be invested during 2005 and 2006 in our mechanical workshop, thus 
answering to an urgent need for more modern machine tools and investment in emerging 
technologies. On the computational side, we hope to be capable of enlarging the number 
of CPUs available for general needs of the different projects (simulation and data 
analysis) and, at the same time, finally installing the GRID node foreseen since years. 

Finally the IEEE/ICDL2005, “15th International Conference on Dielectric Liquids” 2005 
will be organised by LIP collaborators and we will prepare the “International Workshop 
on Top Quark Physics”, to be held in Coimbra, in January 2006. 
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WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:  Collaboration in the ATLAS experiment 
 
 

Project Reference Approved Funding 
 Submitted to Fundo CERN, Feb. 2005 

 
Resumo 
 

Este plano de trabalho enquadra-se na nossa colaboração na experiência ATLAS, e 
como objectivos principais para este ano temos os seguintes: 

 
- ter o barril central do calorímetro Tilecal pronto a funcionar para a detecção de muões 
cósmicos no início de 2006; 
- ter as ferramentas de simulação e análise de dados preparadas para a análise dos dados que 
serão obtidos; 
- melhorar a estimativa da vida útil dos componentes ópticos do calorímetro Tilecal; 
- fazer simulações de Física no ATLAS, de forma a estimar os principais erros sistemáticos na 
medição da massa do bosão W, e estudar acoplamentos anómalos do quark top. 

 
O grupo esteve envolvido activamente no design, aquisição e teste dos componentes 

ópticos do calorímetro Tilecal. Até agora, a maior parte destes componentes para todos os 65 
módulos do barril central e os 130 módulos do barril lateral (EB) foram já construídos. Os 
conectores ajustáveis para o sistema de controlo com laser serão instalados em 2005 e as fibras 
compridas para o EB serão cortadas com o comprimento final, polidas e instaladas. A 
instrumentação para o último módulo do EB só será instalada após a montagem do calorímetro, 
e temos que manter o equipamento pronto para produção adicional de fibras aluminizadas e 
perfis se tal for necessário devido a estragos acidentais. O cilindro do barril central do 
calorímetro TILECAL já está montado no poço de ATLAS. Nós estamos também fortemente 
envolvidos no Sistema de Controlo do detector (DCS) de TILECAL. O grupo tem a 
responsabilidade pelo desenvolvimento da interface de utilizador da estação de supervisão do 
TileCal e pela integração dos controlos (arrefecimento, altas e baixas tensões, laser, Césio e 
"minimum bias") no DCS geral de ATLAS. A nossa participação na simulação de Física está a 
aumentar e a tornar-se numa prioridade. Centra-se no estudo das medições de massa e largura 
do bosão W e estudo de algumas propriedades do quark top e no teste e desenvolvimento de 
software. Participamos também no "commissioning" do detector, ao nível de hardware e também 
na preparação dos testes com muões cósmicos. O grupo esteve envolvido na tomada de dados 
com feixe de teste no CERN e está agora envolvido na análise dos resultados do teste combinado 
de 2004 e de testes anteriores. As actividades de I&D no envelhecimento de fibras ópticas e 
propriedades de cintiladores plásticos irá continuar em 2005. Os cenários de Super-LHC com 
níveis de radiação até 10 vezes mais elevados que em LHC são uma motivação extra para 
continuar esta I&D. Aproveitando a nossa experiência em fibras cintilantes e respectiva 
aluminização, também participamos nas actividades de I&D para a construção de um detector 
de fibras cintilantes para o controlo de luminosidade de ATLAS.  
 
 
____________________________________________________________________________________ 
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Team: 
 
Project Coordinator: Amélia Maio 
 
Team Members: 
  

Name Status % of time in the project
Amélia Maio Researcher/LIP -FCUL 50 
João Carvalho Researcher/LIP Coimbra-FCTUC 30 

António Onofre Researcher/LIP Coimbra-UCP 50 
António Amorim Researcher/FCUL 4 
Manuel Maneira Researcher/UNL 10 

Agostinho Gomes Researcher/LIP 95 
José Maneira Post-Doc/FCT grant 75 

André Wemans Researcher/UNL 10 
Nuno Castro PhD Student/LIP Coimbra/FCT grant 60 
Filipe Veloso PhD Student/LIP Coimbra/FCT grant 60 

José Silva PhD Student/LIP grant 100 
João Saraiva Master Student/BIC(*) 95 

João Pina Master Student/BIC(*) 100 
Carlos Marques Master Student/BIC(*) 100 

João Santos Master Student/IP Beja 50 
(*) BIC: initiation to research LIP grant 
________________________________________________________________ 
 
Activities Foreseen:   
 
R&D on Scintillating Fibres for the ATLAS luminosity detector 
We plan to participate in the R&D program for the design and construction of a detector 
for measuring the luminosity of the LHC at the ATLAS point. One of the sub-detectors 
that will be used is a tracker based on square scintillating fibres. The fibres must be metal 
coated with maximized reflectivity (Al, Ag, or other suited reflector) in order to avoid 
light losses due to critical incidence angles and to prevent cross talk between fibres. To 
coat the fibres, Hollow Cathode Magnetron Sputtering (HCMS) of the coating metal will 
be used. In HCMS, the cathode is a hollow cylindrical target (tubular shape) surrounded 
externally by an annular magnetic circuit, which creates over the inner face of the target 
a magnetic induction with toroidal shape. This magnetic field in connection with the 
electric field will confine the Argon cold plasma and its electrons in a toroidal volume 
covering all around the inner face of the target. Ions from the plasma, created in the 
cathode sheath and in the negative glow, move centrifugally and bombard the inner face 
of the tubular target   in an annular region, promoting the sputtering of the atoms from 
the target. The sputtered atoms will travel through the plasma and condensate on the 
central fibres. The fibres will move with uniform speed along the longitudinal axis of the 
tubular target. The deposition rate will be controlled by discharge power, Argon pressure 
and speed of the fibres. The metal film will be 100 nm thick or more and is expected to 
be homogeneous and will cover the fibres seamless. 
The vacuum system with pumps, vacuum monitoring and gas inlet system already exist. 
The expertise in aluminisation and operation of HCMS already exists. In the project a 
dedicated hollow cathode must be designed constructed and tested considering the 
minimisation of the thermal shock to the fibres and the adequate deposition rate. 
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Construction and mounting of components for the Laser calibration system 
The installation of the laser distribution system for monitoring of the TileCal 
photomultiplier tubes will be finished. The clear optical fibres will be laid from the rack 
in the electronics cavern to the fingers in the TileCal modules. In the rack will be 
installed a patch panel for the adjustable connectors and in the fibres end (detector side) 
will be glued a small 1-to-1 connector. The last task will be the bundling of the 400 
fibres upstream from the adjustable connector and preparing them to connect to the laser 
beam expander. 
 
TILECAL Detector Control System (DCS) 
It is planned to install a control and monitoring system in the new upgraded portable 
cooling for the ATLAS cavern to be used until final cooling system is available, and 
integrate it with the DCS. The commissioning of the LV and HV systems standalone will 
be done in the cavern using special cables before the moving of the calorimeter to Z=0 
position. The new cooling system will be integrated in the Tilecal DCS, the connection 
of SCADA system with the cooling system PLC will be established and the respective 
Tilecal user interface will be made. The definition of Tilecal states for Finite State 
Machine will be finalized and the respective test in coordination with DAQ will be done. 
We will develop the Tilecal user interface for the supervisor station and will integrate the 
standalone controls of calibration systems with the Tilecal DCS. We will do the 
maintenance and upgrade of the Tilecal DCS in the tests with cosmic rays at the surface, 
using one extended barrel cylinder. We will also participate in the assembly and 
commissioning of the DCS of the Tilecal Barrel and Extended Barrel cylinders in the 
Atlas cavern and will ensure the Tilecal DCS coordination. 
 
Ageing of PMTs, fibres and scintillators and characterization of scintillators 
The setup used for the QC of the PMTs to monitor the ageing of PMTs is being adapted. 
It is foreseen to build a dedicated setup for monitorisation of the long term stability of 
the optical properties of WLS fibres, scintillators and PMTs.  Tests with new sources of 
blue light and reference are underway. This setup will allow a study of natural ageing. 
Systematic tests of accelerated ageing are planned on larger samples of fibres and also on 
scintillating tiles, and combine these tests with the radiation damage tests. In 
continuation of our earlier R&D project on irradiation of WLS optical fibres and 
scintillators, it is planned to induce radiation damage on samples of fibres from the mass 
production and on the scintillators made with BASF polystyrene, to complete previous 
studies. Samples from all the batches of fibres received to equip the Tilecal, were stored 
for further studies. It is also under way a re-evaluation of tile/fibre light budget and 
implications in the calibration and performance of the calorimeter. 
 
Data analysis, installation of the Tilecal and commissioning with cosmic muons 
In the summer of 2004, a period of testbeam data-taking with most of the Atlas 
subdetectors was carried out. The assembly of the TileCal Barrel cylinder was completed 
in the Atlas pit in December 2004. In 2005, the Barrel will be brought to its definitive 
position and the Extended Barrel modules will be brought to the pit as well for assembly. 
Then the activities of cabling and electronics setup will take place. Once the full Barrel is 
instrumented, it will be calibrated with the charge injection, laser and Cs source systems. 
However, in order to assess the performance of the detector, it is very useful to have an 
additional calibration with high energy particles. In the pit, before the beam starts in 
2007, those particles must be cosmic muons. We are participating in the analysis of the 
2004 combined testbeam data, focusing on the response of the calorimeters to high 
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energy muons, in order to prepare a baseline description of the detectors to compare with 
the cosmic muon data. Among other goals, is the optimisation of the energy 
reconstruction algorithms of both TileCal and LAr calorimeters, and the inter-calibration 
of both detectors. We will participate in the TileCal electronics and cabling installation 
activities. We will participate in the software activities related to the muon 
commissioning phase: simulation of the muon flux in the pit and the TileCal response to 
it; definition of the muon trigger requirements; adaptation of the energy reconstruction 
algorithms. 
 
Physics simulation and software development 
Flavour Changing Neutral Currents (FCNC) are strongly suppressed in the Standard 
Model (SM) due to the Glashow-Iliopoulos-Maiani (GIM) mechanism. Although absent 
at tree level, small FCNC contributions are expected at one loop level, according to the 
Cabibbo-Kobayashi-Maskawa (CKM) mixing matrix. In the top quark sector of the SM, 
the FCNC decay branching ratios to gauge bosons, t → q X (X=Z, γ or gluon), are 
limited to fewer than 10-10.  There are however extensions of the SM, like super 
symmetric, multi-Higgs doublet models and SM extensions with exotic (vector-like) 
quarks, which predict the presence of FCNC contributions already at tree level and 
significantly enhance the FCNC decay branching ratios compared to the SM predictions. 
Due to its large mass, much higher than any other known fermion, the top quark is a very 
good laboratory to look for physics beyond the SM as it couples strongly to the 
electroweak symmetry-breaking sector. If the top quark has FCNC anomalous couplings 
to the gauge bosons, its decay properties would be affected, and possibly measured at 
colliders, in addition to the dominant decay mode t → bW. Indeed one of the most 
prominent signatures of FCNC processes at the LHC, would be the direct observation of 
a top quark decaying into a charm or an up quark together with a γ, gluon or Z boson. 
Although FCNC processes associated with the production (LEP, HERA) and decay 
(CDF at TEVATRON) of top quarks have been studied at colliders, the amount of data 
collected up to now is not comparable with the statistics expected at the LHC. The LHC 
will be a ``top factory", with a t-tbar production cross section of 833 pb and 250 pb for 
single top production. About 80,000 top quark pairs will be produced per day and per 
experiment, at nominal luminosity, through gluon fusion and quark-antiquark 
annihilation. The FCNC decays of the top quark (t →q Z, qγ, q gluon, q H) will be 
investigated at the ATLAS experiment. The top quarks are expected to be produced via 
single top or t-tbar production. The search will focus on the full simulation of the 
ATLAS detector and a comparison with the results already obtained with fast simulation.  
Although the t-tbar cross section is insensitive to the CKM matrix element V_tb, the 
angular distributions of the top quark decay products can give important information on 
the structure of the Wtb vertex. In the SM the strength of this vertex is determined by 
V_tb. Due to the expected LHC luminosity it will be possible to study the Wtb vertex 
and measure with precision the top quark couplings to bosons and fermions. The 
Forward-Backward asymmetries in top quark decays will be investigated at the ATLAS 
experiment. The experimental sensitivity, within the framework of the SM, will be 
studied. The full simulation of the ATLAS detector will be used and the results 
compared to the ones obtained with the ATLFAST. The sensitivity to new physics will 
be discussed. The full simulation will require an ATLAS GRID based computing system 
which must be developed in order to allow the simulation and storage of the large 
amount of SM background and signal events required for these high precision studies. 

Precision measurements of the W boson mass and width can be performed at 
ATLAS/LHC. So it is very important to evaluate the achievable precisions on both 
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measurements, comparing or combining different methods for the best possible result. 
Together with the top mass, the W mass will provide a consistency check for the 
Standard Model when the Higgs boson is observed directly. Since the W mass is 
obtained by fitting the experimental distribution of the transverse mass with Monte Carlo 
samples, the systematic uncertainty will come mainly from the Monte Carlo modeling of 
the data, i.e. the physics and the detector performance. The effects of the statistics, 
absolute scale of the lepton momentum, parton distribution functions and lepton 
momentum resolution were already evaluated. It is planned to simulate Z events for the 
study of recoil (and as background), to simulate W events without FSR to evaluate 
maximum effect due to radiative decays and to test other methods to measure the W 
mass using the muonic channel, e. g., fit to the muon pT and ratio mW/mZ. Globally, our 
objectives fulfill two aims: the study of physics channels that will be studied in the first 
year of LHC running, and to learn how to use the new programming tools that are 
already being used in the ATLAS software framework. 
 
Training Program:   
Study of top quark decays and the structure of the Wtb vertex / Nuno Castro /PhD / in 
progress 
 
Production and decay of top quarks via FCNC at the LHC / Filipe Veloso/PhD/in 
progress 
 
Monitorisation and intercalibration of the Tilecal and PMT qualification/ José Silva/PhD 
/ in progress 
 
Studies on the Performance of the ATLAS Tile Calorimeter/João Saraiva /Master / in 
progress 
 
Influence of the High Voltage in the Tilecal performance/ João Pina / Master / in 
progress 
 
Systematic Uncertainties on the W mass measurement with the ATLAS Detector/ Carlos 
Marques/ Master/ in progress 
 
Caracterização de fibras WLS com LEDs/João Santos/ Master/ in progress 
 
Statistics: 
 
 PhD Master Graduation 
Theses in Progress  3 4  
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WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:  Collaboration in the CMS Experiment at CERN 
 

Project Reference Approved Funding 
 Submitted to Fundo CERN in Feb. 2005 
 
Resumo: 
O LIP é membro da experiência Compact Muon Solenoid (CMS) no acelerador Large Hadron 
Collider (LHC) actualmente em construção no CERN. O objectivo da experiência é o estudo de 
colisões de protões a muito alta energia. Pretende-se investigar as propriedades fundamentais 
da matéria e, em particular, estudar a natureza da quebra de simetria na interacção electrofraca  
e a origem da massa 
.A actividade do LIP tem duas componentes principais: 
1) o desenvolvimento de hardware e software para o trigger de calorimetria e para o sistema de 
leitura de dados do calorímetro electromagnético. O projecto é desenvolvido em colaboração 
com o INESC; 
2) a pesquisa de dimensões suplementares em colisões protão-protão no LHC.  
O trigger de calorimetria da experiência CMS/LHC no CERN é um sistema electrónico e 
computacional de elevado desempenho que processa em-linha os dados do detector provenientes 
de cerca de cem mil canais, para seleccionar electrões, fotões," taus" e eventos com energia 
perdida, assim como amostras de "jets". O sistema de trigger executa a primeira etapa do 
processo de selecção na pesquisa de novas reacções físicas. O Calorímetro Electromagnético 
(ECAL) é um detector de electrões e fotões composto por oitenta mil cristais PbWO4. A 
granularidade extremamente fina e a excelente resolução em energia tornam este instrumento 
particularmente bem adaptado para a medida de electrões e fotões no LHC. O sistema de leitura 
de dados é responsável pela recolha dos dados em 80000 canais. 
____________________________________________________________________________________ 
 
Team: 
Project Coordinator: João Varela 
Team Members:  

Name Status % of time in the project 
João Varela Researcher LIP/IST 50 

Paula Bordalo Researcher LIP/IST 8 
Sérgio Ramos Researcher LIP/IST 8 

Reyes Alemany Post-Doc LIP/ FCT grant 100 
Malgorzata Kazana Post-Doc LIP/ EU Marie Curie grant 100 
Marcelino Santos Researcher INESC/IST 20 
Carlos Almeida Researcher INESC/IST 20 

João Paulo Teixeira Researcher INESC/IST 20 
J. Augusto Researcher INESC/IST 25 

Isabel Teixeira Researcher INESC/IST 25 
Nuno Almeida PhD Student LIP / FCT grant 100 
Pedro Ribeiro PhD Student LIP/ FCT grant 100 

José Carlos Silva Technical staff LIP 100 
Adarsh Jain Technical staff LIP 100 

Jorge Gomes Technical staff LIP 5 
Miguel Ferreira Technical staff LIP 50 
Jorge Semião Technical staff INESC  20 
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Foreseen Activities:   
 
The main objective for the year 05 is the construction and installation of the hardware 
under LIP responsibility in the CMS experiment. The SLB (Synchronization and Link 
Board) production and test should be concluded in Q3-05, and the DCC (Data 
Concentrator Card) production is foreseen to be concluded in Q4-05. This schedule has 
serious delay of about 10 months relative to the planning, resulting from the lack of 
human resources.  
The online-software activities are becoming increasingly more relevant. The LIP group 
has assumed now the coordination of the ECAL Data Acquisition Software. 
 
The group activities at CERN will be directed to five main installation and test setups: 

 ECAL Supermodules (1700 PbWO4 crystals each) Integration Center (bldg 867 
Prévessin): three assembling stands are being prepared, each one equipped with 
Data Acquisition hardware (DCC) and software.  

 ECAL Detector Calibration (H4 beam area Prévessin): supermodule calibration 
with cosmics. The trigger and data acquisition system as operated in the 2004 test 
beam needs to be upgraded and maintained. 

 CMS Electronics Integration Center (bldg 904 Prévessin): integration of SLB and 
DCC with the ECAL Off-Detector Electronics and the Regional Trigger System. 
Validation of complete electronics crates (18 in total) before installation in the 
Underground Cavern. 

 Magnet Test/ Cosmic Challenge (Point 5 Surface): in Oct-Nov 05 the first 
integrated operation of the CMS detector will take place, during the test of the 
superconducting solenoid. Part of seven subdetectors, including the ECAL, will 
be installed around the solenoid and operated with a cosmic trigger. Our group is 
responsible to provide the ECAL Data Acquisition system. 

 Underground Cavern: the service cavern is expected to be ready for electronic 
crate installation and crate test in Dec 05. The integration with the detector will 
be pursued in 2006. 

 
The activities on Physics Reconstruction and Analysis will be actively pursued. In 2004 
an analysis at generator level of the universal extra-dimension model was performed. 
Reactions with four lepton and missing energy in the final state were investigated. Full 
simulation and reconstruction is now possible at LIP. 
 
The responsibility of the overall CMS Trigger Technical Coordination and DCS 
Coordination will continue to be assured. 
 
In summary, the objectives of the project in 2005 are: 

 Conclusion of the construction of the electronics boards for the ECAL Trigger 
and Data Acquisition system; 

 Installation and operation of the ECAL Data Acquisition hardware and software 
in five integration test setups at CERN; 

 Full analysis of the CMS discovery potential of universal extra-dimensions in 
view of the CMS Physics Report to be published end 2005. 
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Training Program:   
 
PhD Theses: 

 Aquisição de Dados e Trigger do Calorímetro Electromagnético da Experiência 
CMS no CERN, Nuno Almeida (on-going). 

 Search for universal extra-dimensions in proton-proton collisions at 14 TeV 
center-of-mass energy, Pedro Ribeiro (on-going). 

 
Research training: 

 Malgorzata Kasana, Post-Doc member of the Training Network PRSATLHC 
funded by European Union.  

 
Statistics: 
 
 PhD Master Graduation 
Theses in Progress  2   
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WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:  Collaboration in the COMPASS experiment 
 
 

Project Reference Approved Funding 
 Submitted to Fundo CERN Feb. 2005 
 
Resumo: 
 
As tarefas relativas ao redesenho do DCS prossiguirão, bem como as correspondentes 
ao offline e aos canais de análise física. 
____________________________________________________________________________________ 
 
Team: 
 
Project Coordinator: Paula BORDALO 
 
Team Members: 
  

Name Status % of time in the project
Paula Bordalo Researcher/LIP-IST 90 
Sérgio Ramos Researcher/LIP-IST 90 

Catarina Quintans Post-Doc/FCT grant 90 
Helena Santos Post-Doc/FCT grant 90 

Luis Silva PhD student/BI 100 
David Sora Master student/BTL 100 

Celso Franco Graduate student/BIC 100 
Sérgio Pino1 Graduate student/BIC 100 

Francisco Mota Engineer/AdI grant 100 
 
(1)  Start in April 2005 
________________________________________________________________ 
 
Activities Foreseen:  
 
In 2005, profiting from the shutdown, we must evolve PVSS II to its newly supported 
version 3.0, together with the suitable Frameworks versions. This software update 
imposes major modifications in the objects structure, as the new versions are not 
compatible with the previous ones.  
Also, in view of the future COMPASS data takings, which will often switch from muon 
beam to hadron beam and vice-versa, the whole DCS system has to be redesigned, so 
that detectors states, their parameters and the alarms generation may be dynamically 
defined, as functions of the experimental conditions. This implies a totally new system's 
architecture, much more complex. 
 
As the COMPASS spectrometer is being completed with additional detectors, the future 
DCS scheme must include them (ECal1, additional chambers for W45, Silicon and SciFi 
detectors, etc.). The DCS also has to proceed with the integration of some already 
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existing standalone detectors as HCal1, HCal2, ECal2, LV systems of Drift Chambers, 
RICH and Straws, and HV systems of Drifts and MicroMegas, as well as with the new 
solenoid magnet for the target.  
 
There is a vast variety of equipments that are or will be controlled or monitored by the 
DCS-COMPASS. While for some commercial supervision solutions exist (like OPC 
servers), for others these solutions do not. So, the DCS will need case-by-case solutions, 
by writing the drivers to control/monitor such devices, and integrate them in PVSS.  
 
Due to the referred ELMBs stability problem, we foresee to change all old version 
ELMBs of the two existing lines and replace them by the new version ones, as well as to 
install a third new version ELMB line to control the new detectors. Also mandatory is 
the lines re-cabling, in order to achieve a better shielding.  
 
With respect to our other commitments in COMPASS, we will participate in the offline 
and in the analysis effort, namely developing some Monte-Carlo studies to understand 
new detectors and continuing the analysis of the physics channels already mentionned. 
We will also participate in the Collaboration and in the monthly analysis meetings. 
 
Training Program:   
 
The subjects concerning post-graduation Theses will pursue in 2005, namely:  
 

 Luís Silva, Experimental Particle Physics PhD Thesis. 
 

 David Sora, Software Engineering Master Thesis. 
 
Statistics: 
 
 PhD Master Graduation 
Theses in Progress  1 1  
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WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:  Collaboration in the NA50 Experiment 
 
 
 
 
Resumo: 
 
NA50 tem por objectivo a pesquisa de um novo estado da matéria, o Plasma de Quarks e 
Gluões (QGP), através do estudo das suas características, nomeadamente a temperatura 
e a densidade bariónica correspondentes à transição da fase hadrónica para a de 
plasma. As assinaturas que têm vindo a ser estudadas são as supressões do J/ψ do ψ', o 
aumento de produção do Phi, bem como o excesso de dimuões na região de massa 
intermédia. 
 
NA50 encontra-se em estado de finalização das últimas análises, o plano de trabalhos 
visa essencialmente o prosseguimento e conclusão da análise de dados, nas suas 
diferentes vertentes. Pretende-se ainda, agora que os métodos de análise atingiram a 
sua máxima sofisticação, fazer um estudo sistemático de todos os conjuntos de dados de 
NA50. Por fim, proceder-se-á a escrita dos artigos finais os quais, oriundos das análise 
efectuadas pelo grupo do LIP, se prevêm ser num total de 5 artigos.  
 
________________________________________________________________________________ 
 
Team: 
 
Project Coordinator: Paula BORDALO 
 
Team Members: 
  

Name Status % of time in the project
Paula Bordalo Researcher/LIP-IST 10 
Sérgio Ramos Researcher/LIP-IST 10 

Catarina Quintans Post-Doc/FCT grant 10 
Helena Santos Post-Doc/LIP 10 

Gonçalo Borges PhD Student/FCT grant 100 
 
________________________________________________________________ 
 
 
Activities Foreseen:   
The LIP-Lisbon group working program concerning its participation in NA50 
Collaboration will continue to focus on the final analyses of the different physics aspects 
of the data, namely: 

• Conclusion of the comparative study of J/ψ and ψ’ production and of the ratio 
ψ’/J/ψ, in p-A and S-U interactions  

• Extraction of J/ψ, ψ’ and DY absolute cross-sections in p-A, S-U and Pb-Pb 
collisions 

 21



• Study of low-mass vector-meson multiplicities in ion induced reactions and final 
results merging the three data taking periods. 

 
Training Program:   
 
We foresee the conclusion of the following Thesis: 
 

• Gonçalo Borges, "Study of charmonia production in collisions of protons with 
different targets and in S-U interactions", PhD Thesis. 

 
Statistics: 
 
 PhD Master Graduation 
Theses in Progress  1   
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WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:  Collaboration in the DELPHI experiment 
 
 
 
 
Resumo: 
O grupo DELPHI do LIP irá manter no ano de 2005 a preparação e conclusão de artigos finais.  
As análises com participação dos membros de DELPHI do LIP (membros do LIP/DELPHI) 
podem-se dividir em duas grandes áreas: Pesquisa de sinais de nova física, e Física Hadrónica, 
que correspondem a linhas de investigação da Colaboração DELPHI coordenadas também por 
membros do LIP/DELPHI. Na primeira área, são pesquisados sinais de vários modelos 
extendendo o Modelo Padrão da Física das Partículas, incluindo modelos com Leptoquarks, a 
pesquisa de uma 4ª família de quarks b’ e a pesquisa de quarks top via interacções de contacto. 
Na segunda área são investigados os efeitos de reconexão de cor entre quarks e gluões nos 
estados finais de acontecimentos WW, coordena-se o capítulo ‘Soft QCD’ de um grande artigo 
de revisão da QCD em DELPHI, actualmente em preparação, e elabora-se uma pesquisa de 
pentaquarks em acontecimentos hadrónicos do Z0, em parceria com o grupo DELPHI da Univ. 
Udine e INFN, Udine, Itália.Em ambas as áreas há um total de 4 artigos nas diferentes fases de 
preparação para publicação e de que se espera a conclusão em 2005, sob nossa 
responsabilidade ou com contribuições importantes dos membros LIP/DELPHI. Alguns 
membros LIP/DELPHI representam a colaboração nos grupos de trabalho de LEP para a 
combinação de resultados entre as experiências LEP.Ao nível da formação académica avançada 
espera-se a conclusão de uma tese de doutoramento.  
____________________________________________________________________________________ 
 
Team: 
 
Project Coordinator: Pedro Abreu  
 
Team Members: 
  

Name Status  % of time in the project 
Pedro Abreu Researcher/LIP-IST 35 

António Onofre Researcher/LIP-FCTUCFF 10 
Mário Pimenta Researcher/LIP-IST 5 

M. Catarina Espírito Santo Researcher/LIP 5 
Nuno Anjos Ph. D. Student/LIP grant 100 
Nuno Castro Ph. D. Student/FCT grant 10 
Filipe Veloso Ph. D. Student/FCT grant 10 

 
_______________________________________________________________________ 
 
Activities Foreseen:    
  
 The group DELPHI of LIP will proceed in 2005 with preparation of the final 
publications. In many of the channels and analyses of LIP responsibility, the final papers 
were already published, or are in an advanced stage of preparation, and a review paper 
has started and its completion is expected within 2005. Nevertheless there is room and 
opportunities for new ideas to pop up and quick analyses can be performed. DELPHI is 
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still one of the most active LEP Collaborations, and the data collected in the eleven years 
of LEP operation are still the best clean sample needed in many analyses, for many years 
to come. DELPHI has also started to develop methods to save the data and analyses 
programs in a format easily accessible in the future. 
 
LIP members of the DELPHI Collaboration have taken important responsibilities in the 
Collaboration, namely the coordination of two main areas of research (“Research 
Lines”), “Searches for New Exotic Physics ” and “QCD/γγ ”. While the former addresses 
the searches in non-standard topics (not standard model Higgs and non Supersymmetric 
models, but basically all other possible extensions to the Standard Model) the later aims 
at the very precise measurements of standard and/or exquisite properties of Quantum 
ChromoDynamics and of hadronic physics in photon-photon collisions. The discussion 
of physics analysis in DELPHI proceeds in Physics Teams (within Research Lines), of 
which several are coordinated by LIP members. The combination of the DELPHI results 
with the other LEP experiments takes place in special groups, the LEP Working Groups, 
aiming at extracting the most precise results from the bulk of the LEP data. Several LIP 
members are representing the DELPHI Collaboration in these LEP Working Groups. 
 
The status of analysis and papers of the responsibility of LIP members is given in the 
following table. The status can be ‘on going analysis/text preparation’ [ana], ‘draft0 of 
paper produced and under discussion in the relevant physics teams’ [dr.0], ‘draft1 of 
paper produced and circulated in the Collaboration’ [dr.1], ‘draft2 of paper released, with 
almost final results, and circulated in the Collaboration’ [dr.2], ‘draft final being refereed 
by a senior DELPHI member’ [final], ‘paper submitted to the journal’ [sub], ‘paper 
accepted by the journal’ [acc], or ‘paper published in the journal’ [pub]. 
 

Month in 2005 Physics Channel 
March May July September December

Compositeness acc.      
Contact 

Interactions dr.1 dr.2 final sub pub 

b’ dr.1 dr.2 final sub pub 

 

Leptoquarks dr.1 dr.2 final sub pub 
Colour 

Reconnection dr.1 dr.2 Final sub pub 

Pentaquarks ana dr.0 dr.1 dr.2 final 

 

Big review 
paper  ana dr.0 dr.1 dr.2 final 

Table 1: Status and expected progress of paper drafts from LIP/DELPHI group. 
 

In the following, the plan of activities is detailed by Physics Channel. As papers and the 
Training program are completed along 2005, we expect to have a residual activity in 
DELPHI by December 2005. 
  
Searches: 
LIP DELPHI members are convenors in the “Exotic Phenomena” Research Line and 
participate in LEP Working Groups activities. The status of the different papers is as 
follows: 
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Search for Excited Lepton 
The final paper on this subject was sent for publication in Eur. Phys. Journ C in the end 
of 2004 and is expected to be published soon. 
  
Search for top quark via Contact Interactions 
The master thesis on this subject was concluded in 2004. A draft paper has then been 
prepared, which is presently starting the DELPHI collaboration internal refereeing 
process. Its publication is expected in the second half of 2005. 
 
Search for 4th Generation b’-quarks 
The master thesis on this subject was concluded in 2004. A draft paper has then been 
prepared, which is presently starting the DELPHI collaboration internal refereeing 
process. Its publication is expected in the second half of 2005. 
 
Search for Leptoquarks 
A draft paper has then been prepared, which is presently starting the DELPHI 
collaboration internal refereeing process. Its publication is expected in the second half of 
2005. 
 
QCD: 
The LIP DELPHI members are co-responsible of the QCD/γγ Research Line and 
participate in the LEP W Physics Working Group. 
 
Colour Reconnection effects in events containing a pair of W bosons 
The W bosons are produced in pairs at LEP2, and may both decay hadronically, in the 
very short lifetime of 3.1x10-25s, travelling no more than about 0.1 fm. This time and 
distances are much smaller than the typical hadronisation time and distance scales of 
about 1 fm, thus allowing for both evolving hadronic systems to interact with each other, 
at the parton or at the hadron level. Begin a challenging probe to understand the 
properties of QCD, this effect needs also careful study in order to assess the 
modifications to the reconstructed W boson mass in the fully hadronic channel. We are 
working in this area in tight cooperation with the other LEP experiments. 
 
Search for Pentaquark states in Z0 decays at LEP 
Following recent reports on a new state of hadronic matter, a search was started for 
pentaquark states in hadronic Z0 decays at LEP. Although the statistics collected is very 
limited for this decay, it gives a very distinctive signal that can be pinpointed. No 
candidates were found in the K0p and K+p channels, and limits on the production cross-
section are derived, which for some states are a function of its masses. A publication 
with searches also for other pentaquark states in other channels is in preparation. 
 
Review of DELPHI QCD results 
One of the ambitious projects launched recently in DELPHI, is the preparation for 
publication of a review of all the results in the QCD area of research that enables for a 
reader to find in one paper the most important results in this area. Sometimes, a result in 
some analysis was superseded in a more recent published paper, but without an obvious 
relating title, and thus difficult to be found by the unaware reader. In this final 
publication, it is expected to have also the latest results, collected at the highest centre of 
mass energies, that in themselves do not constitute material original enough to make a 
standalone publication. A LIP member is co-responsible of the QCD/Softer section. 
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Training Program:   
 
 “Hadronic final states at LEP II” – PhD thesis – Nuno Anjos, conclusion in 2005. 
 
Statistics: 
 
 PhD Master Graduation 
Theses in Progress  1   
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WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:  Grid Computing 
 
 

Project Reference Approved Funding 
EU CrossGrid (IST-2001-32243) 

EU EGEE (INFSO 508833) 
LHC Computing Grid 

CrossGrid 374,000 € over 3 years (1) 
EGEE 489,000 € over 2 years for human resources (2) 

(1) The CrossGrid project will finish in April of 2005 (50% of the budget must be covered by LIP funds) 
(2) The EGEE project will finish in March 2006 (50% of the budget must be covered by LIP funds) 

 
Resumo: 
 
A computação Grid é um paradigma de computação recente que consiste na agregação 
de recursos computacionais autónomos, heterogéneos e distribuídos numa única infra-
estrutura. Uma Grid esconde as especificidades dos recursos que a constituem 
possibilitando um acesso fácil e transparente a meios de cálculo poderosos.  
 
A motivação das Grids reside na resolução de problemas computacionalmente 
complexos com exigências de cálculo elevadas. As experiências do LHC enquadram-se 
neste contexto pois possuem requisitos na ordem das dezenas de milhares de 
processadores. As experiências ATLAS e CMS a realizar no LHC e nas quais o LIP 
participa escolheram o paradigma Grid como solução para a integração dos recursos 
computacionais pertencentes às instituições participantes.   
 
Durante o ano 2005 o LIP continuará a sua participação em projectos de computação 
Grid de âmbito internacional. Estas actividades têm por objectivo contribuir para o 
desenvolvimento e implementação das tecnologias e infra-estruturas de computação 
necessárias ao sucesso da participação nacional nas experiências do LHC.   
_____________________________________________________________________________________ 
 
Team: 
 
Project Coordinator: Jorge Gomes 
 
Team Members: 
  

Name Status % of time in the project
Jorge Gomes Researcher/LIP 80 

Gaspar Barreira Researcher/LIP 25 
Mário David Post-Doc/FCT grant 100 
João Martins Technical staff/LIP 20 
Nuno Dias Technical staff/LIP 80 

Gonçalo Borges (1) Post-Doc 40 
Ana Simões (2) BsC Student 10 

 
(1)Expected to start in mid 2005; (2) Expected to finish in February 2005  
_______________________________________________________________________ 
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Activities Foreseen:   
 
During 2005 the LIP computing team will continue the Grid computing activities with 
focus on deploying the national computing infrastructure for the LHC experiments. 
These objectives will be accomplished through a stronger involvement in the 
LCG/EGEE international projects that are responsible for the deployment and support of 
the LHC computing and through an increase of the Grid activities at national level. The 
participation in EGEE will be more oriented towards the induction of the Portuguese 
researchers involved in the LHC experiments including training. LIP will continue to be 
strongly involved in the EGEE/LCG operations, user and site support and pre-production 
areas that are fundamental to provide a dependable service.  
 
A national project to complement the participation in EGEE has been submitted and it is 
expected that it will enable the improvement of the computing resources available for 
LHC computing. This project should also allow the integration of the LIP computing 
resources in Lisbon and Coimbra. These activities will be coordinated with the Grid 
thematic network (coordinated by LIP) with the aim of creating a pool of computing 
resources at national level that will be available for scientific computing in many fields 
including the LHC.  
 
To accommodate the computing capacity required by the current research activities, 
including the LHC experiments, the LIP computer room in Lisbon will be improved. The 
improvements will include an increase of floor space, a new electrical power installation, 
an update of the local area network and new cooling equipment that will ensure better 
operational conditions for the existing computer systems and allow expansion of the 
installed capacity.  
 
Also, LIP plans to reinforce the computing team with new engineers and technicians in 
order to take full profit of the EU funds available. 
 
The participation of LIP in CrossGrid will officially finish in May, after three months of 
project extension granted by the EU to finish the project documentation, reports and 
produce a final software release. LIP will continue deeply involved in CrossGrid until 
the end of the project and will maintain the CrossGrid testbed services operational until 
the end of the year. The achievements of CrossGrid have raised considerable interest in 
the project developments and in the experience obtained in the areas of interactivity and 
parallel processing in the Grid environment. Two possibilities currently exist to take 
advantage of the CrossGrid results in the context of LCG. The possibility of adding the 
CrossGrid services and tools to the EGEE infrastructure is being assessed, and the 
possibility of establishing a second EU infrastructure project complementing EGEE in 
the areas of interactivity and parallel applications is also being considered. 
 
LIP, jointly with CERN, INFN and several Spanish research organizations is preparing a 
European Union project proposal to extend EGEE into the Latin America (LA). The 
project aims to introduce the advantages of Grid computing in LA thus enabling 
researchers on the other side of the Atlantic to better collaborate with their European 
colleagues. The LHC experiments will benefit from this project since it will enable the 
integration of computing resources from LA organizations involved in the LHC.  This 
project named EELA (Extending EGEE into Latin America) is expected to start in 2006. 
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During 2005, project partners will be involved in the proposal preparation, negotiation 
and project planning. 
 
Training Program:   
 
“GFM: a Grid File Manager”, Ana Simões, UAL, Graduation thesis, Conclusion in 
February 2005 
 
Statistics: 
 
 PhD Master Graduation 
Theses in Progress    1 
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WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:  AMS 
 

Project Reference Approved Funding 
PDCTE/FNU/50364 13 300 € 

 
Resumo: 
O modelo standard da cosmologia (modelo do Big Bang) baseia-se na expansão do Universo a 
partir de um estado inicial muito quente e denso e tem como suporte experimental, as  
descobertas do movimento de recessão das galáxias por Hubble em 1929 e da radiação cósmica 
de fundo por Penzias e Wilson em 1964. No estado inicial do Universo, iguais quantidades de 
matéria e antimatéria terão sido produzidas. No entanto, o que se observa actualmente nos raios 
cósmicos que são detectados na Terra é uma clara assimetria na sua composição no que 
respeita a matéria e antimatéria. A procura de eventuais aglomerados de antimatéria no 
Universo e o entendimento do mecanismo que produziu esta assimetria são questões essenciais 
na astrofísica actual.  Outra questão fundamental é a compreensão da natureza da matéria que 
compôe o Universo. Mais de 90% da matéria existente é não-luminosa, isto é, matéria escura, 
mas a sua composição permanece um mistério. Os raios cósmicos são compostos de partículas 
neutras e carregadas que atravessam a galáxia em todas as direcções. Um melhor entendimento 
dos mecanismos de aceleração e propagação requer uma medida dos fluxos de raios cósmicos 
tão precisa quanto possível e abrangendo o maior intervalo de energias. O detector AMS, a ser 
instalado na Estação Espacial Internacional por um período de três anos em 2007, permitirá 
prospectar a existência de antimatéria e matéria escura com uma precisão nunca antes 
alcançada  
 
____________________________________________________________________________________ 
 
Team: 
 
Project Coordinator: Fernando Barão 
 
Team Members: 
  

Name Status % of time in the project
Gaspar Barreira Researcher /LIP 10 
Mário Pimenta Researcher/LIP-IST 10 
Fernando Barão Researcher /LIP-IST 75 

Patrícia Gonçalves PostDoc/FCT 60 
Luísa Arruda PhD Student/FCT 100 
Rui Pereira PhD Student/FCT 100 

Fernando Carmo Master Student 20 
 
________________________________________________________________ 
 
Activities Foreseen: 
 
  AMS (alpha Magnetic Spectrometer) is a particle physics experiment to be installed in 
the future International Space Station Facility (ISS). The main physics objectives will be 
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the search for Antimatter and Dark Matter. In addition, it will study the propagation and 
confinement of cosmic rays in the galaxy.  
 
The capabilities of the AMS spectrometer, compared to the one which flew in the 
Discovery shuttle in 1998, were largely improved and extended through the inclusion of 
new detectors: a Ring Imaging Cerenkov Detector (RICH), an Electromagnetic 
Calorimeter (ECAL) and a Transition Radiation Detector (TRD). The RICH will provide 
both an independent measurement of the particle velocity and of the electric charge. A 
velocity goal resolution for singly charged particles of the order of 10-3 is envisaged. 
Such a resolution together with an improved measurement of the particle rigidity due to a 
higher magnetic field (0.9T), will enable to obtain a very good isotopic separation on a 
large kinetic range (up to 10 GeV per nucleon).  
 
The RICH is a conical shaped detector with a dual radiator index configuration on the 
top made of aerogel (n=1.05) and sodium fluoride (n=1.33), a matrix of photodetectors 
on the bottom and an enveloping outer mirror of very large reflectivity. 
The capabilities of the AMS spectrometer will be improved and extended through the 
inclusion of new detectors such as a RICH (Ring Imaging Cherenkov). 
 
 
2005 Assembling and potting of the photomultipliers cells: photomultiplier, 

readout electronics, polycarbonate housing and magnetic shielding. 
Functional test of the multipixel photomultipliers. Grouping of the 
photomultipliers by gain. Light guides glued to the photomultiplier. 
Thermal and vibration tests. 
 
Aerogel testing. 
 
Assembling of the photomultiplier modules.  
 
Mechanical integration of the Rich detector. 
 
Cosmic runs tests.  

2006 AMS integration of the different detectors. 
 
 
For the year of 2005 the group intends to develop the following activities: 
 
• Continuation of the analysis of the test beam data taken at Cern on October 2003. 

Around 11 million events were accumulated on an one-week run corresponding to 
charges ranging from Z=1 to Z=45. Different aerogels samples from two different 
manufacturers and sodium fluoride were tested. A small piece of the rich reflector 
was also added to setup configuration in order to analyse the reflected patterns. 
Study and correction of the charge systematic error source. 
 

• Optimisation of the aerogel radiator thickness with data simulated samples.  
• Participation on the aerogel tile optical characterization.  
• Participation on the detector assembling and different test activities. 

The assembling of the RICH detector will be done at the CIEMAT institute, in 
Madrid (Spain). Functional tests of the overall detector must be realized after the 
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assembling. Those tests will be done with cosmic events and eventually with ion 
beams. 

• Simulation and analysis of some physics channels with the AMS full simulation.  
Among the physics channels to explore are the helium and beryllium nuclei, which 
can contribute to a better understanding of the cosmic ray confinement and 
propagation in the galaxy. The stay of AMS experiment in the International Space 
Station will hugely improve the current accumulated statistics. 

• Simulation of optical surface roughness effects within the GEANT4 collaboration. 
Implementation of new tools for a better description of photon propagation. 

 
Training Program:   
 
Master Thesis 
 “Study of the light guide signal for electric charge determination in the RICH”, Fernando Carmo 
Ongoing Thesis 
 
PhD Thesis 
“Low charge nuclei identification with the AMS spectrometer”, Luisa Arruda 
Ongoing Thesis (2004-) 
 
“Deuterium measurements and Dark Matter searches with the AMS experiment”, Rui Pereira 
Ongoing Thesis (2005-) 
 
Statistics: 
 
 PhD Master Graduation 
Theses in Progress  2 1  
 

 33



 34



WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:  High Energy Cosmic Rays (HECR) 
 

Project Reference Approved Funding 
POCTI/FIS/55759/2004 40 000 € 

 
Resumo: 
A astrofísica de alta energia é hoje um campo de investigação extremamente activo, nas 
suas vertentes teórica e experimental. O grupo de raios cósmicos de energia extrema do 
LIP esteve profundamente envolvido na Fase A da experiência EUSO, concluida com 
sucesso em Julho de 2004. Apesar deste sucesso, e sobretudo devido a questões de 
carácter politico-financeiro, EUSO não foi incluido na lista de prioridades da Divisão 
de Ciência da ESA. Embora existam ainda possíveis soluções alternativas, o calendário 
e o enquandramento são, neste momento, incertos. Neste contexto, o plano de trabalho 
para 2005 centra-se em duas linhas de actividade complementares que têm o objectivo 
fundamental de consolidar e alargar a participação Portuguesa na área dos RCEE, 
fortalecendo os laços com as comunidades experimental e teóricas em áreas da 
astrofísica de alta energia relacionadas: 
o Actividades experimentais – Esta linha de actividade prevê um estreitamento dos 

laçoes existentes com a experiência Auger, explorando a possibilidade de uma 
entrada de Portugal na colaboração. Prevê ainda a exploração das técnicas de 
detecção inovadoras propostas por EUSO num projecto de I&D na área da detecção 
de raios gama na região do TeV.  

o Fenomenologia – Esta linha de actividade prevê a continuação de um trabalho que 
se desenvolve no âmbito de uma estreita colaboração entre físicos teóricos e 
experimentais. A pesquisas de nova física no âmbito do RCEE e da física das 
astropartículas em geral constituem uma continuação natural do trabalho 
desenvolvido em LEP e um complemento interessante às pesquisas no LHC.  

____________________________________________________________________________________ 
Team: 
 
Project Coordinator: Mário Pimenta 
 
Team Members:  

Name Status % of time in the project
Mário Pimenta Researcher/LIP-IST 50 

M. Catarina Espírito Santo Researcher/LIP 80 
Bernardo Tomé Post-Doc/FCT grant 50 

Pedro Abreu Researcher/LIP-IST 30 
António Onofre Researcher/LIP-UCFF 10 
Pedro Brogueira Researcher/LIP-IST 10 

Pedro Assis PhD Student/FCT grant 100 
To be selected Master Student(1) 100 
Miguel Paulos Undergraduate(1) 100 

Ruben Conceição Undergraduate(1) 50 
To be selected Undergraduate(1) 50 

(1) LIP Initiation to Research grant 
________________________________________________________________ 

 35



 
Activities Foreseen:   
High energy astrophysics is today an extremely active field of research, both 
experimentally and theoretically: ultra high energy cosmic rays remain a mystery and a 
challenge; gamma rays in the TeV region constitute another promising window to the 
understanding of our Universe; cosmological neutrinos remain a firm but unconfirmed 
expectation. At different levels, connections to dark matter searches exist in all cases. 
The involvement of LIP in these areas in the borderline between particle physics and 
astrophysics (indeed, astroparticle physics) was initiated with the participation in the 
cosmic ray experiments EUSO and AMS. 
The LIP UHECR team has been deeply involved in the Phase A of EUSO, successfully 
completed in July 2004. In spite of the successful Phase A, EUSO was not included in 
the priority list of the ESA Science Directorate. Both the shuttle accident and the recent 
changes in the American science policy, namely in what concerns the International Space 
Station, certainly had some weight in the decision, as did the tight financial situation of 
ESA-Science and the recent withdraw of already advanced missions (e.g. Eddington). 
The consequence, nevertheless, is that no funding will be possible within ESA D-Science 
in the near future. Although ESA’s HME directorate is still available to support EUSO 
and alternatives are under study for transportation (JAXA’s HTV) and mission 
management (ASI), the situation is at present rather uncertain. The community is deeply 
convinced that the scientific case for EUSO is strong and that the idea will be 
implemented in the future, but the framework and timescale are to be defined.  
In this context, the plan for 2005 is centred in two complementary lines of activity with 
the main goal of pursuing, consolidating and extending the Portuguese participation in 
the field of UHECR, strengthening the links with the experimental and theoretical 
communities in related high energy astrophysics fields. The two main lines of activity 
are detailed below: 
 
Experimental Activities 
The LIP team has developed in the last years knowledge and experience in data 
acquisition and trigger systems in high energy cosmic ray detectors, as well as in air 
shower and detector simulation, namely in what concerns the air fluorescence technique. 
The next big step in UHECR physics will be given with the Pierre Auger Observatory 
(PAO). In the last few years, the EUSO LIP team has maintained regular contacts and 
discussions with scientists from the PAO, namely with the Santiago de Compostela 
group and Prof. Alan Watson, spokesman of the PAO. The exact terms of a future 
association between Portugal and the PAO are not yet defined. The goal of this line of 
activity is to maintain and reinforce such periodical discussions, to integrate PhD and 
master students, giving them training opportunities in an operating experiment, following 
all the data taking and analysis activities, and finally to explore the possibilities, within 
the PAO, in terms of hardware or software development projects, possibly leading to a 
full Portuguese membership in the PAO. The present moment seems thus appropriate to 
strengthen the links and build a full participation of Portugal in the PAO. In particular, 
fluorescence light detection is a relatively recent technique (the detectors at present being 
installed in the PAO can be considered as the second generation) and developments for 
the future (upgrades, Auger North or future experiments) will probably be envisaged.  
On the other hand, and keeping in mind the interest and experience in air fluorescence 
detectors, the technique proposed by EUSO, with a very fine spatial and time 
segmentation, is innovative and promising. The excellent resolution would allow the 
detailed study of air shower development, providing detailed information on the 
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transverse structure of the longitudinal profiles, which could give much insight to the 
primary composition of cosmic rays. The major drawbacks are, at present, the cost and 
the additional complication of the data acquisition system. The idea of testing EUSO-like 
prototypes on ground could be an interesting one. The most advanced project presently 
in development using this technique, GAW - Gamma Air Watcher, is an R&D project on 
the detection of high energy gamma rays. GAW is an Italian-Spanish collaboration 
aiming at the installation of a prototype high-segmentation compact telescope in the 
observatory of Calar Alto (Spain), for the detection of the Cherenkov light associated to 
TeV gamma air showers. The collaboration involves Italian and Spanish teams involved 
in EUSO, which will support the main instrument and installation costs. A proposal is at 
present in preparation and should be presented to the national agencies in the summer of 
2005. The LIP team has been invited to participate, taking responsibilities in areas where 
it has previously developed activities within EUSO: synchronisation, detector simulation, 
physics simulation and analysis (in connection with the phenomenology line of work 
described below). In 2005, the LIP team will participate in the preparation of the 
proposal and in the related preparatory work.  
 
Phenomenology 
The essential goal of this line of activity is the development of phenomenological work 
in the context of UHECR and beyond, by a team involving experimental and theoretical 
physicists with previous experience and interests in astroparticle physics and in searches 
for physics beyond the Standard Model of particle physics. This work should give rise to 
publications and presentations to conferences, making possible the discussion with the 
community at large.  
This is a natural follow-up of the work developed at LEP. In fact, the team inherits a 
many year experience on the search for new physics at the DELPHI experiment, 
considered possible extensions of the SM, such as supersymmetry, compositeness, Grand 
Unified Models and theories with extra dimensions, which may at last be revealed at this 
much higher energy scale. Besides, these activities open a bridge to some of the most 
challenging questions in astroparticle physics today. The search for new particles 
elsewhere in the Universe can besides be an important complementary activity to the 
very promising searches at future accelerators, in particular the LHC, in which LIP is 
deeply involved. A close collaboration with theoreticians has been established in the 
context of accelerators and has now been expanded, in the growing interplay between 
particle physics and astrophysics. 
This work has been initiated in 2004, and was targeted at the search for new phenomena 
in the interaction of UHECR with the atmosphere. In fact, UHECR open new windows 
towards the early history of the Universe and to particle physics at extremely high 
energies.  They provide today particle beams that, in spite of the low and uncertain fluxes 
and of the poorer detection capabilities, are still the highest energy beams accessible, and 
can be a relevant complement to searches at colliders. Once an adequate statistics is 
collected in future UHECR experiments, it is important to have the appropriate methods, 
tools and ideas to fully exploit these data. The required developments can be done today 
through phenomenological work exploring the consequences of different scenarios and 
models, and studying the observation prospects in realistic future experiments. This work 
involves theoreticians from several Portuguese research centres, namely CENTRA, 
CFTP and CFTC. The production of microscopic black holes in the atmosphere, in the 
framework of extra-dimension scenarios, as well as the production of excited leptons in 
high energy neutrino – nucleus interactions, has been recently addressed by our team, 
leading to the preparation of two publications. This line of work should now be pursued 
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and extended in 2005. Presently under study is the production of leptoquarks in UHECR 
interactions. Another interesting topic is the production of heavy quarks in high energy 
hadronic collisions, leading to the presence of the so-called high energy prompt leptons 
in extensive air showers, which is usually not included in the simulations. An effort to 
interface the standard shower generator CORSIKA with a high energy generator able to 
simulate such processes (such as HERWIG) is also in progress. Still within the 
framework of CORSIKA, there are ideas of testing the predictions of high energy 
hadronic interaction models, such as percolation.  
Finally, making use of this fruitful collaboration, together with the experience and 
knowledge acquired in SUSY searches at LEP, the team is extending this 
phenomenological work to the exploration of SUSY scenarios in different types of 
experiments aiming at the search for dark matter. Tools for the study of the prospects in 
different scenarios and types of experiments (e.g. Cherenkov telescopes) are being 
explored. Such tools (e.g. DarkSUSY) allow the scanning of the SUSY parameter space 
in different types of constrained models, taking into account the existing constraints 
(including the powerful WMAP relic density constraints) and computing the basic 
expectation in different types of standard experiments. In particular, a collaboration has 
been established with a group exploring helioseismology as a probe of dark matter 
(astro-ph/0111530).  
 
Training Program:   
 
o “Data Acquisition and Control systems in Cosmic Ray Experiments”, P. Assis, PhD 

Thesis, in progress. 
 
o “Search for new physics in very high energy cosmic ray showers”, M. Paulos, 

Graduation Thesis, to be presented to IST in the summer 2005. 
 
o Short duration undergraduate training activities: 
- Simulation of ultra high energy extensive air showers with CORSIKA, Ruben Conceição, 

Initiation to Research grant 
 
Statistics: 
 
 PhD Master Graduation 
Theses in Progress  1  2 
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WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:  Radiation environment studies in the framework of ESA  
 

Project Reference Approved Funding 
ESA: 18121/04/NL/ch 45 000 € 

 
Resumo: 
O toolkit de simulação GEANT4 é um software de simulação em open-source desenvol-vido por 
uma  colaboração mundial de instituições e laboratórios.  O seu domínio de aplicação engloba o 
desenvolvimento de ferramentas de simulação para física de altas energias, física médica, 
astrofísica de partículas. No contexto das aplicações à física do espaço e astrofísica de 
partículas, continuarão a ser desenvolvidas várias actividades no LIP utilizando o toolkit de 
simulação GEANT4. Estas actividades consistirão na conti-nução do projecto “Integrated 
Radiation Environment, Effects and Component Degra-dation Simulation Tool” e na possível 
participação no projecto intitulado  “Software Models for the Portuguese Interplanetary Particle 
Surveyor”, em torno do desenvolvi-mento de ferramentas de simulação em GEANT4 que 
permitam estudar e desenvolver o conceito de instrumento denominado PIPS,  um monitor de 
radiação para futuras mis-sões espaciais. Finalmente, está previsto o início de uma nova 
actividade, denominada “Heliosphere Radiation Environment Models from Interplanetary Data 
towards Radia-tion Monitoring and Mars Atmosphere Studies”, que consistirá no estudo de 
aconteci-mentos denominados  Solar Energetic Particle (SEP). O estudo centrar-se-á na depen-
dência das propriedades dos acontecimentos SEP com a distância radial ao Sol. Dados 
recolhidos entre a Terra e Júpiter pela sonda Ulysses serão comparados com dados recolhidos 
em órbita da Terra pela missão IMP8 e os resultados desta comparação contribuirão para a 
extrapolação do ambiente de radiação noutros locais do sistema solar. Como resultado,  
modelos de ambiente de radiação serão contruidos, em interface com o toolkit GEANT4, de 
modo a que possam ser utilizados quer no âmbito do estudo dedicado do ambiente de radiação 
na atmosfera marciana, quer no âmbito do estudo e optimização de monitores de radiação para 
futuras missões no sistema solar. 
____________________________________________________________________________________ 
Team: 
 
Project Coordinator: Mário Pimenta / Bernardo Tomé   
 
Team Members:  
 

Name Status % of time in the project
Bernardo Tomé Post-Doc fellow/FCT grant 45  
Mário Pimenta Researcher/LIP-IST 25 

Patrícia Gonçalves Post-Doc fellow/FCT grant 40  
M. Catarina Espírito Santo Researcher/LIP 15  

Pedro Brogueira Researcher/LIP-IST 5  
Ana Keating PhD Student/FCT grant 100  

Andreia Trindade PhD Student/FCT grant 5 
Pedro Rodrigues PhD Student/FCT grant 5  

João Costa Student/BIC LIP grant 100  
 
_____________________________________________________________________________________ 
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Activities Foreseen:   
 
The GEANT4 toolkit is an open-source software developed by a worldwide 
collaboration of institutions and laboratories. It had its first public release in 1998. Its 
general capabilities include coupled hadron-lepton-photon transport in 3D geometries of 
arbitrary complexity. Two sets of electromagnetic physics categories are available: 
Standard Physics and Low Energy. Standard physics handles the basic process for 
charged particles and photons from 1 keV to 10 TeV (up to 1000 PeV for muons) while 
the low energy extensions provide alternative models down to 250 eV, based on the 
EEDL97/EADL/EPDL97 libraries. An extensive set of hadronic physics models, 
spanning over 15 orders of magnitude in energy starting from neutron thermal energies, 
are also included, coupled with a realistic treatment of radioisotope decay, through the 
Radioactive Decay Module. The same physics process can be treated by alternative 
implementations, which can have different energy validity ranges, accuracy and 
computing time. In addition, the user can add new physics processes without the need to 
modify the underlying framework. In GEANT4 the user can interface her/his simulation 
code with different primary event generators, namely the General Particle Source. This 
generator fulfils several requirements from the space simulation community, in particular 
due to the possibility of considering a wide variety of source properties, including user-
defined emission spectra, and is being extensively used in astroparticle experiments 
simulation.  
 
Integrated Radiation Environment, Effects and Component Degradation Simulation 
Tool 
The contract 18121/04/NL/ch “Integrated Radiation Environment, Effects and Compo-
nent Degradation Simulation Tool”, celebrated between LIP-Lisboa and ESA/ESTEC, 
started in April 2004 and will terminate in September 2006. It is divided into four Work 
Packages (WP): Literature Study, Radiation Environment Selection and Modelling, 
Radiation Effects Selection and Modelling and Verification Procedures and Execution.  
During 2005 the second Work Package, Radiation Environment Selection and 
Modelling, will be completed. The produced software models and the corresponding 
Study Report will be presented in October 2005. The third Work Package, Radiation 
Effects Selection and Modelling, will take place between October 2005 and April 2006. 
Within this Work Package, the EEE susceptible components will be chosen, radiation 
effect and component parameter degradation models will be developed and the radiation 
environment at component level will be studied. Also during the third WP, irradiation 
campaigns will be prepared so that the software models can be verified within the fourth 
WP, which will start in May 2006. 
 
Software Models for the Portuguese Interplanetary Particle Surveyor 
ESA has recently issued a first scientific and technical plan in which a preliminary 
concept for a Portuguese Interplanetary Particle Surveyor (PIPS) was proposed. The 
Portuguese company EFACEC was the chosen prime contractor for the PIPS project, 
and, in the meanwhile, the terms that will guide the project are being negotiated. LIP, 
being the sole Portuguese institution with know-how in the specific area of detector 
simulation using GEANT4, is available to participate in the PIPS project, depending on 
terms to be established with EFACEC. 
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Heliosphere Radiation Environment Models from Interplanetary Data towards 
Radiation Monitoring and Mars Atmosphere Studies 
Information gathered by instruments on board spacecraft that detect energetic particles in 
the heliosphere give a wealth of information on the properties of eruptive phenomena at 
the Sun. The high intensities on some of these Solar Energetic Particle (SEP) events can 
have harmful effects on the technological systems on board the spacecraft, including the 
instruments designed to detect those same particles. This means that besides the aspects 
linked to heliospheric research, knowledge of the radiation environment is important to 
plan heliospheric and even planetary missions. 
 
The study on the radiation environment will cover three aspects: particle acceleration, 
particle propagation and instrumental response. The proposed activity consists of 
studying the effects of radial distance from the Sun on SEP properties by comparing SEP 
measurements from the instruments on board the Ulysses spacecraft, during its cruise 
from the Earth to Jupiter (from the end of 1990 to February 1992), with the properties of 
SEPs seen near the Earth by the instruments on board the IMP8 spacecraft. Using 
particle observations near the Earth from the last solar cycle, the radiation environment 
at the orbit of Mars will then be modelled. This model will be interfaced with the 
GEANT4 toolkit and used to simulate the response of radiation monitors in that 
environment. This activity will be undertaken in collaboration with Dalmiro Maia (PhD) 
of Centro de Investigação em Ciências Geo-Espaciais (CICGEO) of Observatório Astro-
nómico do Porto. 
 
Training Program:   
 

o Title: “Integrated Radiation Environment, Effects and Component Degradation 
Simulation Tool”/Author: Ana Keating/ Degree: PhD. 

 
Statistics: 
 
 PhD Master Graduation 
Theses in Progress  1   
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WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:  Collaboration in the SNO experiment 
 
 

Project Reference Approved Funding 
POCTI/56691/2004 35 000 € (in 2 years) 

 

Resumo: 
 
Este projecto destina-se a iniciar a participação do LIP na expêriencia de neutrinos solares SNO 
(Sudbury Neutrino Observatory), actualmente em funcionamento em Sudbury, no Canadá. Esta 
experiência forneceu já resultados fundamentais na Física de Partículas, demonstrando a 
transformação de sabor dos neutrinos solares, confirmando o modelo solar standard e 
contribuindo centralmente para a medida de precisão do angulo de mistura leptónico θ12. Estes 
resultados foram obtidos nas duas primeiras das três fases de tomada de dados inicialmente 
previstas para SNO: I) água pesada pura; II) com adição de 2 ton de sal; III) com a instalação 
de contadores proporcionais a 3He para detecção de neutrões (detectores de correntes neutras – 
NCDs). 
As tarefas a desempenhar são a participação na tomada de dados da terceira fase  de SNO, na 
análise dos dados das três fases, e nos estudos de viabilidade para o futuro do detector. A 
análise de dados centrar-se-á na calibração óptica, passo essencial para a compreensão da 
resposta do detector. Está em estudo a possibilidade de continuar SNO para além de 2006 
usando cintilador líquido em vez de água pesada como alvo. As actividades a desenvolver neste 
âmbito em 2005 são a avaliação da viabilidade de futuras tarefas laboratoriais de estudo de 
resposta de cintiladores e/ou fotomultiplicadores em Portugal.  
Estas actividades são financiadas pela FCT através do projecto de referência 
POCTI/56691/2004, com a duração de dois anos a partir de 1 de Janeiro de 2005. A 
participação do LIP em SNO foi aprovada pela colaboração. 
 
_______________________________________________________________________ 
 
Team: 
 
Project Coordinator: José Maneira 
 
Team Members: 
 

Name Status % of time in the project
José Maneira Post-Doc/FCT grant 25 
Amélia Maio Researcher/LIP-FCUL 5 

 
_______________________________________________________________________ 
 
Activities Foreseen:   
 
The activities to be carried out by LIP in 2005 on the SNO project are the following: 
• Optical calibration data taking. These data will supply one of the bases for the 

detector energy calibration, crucial for a precise measurement of the CC reaction rate 
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in the third phase of SNO (NCD phase). The optical calibration will be carried out 
periodically during the whole phase 3 of SNO (from July 2004 to December 2006), in 
3 to 4 one-week data-taking sessions per year. For each of these sessions, we will 
coordinate the data-taking run plan, and travel to the SNO site to operate the source 
insertion systems, the UV laser, to operate the detector and perform online/nearline 
data quality control.   

• Calibration data analysis. The optical calibration data analysis will consist of:  
1. Quality control of the automated data processing, in order to select the usable 

runs, 
2. Fitting the data to the detector optical model, in order to obtain the calibration 

parameters: D2O and H2O attenuation and PMT angular responses. The fitting 
procedure gave good results in the pure D2O and salt phases but still needs to 
be adapted to the NCD phase. 

3. Verification of the quality of the extracted parameters, through the use of 
alternate fitting methods, optical source parameter checks and statistical 
indicators checks. 

4. Determination of the relative PMT channel efficiencies by comparison of the 
PMT occupancy data to the optical model with the extracted calibration 
parameters. This determination will have a positive impact on the detector 
energy resolution. The relative efficiencies were determined for the pure D2O 
and salt phases but have likely changed since the electronics backplanes were 
replaced. 

5. Full optics dataset reprocessing. In preparation for a pure D2O/salt combined 
analysis, updated optics calibration parameters need to be supplied on the 
basis of a full reprocessing of the optical calibration dataset with the latest 
stable versions of the analysis codes. 

• Calibration paper. Preparation of a paper on the Calibration of SNO in the pure D2O 
and salt phases. The organizational responsibility, as well as the writing of the Energy 
and Optics section, will be shared with Queen's University. 

• Physics Interpretation. Maintenance and continuous update of the KamLAND reactor 
neutrino oscillation analysis code. Interest in developing the pulls method approach to 
the Physics interpretation analysis. 

• SNO with scintillator. Set up and preparation of R&D hardware activities for the 
(possible) future solar, reactor and geo-neutrino experiment of SNO with scintillator, 
namely tests of PMTs, optical properties of scintillator mixtures and 
development/adaptation of optical sources. 
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WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:  Development of Positron Emission Mammography 
 

Project Reference Approved Funding 
POSI/ DGDR-SIFEC/14/01/03/FDR/00134 LIP funding (2003-05):  569 000 euros 

 
Resumo: 
A elevada incidência de cancro da mama e a relativa inadequação dos métodos tradicionais de 
detecção (em particular a mamografia com raios-X) apontam para a necessidade de técnicas e 
de equipamentos específicos com desempenho complementar. Este projecto visa responder a esta 
necessidade, propondo um novo equipamento, compacto e económico, baseado na detecção de 
fotões gama resultantes do decaimento de um átomo emissor de positrões (o Flúor-18). A 
detecção dos fotões provenientes do decaímento do átomo radioactivo permite localizar o tumor 
em três dimensões, constituindo a base do PET (Positron Emission Tomography em inglês). Ao 
contrário da mamografia com raios-X, eminentemente anatómica, a mamografia PET retratará 
o funcionamento das células tumorais vivas. 

O projecto “Desenvolvimento de Tecnologia PET para Mamografia” é um projecto de 
investigação científica e tecnológica realizado no âmbito do Consórcio PET-Mamografia, 
liderado cientificamente pelo LIP. O equipamento PET proposto decorrerá de investigação 
científica e de desenvolvimento tecnológico desde a investigação até ao protótipo para 
realização de testes clínicos, estando envolvidos no Projecto cerca de 40 pessoas (desde alunos 
de licenciatura a médicos especialistas em Medicina Nuclear) de 8 instituições diferentes, de 
Universidades a Hospitais.  
Este equipamento explora tecnologia de detecção de fotões desenvolvida no CERN e integra um 
sistema electrónico de aquisição de dados inovador em desenvolvimento pelo consórcio. A 
associação destes factores permitirá uma melhoria significativa da qualidade das imagens 
relativamente aos sistemas PET actuais. 
____________________________________________________________________________________ 
Team: 
Project Coordinator: João Varela 
Team Members:  

Name  Status % of time in the project
João Varela Researcher / LIP-Lisboa/ IST 30 
Rui Ribeiro Researcher / LIP-Lisboa/ FEUP 50 
Luís Peralta Researcher / LIP-Lisboa/ FCUL 20 

Sérgio Ramos Researcher / LIP-Lisboa, IST 5 
Paula Bordalo Researcher / LIP-Lisboa, IST 5 

Pedro Rodrigues PhD student/ LIP-Lisboa /FCT grant 100 
Andreia Trindade PhD student/ LIP-Lisboa /FCT grant 100 

Rui Moura PhD student/ LIP-Lisboa /FCT grant 100 
Catarina Ortigão PhD student/ LIP-Lisboa 100 
José Carlos Silva Technical staff/ LIP-Lisboa 10 
Miguel Ferreira Technical staff/ LIP-Lisboa 50 

Conceição Abreu Researcher / LIP-Algarve/ UALG 5 
Pedro Rato Mendes Post-Doc/ LIP-Algarve/ FCT grant 50 

Bruno Carriço Master student/ LIP-Algarve/ BIC 100 
Patrick Sousa PhD student/ LIP-Algarve/ FCT grant 10 

Francisco Fraga Researcher / LIP-Coimbra/ Univ. Coimbra 5 
_______________________________________________________________________ 
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Activities Foreseen:   
A revised schedule of the PEM project was defined by the PEM Consortium Technical 
Board in July 04 and approved by the Management Board in November 04. The level 1 
milestones of the plan are: 

 PEM Detector Module validated:  December 04 

 MiniPEM system validated:               July 05 

 Complete PEM system validated:  December 05 

The first milestone was already achieved.  

In the frame of the PEM project planning the LIP activities in 2005 will have the 
following main directions:  

 Assembling and testing of detector modules at TagusLIP. About 100 modules 
will be produced and validated. 

 PEM system integration at TagusLIP, in particular the integration and test of 
detector modules with the final electronic systems, in collaboration with INESC-
ID/INOV 

 Development of the on-line software in collaboration with IBILI. Integration of 
the PEM manipulator control system, in collaboration with INEGI. 

 PEM system performance and image quality evaluation using simulation and 
image reconstruction tools, in collaboration with IBEB. Image reconstruction of 
phantom data collected with the PEM system. 

 
Training Program:   
PhD Theses 

 Modelização e avaliação do desempenho do sistema de aquisição de dados de um 
detector PET para mamografia, Pedro Rodrigues (on-going). 

 Avaliação do desempenho de um detector PET dedicado a mamografia, Andreia 
Trindade (on-going). 

 Estudo da detecção de invasão dos gânglios linfáticos da região axilar na sequência de 
cancro da glândula mamária com um detector PET dedicado, Catarina Ortigão (on-
going). 

 Estudo da localização espacial de tumores cancerígenos na glândula mamária e 
desenvolvimento de biópsia guiada por imagens PET, Rui Moura (on-going). 

Master Theses 
 Controlo de qualidade dos módulos de detecção de um detector PET para mamografia, 

Bruno Carriço (on-going). 
 
 PhD Master Graduation 
Theses in Progress  4 1  
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WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:  Monte Carlo Methods Applied to Dosimetry in Medical 
Radiological Exposures 
 

Project Reference Approved Funding 
 Submitted to Fundo CERN Feb. 2005 

 
Resumo: 
Um primeiro vector deste projecto é dirigido ao estudo e desenvolvimento de cálculo de dose em 
braquiterapia. Em radioterapia externa, os métodos de simulação Monte Carlo têm sido 
tradicionalmente aplicados com sucesso, mas no caso da braquiterapia, a aplicação destes 
métodos tem sido mais lenta, existindo um largo campo para a sua utilização. Neste projecto, 
propõe-se o seu uso para o estudo da dosimetria dos implantes temporários com uma fonte de Ir-
192 para o tratamento de tumores ginecológicos e de implantes permanentes com sementes de I-
125 para o tratamento de tumores da próstata. No primeiro estudo, pretende-se avaliar os 
efeitos atenuadores dos aplicadores e das protecções de tungsténio na distribuição de dose, 
enquanto no segundo estudo pretende-se investigar os efeitos atenuadores provocados pelas 
várias sementes implantadas. Um segundo vector do projecto é o estudo experimental da 
dosimetria de pacientes submetidos a exames PET. Neste caso procura-se estudar qual a 
distribuição de dose a que os pacientes ficam sujeitos quando se submetem a um exame (PET) 
onde são injectados radiofármacos. Devido aos diferentes “uptakes” de cada órgão, a dose 
dada numa determinada região do corpo não é apenas devida à quantidade de radiofármaco 
localmente absorvida, mas tem contribuições importantes de outros locais do corpo. Estas 
contribuições podem ser estudadas experimentalmente quer com o uso de fantomas quer com 
medidas directas nos pacientes, recorrendo-se posteriormente ao cálculo Monte Carlo para 
testar a possibilidade de optimização das doses fornecidas. 
____________________________________________________________________________________ 
 
Team: 
 
Project Coordinator: Luis Peralta 
 
Team Members: 

Name Status % of time in the project 
Luis Peralta Researcher/LIP-FCUL 40 

Amélia Maio Researcher/LIP-FCUL 5 
Conceição Abreu Researcher/LIP-Univ. Alg. 10 

Sandra Soares PhD Student 75 
Zita Lopes Kallomaki Master Student 75 

João Pina Master Student/ BIC grant (*) 5 
Florbela Rego Phd Student 50 

Ana Catarina Farinha Student 100 
Sandra Brás Master Student/LIP-Alg./BIC grant (*) 100 

Sónia Rodrigues Master Student/LIP-Alg./BIC grant (*) 100 
Maria do Carmo Lopes Researcher/IPO-FG 20 

Adérito Chaves Researcher/IPO-FG 50 
Carla Alves Researcher/IPO-FG 30 

Margarida Fragoso Researcher/IPO-FG 60 
(*) BIC: LIP initiation to research grant 
_____________________________________________________________________________ 
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Activities Foreseen:   
The present project is the continuation of the laboratory past spin-off projects from the 
High Energy Physics to the Medicine field. This year project has two main branches, 
both with a strong presence of experimental dosimetry methods and Monte Carlo 
computation. 
One component will be the study and development of Monte Carlo dose calculations in 
brachytherapy problems. Traditionally, external radiotherapy performed with linear 
accelerators has been a field where Monte Carlo techniques have been used with a huge 
success and where our group have made some novel contributions in the understanding 
of photon fields used in radio-surgery. On what concerns brachytherapy, the application 
of Monte Carlo methods has been less extensive, and a wide range of problems have still 
not been addressed using this technique. In this project, we propose its use in the study of 
dosimetry of the temporary implants with an Ir-192 radioactive source for the treatment 
of gynaecological tumors and of the permanent implants with I-125 radioactive seeds for 
the treatment of prostate tumors. In the first study, the attenuating effects from the 
applicators and tungsten shields will be investigated while in the second study the 
attenuating effects caused by the presence of various seeds will be considered. In both 
studies, the dose distributions in clinical situations, i.e. using the information given by 
computed tomography images will be looked into.  
A second component of this project is the experimental study of the dosimetry of patients 
submitted to PET scans. In this case one studies the dose distribution when the patients 
are injected with a radiopharmaceutical. Due to different organ uptakes the radiation 
dose in a certain body location is not only dependent on the amount of 
radiopharmaceutical absorbed by that area, but also depends on the contribution of other 
organs. These contributions can be experimentally studied making dose measurements in 
phantoms and patients, and using Monte Carlo computations to optimize the delivered 
doses. 
Tasks foreseen: 
1- Monte Carlo and Dosimetry in Temporary Brachytherapy Implants 
Temporary brachytherapy implants are performed at IPOFG-CROC, S.A. with the 
Nucletron micro-Selectron TCSv2 using an iridium source of 10 Ci (maximum activity) 
to treat breast and gynaecological tumors. Most commercially available treatment 
planning systems give dose in water not accounting for patient heterogeneity and 
applicator metal components. The Nucletron Ir-192 ‘new design’ brachytherapy source, 
consisting of a pure iridium metal cylinder within which the radioactive Ir-192 is 
uniformly distributed, will be simulated using PENELOPE MC code system. A 
particular clinical situation is sought: to assess and quantify the perturbing effects in the 
dose distribution when the Nucletron vaginal applicator is used with the tungsten shield 
and compare the results obtained with MC with the ones given by PLATO Nucletron 
treatment planning system, using CT image based planning. 
2- Monte Carlo and Dosimetry in Permanent Brachytherapy Implants 
Permanent brachytherapy implants are performed at IPOFG-CROC, S.A. with iodine-
125 radioactive seeds to treat prostate early stage tumors. For each treatment, around 100 
seeds can be implanted. Commercially available treatment planning systems give dose in 
water and do not account for inter-source perturbations. PENELOPE MC code system 
will also be used for the calculation of the dose distribution produced by this kind of 
seeds with a particular emphasis on the dose anisotropy produced along each source 
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longitudinal axis and on patient dependent information. A perspex phantom will be 
developed in order to allow thermo-luminescent dosimetry measurements to validate the 
MC calculations. 
3- Dosimetry for PET  
In this project we plan to perform a series of measurements with phantoms, using 
different dosimetric techniques (thermo-luminescent dosimeters, ionising chambers for 
absolute measurements and diode dosimeters for local doses). These measurements will 
be compared with measurements obtained with patients submitted to PET scans. Monte 
Carlo dose calculations will be made using realistic models of both patients and 
phantoms, and the results will be compared with laboratory and clinical results. 
4- Study of the beams produced by the dynamic wedges of the Varian Clinac 600C 
The linear accelerator Clinac 600C (Varian), installed since 1996 in the IPOFG-CROC, 
S.A., operates in a photon single mode of 4 MV, and possesses, as a technological 
innovation, the so called dynamic wedges - Enhanced Dynamic Wedges (EDW). The 
EDW are created through the combination of the synchronized movement of one of the 
jaws of the collimator and the computer control of the delivered dose rate, in each instant 
and position.  The study of the beams produced by the dynamic wedges of the Varian 
Clinac 600C existing in the Coimbra Hospital has started in the last year. With this study 
it is intended to understand the physical aspects of radiation field when modulated by a 
dynamic wedge. 
5- Experimental validation of a gamma camera Monte Carlo study 

The aim of this work is the performance evaluation of the gamma camera existing in the 
Alvor Hospital (Hospital Particular do Algarve). Several experimental tests with this 
camera will be made, and a its Monte Carlo simulation will be carry on, aiming future 
imaging detector improvements. A first phase will consist in the elaboration of the 
gamma camera Monte Carlo simulation using the Geant4 toolkit. The detector spatial 
resolution, noise, linearity and other parameters will be assessed in order to improve its 
performance and the future design of more efficient detectors. In medical imaging 
applications, especial attention must be paid to patient dose. The developed Monte Carlo 
program will also address this problem. The second phase will consist in the 
experimental validation of the simulations through the acquisition of images and 
dosimetry measurements in laboratory and clinical environment, using appropriate 
radiological phantoms. Comparison between simulation and laboratory results, in terms 
of image and dosimetry, will be made, allowing a better understanding present detector.  

6- Dosimetry in radiology  
The main aim of this work is to develop a protocol for the measurement of the doses that 
are delivered in patients during medical exams in radiology through thermo-luminescent 
dosimetry. The most suitable thermo-luminescent detectors (TLD), with energy 
responses in the range of radiology machines will be selected. After TLD calibration, 
measurement of the doses received by patients during different radiological exams 
performed in the Coimbra Oncology Hospital (conventional radiology, mammography 
and CAT scan) will be made. Comparison of the obtained results with the European 
reference doses will also be made. 
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Training Program:   
 
“Medição das doses recebidas pelos pacientes em radiologia com dosímetros 
termoluminiscentes”, Sandra Brás, Master Thesis, University of Algarve – Conclusion 
foreseen 2005 
 
“Simulação Monte Carlo de uma câmara gama e validação experimental”, Sónia 
Rodrigues, Master Thesis, University of Algarve – Conclusion foreseen 2005 
 
Zita Lopes Kellomaki – Master thesis 
 
Florbela Rego – Phd Thesis 
 
 
Statistics: 
 
 PhD Master Graduation 
Theses in Progress  1 3  
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WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:  Development of avalanche photodiodes for calorimetry 
and medical imaging 
 
 

Project Reference Approved Funding 
 Submitted to Fundo CERN Feb 2005 

  
Resumo: 
 
Este projecto irá desenvolver tecnologia de detecção de radiações ionizantes para dois 
tipos de aplicações: calorimetria em física de altas energias e imagiologia médica. O 
trabalho a realizar consiste na caracterização de amostras de fotodíodos de avalanche 
com operação em modo Geiger (também chamados fotomultiplicadores de silício) e na 
especificação, fabricação e caracterização de matrizes de fotodíodos de avalanche 
dedicadas à leitura de cintiladores de elevado numero atómico para aplicações de 
imagem médica. Com este projecto espera-se contribuir para uma melhor compreensão 
do funcionamento destes tipos de dispositivos bem como validar a sua utilização nas 
aplicações acima indicadas: calorimetria em física de altas energias, e imagiologia 
médica. 
 
____________________________________________________________________________________ 
 
Team: 
 
Project Coordinator: Pedro Rato Mendes 
 
Team Members: 
  

Name Status % of time in the project
Pedro R. Mendes Post-Doc/LIP-Alg./FCT grant 25 

João Varela Researcher/LIP-IST 5 
Maria Abreu Researcher/LIP-Univ. Alg. 20 
Luis Peralta Researcher/LIP-FCUL 10 

Patrick Sousa PhD Student/LIP-Algarve/FCT grant 90 
 
________________________________________________________________ 
 
Activities Foreseen:   
 
This project will develop technology for two different applications of ionising radiation 
detectors: calorimetry in high-energy physics and medical imaging. The work will 
consist in the characterization of samples of Geiger-mode avalanche photodiodes (also 
called silicon photomultipliers) and in the specification, manufacturing and 
characterization of dedicated avalanche photodiode arrays for readout of heavy 
scintillators for medical imaging applications. With this project we expect to contribute 
to a better understanding of the operation of these devices, as well as to validate their use 
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in the aforementioned applications: calorimetry in high energy physics, and medical 
imaging. 
The objectives of this project are the development of technology for ionizing radiation 
detectors for two fields of application: high energy physics calorimetry and medical 
imaging. These objectives will be attained by characterizing state of the art sensors for 
both the above applications: Geiger-mode avalanche photodiodes (also called silicon 
photomultipliers) and avalanche photodiode arrays, both in terms of their stand-alone 
operation and coupled to heavy scintillator crystals. The results obtained will validate the 
use of these devices and contribute to improvements on future designs. 
 
Training Program: 
 
“Um detector de alta resolução para imagiologia médica - ISPA”, Patrick Sousa, Ph.D. in 
Physics, Univ. Algarve, due 2005. 
 
Statistics: 
 
 PhD Master Graduation 
Theses in Progress  1   
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WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:  Collaboration with GEANT4 
 
 
 
 
Resumo: 
 
Este projecto visa o desenvolvimento de uma gerador para a distribuição angular de 
fotoelectrões. Os electrões emitidos após uma absorção por efeito fotoeléctrico, 
apresentam uma distribuição angular fortemente correlacionada com a polarização do 
fotão incidente. O primeiro tratamento relativista do problema (Sauter 1930), só é 
válido para elementos leves, fotões não polarizados e fotoelectrões da camada K. Um 
tratamento mais geral foi feito por Gavrila (1958 e 1960), sendo aplicável a todos 
elementos e fotoelectrões das camadas K e L. Esta nova distribuição incorpora também 
a dependência na polarização do fotão. A descrição correcta da dependência angular da 
emissão de fotoelectrões é importânte na simulação de experências de medida de 
polarização de raios-X, como a reportada por Costa e tal. (2001), que estuda a luz 
proveniente de buracos negros ou estrelas de neutrões. 
 
_________________________________________________________________________________ 
 
Team: 
 
Project Coordinator: Luis Peralta 
 
Team Members: 
  

Name Status % of time in the project
Luis Peralta Reasercher/LIP-FCUL 35 

Andreia Trindade PhD Student/FCT grant 50 
Rui Moura PhD Student/FCT grant 10 

Pedro Rodrigues PhD Student/FCT grant 10 
Ana Catarina Farinha Graduation Student 10 

 
_________________________________________________________________________________ 
 
Activities Foreseen:   
 
The project objective is the collaboration with the GEANT4 project. The GEANT4 code 
is developed by an international collaboration where CERN is one of the main partners. 
Our group is an associate member of the Low Energy Physics Working Group of the 
GEANT4 collaboration.  
The first work done inside the GEANT4 collaboration was the development of a more 
accurate bremsstrahlung angular distribution generator based on the 2BN Koch and Motz 
(1959) function, and the improvement of other bremsstrahlung distributions. Our duties 
inside the collaboration have increased since last year and now our responsibilities span 
over several topics. 
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Development of a generator for the angular distribution of the photoelectron: 
Electrons emitted after a photoelectric absorption of a photon present a definite angular 
distribution. The relativistic treatment of the problem for light elements has been worked 
out a long time ago by Sauter (1931), using K-shell hydrogen-like electron wave 
functions. Later on a generalized solution to the problem has been found by Gavrila 
(1958 and 1961), which can be used for all elements, K and L-shells electrons and lower 
electron velocities. This generalization also allows for the introduction of the photon 
polarization. The correct description of the photoelectron emission has an impact in the 
simulation of some experiments like the one reported by Costa (2001) (the operation of a 
photoelectric X-ray polarimeter for the study of black holes and neutron stars) where the 
photoelectron angular distribution is used to determine the photon polarization. 
Our aim is to introduce the Gavrila photoelectron angular distribution in GEANT4, 
allowing for one of the most general descriptions available. The implementation of this 
generator inside GEANT4 will require a study of the Gavrila photoelectron angular 
distribution properties, since this is a complex function which can not be sampled using 
the inverse-transform method (James 1980). 
  
This project is the continuation of the project Low Energy Bremsstrahlung Models for 
GEANT4. 
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WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:  Particle Physics Education and Public Outreach 
 
 
 
 
 
Resumo: 
 

A sociedade é hoje, em grande medida, baseada em inovações tecnológicas derivadas, 
directa ou indirectamente, da pesquisa em ciência fundamental e muitas resultantes de 
descobertas em Física. Este ano foi justamente declarado pela Assembleia Geral da ONU como 
Ano Internacional da Física 2005, em comemoração do ano em que Albert Einstein, talvez o 
cientista mais famos de todos os tempos, publicou 3 artigos que revolucionaram a nossa maneira 
de encarar a realidade . Este projecto pretende contribuir para uma maior divulgação do mundo 
apaixonante da Física fundamental, e das Partículas em especial, junto do grande público e em 
particular junto do público escolar. Para além de retribuir os elevados montantes gastos na 
pesquisa, devolvendo eficazmente o conhecimento adquirido,  pretende-se um aumento da 
motivação para a aprendizagem e estudo da Física. 

Tal como em outros projectos em que o LIP está envolvido é essencial a respectiva 
internacionalização, também este tem um forte envolvimento internacional, no quadro do grupo 
EPOG – European Particle physics Outreach Group, onde se trocam ideias e experiências e se 
apresentam e fornecem conteúdos para serem traduzidos em várias línguas, ou que, mais 
recentemente, também tem servido de fórum para discussão de experiências com raios cósmicos 
envolvendo escolas secundárias, para o qual o LIP tem também contribuido bastante, com o seu 
projecto “Ciência-Viva” Telescópio de Raios Cósmicos (TRC), agora parte integrante deste 
projecto. 

Com este projecto pretende-se: prosseguir com as actividades de educação e divulgação 
pública da Física das Partículas, incluindo a participação nas reuniões semestrais do EPOG, a 
coordenação portuguesa do programa do CERN – Estágios de Verão para Professores do 
Ensino Secundário (High School Teachers @ CERN ); desenvolver instrumentos e pequenos 
detectores que possam ser usados em exposições; preparar material para divulgação da Física 
das Partículas como brochuras, CD’s, e conteúdos para a WEB, incluindo a tradução para 
Português de conteúdos já existentes de grande qualidade; aproveitar e actualizar o 
equipamento instalado nas escolas secundárias  integradas no TRC, e expandir a rede para 
outras escolas, para fomentar a aprendizagem e o estudo da Física. 
 
 
____________________________________________________________________________________ 
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Team: 
 
Project Coordinator: Pedro Abreu 
 
Team Members at LIP: 

Name Status % of time in the project 
Pedro Abreu Researcher/LIP-IST 30 
Amélia Maio Researcher/LIP-FCUL 5 
João Carvalho Researcher/LIP-FCTUC 10 
Luís Peralta Researcher/LIP-FCUL 10 

Fernando Barão Researcher/LIP-IST 10 
Maria Abreu Researcher/LIP-Univ. Alg. 5 

Rui Ferreira Marques Researcher/LIP-FCTUC 10 
João Varela Researcher/LIP-IST 10 
Pedro Assis Ph. D. Student/FCT grant 10 
José Silva Ph. D. Student/LIP-grant 10 
João Pires Master Student/BIC 100 

Dário Passos Initiating Researcher/LIP-BIC 50 
Rui Alves Engineer/LIP-grant 10 
José Silva Engineer/LIP-grant 10 

Miguel Ferreira Technician/LIP-staff 20 
José Nogueira Technician/LIP-staff 20 

Américo Pereira Technician/LIP-staff 10 
Carlos Silva Technician/LIP-staff 10 

 
Team members at the Schools (contact teachers) involved in the ‘TRC’: 
Name of the Teacher (1) Name of the School (2) % of time (3) 
Anabela Martins E.S. D. Pedro V, Lisboa 10% 
Mª Emília Estadão E.S. José Gomes Ferreira, Lisboa 10% 
Adelaide Bello E.S. Gil Vicente, Lisboa 10% 
Teresa Sá E.S. Mª Amália Vaz de Carvalho, Lisboa 10% 
Fernanda Riflet E.S. Prof. Herculano de Carvalho, Lisboa 10% 
Anabela Machado E.S. Amadora, Amadora 10% 
Rogério Assis E.S. Luís de Freitas Branco, Oeiras 10% 
Balbina Rocha E.S. Mem Martins, Sintra 10% 
Francisco Martins E.S. Diogo de Gouveia, Beja 10% 
Augusto Moisão E.S. D. Manuel I, Beja 10% 
(1) Local coordinator of 
the sub-project ‘TRC’. 

(2) High-school of origin. 
(E.S.=Escola Secundária = High-School) 

(3) estimated 
time spent with 
the setup. 

 
_______________________________________________________________________ 
 
Activities Foreseen:   
The next years will be crucial concerning Particle Physics Education and Public 
Outreach. In particular to profit the most of the public awareness from the UNESCO 
announcement of ‘2005 – World Year of Physics’ and to prepare parallel activities 
associated to the international event with the importance of the ‘European Physical 
Society High Energy Physics conference’.  
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The problem of getting the public’s attention towards Particle Physics, and in particular 
end-years high-schools teachers and students (along with their families), is being tackled 
by two different roads: the maintenance and development of traditional education and 
public outreach activities, mainly through films, seminars, posters, brochures, CD’s, etc., 
and construction of small detectors, as in the project of “Measurement of Time 
Correlations in Cosmic Rays” profiting from the equipment installed in the schools, in 
the recovery of the Muon’s Lifetime experiment, and the construction of a small spark 
chamber. The plan of activities is briefly described below. 
LIP will provide to several schools divulgation material translated into portuguese: 
brochures, booklets, CD’s, upon request at http://www.lip.pt/~outreach/multimedia.htm. 
LIP members have prepared animated films with the description of particle physics 
experiments with portuguese participation, and/or with small experiments to be 
performed in the laboratory (“The Lifetime of the Muon”). These films are in the final 
stage of preparation, reaching the final mounting of the film with voices in portuguese (at 
least) and in english and maybe other languages (if possible). 
LIP members have prepared seminars to be given at schools, universities and other sites, 
and will collaborate in the preparation of public exhibitions to be in display at Museu de 
Ciência da Universidade de Lisboa, or associated with the Open Days at Research 
Centres and Universities. 
CERN invites one teacher per country to participate in the program “High-School 
Teachers at CERN”, in which the selected candidates participate, during three weeks in 
the summer, in an intense update course in Particle Physics and the carry out of activities 
with the help of CERN experts,  in several working groups. In the past two portuguese 
candidates were selected, and in both cases CERN accepted to pay an extra teacher from 
Portugal. We shall coordinate the portuguese part of this program. 
In detail we plan to develop several tools for the promotion of Particle Physics in 
Portugal, in particular tools for the Web. We shall renew the outreach page of the LIP 
public Web site, and prepare it for a ‘Particle Physics portal’, including: 
updates of LIP activities, projects and experiments, links and main news of interest for 
people motivated by Particle Physics; 
developed films depicting details of the world of particle physics (as for example the 
film of the experiment “The Lifetime of the Muon”);  
a page in the style of “Ask an expert”, where a visitor to that page can put up a question 
pertaining to the world of high-energy physics, and the question will be routed to an 
expert that will provide an answer. In that page there will be an archive of relevant 
questions and their answers, and after some experience we shall be able to provide a 
‘Particle Physics FAQ’ (a file with Frequently Asked Questions and their answers); 
tools developed at CERN and elsewhere, translated to portuguese, in particular the 
famous site of “Hands on CERN” (part already included); 
a page of seminars given to public at large and in schools, with the possibility of “Call a 
seminar”, in which a school or other organization can ask for a particular seminar to be 
taught in their installations, and then we will put the selected speaker in contact with the 
school/organization to get down to the details. 
Finally, we propose to maintain the active participation in the EPOG working group, in 
particular the participation of the portuguese representative in its semi-annual meetings, 
the contribution with ideas and solutions, and the translation to portuguese, subject to 
budget availabilities, of the brochures, posters, films and booklets, produced at CERN 
and other sites. 
In March 2005, celebrating the 2005 – World Year of Physics, the EPOG event of the 
Masterclasses, which gathers high-school students in high-energy physics institutes to 
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spend one morning with lessons about particle physics, and one afternoon for hands-on 
sessions (classification of high-energy real data events collected at LEP, using the web-
based “Hands On CERN” program in the computers of the institute), will be organized in 
Portugal. 
The final installations of the detectors in the project “Cosmic Ray Telescope”, along with 
their interconnection will be completed this year. We plan to measure correlations in 
time between measurements of showers in two or more separated schools, with the help 
of the teachers and motivated students. After some experience with the present setup, we 
plan to consider the installation in other high-schools of the same basic system, or at 
Faculdade de Ciências de Lisboa, to increase the possibility to observe these long-range 
time correlations.  
A small experiment was conducted in the past in the Faculdade de Ciências de Lisboa, 
that measures the lifetime of muons in cosmic rays, through the detection of its decay in 
a plastic scintillator. The system consists of a plastic scintillator connected to two 
photomultipliers, that are read in coincidence by a data acquisition computer. A muon 
with a certain energy will decay inside the plastic scintillator, thus producing two sets of 
signals: the first just before it slowed down and stopped in the scintillator, and the second 
when it decayed into an electron (and a non-interacting neutrino and anti-neutrino), 
which provoked the second signal. These two sets of signals are very close in space-time, 
and in average correspond to the few micro-seconds lifetime of the muon. We plan to 
revive this simple yet profound experiment, which can be transported and installed for 
exhibition in any school, museum, or covered space, and which probes at the 
fundamental level the concepts of time dilation and Einstein’s Relativity. 
Finally we plan to build and test a spark chamber, in the LIP mechanical workshop at 
Coimbra, using available designs. In a second step, the chamber will be available for 
demonstrations in the Physics Departments of Portuguese Universities, in museums and 
public exhibitions, and in high-schools, where it can travel with a speaker for a talk on 
cosmic rays, particle physics and the Universe. 
 
Training Program:   
 
Study of Cosmic Rays in the TRC / João Pires / Master of Science. 
 
Statistics: 
 
 PhD Master Graduation 
Theses in Progress   1  
 

 58



 

 
 
 

 
 
 
 
 
 
 

LIP COIMBRA 
 
 

 
 

 

 

 

 
 

 59



 60



WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:  Development of liquid xenon detectors for WIMPs 

Search and   CERN experiment PS213 
 

Project Reference Approved Funding 
POCTI/FP/FNU/50208/2003 (9 months; running) 
POCTI/FP/63446/2005  

60,000 Euros (total funding) 
 

 
Resumo: 
Do movimento das estrelas e das galáxias, assim como de outras observações do domínio da 
astronomia e da astrofísica, conclui-se que a matéria bariónica (i.e., a matéria constituída por 
protões, neutrões e electrões) constitui apenas cerca de 5% da massa total do Universo. Dos 
restantes 95% da matéria do universo, pensa-se que 23% são constituídos pela chamada matéria 
escura (não-bariónica). Os WIMPs (Weakly Interacting Massive Particles) são apontados como 
possíveis constituintes de parte dessa matéria escura.  
O objectivo deste projecto é contribuir, no âmbito da UKDMC (UK Dark Matter Collaboration) 
para o desenvolvimento de um detector de 1 tonelada de xénon líquido para detectar WIMPs. 
Algumas das tarefas previstas para 2005 são: 1) testar o protótipo do detector de xénon líquido 
em laboratório. 2) Colocação do protótipo, sistemas mecânicos associados, electrónica e 
aquisição de dados numa mina de sal. 3) Optimização da blindagem do detector. 4) Aquisição e 
análise dos resultados. 
_______________________________________________________________________ 
 
Team: 
 
Project Coordinator: Maria Isabel Lopes 
 
Team Members: 

Name Status % of time in the project
M. Isabel Lopes Researcher/LIP-UC 45 
Vitaly Chepel Researcher/LIP-UC 40 

José P. da Cunha Researcher/LIP-UC 40 
Paulo Mendes Researcher/LIP-UC 20 

Rui Ferreira Marques Researcher/LIP-UC 10 
Armando Policarpo Researcher/LIP-UC 10 
Vladimir Solovov Post-Doc/FCT grant 100 
Francisco Neves (1) Student/BI 100 
Alexandre Lindote PhD student/FCT grant 100 

Cláudio Silva PhD student/FCT grant 100 
Américo Pereira Technical staff 25 
Nuno Carolino (2) Technical staff 10 

José Pinhão (2) Technical staff 5 
João Silva (2) Technical staff 10 

Joaquim Oliveira (2) Technical staff 10 
Jorge Moita (2) Technical staff 10 
Carlos Silva (2) Technical staff 10 

(1) Probably, his participation will end during 2005 after getting his PhD. 
(2) They will start when the project POCTI/FP/63446/2005 starts. 
________________________________________________________________ 
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Activities Foreseen:   
 
PARTICIPATION IN THE DEPLOYMENT, CALIBRATION,  DATA TAKING AND ANALYSIS OF THE 
ZEPLIN-III CHAMBER AT THE BOULBY MINE 
This task concerns our direct commitment with the ZEPLIN program at the Boulby Mine 
in UK. ZEPLIN-III is a 6kg fiducial volume xenon detector equipped with 31 PMTs, 
operated a double phase (liquid-gas) volume. Besides its own value, the chamber is 
intended to serve as a prototype of a much bigger detector array of a 1-ton fiducial mass 
of liquid xenon - the ZEPLIN-MAX detector. 
Our participation is expected for some bench tests and calibrations of the ZEPLIN III, as 
well as for the deployment of the detector in Boulby Mine which is expect to happen by 
next Autumn. Our collaboration in the data taking, starting soon after the deployment, is 
also expected, taking advantage of our previous experience in observing nuclear recoils 
with a liquid xenon chamber operated in a neutron beam. As always, the data analysis 
usually goes hand by hand with the Monte Carlo simulation of the underlying processes, 
in a cooperative interplay. The developments foreseen of a pattern recognition tool gain 
also from our involvement in the analysis of the data. Therefore, we will be involved in 
the analysis of the data taken with ZEPLIN-III, both in the UK and in Coimbra. 
 
ANALYSIS OF THE DATA TAKEN WITH THE NEUTRON BEAM will continue in view of: 1) 
Determining the ratio of scintillation yield due to nuclear recoils and to electrons for 
nuclear recoils of energy from 5 keV to 100 keV. 2) Obtaining the shape of scintillation 
pulses due to nuclear recoils of energy from 5 keV to 100 keV. 3) Investigating the 
neutron/gamma discrimination based on the scintillation pulse shape. 4) Testing the 
position reconstruction algorithm developed. 5) Obtain information on the light 
collection efficiency in the chamber. 
 
STUDY OF LIQUID XENON RESPONSE TO NUCLEAR RECOILS WITH ELECTRIC FIELD 
Differences in the response of liquid xenon to gamma-rays and nuclear recoils constitute 
a basis for efficient background discrimination in liquid xenon detectors aiming at 
detection of WIMPs. In our previous measurements, the scintillation efficiency of liquid 
xenon for nuclear recoils with respect to gamma-rays have been measured in the absence 
of electric filed. A quenching factor of 0.2 was found in the energy range from 140 keV 
down to 5 keV. A small difference in the scintillation decay time has also been observed. 

The quenching factor determines, among other factors, the sensitivity limit of liquid 
xenon WIMP detectors as well as provides the necessary information to make the 
detector calibration with gamma-rays feasible. The difference in the decay times 
provides a method for separating the nuclear recoil signals from those due to gamma-
rays and electrons, which constitute a background in the experiments searching for 
WIMPs. However, the latest versions of the ZEPLIN detectors will operate with a strong 
electric field. There are strong indications that both the quenching factor and decay times 
may depend on the electric field. The precise information on such dependencies is of 
utmost importance for successful operation of these detectors. 

It is planned to measure the response of liquid xenon scintillation detector to xenon 
recoils in the presence of electric field by exposing it to neutrons with the energy of 
several MeV. For that, the existing chamber equipped with 7 photomultiplier tubes has to 
be modified to allow the electric field to be applied. A number of multi-wire electrodes 
and shaping rings must be produced and installed in the active volume of the chamber. 
The high voltage vacuum feedthroughs have to be acquired and set on the xenon 
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chamber flange as well as on the outer shell providing the vacuum insulation of the 
chamber. The reflective surfaces, which surround the active volume, have to be 
rearranged. Special care has to be taken for assuring safe connections between the high 
voltage feedthroughs and the electrodes in order to avoid possible discharges in the gas 
phase, which may require manufacturing special conductors covered with fused glass 
insulation operational up to 25 kV.  

The measurements will be carried out at one of the existing facilities providing 
monoenergetic neutrons with sufficient flux and low gamma background such as the 
tandem accelerator at Demokritos (Greece), the neutron generator at the University of 
Sheffield (UK) or at IRMM (Belgium). The preliminary agreement with all these 
facilities has been obtained.  

These measurements are expected to provide the necessary input for the event separation 
in a purely scintillation detector like ZEPLIN-I - the first detector of the ZEPLIN family, 
- which operates at zero field, as well as in two-phase detectors - ZEPLIN-II and 
ZEPLIN-III, - in which a strong electric field is applied across the detector medium to 
extract the electrons from the liquid phase to the gas. 
 
PERFORMANCE OF GAS ELECTRON MULTIPLIERS (GEMS) IN TWO-PHASE LIQUID XENON 
DETECTORS 
The signals expected from the elastic scattering of WIMPs by xenon nuclei are of very 
low energy, probably in the range from 1 to 100 keV. Amplification of these signals in a 
two-phase detectors is mandatory. This can probably be achieved using one or more Gas 
Electron Multipliers (GEMs). This could constitute an alternative to the present solution 
implemented in ZEPLIN II and ZEPLIN III where the charge produced in the liquid is 
amplified in the gas by means of the production of electro-luminiscence which is 
detected by photomultipliers. If feasible, The GEMs may provide higher spatial 
resolution, lower radioactivity and significantly lower cost. 
In fact, preliminary results obtained by us, point to the possibility of obtaining a gain up 
to several hundreds, with a single GEM in xenon vapour at T=-100ºC. Those results were 
achieved with a chamber filled with highly purified xenon vapor ionized by alpha-
particles. Presently, we plan to measure the gain, pulse-shape and the stability of GEMs 
in the saturated vapour in contact with the liquid in a two-phase detector. In these 
studies, the ionisation occurs in the liquid, the electrons have to be extracted into the 
vapour by a sufficiently high electric field and multiplied in the vapour at the GEM. 
The electronics for the measurement of the amplification and shape of the signals due to 
the ionisation of the liquid by alpha-particles will be set up. Measurements of the gain as 
a function of the voltage applied to the GEM and the temperature will be carried. The 
influence of the intensity of the electric field in the liquid that extracts the electrons into 
the gas will also be considered. Studies of the stability of the GEM performance and 
possible side effects will also be investigated. 
 
MEASUREMENTS OF REFLECTIVITY of several materials at xenon emission wavelength 
was first tried with a set-up where the light was detected by a VUV sensitive 
photographic film was revealed to be too expensive and without the necessary reliability. 
Presently, a set-up is being mounting in which the light is detected by a photomultiplier 
that can be moved with high precision around the sample. 
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DEVELOPMENT AND IMPLEMENTATION OF POSITION RECONSTRUCTION ALGORITHMS 
Based on our previous experience in reconstructing the energy deposition point from the 
scintillation light distribution among the photomultipliers (PMT), we intend to develop 
algorithms aiming at reconstructing the hit position in a two-phase detector like 
ZEPLIN-III. Various approaches will be followed, in particular i) a more conservative 
technique based solely on the PMT amplitudes recorded and ii) a more complete 
approach that uses also the timing structure of the light signals. In both cases the 
development phase will be accompanied by detailed Monte Carlo simulations of the 
chamber and of the relevant physics processes, up to generating the signal. 
ZEPLIN-III has 31 PMT and the analysis of the amplitude distributions should allow the 
reconstruction of the point of energy deposition, and the rejection of events that originate 
at the walls or that have multiple energy depositions. This technique was proved by us to 
be feasible for a 7 PMT arrangement immersed in liquid xenon, for the same scale of 
energies. By using more photomultiplier amplitudes it should be possible to reconstruct 
the position very efficiently. As for the more sophisticated approach referred to above, 
the plan is to implement a neural network algorithm that can handle the minor 
differences in the timing structure of the signals as indicated by the Monte Carlo 
simulations of the chamber. 
By successfully reconstructing the energy deposition points we hope to be able to 
recognize events with multiple hits and events occurring close to the chamber walls, 
which constitute background from in situ radioactivity. Therefore, depending of the 
effectiveness of this pattern recognition it might be possible to increase the fiducial 
volume. This possibility is of utmost importance given that the event rate is <1 
event/day/kg. 
 
Training Program:   
 
 “Study of the liquid xenon response to low energy nuclear recoils and gammas-rays”, 

Francisco Neves, PhD., (writing). 
“Estudo de simulação Monte Carlo, de análise e reconstrução de acontecimentos 

envolvendo a eventual interacção de WIMPs em xenon líquido ultra puro”, Alexandre 
Lindote, PhD, (2nd year starting in May 2005). 

“Estudo de detectores de xenon líquido ultra puro“, Cláudio Silva, PhD, (1st year).  
 
Statistics: 
 PhD Master Graduation 
Theses in Progress  3   
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WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:  Applications of Timing Resistive Plate Chambers 
  

Project References Funding 
“Fundo CERN 2005” Submitted  Feb 2005 

POCTI/SAU-OBS/61642/2004 100000 € (3 years) 
POCTI/FP/FNU/50171/2003 30 000 € 

 
Resumo: 
Este projecto continuará a desenvolver-se em duas direcções complementares: aplicação das 
câmaras rápidas do tipo RPC (Resistive Plate Chambers) à identificação de partículas pela 
técnica de medida do tempo de voo; aplicação deste mesmo tipo de detector à medicina nuclear, 
tirando partido quer da rapidez dos detectores, quer da sua excelente capacidade de 
localização, com vista à tomografia de aniquilação de positrões (PET). 
No primeiro caso, a equipa é responsável pelo fornecimento de um detector de tempo de voo 
para a experiência HADES, no GSI (Gramstadt), cujo protótipo será testado em 2005. Quanto 
aos desenvolvimentos em RPC-PET, iniciou-se recentemente o projecto “Affordable, very-high 
sensitivity human PET: feasibility studies”. Trata-se dum projecto conjunto do LIP, duma equipa 
do Departamento de Física e doutra do IBLI (Faculdade de Medicina da UC), cujo objectivo é o 
estudo de viabilidade de um tomógrafo RPC-PET de corpo inteiro para humanos. 
____________________________________________________________________________________ 
 
Team: 
 
Project Coordinator: Paulo Jorge Ribeiro da Fonte 
 
Team Members: 
 

Name Status % of time in 
the project 

Armando José Ponce de Leão Policarpo Researcher/FCTUC da UC 20 
Carlos Alexandre Bento Capela Researcher/ ESTG do I.P.Leiria 25 

Nuno D. S. C. da Fonseca Ferreira Researcher/ FM da UC 8 
Rui Ferreira Marques Researcher/ FCTUC da UC 20 

Paulo Jorge Ribeiro da Fonte Researcher/ ISEC do I.P.Coimbra 50 
Carlos Fernando C. de Sousa Neves Researcher/ ESTG do I.P.Leiria 25 
Carlos Manuel Pereira Costa e Sousa Researcher/ ESTG do I.P.Leiria 25 

Jorge Miguel Tavares Couceiro de 
Sousa 

ISEC do I.P.Coimbra 50 

Milena Maria Nogueira Vieira ESTG do I.P.Leiria 25 
Luís Alberto Vieira Lopes LIP Engineer 100 

Luís Fazendeiro Post-Grad Student / BIC 100 
Alberto Blanco Castro LIP Engineer 75 

João Carlos Sousa Rodrigues da Silva Comput. Techn. 10 
Nuno M. Carolino Lab. Techn. 50 

Américo Manuel de Almeida Pereira Lab. Techn. 25 
José Manuel Anastácio Pinhão Mech. Eng. 8 

 
________________________________________________________________ 
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Activities Foreseen:   
The work to be done during 2005 comprised: 

- Follow-up of aging studies with electrodes of Al and standard glass in avalanche 
mode 

- Further tests of new electrode materials capable of high rate operation: tests with 
low resistivity ceramic 

- Construction of the HADES TOF-wall prototype: container, electrodes, front-end 
electronics (together with the team of USC), temperature control over the large 
area of the wall, for allowing high rate operation 

- Tests of this final prototype at GSI (September 2005) 
- Upgrading of the existing 2-head prototype of RPC-PET with new read-out 

electronics and installation of a rotating source positioning device 
- Design of a three-dimensional prototype detector for a small animal RPC-PET; 

this is important for biomedical research and its information is an irreplaceable 
input for the simulation of the whole-body tomograph. 

  
Training Program:   
Will depend on the new students to engage in the project. At least one of the team 
members will start his PhD this year. 
 
Statistics: 
 
 PhD Master Graduation 
Theses in Progress  1   
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WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:   
I Gaseous Active Scintillators for Imaging 
II MILAND - Millimetre Resolution Large Area Neutron Detector" 
 

Project Reference Approved Funding 
POCTI/FP/FNU/50338/2003 
RII3-CT-2003-505925-NMI-3 (2nd year) 

25 keuro 
180 keuro (50% EC, 50% LIP funding) 

 
Resumo: 
 
O objectivo principal do presente projecto é desenvolver  detectores para imageologia 
de nutrões térmicos usando a leitura por contagem de fotões por fotomultiplicadores, 
com aplicações possíveis em polarimetria de raios X e microdosimetria 
 
Team: 
 
Project Coordinator: Francisco Amaral Fortes Fraga 
 
Team Members: 
 
 Name  Status % of time in the project 

Francisco A. F. Fraga Researcher/LIP-DFUC 100 
Rui Ferreira Marques Researcher/LIP-DFUC 20 

M. Margarida R. Fraga Researcher/LIP-DFUC 25 
Paulo J. B. Mendes Researcher/LIP-DFUC 35 

To be selected Researcher/MILAND 100 
Luís M. S. Margato PhD Student 100 

Susete Fetal PhD Student 100 
Filipa Balau Master Student 100 

Américo Pereira Technical staff/LIP 20 
Nuno Carolino Technical staff/LIP 20 

João Silva Technical staff/LIP 20 
Alberto Blanco Technical staff/LIP 20 

 
Activities Foreseen:   
 
Assembly of the array of Hamamatsu PMTS (R1387) - arrival of the PMTs confirmed at 
the end of the March 2005 and acquisition electronics.  
Measurements of accuracy and linearity with an isotropic light source, carried with the 
existing sweeping system. May 2005. 
Assembly and measurements of the X-ray polarimeter with GEMs and PMT array May 
2005. 
Measurement of neutron light pulses to be made with GEMs and MSCCs at the ILL 
Grenoble  June 2005. 
Assembly of a reduced size prototype of the optical readout alternative of the MILAND  
detector. 
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Test of  the protype at the ILL Grenoble.  November 2005. 
 
 

Statistics: 
 PhD Master Graduation 
Theses in Progress  2 1  
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WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title:  Physics at the LHC 
 
 

Project Reference Approved Funding 
 Submitted to Fundo CERN in Feb 2005 

 
Resumo: 
Por forma a cobrir o campo de física aberto pelo programa do LHC, é fundamental um 
importante esforço conjunto da comunidade experimental e teórica de física de partículas. Este 
esforço deve ser concentrado não apenas no estudo dos melhores observáveis físicos disponíveis 
no LHC para realizar testes de precisão do Modelo Padrão da Física das Partículas 
Fundamentais (SM), mas também no desenvolvimento de novas ideias para a física para além do 
SM. Neste projecto serão tratados alguns aspectos específicos do programa de física do LHC, 
tanto do ponto de vista experimental como teórico. No seguimento do trabalho previamente 
desenvolvido pelo grupo experimental em LEP, HERA e, mais recentemente, no LHC, a inclusão 
de novos membros da área da física teórica de altas energias permite o desenvolvimento de um 
grupo de especialmente dedicado à física do LHC. Uma ênfase especial será colocada na 
formação de estudantes de doutoramento e na motivação de estudantes de licenciatura. O 
projecto em si mesmo tem o mérito de juntar as comunidades experimental e teórica sob um 
tema comum de investigação, com o objectivo a médio e longo prazo de explorar de uma forma 
eficiente os dados adquiridos no LHC. Tal como foi feito no passado, estão previstos encontros 
regulares durante a execução do projecto, e serão realizados seminários para motivação da 
comunidade científica para o potencial da física de LHC. No final do projecto será organizado 
um "workshop" internacional no qual será discutido o trabalho desenvolvido até àquele 
momento e que  servirá como orientação para a análise dos primeiros dados a adquirir no LHC. 
Outros tópicos considerados relevantes serão também discutidos no "workshop". 
 
___________________________________________________________________________________ 
 
Team: 
 
Project Coordinator: António Joaquim Onofre Gonçalves 
 
Team Members: 
  

Name Status % of time in the project 
António Onofre Goncalves Researcher/LIP 30 

João Carlos Silva Technical Staff/LIP 10 
João Afonso Bastos Post-Doc 70 

João Carlos Carvalho Researcher/LIP-FCTUC 40 
Filipe Manuel  Veloso PhD student/FCT grant 30 
Amélia Teixeira Maio Researcher/LIP-FCUL 5 
Renato Guedes Júnior PhD student/FCT grant 5 
Rui Alberto dos Santos Post-Doc/CFTC 5 

Augusto Barroso Researcher/CFTC-FCUL 5 
Orlando Neves de Oliveira Researcher/FCTUC 5 

Pedro Miguel Martins Ferreira Post-Doc/CFTC 5 
Nuno Filipe Castro PhD student/FCT grant 30 

 
___________________________________________________________________________________ 
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Activities Foreseen:   
1. Single Top Production at LHC via FCNC 
The group has already experience in the study of heavy quark production (search for b´-
quarks at DELPHI) and also on the search of single top FCNC production at LEP-II, so it 
looks natural to continue this subject at the LHC. In this collider most of the top quarks 
will be produced in pairs via quark-antiquark annihilation and gluon fusion. There are 
however in the SM a significant number of top quarks produced singly through the t-
channel (q b->q t), s-channel (q qbar->t bbar) and associated production (g b->t W). 
Although FCNC processes associated with the top quark have been mostly investigated 
in the t-tbar final states, the study of the contributions of higher dimension operators (5 
and 6) in the lagrangian associated with the production of single top quarks via FCNC (g 
g->t cbar) has not yet been fully considered in the literature. Most of the studies used 
either a general approach or studied the gluon-quark-quark vertex, but taking into 
account separately the effects of each possible dimension 5/6 operators. The 
investigation of the nature of dimension 5 and 6 operators together in effective flavour 
changing and flavour conserving quark-gluon vertices, and how these effective vertices 
change observables at LHC, has started and a publication is expected soon. More 
complex cases, where the contributions of several operators were taken simultaneously 
into account, were investigated in order to check if any combination of parameters could 
produce an enhancement or suppression of observable quantities.  
Continuing the experience obtained during the phase II of LEP, and the more recent 
experience already at the LHC, the development of a Monte Carlo generator for this 
channel will be implemented within the TOPREX framework. The anomalous couplings 
at the vertex should be included as free parameters of the model and the correct phase 
space distribution of the final products will be implemented as a function of these 
parameters. The Initial and Final state radiation contributions will also be implemented 
both at the level of the overall cross-section evaluation and at the level of the kinematics 
of the process. 
2. Study of Forward-Backward Asymmetries 
In the SM the Wtb vertex is considered to be purely left-handed with a strength defined 
by the Cabibbo-Kobayashi-Maskawa (CKM) matrix element V_tb. Although the t-tbar 
cross-section is essentially insensitive to V_tb, the angular correlations between the 
decay products of the top quark can give valuable information on the structure of the 
Wtb vertex. This fact allows to avoid the less abundant single top production processes, 
by measuring the Forward-Backward asymmetry in top quark decays. Angular 
asymmetries between the  top decay products are very sensitive to a small admixture of 
couplings of either chirality. This asymmetry is defined in the W (with origin in the top 
quark decay) centre of mass system, by measuring the cosine of the angle between the 
incoming b-quark and the outgoing charged lepton from the W decay. The number of 
events with positive cosine are subtracted by those with negative cosine, and the 
difference is normalized to the total number of events. These angular asymmetries are 
sensitive to the values of V_tb^R, g^L and g^R. All  these couplings vanish at tree level 
in the SM, but can be generated at higher orders in the SM and its extensions, and the 
angular asymmetries are sensitive to them. Preliminary studies have shown that a 6 
sigma effect could be, in principle, detected at the LHC. 
New Monte Carlo generators need to be developed to study this particular issue at the 
LHC. The work will start with the evaluation of the dependence of the asymmetries with 
the different couplings and the correct process implementation in the Monte Carlo 
generators. Several experimental factors can limit the measurement sensitivity (like the 
energy resolution, event selection, multiplicity, etc.) so they must be studied in detail.  
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3. Study of electroweak top quark couplings 
Although the top quark was discovered almost 10 years ago, there is still a lack of 
knowledge about the couplings of this quark to gamma and Z bosons. Using the most 
general Lagrangian vertex ttX (X=gamma, Z) several form factors can be introduced 
which can be related to the anomalous magnetic moment, the electric dipole moment and 
also the charge of the top quark. By using this approach, the production of t-tbar-gamma 
and t-tbar-Z events were studied in the published literature. In the t-t-gamma channel, the 
t-tbar events were studied with a high pT photon. To reduce the radiation from the b-
quarks and the W´s, special criteria were applied to the events. Due to the presence of the 
SM backgrounds (W+jets, single top and t-t-jets) the t-t-gamma couplings can be 
determined at O(10%) at the LHC. The situation seems to be more difficult for the t-t-Z 
channel were the couplings could only be determined at a level of O(30%). The process 
p p->t tbar gamma was also used for a direct measurement of the top quark charge. The 
differential cross-section for the photon transverse momentum was studied and from this 
preliminary study the authors have concluded that it will be possible to accurately 
determine the charge of the top quark at the LHC. This measurement can also be 
performed by detecting the b-jet and measuring the semileptonic decays of the b-quark. 
The small branching ratio and the wrong sign lepton originated from the B-Bbar mixing 
are real problems associated with this method. In the study of the electroweak couplings 
of the top we will start by the p p->t t gamma process which seems to be more realistic at 
the moment. The correlation between the angular distributions of the decay products will 
be studied and a comparison with the non radiative cross-section (pp->t tbar) will be 
evaluated. The relation between these two cross-sections and the dependence of their 
ratio with the different systematic errors (both theoretical and experimental) will be 
studied at the generator level. 
4. Study of Extra-Dimensions. 
The spontaneous symmetry breaking mechanism is going to be tested at the LHC and at 
the LC. Recently an alternative to the Higgs was put forward, where the mass of the 
particles is generated through the introduction of new extra dimensions. In this way the 
Higgs and the corresponding scalar sector of the theory is no longer needed. Still there 
are plenty of problems to solve until it will be possible to say that a model exists. Some 
of the signatures are graviton production that will be detected as missing energy. 
5. Seminars and workshop 
Regular meetings are foreseen during the execution of the project (as was done in the 
past), and seminars are expected to be held in order to motivate the scientific community 
to the physics potential of the LHC. At the end of the project an international workshop 
will be held in order to discuss the work developed so far and to prepare for the first data 
taking of the LHC. Other topics considered relevant are also expected to be discussed in 
the workshop. 
 
Training Program:   
Study of Extra-Dimensions at the LHC /Renato Junior / PhD 
 
Two other PhD students working part-time in this project with theses belonging to the 
ATLAS project.  
 
Statistics: 
 
 PhD Master Graduation 
Theses in Progress  1   
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WORKING PLAN 2005 
_______________________________________________________________________ 
 
Project Title: Study of the primary scintillation in air for cosmic ray 
detection 
 

Project Reference Approved Funding 
 Submitted to Fundo CERN Feb. 2005 

 
Resumo: 
A detecção de radiação de fluorescência produzida na atmosfera por raios cósmicos incidentes 
de muito alta energia, é uma técnica que tem vindo a ser utilizada pela nova geração de 
experiências como Hires, Auger e, no futuro, por EUSO. Este método baseia-se na excitação das 
moléculas de azoto pelas partículas carregadas do chuveiro produzido no ar (electrões e 
positrões) seguido da emissão de fotões num comprimento de onda na região entre 300 e 400nm. 
Este plano de trabalhos pretende combinar o know-how dos vários membros que constituem a 
equipa de trabalho, tanto na área da física das astropartículas como na dos processo 
fundamentais de física da radiação, e assim contribuir para uma melhor compreensão dos 
processos físicos envolvidos na fluorescência no ar.  
O principal objectivo é medir de forma sistemática a quantidade total de luz emitida no 
azoto e ar seco em função da pressão e temperatura, em determinadas regiões de 
comprimentos de onda, utilizando electrões energéticos como fonte de excitação. Como 
complemento deste estudo, serão feitas medidas resolvidas no tempo para as principais 
bandas moleculares do 2º sistema positivo do azoto em função da pressão e temperatura. 
O estudo da influência do vapor de água e possívelmente de outros gases presentes na 
atmosfera como gases minoritários, é também um aspecto importante que será tomado 
em consideração.  Neste estudo será efectuada, para além da medida da luz total emitida 
em função da concentração do quencher, a análise dos espectros de emissão de forma a 
verificar se as emissões características desses gases na região de sensibilidade dos 
fotomultiplicadores são ou não importantes. 
____________________________________________________________________________________ 
 
Team: 
 
Project Coordinator: Maria Margarida Feteira Ribeirete de Fraga 
Team Members:  

Name Status % of time in the project
Maria Margarida F. R. Fraga Researcher/LIP-DFUC 30 
António Onofre Gonçalves Researcher/LIP- UCP 25 

Armando José P. L.  Policarpo Researcher/LIP-DFUC 20 
Rui Ferreira Marques Researcher/LIP-DFUC 10 

Francisco A. Fortes de Fraga Researcher/LIP-DFUC 5 
Mário João Martins Pimenta Researcher/LIP-IST 10 

Susete Teresa Gaspar do Fetal PhD Student 5 
Nuno Filipe S. F. de Castro PhD Student/FCT grant 10 

Filipe Manuel Almeida Veloso PhD Student/FCT grant 10 
Luís Pereira 1 unergraduate student/BIC 100% 

Nuno Miguel Carolino Technical Staff 15 
Américo Manuel de A. Pereira Technical Staff 20 

                                                           
1 Start date – November 1st, 2004 
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Activities Foreseen:   
Measurements of total light yields for the main bands of the second positive system of 
the N2 molecule will go on, for various temperatures between +25ºC and –23ºC, using 
the Sr-90 source as excitation source. Preliminary tests have already been performed and 
suggested that some updates of the experimental set-up would be important. These 
improvements are underway. We will also put an effort on the lowering the gas 
temperature down to –40ºC.  
The study of the response of the photomultipliers (gain and quantum efficiency) as a 
function of the temperature is a fundamental part of the analysis and it is underway for 
the wavelength region between 300 and 400 nm.  
Another important part of the analysis involves a simulation of the set-up. This 
simulation uses the GEANT 4 code and it will be developed during the current year. 
Time resolved measurements will also be performed for the main molecular bands and/or 
atomic lines, as a function of pressure and temperature.  
Once consistent results are obtained for the nitrogen molecule we will start with similar 
measurements in dry air.  
 
Training Program:   
 
One graduation thesis in progress 
 

Statistics: 
 
 PhD Master Graduation 
Theses in Progress    1 
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	WORKING PLAN 2005
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	Training Program:
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	As the COMPASS spectrometer is being completed with additional detectors, the future DCS scheme must include them (ECal1, additional chambers for W45, Silicon and SciFi detectors, etc.). The DCS also has to proceed with the integration of some already 
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	Activities Foreseen:
	Participation in the deployment, calibration,  data taking and analysis of the ZEPLIN-III chamber at the Boulby Mine
	Differences in the response of liquid xenon to gamma-rays and nuclear recoils constitute a basis for efficient background discrimination in liquid xenon detectors aiming at detection of WIMPs. In our previous measurements, the scintillation efficiency of
	The quenching factor determines, among other factors, the sensitivity limit of liquid xenon WIMP detectors as well as provides the necessary information to make the detector calibration with gamma-rays feasible. The difference in the decay times provides
	It is planned to measure the response of liquid xenon scintillation detector to xenon recoils in the presence of electric field by exposing it to neutrons with the energy of several MeV. For that, the existing chamber equipped with 7 photomultiplier tube
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