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Introduction

The scientificactivitiesof LIP-Coimbraarecarriedon in the PhysicsDepartmenbf the
University of Coimbra.In the framework of the School of Scienceand Technology
(FCTUCQ), to which this Departmentbelongs,the scientific staff is organisedin two

researclgroups(GrupodeFisicadaRadiacdandGrupodeFisicaExperimentalde Altas

Energias) that integratethe ResearchCentre (Centro de Fisica da Radiacdoe dos
Materiais). Besides,we count on the collaborationof three senior physicistswho are
professorsof physicsat Instituto Superiorde Engenharia(The engineeringschool of

Instituto Politécnicode Coimbra andat the UniversidadeCatolica,in Figueirada Foz.

Theresearcistudentsnvolvedin LIP-Coimbraactivitiesareeitherundergraduater MSc
andPhD studentof FCTUC.At presentthe numberof seniorphysicistsis 14 andwe
have8 researclstudentscorrespondingo astablesituationin the lastthreeyears.

The evolution of LIP-Coimbraduring 2002 along the various directions of activity
pursueccanbesummarisedsfollows.

2002 was the first year of activity under the contract of "Laboratério Associado”
celebratedn Novembe2001betweeri_IP andFCT. Onefirst importantchangewas the
contractof onetechnician(“técnicosuperior”) for our laboratory,A. Blanco,a physicist
with adegreeof Universidadeale Santiagade Compostelawho previouslyworkedin our
teamfor abouttwo yearsasaresearclstudentLateron, a computertechnician(“técnico
deinformatica”)wasalsohired.In this casewe hadto announcehe positionin the press
(both at local andnationallevel). Basedon the information supplied on their curricula
aboutten peopleamongthe numerousandidatesverecalledto aninterview. The person
selectedvas JoaoSilva, who happendo havesomesoundknowledgeof administration
of LINUX basedservices.

It shouldbenotedthat the collaborationbetweenLIP-LisboaandLIP-Coimbraincreased
significantlythis year.Besidesof the commoneffort in the ATLAS project going on for
severalyears,the collaborationfor the “CLEAR PEM” started,the preparationof the
GRID Projectadvancedndcortactswereestablishedh view of a possiblecollaboration
for the COMPASSEXxperimentFor the CLEAR —PEM, experimentalvork in Coimbrais
startingin February2003.Concerningthe GRID Project,a realistictest-beds foreseen,
with two nodes(two compute farms)installedat LIP-Lisboaand LIP-Coimbra.While
waiting for the decisionson funding from POSI, the work is alsostarting, with specific
trainingof our computertechnicianat LIP-Lisboa.

Looking at the evolutionof the variousprojectsduring this year, we observethat the lab
has a goodinternationalvisibility in all of them. Consideringthe three directions of

researcin detectorphysics(liquid Xe, RPCsandGEMSs),we shouldstresstwo facts:in

all of themour researcherg/ereinvited to present oral communicationsat international
conferencesor give seminarsabroad;in all of them we are currently preparingthe
presentatioof JRPs(Joint ResearclProjects)for the EC 6th FrameworkProgrammejn

oneof the casewith the co-ordinatiorof oneof theresearclgroups.

The maindifficulty we canidentify is relatedto the numberof researcrstudentsand
post-docs.

Althoughat undergraduatkevel the numberof studentanvolvedis adequaténoticethat
the numberof all the studentghat finish the degreesn Physicsand PhysicsEngineering



in Coimbrain recentyearsis abouttenor less),the numberof MSc andPhD studentds
bellowour needs.

Also our efficiency in finding post-docshas not be satisfactoryin recentyears. Since
there are now positions foreseenin the frameworkof the Laboratério Associado,we
announcedast summerin the CERN Courierthat suchpositionswill be soon available
for peoplewith a few yearsexperienceafter PhD andcurriculaof excellenceThis way,
we identifieda few promisingcandidatesand, oncethe situation is clarified, a call for
applicationscanbeannounced.

The following table shows the work performedduring this year by the Mechanical
Workshop.

Real
MANPOWER i
Invoiced value
PermanentStaff ~ All personnel
HH % HH % € €
LIP —Lisboa
ATLAS 974 32% 3632 63,5% [29.163 58326
TRC (Cosmic ray26 1% 26 0,5% J209 418
telesc.)
LIP-Coimbra
RPC 440 14% 440 7,7% |4.102 8203
GASEOQUSDET. 33 1% 33 0,6% |347 693
LIQ. XENON 472 15% 472 8,3% |3.927 7859
Maintenance/Servicing|279 9% 279 4,9% |O 2.554
Physics Department375 12% 375 6,6% |0 7.398
uC
Outside customers  |461 15% 461 8,1% ]10.190 10.190
Total 3059 100% [5718 100% |47.937 95.636

It is visible that, roughlyspeakingl/3 of the activity wasdevotedo the projectsof LIP-

Lisboa(mainly ATLAS, in its last year of "production”) and 1/3 to LIP-Coimbra,the

remainingl/3 correspondingo projectsof the PhysicsDepartmentandof other (outside)
researchnstitutes.Justallittle supporthasbeengiven to industies during the present
year.In the frameworkof the existing contract,the serviceso our host institution, the

PhysicsDepartment(up to 15% of the activity of the workshop permanentstaff),

correspondeth 2002to 12%of the overallactivity.

Importantto noticeis alsothe fact that the total "real value" of the servicesdeliveredin
this period correspondecessentiallyto the value of salariespaid. Since we essentially
manufacturg@rototypesthe costsinvolvedin acquiringsuchservicesrom the industry
would certainlybemuchhigher.



PROGRESSREPORT

Project Title: Construction of CAMCAO - an infrared camera for the Very
Large Telescopeof the European Southern Observatory
FCT, ProgramaperacionalCiéncia, TecnologiaJnovacao™— ESO/FNU/43843/2001

Team

Project Coordinator: ArmandoJ.P.L.Policarpo
PhD: R. Ferreiravlarques

Students:

Technical Staff: J. A. PinhdoR. Fernandes

Summary:

The project,submittedby FundacaalaFaculdadale Ciénciasda Universidadele Lisboa
(FFCUL) underthe co-ordinationof Prof. Antonio Amorim (FCUL) was financedby
FCT in the frameworkof the Portugal-ESCAgreement.

The aimof this projectis to build andvalidatea nearinfraredcamerato be usedin the
VLT (Very LargeTelescopepf ESO(EuropearSoutherrmObservatoryfitted with a new
system of "multi-conjugate adaptive optics" (MCAQO). This will be the first
high-resolutionwide field of view camerausing extendedcorrectionof the atmospheric
turbulence.

Besidesof the FCUL team(reponsiblefor WP2 - Integration,Cryogenicsand Control),
the project hasthe collaborationof ESO (Dr. JodoAlves; WP1 - MCAO Technology
transfer), INETI (Prof. José Rebordédo;WP4 - Optics) and LIP-Coimbra (WP3 -
Mechanics) The projectwill lastfor threeyears,but the participationof LIP will extend
for thefirst two yearsonly.

This projectcomprisesthe completeconstructionandtestingof the CAMCAO camera,
including the full designand manufacturingof the mechanicalhousing(LIP), cryogenic
andvacuumsystemgFCUL), the constructionof the optical sygem and subcontracting
the mirrorsmanufacturingINETI). Theinstrumentcontrolwill be designedmplemented
andintegratedin the camerato function under the supervisionof the VLT software
runningin the instrumentworkstation.Theinstrumentcontrol,detectorimageacquisition
and vacuumsystemswill be conforming to the ESO standardsto assurea smooth
integrationn VLT framework.



After full validationin nationallaboratoriegwith the infrareddetectorandadequatdight
sources)the CAMCAO cameawill bedeliveredto ESO,in Garching,to be integratedn
the MCAO demonstratorLater,the CAMCAO will be shippedandreassembleat the
Paranalaboratoriemndinstalledin the NasmythF/15 focus of the UT3 of the VLT for
sky observationsDuringall thesephasesthe Portugueseéeamwill maintaina high level
of supportin orderto ensurghe smoothoperationof theinstrument.

Description of WP3 — Mechanics

1 - Detailed2D and3D mechanicatirawings.
1.1  Preparatiorof thefinal drawingdor all mechanicaparts;
1.2  Reviewof thedrawingsandspecificationdor manufacture.

2 - Manufacturingof mechanicatomponents

2.1  Mechanicapartsfor the optical subsystem;
Supportdor the optical subsystemandfilter-wheel,
Detectorcaseyacuumchambelandcryostatenclosure.

3-Tests
3.1  Testsof the mechanicapartsandsystems;
3.2  Leaktightnessof dewarandvacuumenclosure.

Activities in 2002

In July we hiredanengineerRui Fernandesyho is workingfull time for the project (see
point 1 of LIP's Work Package)Since then, the overal drawingsof the optical box,
mirrors and supportwere prepared.This involved visits to ESO, Garching, of José
Pinh&doandRui Fernandes.

Meanwhilea contractwas establishedetweenFFCUL and LIP-Coimbra,which states
clearlythe administrativeandfinancialaspect®f the collaboration.



PROGRESSREPORT

Project Title: Active gaseousscintillators for detecting neutron and other
radiations CERN/FNU/437735/20011st year)

Project Coordinator: Francisc)AmaralFortesFraga

PhD Researchers ArmandoJoséPoncede Ledo Policarpo,Rui FerreiraMarques,
ErmelindaPedrosode Lima, Maria MargaridaFeteira Ribeiretede Fraga, Paulo Jorge
BaetaMendes

PhD Students: Luis ManuelSilva Margato

MsC Student: SusetéFetal

Ungraduate Students:Filipa Balau

Technical Staff: AmericoPereiraNuno Carolino

Introduction: This documentreportson the first year of the project As the project was
financedat lessthan 50%, the executionof somepartsof the programwere compromised,
mainly the study of optical readouts,that would involve expensiveacquisitions,although
someparts of the project are running aheadof schedulesuch as study of GEM gaseous
scintillatorsin pulsemode.The studyof the Xe-TMA 5 bar quenchefor *He termalneutron
detectorsand X-ray imaging mixture was quite successfulpoth with CCDsin integral mode
and in pulse mode. The fundamentalstudies of gaseousscintillating mixtures (spectral
emissionand light yields) carried on until now havesuppliedus with information needed.
Medical applications(scintllation screenfor radiotherapy)havebeenidling during the last
monthsdueto project rearrangemenglthoughwe just haveenrolleda PhD studentfor this
task. The outcomeof this work was substantialas shown by the eight presentationgnade
during the last twelve months at internationalconferencesand the six paperspublishedor
submittedfor publicationin internationapaperswith referee.

Summary of activities:
Thermal neutron detection

Consideringhat Xe canbe usedas a quenchefor the triton andprotonin *He detectorsand
the goodresultspreviouslyobtainedwith the Xe TMA mixture using GEMs, we carriedon a
study of the operationof the Xe-TMA at 3 and5 bars, using both a recently acquiredUV

CCD andPMTs. Althoughour studieswereprimary aimedat neutrondetection theseresults
arealsoof high interestfor X-ray detection,as a 25 mm thick conversionvolumeat 5 bar
Xe/TMA will have~ 90% detectionefficiencyfor 17.5 keVX-rays andonly 50 mmwill be
neededo get80% efficiencyat 25 keV. Theseresultswere presentecat the SAMBA 2002
(Symposiumon A pplicationsof ParticleDetectorsin Medicine, Biology and Astrophysics
[I')in Trieste.

The scintillationoperationin pulsemodewasstudiedwith He-CF,andXe-TMA usingPMTs
and a fast digitizer (Tektronix TDS 7104) to measuresimultaneouslythe light and charge
signals.Light signalswerevery fast (rise-timewastypically around40 ns) andfasterthanthe



chargesignalsfrom X-rays. This differencewas more evidentat high pressurelt was also
shown that, in photon counting mode, time and energy resolution are compatible with
applicationsthat can take advantageof energy discrimination capabilities.We are now
observemember®f TECHNI, (dueto ECregulationsjt wasnot feasibleto addnew effective
membergluring the project execution),andhavefilled a join intentionwith severalteamsto
integratea newemergingcollaborationwithin FP6, coordinatedy the NMI3.

Optimization of GEM scintillation

Consideringhe needof dataon GEM scintillationandthe recentacquisitionof the new CCD
sensitivein the UV, we carriedon somedetailedstudieson the spectraldistribution of the
secondaryscintillation emitted by Ar-CF4, Ar-TEA, Xe-TEA and He-CF4 mixturesin a
GEM detectorand the light emission mechanisms.The wavelengthregion under study
extendedrom 200to 900 nm. Total light yields in those mixtureswere measuredintegral
light measurementseremadeeitherwith aa UDT planar-diffusedsilicon photodiode(PIN-
25DP)or by a56 TUVP photomultiplier(PM), operatingn pulsemode.

For the spectralstudiesthe light is analysedby an Applied Photophysicamonochromator,
mod. 7300, equippedwith a 1200 g/mm grating blazedat 500 nm and detectedby a RCA
C31034A photomultiplier, cooled down to -20°C and operatedin single photon counting
mode.The results obtainedwere also of greatinterest for anotherrelated project we are
pursuing- a GEM polarimetemwith optical readoutfor X-ray astronomy.The informationof
the X-ray polarizationwill beextractedrom the scintillationimagesof the projectionsof the
primarytracksin the GEM plane,and/orpulserisetime.We havealsojoineda FP6 initiative
proposalproposal(AdvancedTPC Trackingfor Particle Astrophysics,including 23 leading
Institutionsof Astrophysicsresearchn Europe)that foreseego usethis techniquefor dark
matterstudies.

Neutron spectrometer- searchfor a gasmixture

Thework developedilongtheselines: i) simulationof the energylossesof the recoil nuclais
in the gasvolumeto choosea possiblecandidateandii) experimentaimeasurementsf the
accuracyof the optical techniqueof measuringthe track lengthand energyusing the CCD.
Consideringthat the we should look for a target nucleusthat is not too heavy and the
maximumtrack rangeshouldbe about5 cm we are currently consideringeither pressurized
helium or neon,and we arelooking for an additive quenchetthat shifts the light emission
towardsshorter wavelength.Upon analysis of the neutron cros®ctions for severalusual
additivegaseswe foundthat the additivechoiceandconcentrations very critical.

The systemfor testing the techniquehas beenassembledcand the measurementsvith the
CCD, usinga collimatedalphasourcewith variableentrarce angleto obtaintracksin the gas
havebeenstarted.The goodresults obtainedin the scintillation measurementssing pulse
modesuggesthat we could complementhe informationobtainedfrom the CCD imagewith
informationfrom PMT signals,enhancingheaccuracyof the systemandthis possibility will
beconsidered.

Medical applications - doseimaging in radioteraphy

This work is boundto the project "New methodsfor 2D-radiation detectionin radiation
therapy",ajoint venturebetweerthe TechnicalUniversity of Delft, the Kernfysich Versneller



Institut, Groningen and the Radiation Oncology Department, Academisch Ziekenhuis
Groeningenextendingup to 2005.Recentearrangementsf our internationalpartnersmainly

the changeof positionof onethe projectleadershavedelayedfor sometime the project, that

movedits internationaldevelopmento Delft, wherenow a PhD studentpaid by the Dutch

FOM is alsostartingto work. Although experimentalwork on this project hasbeenstopped
for awhile, a new detectoris now beingassemble@ndwork on the analysisof the existing
results has beencarried on, a paperhas beensubmittedfor publicationto Nucl. Inst. and
Meth. It wasfound that the strangeincreaseof the scintillationlundervery high count rates
shouldbecarefully checkedand explained.The importanceof our partin the project, mainly

the evaluationandcorrectionof the detectornon-homogenywas also confirmed and a new
graduatestudenthasalsorecentlyjoinedthis work in Coimbra.

Deliverables

The outcomeof this work wassubstantialasshownby the eightworks presentediuring this
period at conferencesthe six paperspublishedor submittedfor publicationin international
paperswith refereeand one MsC dissertation.lt should be noted that the interest of the
scientificcommunityfor our GEM scintillation studieshasbecomenotoriousduring the last
year, as confirmed by severalinvitations we receivedto presentour work at international
meetings.

AcademicTraining

Susetd-etalgot herMSc degreein October2002. Shesubmitteda dissertationthesisentitled
"Leitura de cintiladores activos com GEMs por CCDs - Aplicacdo dosimétricapara
radioterapiacom protdes" (Readout of active scintillators with  GEMs - dosymetry
applicationto protonradiotherapy)workedout in the frameworkof this project.

Filpa Balaustartedduring2002herwork for the graduatiorproject.
Publications after the 1st of January 2002

CCD readouif GEM basedneutrondetectorsF.A.F.Fraga, L.M.S.Margato, S.T. G.
Fetal, M.M.F.R.Fraga, R.Ferreira Marques,A.J.P.LPolicarpo,B. Guerard, A. Oed,G.
Manzinie T. van Vuure Nucl. Instr.andMeth. In PhysicsResearcth 478(2002)357.

Performancef a Tracking DeviceBasedon the GEM Scintillation, F.A.F. Fraga, L.M.S.
Margato,S. T. G. Fetal, R. FerreiraMarquesand A.J.P.L Policarpo,|lEEE Trans. on
Nucl.Sci.49,NO.1,February2002,pg.281-284.

Doseimaging in radiotherapywith an Ar-CF4 filled scintillating GEM, S.T.G. Fetal,
C.W.E. van Eik, F.A.F. Fra@q, J. de Haas, R. Kreuger, T.L. van Vuure and J.M.
Schipperssubmittedo Nucl.Instr. and Meth

The GEM scintillationin He-CF4,Ar-CF4, Ar-TEA andXe-TEA mixtures,M. M. F. R.
Fraga,F. A.F. Fraga,S.T. G. Fetal,L. M. S.Margato,R.Ferreira Marquesand A. J. P.
L. Policarpo,submittedto Nucl. Instr.andMeth



Time analysisof the light pulses on gaseousactive scintillators using GEMs with
He/CF4,L.M.S. Margatol, F.A.F. Fraga, S.T.G. Fetal, M.M.F.R. Fraga, R. Ferreira
Marques,A.J.P.LPolicarpo,B. Guerard and G. Manzin,submittedto Nucl. Instr. and
Meth

Luminescencandimagingwith GasElectronMultipliers, F.A.F.Fraga,L.M.S. Margato,
S.T.G.Fetal, M.M.F.R.Fraga, R.Ferreira Marquesand A.J.P.LPolicarpo,submittedto
Nucl. Inst. andMeth.

Conferencesafter the 1st of January 2002

Imagingchamber# medicine biologyandastrophysicsF. Fraga, invitedtalk at the 8th
Topical Seminaron Innovative Particle and Radiation Detectors,Siena, Italy, 21-24
October2002

Luminescencandimagingwith GasElectronMultipliers, F.A.F.Fraga,L.M.S. Margato,
S.T.G.Fetal, M.M.F.R.Fraga, R.Ferreira MarquesandA.J.P.LPolicarpo,invitedtalk at
the 6™ Position SensitiveDetectorsConferencel eicesterUnited Kingdom, September,
9-13,2002

Dose imaging in radiotherapywith an Ar-CF4 filled scintillating GEM, S.T.G. Fetal,
C.W.E.van Eijk, F.A.F. Fraga, J. de Haas, R. Kreuger, T.L. van Vuure and J.M.
Schipperspral presentatiorat the 6 Position SensitiveDetectorsConferencel eicester,
United Kingdom,September9-13,2002

The GEM scintillationin He-CF4,Ar-CF4, Ar-TEA andXe-TEA mixtures M. M. F. R.
Fraga,F. A.F.Fraga,S.T. G. Fetal,L. M. S. Margato, R. Ferreira Marques,A. J. P. L.
Policarpg oral communication at the 3“ Conference “New Developments in
Photodetection’BeauneFranceJune17-21,2002

Time analysisof the light pulses on gaseousactive scintillators using GEMs with
He/CF4,L. M. S.Margato,F. A.F. Fraga,S.T. G. Fetal, M. M. F. R. Fraga, R. Ferreira
Marques,A. J. P. L. Policarpo, B. Guerard, G. Manzinj posterpresentedat the 3
ConferencéNew Developmentsn Photodetection”’Beaunefrance,June,17-21,2002

CCD readoutof high pressurexenon-TMA GEM detectorsfor X-ray imaging,L. M. S.
Margato?, F. A.F. Fraga, M. M. F. R.Fraga,S.T. G. Fetal, R. Ferreira Marques,A. J.
P. L. Policarpo, T.L. van Vuure, R. Kreuger, C.W.E. van Eijk and R.W. Hollander,
presentect the Symposiumon Applicationsof ParticleDetectorsin Medicine,Biology
andAstrophysicdl, Trieste,ltaly, May, 27-29,2002

ScintillationNeutrondetectorswvith GEMs,F. A.F. Fraga, L. M. S. Margato, M. M. F.
R.Fraga,S.T. G. Fetal, R. Ferreira Marques,A. J. P. L. Policarpo, T.L. van Vuure,R.
Kreuger, C.W.E.van Eijk, R.W. Hollander, B. Guerard, A. Oed, G. Manzinj oral
presentationat the EuropeanConferenceESS (European Spallation Source), Bonn,
GemanyMay, 16-17,2002



GEM neutrondetectordevelopmentT.L. van Vuure,C.W.E.vanEijk, F. A. F. Fraga, R.
Hollander, R. Kreuger,L. Margato, oral presentatiorat the EuropeanConferenceESS
(EuropearSpallationSource) Bonn,Gemany May, 16-17,2002



PROGRESSREPORT

Project Title: Collaboration in the HERA-B experiment
CERN/FNU/43701/2001

Team

Project Coordinator: JodoCarlosCarvalho

PhD: ArmandoJ.P.L.PolicarpoAnténio Amorim, HelmutWolters
Students:JodoA. Bastos,VascoAmaral,Antonio Oliveira, JodoBatista,Luis Silva

Technical Staff:

Summary of activities:

In the year 2002the HERA proton acceleratohad severalproblemsand delaysin its
operationwhichimpliedirregulardatatakingduringmost of the year, exceptfor the last
two months.Therecentlyacquireddatahashigherquality andthe detectorperformance
is muchbetterthanin 2000, thanksto the repairandimprovementof the different sub-
detectorsandthe final installationof somepiecesof equipment.

The Portuguesgeamis responsiblgor the experimentdatabasesystem,which is now
fully operationalwith the integrationof information from all the sub detectors.The
systemis working as requiredand its performanceand functionality are still being
improved.For this taskthereis alwaysapersonin full time atthe DESY laboratory.The
databasesystemwas monitored and maintained,and new alignment constantswere
releasedvheneveneededio increasehedataquality.

Thegroupis alsoinvolvedin the RICH detector.This systemis working andits design
parametersvere alreadyachieved.The group participatedin the detectoroperationand
in the test of the particle identificationalgorithms,using different types of likelihood
probabilities.

In datasimulationandanalysisthe Portugueséesamis involvedin the measuremerdf the
branchingratio w - p'u”, that was publishedfor the first time only in 2002, and for
which the experimenthas a clear signal. This is comparedwith the known branching
ratiosof w — 7T TC, implying the reconstructiorof a neutralpion, andg — p*u~where
it is necessaryo know therelativeproductioncrosssections@/w. Otherimportantwork
was the measurementf the b-bba crosssectionfrom double semileptonicB meson
decaysThe semileptonichannelglike B* - DI*v) havea largerbranchingratio thanthe
JMN channelsTherewas a hint of signalin the 2000data, both in the electronand the
muonchannelput the newdataallowsto increasehe statisticsn a very significantway.
Finally there was also work in the luminosity determination,fundamentalfor the



measurementf absolute cross sections, for which a new statistical method was
developedand applied. This method counts the number of empty eventsin two
independensub-detectordrom whichit fits the probability of anemptyevent.This is
relatedwith theinteractionratio by the Poissonstatistics.One of us, J. Carvalho,is the
convenenf the luminosity working group.

AcademicTraining:

JoaoBastos- Ph.D.thesisfinishedin 2002.

VascoAmaral- Ph.D.thesisconclusiorforeseenn 2003.
Antonio Oliveira- M.Sc.thesisconclusiorforeseenn 2003.
JoaoBatista- M.Sc. Thesisconclusiorforeseenn 2004.
Luis Slva - M.Sc. Thesisconclusiorforeseenn 2004.

Publications:

"Inclusive V° production cross-sectionsfrom 920 GeV fixed target proton-nucleus
collisions" HERA-B Collaboration, DESY-02-213, DEC.2002, Submitted to
Eur.J.Phys.Chep-ex/0212040

"J/¥Y productionvia xc decaysin 920 GeV pA interactions"HERA-B Collaboration,
DESY-02-187Nov. 2002,Submittedo Physicd_ettersB, hep-ex/0211033

"Measuremenbdf the B anti-B productioncross-sectionn 920-GeVfixed targetproton
nucleuscollisions” HERA-B Collaboration,DESY-02-076,May 2002, Accepted for
publicationin Eur.J.Phys.Chep-ex/0205106



PROGRESSREPORT

Project title: Applications of timing Resistive Plate Chambers
CERN/P/FIS/40111/2000

Project coordinator: PauloJ.R. Fonte.

PhD: PauloFonte,M. IsabelLopes,Rui FerreiraMarquesandArmandoPolicarpo.
Students:LuisLopes,PedroAmado.

Technical: Alberto Blanco,JoséPinh&o Rui Alves, Nuno Carolino.

Summary of activities
This reportconcernghe scientificactivitiesdevelopedluring2002.
Developmentsn RPC-PET

In the framework of a previous project we identified two possible applicationsfor
RPGbasedPET counters:high accuracyPET for small animalsandwhole-body human
TOF-PET.

A prototype for high-accuracysmall-animal PET

Following the conclusionsstated above an RPC-PET prototype for small animals,
designedn 2001,wasbuilt andcommissionedn 2002.

The systemhas?2 detectorheadswith 16 layersof RPCseach.The conversionpoint can
beidentifiedin onedimensionby 32 strips(1 mmwide)with centroidcalculationandthe
conversion layer will be also identified. The 96 channelsreadout system was
custommade andequippedvith specialretriggerablediscriminatorsvhich will dealwith
thelargeamountof interchannetrosstalkin the counter.

First experimentatesultsindicatealreadya sub-millimetric resolutionof 0.7 mm FWHM
andfurtherimprovementsarereasonabléo beexpected.

Development$or the HADES experment(GSI)
Proposalfor the Inner TOF Wall

A proposalor the constructionof the HADES Inner TOF Wall was elaboratedy LIP-
Coimbraand GENP-Santiagode Compostelaand presentedto the collaboration by
P. Fonteat the XI CollaborationMeeeting,SmoleniceCastle, Slovak Republic, 10-14
April 2002.

Following further discussionsa beamtest will be held in April 2002 to clarify some
technicalaspectdike the influenceof the highly ionising backgroundparticles, the rate
capabilityandpossiblecrosstalkeffectsin high-multiplicity environment.



Preparations for the beamtest

In view of the situation statedabove,a beamtestof a realisticprototypecomprisingat
least3 contiguouscells(60x2cn? each)will be heldin April 2002.A laboratorytestof
differentcell shieldingstructuresandstrategiesvasmadeandthe constructionof a 3-cell
counterwasstarted.

Very high ratetiming RPCs

Very high rate countersareof generalinterestfor expandingthe applicability of timing
RPCs.A developmenin this directionwasstartedoy searchingor adequatenaterials.

Aging in timing RPCs

Severeagingof glassRPCsoperatingin streamemodehasbeenobservedandrelatedto
the presenceof water vapour tracesin the gas mixture. An unidentified depositwas
found over the glasssurface,severelyincreasingthe dark count ratesand reducingthe
counterefficiency.

Naturally it is of greatpracticalimportancethe investigationof such effect in timing
RPCs (operatedin avalanchemode),often madewith glasselectodesand working in
somewhatsimilar gaseousnixtures.To this aim, we built a test set-upcomprisingsix
single-gapcounters After achargetransferof ~250mC, equivalento 800daysof normal
operationat 200 Hz/cn?, no increaseof dark current was detected. However a yet
unidentifieddepositwasfound overthe glasscathodes.

First resultswere presentedat the “6th InternationalConferenceon Position Sensitive
Detectors”,9-13 SeptembeR002,LeicesterUK.

Physicsstudies

Physicsstudiesaimingto completelyclarify the working modeof timing RPCsarebeing
also pursued. Recent theoretical results were presentedat the “6th International
Conferenceon PositionSensitiveDetectors”,9-13 SeptembeR002,LeicesterlUK.

Involvementin the CBM experimentat GSI

The CompressedBaryonic Matter experimentwill be a prominent part of the
experimentaprogramat the future heavy-ionacceleratoat GSI.

LIP Coimbrahasbeeninvolvedsincethe initial meetingsandis expectedo take active
partalreadyin thetechnicalproposal.

Seminars,conferencesarticles and reports

A RPC TOF Wall for the HADES SpectrometerLIP-Coimbra, Univ. Santiagode
Compostelawritten proposal April 2002.

H. Alvarez-Pol, J.J. Garzon, D. Gonzalez A.Blanco, R. Ferreira-MarquesP.Fonte,
A.Policarpo, “Viability Analysis of a RPC TOF Wall for the Hades Small Angles
Region”, comunicagamral no “HADES CollaborationMeeting XI”, April 11-14,2002,
Smolenice SlovakRepublic

P.Fonte, “Resistive Plate Chambers for Time-of-Flight Measuremets” oral
communicationat “Compressedarionic Matter Workshop2002”, 13-16 Maio 2002,
GSI,DarmstadtAlemanha.



P.Fonte, “Resistive Plate Chambersfor PET”, oral communicationpresentedat the
Workshopon PositronEmissionMammography1-2 Julhode2002,Lisboa,Portugal.

A.Blanco, P.Fonte, L.Lopes, A.Mangiarotti, R. Ferreira-Marques,A. Policarpo
"Resistive Plate Chamberd=or Time-Of-Flight Measurements'bral communicationat
“6th InternationalConferenceon Position SensitiveDetectors”,9 13 Septembe2002,
LeicesterJK, acceptedor publicationin Nucl. Instr.andMeth.
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Project Title: Development of liquid xenon and liquid argon detectors for
WIMPs Searchand CERN experiment PS213

Project Coordinator: M. IsabelLopes
PhD:
M. IsabelLopes
Vitaly Chepel
JoséPintodaCunha
PauloMendes
Rui FerreiraMarques
ArmandoPolicarpo
Students:
Vladimir Solovov
FrancigoNeves
AlexandreLindote
JoaoAbrantes
Technical Staff:
JoséPinhao
AméricoPereira

Summary of activities:
This reportrefersto the scientificactivity developediuring 2002 in the domainof liquid
xenondetectorsThe mainactivitiesandresultscanbe summarisedsfollows:

Study of Large Area Avalanche Photodiodes

The study of Lage Area Avdandhe Phatodiodes (LAAPD) has bemn
cortinued in viev of thar applicaion for the detection of liquid xenon
scintillation in detectars, namely detectars for the direct search of WIMPs.
Thefollowing topics were addressed:

- Messurament of the exaess noise fadtor, F, of a LAAPD from Advanced Phatonics as a
function of gain and tenperaure from 0°C down to —8C°C. In a detectar with LAAPD
readout, the noise and the fluctuaions of the avdandhe gain contribute to the energy
resolution of thesy sem. The later is expressed in terms of the excess noise fagdor which
should beaslow aspossible. A linear dependenceof F onthe LAAPD gain was found for
gains larger than 100, theslgpe being equal to 0.002 (the slope is the effective ionization
rate ratio which is usudly symbolised by k). As it was estimated in previous
messurements of the enagy resolution in liquid xenon of aphaparticles, the vaue of k
messured was hicher than tha quated by the manufagure and usudly reported in the
literaturefor this ty pe of phatodiodes.



- Vaiation of theLAAPD gain with tenperaure This aspect is of gred relevance in view
of astableopeaation of thephatodiode. For ingdance, areative variation of the gain of 3%
[C a agan of 50, risngto = 5% at a gain of 200, was observed. Hence, it is concluded
tha very goad temperaure stability is required to limt the gain vanations, otherwise a
correction mechanism hasto beimplemented.

- Detection of very low intensity light pulses. The amplitude digributions of the signds
corresponding to an avarage number of primary eectron-hole pairs (e-h) assmdl as3 to 7
were messured, thus showing the possibility of detection of very low intensity light
pulses. The pulse height spectra were conpared with predictions based on Mcintyre
theory . Good agreement wasfound.

- On the bads of the Mcintyre theory, the detection efficiency for singe eectron-hole
pairs, gy, Was estimated for LAAPDswith different excess noise fador. It wasfound thet
the fessibility for detecting singe eh pairs strongy depends on tha parameter. For
LAAPDs with k=0.002, like that onefrom Advanced Phatonics which was tesed, €y,
varies between 20% and 30% with the gain varyingfrom 1000 to 2000.

-  Thedak count rate was messured as a function of the temperaure and gain. A strong
dependenceontemperaurewasfound, thedark count rate deaeasngby a fadtor of about
17 per 10T of tenperauredeaease. From messuranents, a dark count rate of about 0.2/s
was extrgpdated for —100°C with 1 ps shapingtime, a gain of 1000 and a discrimination
level of 1500 eectrons. Theresults open good praspeds for the use pf LAAPD for low
badkground applicaions.

Construction of a large testchamber

Final designof a large experimentalchamber(~3 litres) for measurementsf a liquid
xenon/argordetectoresponséo neutronsandgammasThe constructon of the chamber
wasinitiatedin the workshop.

Vacuum testsand cleaningof a portable purification systemfor xenonand argon.

The portablepurification systenmfor xenonandargonwas finished, the vaccumtestsand
the deepcleaningprocedurecarriedout, andthe outgassingrocesstarted.

Position determination and event reconstruction in liquid xenon detectors for
WIMPs searchand (n,y) reactions

Large liquid xenon detectars based on scintillation are foreseen, both for
WIMPs search and 41t y-ray spectromders Inthese detectors, dependence of
the collected light on the podtion of the interadtion degades the enagy
resolution. In order to correct for this podtion dependence in such a large
volume, we developed an dgorithm to remonstruct theinteradion point from
theandy sis of thephato-detedtor amplitudes. For tha, we caried out the full
Monte-Carlo simulation of thetes chamber tha is being built to performing
themeasurements under neutronirradiaion.



Thereaults show tha it is fessible to achieve enagy resolutions of less than
50% for 20keV y-rays with a modest set of phao-nultiplias, i.e in an
enagy domainof interest for WIMPS search. The postion resolution of such
adeviceisabout 8 mminthex-y plane and better than 10mm in z, for points
a diganee from thedetector plane up to 5 an. Besdes improving the enagy
resolution, thepostion resolution achieved opens thepossibility of improving
thergection of multiple scateringand other badkground events.

Participationin then-TOFruns

We patrticipatedin n-TOF runs for the measuremertf the crosssectionof the neutron
capturein 2%Pbe 2°Pb. Two studentsnvolvedin this project participatedin the shifts
anddatataking.

AcademicTraining:
One student (Francisco Neves) is doing his Ph.D. work and anather (Alexandre Lindote is
preparing hisMader Thesisinthefranewaork of this prgect.

JoaoAbrantesfinishedhis graduatiorproject,in the framewaorkof this project.

Publications:

“Low Temperature Performanceof a Large Area Avalanche Photodiode”,
V. Solovov, F. Neves, V. Chepel, M.l. Lopes, R.Ferreira Marques e
A.J.P.L. Policarpoacceptedor publicationin Nucl.Instr. and Meth.A.

"Liquid RareGasDetectorsrecentdevelopmentandapplications"M.l. Lopese
V. Chepel, submitted for publication in “IEEE Trans. on Dielectrics and
Electrical Insulatiori.

“Liquid Xenon Scintillation: Light Propagationand Detection”, V. Chepel,
V. Solovov,F. NevesM.l. Lopes,A. Lindote and J. Pinto da Cunhasubmitted
for publicationin “The Identificationof Dark Matter, Word Scientific.

“Positiondeterminationn liquid Xe detectors”J.Pintoda Cunha,A. Lindote, F.
NevesV. ChepelandM.l. Lopes,to besubmittedto Nucl.Instr. and Meth.A.

Conferences:

“Liquid Xenon Scintillation: Light Propagationand Detection”, V. Chepel,
V. Solovov, F. Neves,M.I. Lopes, R. FerreiraMarquesand A.J.P.L. Policarpo,
oral communicationin “ 4™ International Workshopon the Identification of Dark
Matter’, York, U.K., 2-6 SeptembeR002.

"Liquid RareGasDetectorsrecentdevelopmentandapplications"M.l. Lopese
V. Chepel, oral communication as invited speaker in “2002 IEEE, 14h
International Conferenceon Dielectric Liquids (ICDL 2002)”, Graz, Austria, 7-
14, July, 2002.



“Low TemperaturePerformanceof a Large Area Avalanche Photodiode”,
V. Solovov, F. Neves, V. Chepel, M.I. Lopes, R. Ferreira Marques and
A.J.P.L. Policarpopral communicationn “3rd International Conferenceon New
Developments Photodetectiori, BeaunefFrancel7-21June,2002.
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Introduction

During 2002, LIP-Lisboahaspursuedits involvementin CERN experimententredin
thetwo majorLHC collaborationsATLAS andCMS.

Work was alsocontinuedin the frameworkof DELPHI and NA50 experimentsvhere
PhD candidatesrestill involvedin dataanalysisandacademiavork.

An important milestonewas achievedin the frameworkof the ATLAS collaboration,
namelythe fibre insertionin the Tilecal Calorimeter.In July 202, aheadof schedule,
180.000plastic profiles with insertedfibresweredeliveredto CERN. This projectwas a
very successfutollaborationof anumberof institutionsandindustry,doneclosely with
the LIP MechanicaWorkshopin Coimbrawherethe massproductiontook place.

In closeconnectiorwith the LHC effort, LIP increasedts involvementin computingfor
LHC, mainly in developing the Grid Computing Paradigm. Together with its
participationin the EU Datagridproject, LIP joined as full partnerthe EU CrossGrid
Project,whereit playsacentralrole.

Our involvementin Physicsin Spacewas not only pursuedin the framework of the
AMS experimentbut LIP hasalso joined a new International SpaceStation physics
experimentthe ExtremeUniverseSpaceObservatory EUSO),now approvedfor phase
A by the EuropearSpaceAgency.

Finally, the researchn “Monte Carlotechniquesand DetectorDevelopmentapplied to
MedicalPhysics” was developedenefitingfrom a two-yearsfunding grantandgoeson
in LIP Lisbon andits Algarve Pole.In Algarve Pole,the developmentf radiationhard
silicon detectoran the frameworkof RD39 collaboratioralsocontinued.

ConcerningOutreachactivities, a project (fundedby Ciéncia Viva) for developingan
experimentaset-upfor collectingcosmicraysis now underdevelopmentThe set-upwill
be installedin SecondarySchools,in 2003. The representatiorof Portugalin CERN
Outreachgroup as well asin the CandidateSelectionfor the HST Programme(High
SchoolTeachersat CERN mustalsobementioned.

During2002,LIP hasorganisedr co-organisedhreemajorevents:

“Workshopon PositronEmissionMammography” July,2002,Lisbon

“IV InternationalWorkshopon NewWorlds in AstroparticlePhysics”, September2002,
Faro

“CERN AcceleratorSchool- CAS”, Septembe002,Sesimbra



Thefundinggrantedo the aboveprojectscanbeseenn the following table:

PROJECT REFERENCE NUMBER FUNDING
CALORIMETRY CERN/FNU/43715/01 235.000€
CMS CERN/FNU/43654/01 235.000€
DELPHI CERN/FNU/43674/01 120.000€
NA50 CERN/FNU/43727/01 100.000€
ROBOTIZATION CERN/FNU/43707/01 85.000€
PROC.&TRANS. CERN/FNU/43668/01 75.000€
TECHNOL
MEDICAL PHYSICS CERN/FNU/43672/01 60.000€
CMS -DAS CERN/FNU/43670/01 50.000€
SILICON DETECTORS CERN/FNU/43681/01 25.000€
AMS DIV 1179 149.600€
EUSO POCTI/FNU/43515/01 80.000€
CIENCIA VIVA PV-0124 55.300€
CROSSGRID IST-2001-32243 55.900€

1.325.800€
TOTAL|

The academic training program included in the projects can be summarized in the

following table:

PhD in Master in PhD
progress progress concluded concluded

ATLAS 2 3
DELPHI 2 2 1
MEDICAL PHYSICS 3 1
NA50 3 1
CMS 1
AMS 3

Total 11 9 2

The last monthsof 2002 were affectedby delaysin the paymentsdue by our funding
agenciegstill pendingn February2003)andby the interruption(or suspensiondf some
newprojects(LIP LisbonnewpremisesGRID, hiring of newPhDs)



Human Resources

LIP 2002
January2002 Decembef002

AdministrativeStaff 5 5
TechnicalStaff 5 5
Researchers 12 14
Post-doc 6 8
Fellowships

PhD Students 12 12
BIC/BTI Fellowships 19 17
andMasterStudents

TOTAL 59 61

This tableincluded.IP LisbonandLIP Algarve staff

AdministrativeStaff:
LinaBarataClaudiaDelgado,SandraDias, JodoVargas,NataliaAntunes

TechnicalStaff:
JoséCarlosNogueira,JoséCarlosAparicio, JodoPauloConcei¢édo,JoséCarlosda Silva,
Dario Passos*

Researchers:

Amélia Maio, ConceicadoAbreu*, FernandoBardo, GasparBarreira, Jodo Cruz, Joao
Varela, Jorge Gomes, José Mariano Gago (since April 2002), Luis Peralta, Mario
PimentaPaulaBordalo,PedroAbreu, SérgioRamos) uis BernardgsinceJuly 2002)

Post-Dod-ellowships:

AgostinhoGomes,BernardoTomé, CatarinaQuintans(sinceDecember2002), Catarina
E. Santo,Méario David, Patricia Goncalves(since June 2002), Pedro Rato*, Reyes
AlemanyFernandez.

PhD Students:

AndreiaTrindade(sinceJuly 2002), GongaloBorges,HelenaSantos JoséManuel Silva,

Maria de JesusVaranda,Nuno Almeida, Nuno Anjos, Patrick Sousa*,Pedro Rodrigues
(sinceJuly 2002), SandraMoreno (till December2002), Sofia Dias, TeresaClaudino,
PatriciaGongalvegtill May 2002),CatarinaQuintans(till November2002)

BIC —BTI FellowshipsandMasterstudents:




AndreiaTrindade(till May 2002), Catos Marques,CatarinaOrtigao, FernandcEsteves
(till October2002),FernandaCarmo(Master Student),Filipe Veloso,JodoBorges,Jodo
Pina,JoaoSaraiva,Miguel FerreiraLuisaArruda, Nuno CardosoNuno Castro(Master
Student),PedroAssis, SandraSoares Sonia Rodrigues*(since February 2002), Pedro
Silva (till October2002), PedroRodrigues(till May 2002), Marco Quintero (Master
Student)*,Bruno Carri¢co*.

(*) LIP Algarve Staff



PROGRESSREPORT

Project Title: AMS

Team

Project Coordinator: Fernanddar&o

PhD: GaspamBarreira,Mario PimentaPatriciaGongalvesJorgeDias Deus
Students:JodoBorges) uisaArruda,FernanddCarmo

Technical Staff:

Summary of activities:

AMS (Alpha MagneticSpectrometerjs a particle physicsexperimento beinstalledin
the future InternationalSpaceStation Facility (ISS). The mainphysicsobjectiveswill be
the searchfor antimatteranddark matter.In addition,it will studythe propagationand
confinemenbf cosmicraysin the galaxy.

The capabilitiesof the AMS spectrometercomparedto the one which flew in the
Discoveryshuttle in 1998, were improved and extendedthroughthe inclusion of new
detectorssuchasa Ring Imaging CerenkovDetector(RICH). The RICH will provide an
independenmeasuremertdf the particle velocity with a goal resolutionof the order of
102 . Sucha resolutiontogethemwith animproved measurementf the particle rigidity
dueto a highermagneticfield (0.9T), will allow to separateseveralisotopeson a large
Kineticrange.

The favored solution points to a conical shapeddetectorwith a low radiator index
(aerogel,n=1.03) on the top, photodetector®n the bottom and an envelopingouter
mirror of very largereflectivity. Theteamis involvedon the RICH setupsimulationand
reconstruction.

Reconstructiorof particlevelodgty hasto dealwith anessentiallyflat backgroundfrom
photomultipliersnoiseand photonscatteringon aerogelradiator. Additionally, complex
photonpatternscanbesetat the detectorplanedueto the mirror. A leastsquaresanda
likelihood methodwere developedand comparedeadingto a velocity determinationfor
protonswith aresolutionlessthan0.1%.

A methodfor chargereconstructionwith the rich detectorwas also implemented.The

existenceof backgroundphotons,uncorrelatedwith the cerenkovphoton ring, which

differ from eventto eventdueto the ring geometricalacceptancend eventkinematics
implied a chargereconstructionmethodbasedon an overall efficiency estimationon a
eventby eventbasis.A typical resolutionon chargeof the orde of 20% is obtainedfor

protons.

Duringtheyear of 2002a RICH prototypemadeof a radiatorand96 photomultipliers,
separatedy an expansionvolumesimilar to the final one, was built. The prototype,



togethemwith atrigger systemmadeof threescintillators anda tracking systemmadeof
threewire chambersyassubmittedto cosmicmuonrunsat the ISN, Grenoble Different
aerogelsradiatorswere comparedandthe monte carlo simulationwas fine tuned. Both
reconstructiormethodsdevelopedat LIP wereagpplied to data.

The radiator configurationwas object of optimizationin orderto havein AMS the
possibility of isotopesseparationn akinematicregionaslarge as possible.The ideawas
to includein the centralradiatorregion a larger refractiveindex radiator- dual radiator
configuration.This will provide higherphotonring acceptancefr eventspassingclose
to centerof the radiatorandconsequentelymprovesthe reconstructiorefficiency.

In the frameworkof oneof the masterthesis, we started studieson the possibility of
usingthelight guideyield for chargereconstruction.

AcademicTraining:

Master Thesis:
Reconstrucaada cargaeléctricacom o detectorRICH da experiénciaAMS, Ana Braga
Keating.SupervisorFernanddarédo.Maio, 2002 — Instituto SuperiorTécnico

Publications:
Cerenkov angle and charge reconstructionwith the RICH detector of the AMS
experimentf. Bar&doet al. to bepublishedin NIMA (2003)

The Alpha Magnetic Spectromete(AMS) on the InternationalSpaceStation, Part I,
Resultsfrom the testflight on the SpaceShuttle,AMS Collab., PhysicsReports,366/6
(2002)331.

Conferences:
Cerenkov angle and charge reconstructionwith the RICH detector of the AMS
experimentf. Bardo,RICH 2002ConferenceJune2002,Pylos-Greece

Velocity reconstructiorwith the RICH detectorof the AMS experiment,). Borges.New
WorldsIn AstroparticlePhysics,Septembef002, Algarve. Proceedingso be published
by World Scientific

Chargereconstructiorwith the RICH detectorof the AMS experimentL. Arruda. New
WorldsIn AstroparticlePhysics,SeptembeR002, Algarve. Proceedingso be published
by World Scientific
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Project Title: Calorimetry for ATLAS/LH C

Team

Project Coordinator: AméliaMaio
PhD:

AméliaMaio 63%
Anténio Amorim 4%
JoaoCarvalho 25%
Anténio Onofre 10%
HelmutWolters 4%
AgostinhoGomes 95%
JoséMartins 10%
ManuelManeira 4%
CarlosCardeira 8%
Students:

Maria deJesusvVaranda 95%
JoséSilva 100%
JoaoSantos 10%
JoaoGentil Saraiva 100%
JoaoPina 100%
PedroAmado 50%
Fernanddesteves 30%
CarlosMargues 95%
SandraSoares 95%
Technical Staff:

JoséPinhao 5%
Rui Alves 10%
FernanddVoita Ribeiro 40%
JoaquinOliveira 15%
AméricoPereira 25%
JorgeA. Moita 10%
JoaquimPatriarca 25%
Luis Raposeiro 15%

Summary of activities:

The activitiesrelatedwith the Tilecal calorimeterconstructioncontinuedin 2002. Several
activities of constructionof optical componentsvere finished. A total of about 5000
extra fibers were purchasedto Kuraray in 2002 to complete the modules of the

calorimeter.The preformswerereceivedin Lisbon, controlledandacceptedThe number
of fibres that was aluminizedwas about65000,morethan 10% of the total production.
The aluminium mirror quality was controlled and the fibres were delivered to LIP-

Coimbrawheretheywereinsertednto profiles. Theresultsof therelativelight outputof



the setsof fibresof eachengthfor the whole productionis shownin the nexthistogram.
The acceptancémits weresetat +/-10%.

After the mechanicanddimensionalQC, the profiles arewhite paintedandthe
respectiveholesare madeby a drilling machineat the LIP workshop.The numberof
profilesthat waspaintedanddrilled in 2002 was about35000,correspondingo 20% of
the total production. The optical QC of the painted profiles has beendonein the
LOMAC laboratoryat CEFNUL in Lisbon,andthe distribution of the relativereflectivity
for asetof profiles is shownin the figure below. The productionandquality control of

plasticprofilesis finished.
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The productionand quality control of distribution connectorsand bundlesof
shortclearfibresfor the lasemrmonitoringsystenmwasalsofinishedin 2002.

A set of 250 photomultipliersproducedby Hamamatsufor the Tilecal was
controlled.

Simulationstudieshavebeendoneto evaluatehe possibility of tagginglow p+
muonsusingthe Tilecal. A newmethodwasproposedgainingrobustnes the rejection
of backgroundStudiedo better determinghe massandwidth of the W usingthe Atlas
detectorstarted.

Modules of the Tilecal calorimeter equipped with the respective readout
electronicaveretestedwith beamsof high energyparticlesat CERN. The dataobtained
is beinganalysedn orderto es@blishbetter criteriafor the calibrationof the calorimeter
andto getmapsof the responsef the modules.

During 2002, we starteda participationin the Tilecal detector control system
(DCS). Our participationinvolves the control of the cooling systen, the setupof the
distributedsystemandthe coordinatiorof the Tilecal DCS.

A viability studyon a systemto find persondnsidethe ATLAS area(FPIAA),
in caseof accidentpr if someonaes still insidewhenan experimenis aboutto beginwas
done.lt includedevaluationof hardwareand software,andtestsof sensorsandfieldbus
under magnetic field and irradiation. The irradiation tests took place at "Instituto
TecnologicoNuclear'in SacavemThe sensorsandfieldbusmoduleswereirradiatedwith
the dosesandneutronfluxesexpectedn the areasof ATLAS wherethey will be located
andthe systenstill works without degradationThe systenwassubmittedto a magnetic
field at CERNandin Lisbon,for testing.The existenceof somereedrelaysin the sensors
leadto the needof changingtheserelaysby solid stateones.



AcademicTraining:

PhDthesis

Maria J. Varanda, "Muon detectionin ATLAS and its relevanceon semi-leptonic
decays"finishing

JoséSilva, "Monitorization and intercalibrationof the Tilecal/ATLAS calorimeter,and
PMT qualification”,in progress

Masterthesis

JoadoPina,"Ageing effectsin the opticsof the Tilecal calorimeter",in progress
JoaoG. Saraiva,'Improvingthe calibrationof the Tilecal calorimeter”,in progress
CarlosMarques,Simulationof performancef the Tilecal detector”,in progress

Publications:
"Hadronenergyreconstructiorfor the ATLAS Calorimetryin the frameworkof the non-
parametricamethod",S.Akhmadalewet al, Nucl. Inst. andMeth. A480 (2002)508-53

"Correlation between the optical properties of injection moulded polystyrene
scintillatorsandthe materialtermophysicaproperties”,J. A. Martins et al, acceptedor
publicationin Polymer(2002)

"Correlation between the optical properties of injecion moulded polystyrene
scintillatorsandthe processingonditions”,J. A. Martins et al, acceptedor publication
in Polymer(2002)

“Choiceof the WLS fibresfor the Tilecal/ATLAS Calorimeter”,M. David et al, ATLAS
InternalNote, ATL — COM-TILECAL-2002-004

“Acceptance QC of the Tilecal WLS fibres performedin Lisbon”, M. David et al,
ATLAS InternalNote, ATL — TILECAL —2002-004

"Cell Geometryandfiber lengthsof Barreland ExtendedBarrelmodules”,A. Gomeset
al, ATLAS InternalNote, ATL — COM-TILECAL-2002-015

"Measuremenof the Top Quarkmasswith the ATLAS detectorat LHC", M. David et
al, ATLAS InternalNote, ATL-PHY S-2002—-007

Conferences:

“MC simulationof the ATLAS hadroniccalorimetemperformance”M. J. Varandafor the
ATLAS/Tile coll,, to bepublishedin Proceedingsf the 10th InternationalConferenceon
Calorimetryin High EnergyPhysicsPasadend)SA, 25-29March 2002
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Project Title: Robotization of optical fiber insertion in the Tilecal calorimeter —
massproduction

Team

Project Coordinator: AméliaMaio

PhD:

AméliaMaio 25%
JoséM. SadaCosta 5%
CarlosB. Cardeira 5%
AgostinhoGomes 5%
Students:

Maria deJesusvVaranda 5%
CarlosMargues 5%
Technical Staff:

JoséPinhao 5%
Rui Alves 40%
JoaquinmPatriarca 5%
JorgeA. Moita 90%
AméricoPereira 20%
Miguel Braga 100%
MarisaA. Santos 100%

Summary of activities:

Themainaim of this project was the massproductionof the robotizedinsertion
of the WLS fibresinto the plastic profiles to instrumentthe Tilecal calorimeter,andthe
respective labelling, packing and distribution to the Ilaboratories where the
instrumentationtook place. The portuguesegroup involved in these activities was
responsibldor all thesetasksaswell asfor the quality control of the fibres inside the
profiles. The group also participatedin the instrumentationof the calorimeterbarrel
modulesat CERN, and a first version of a 3D animationvideo describingthe robot
operationsandits integrationin the Atlas constructiontaskswasalsoproduced.

The overall prgect of constructionof the robotized systemstartedin January
1996 and the robot constructionwas finished by May 1999. The overall work was
dividedin five mainphasesnamelydesign,construction,test and calibration, planning
andmassproduction.SinceJuly 1999the projectwasin the phaseof massproduction.

The insertionof fibresinto the profiles in 2002 was doneat the scheduledate,
allowingto finish the productionwithin lessthan2 weeksof the reviseddateto finish the



production(30-062002),andonly 2 months later than the original scheduledefined4
yearsbefore.This was quite remarkabletakinginto accountthat the productionstarted
about 3 months after the schedulleddate (1-05-1999),and there was a stop by mid
Septembet999to transferthe machinefrom Lisbon(IDMEC/IST) to LIP-Coimbra.The
evolutionof the insertionof the fibresinto the profilesis shownin the figure below.
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The fibers wereinsertedinto the profiles andthe respectivequality control was
done.As anexample,it is shownin the nextfigure the distribution of the minimum and
maximumlengthsof gluein the fibresper boxof profiles.

The profiles with fibersweredeliveredto the instrumentationplantsat CERN,
BarcelonaandUnited State ANL andMichigan).

After the endof the regularproductionin July 2002,small productionsof extra
profiles were madein Septemberand Ocober to replace profiles damagedat the
instrumentatiorplants.A tableof the final productionis shownbelow.

At this point we can state that we achieved the goals defined in 1995
(constructionof therobot) andin 1999(insertionof the fibresinto the profiles usingthe
robot), and that this project was a successDuring 2002 it was also produceda 3D
animationvideo of the robotized insertion of the fibres into the profiles. The video is
almostfinishedandgivesanicereportof this project.

Component Total Enterprise Produced InsertionPlant

Quantity Destination




Name Quantity %
Tableto cut|2 SIRMAF 2 100 | LIP-Coimbra
the Profiles
Plastic 187000 [IBEL - Cesar 187000 100 | LIP-Coimbra
Profiles
Preparation [ 176500 | LIP-Coimbra 176500 100 | LIP-Coimbra
of the
Profiles
QC of the LIP-Coimbra&
Profiles 1765 LIP/CFNUL 1765 100
Insertion of [ 176500 | IDMEC-IST, 176500 100 | CERN,
fibers into | (profiles) | Lisbon, until IFAE(SPAIN),
the Profiles 09/1999 after ANL and
(including movedto MSU(USA)
damaged) LIP - Coimbra




PROGRESSREPORT

Project Title: Collaboration in the CMS experimentat CERN

Project Coordinator:

JoaoVarela

PhD:
JoaoVarela

PaulaBordalo
SérgioRamos
ReyesAlemany
MarcelinoSantos
CarlosAlmeida
JoéoPauloTeixeira
J. Augusto

F.M. Goncalves
IsabelTeixeira

Students:
Nuno Almeida

Nuno Cardoso
PedroSilva
JorgeSemido
OctéavioDias

Technical Staff:
JoséCarlosSilva

JorgeGomes
Miguel Ferreira

LIP/IST

LIP/IST
LIP/IST
LIP/IST
LIP
INESC/IST
INESC/IST
INESC/IST
INESC/IST
INESC
INESC/IST

LIP
LIP
LIP
INESC/IST
INESC/IST

LIP
LIP
LIP




1. Introduction

This project concernsthe Portugueseparticipationin the CMS experiment.The LIP
activity is centeredon the developmentof hardwareand software for the calorimeter
trigger and for the readoutsystemof the electromagneticcalorimeter. The project is
carriedonin collaborationwith INESC-ID.

The calorimeter trigger system of the CMS/LHC expemment at CERN is a high
performancelectronicandcomputingsystemwhich processesn-linethe detectordata,
aboutone hundredthousandcalorimeterchannelsto selectelectronsphotons,tausand
missingenergyeventsaswell as,samplesf jet events.The trigger systemperformsthe
first selectiorstepin the searcHor newphysicsreactionsjn particularthe searchfor the
Higgsboson.

The ElectromagneticCalorimeter(ECAL) is an electronand photon detectorcomposed
by eightythousancdhigh purity PbWO4 crystals.The extremelyfine granularityandthe
excellentenergyresolutionmakeghis instrumentvery well suitedfor the measuremeruf
electronsaandphotonsat the LHC. The readoutsystemis responsiblefor collectingdata
from 80000channels.

A high degreeof innovationis requiredn the project. For the first time a large numberof
opticaldatalinks is usedin HEP. Theintegrationscalerequiredandthe complexity of the
on-line data selectionand trigger algorithms is a real challenge for the electronics
developmentThe dimensionof the systenrequireshe useof the most advancedjuality
controlandtestingtechniques.

Due to costlimitations, a major re-designof the ECAL electronicstook placein 2002
aiming at a substantialreductionof the numberof optical links. This re-designdoesnot
affect our deliverablesbut implies a new cycle of prototypesto adaptto the new
functionality.

In this framework,we have pursuedthe developmentand prototypingwork towards
fulfillment of the Portugieseconstructionresponsibilitiesin the CMS experimentLIP
wasalsoinvolvedin 2002in the developmenof a40 MHz, 12-bit ADC for CMS/ECAL
sub-contracting Portugueseompany.

Finally, the responsibilityof the CMS Trigger Technical Coordinationcortinuedto be
assured.

Portugueseconstructionresponsibilitiesin the CMS experiment:- Developmentand
constructionof the trigger synchronizationcircuits and the trigger high-speedlinks
(construction of 850 ECAL Synchronizationand Link Boards).- Devdopment and
constructionof the ECAL Data ConcentratorCard (constructionof 60 DCC 9U VME
boards).-Developmentndconstructionof the CalorimeterTrigger Readoutand Control
system.Developmenbf softwarefor the ECAL readoutmodules.

In collaboraton with Portugueséndustry,Portugais responsiblyto deliver:
- GreasdPadsfor the magnetbarrelwheels(concluded)

- Designof ahigh-performancd0 MHz 12-bit ADC (contracted)

- Muon AlignmentBarrelcarborfiber structureMABS) (in preparation)



This projectis relatedo the following CMS sub-projects:

- Developmenbf the ECAL Front-Endboards CERNandRAL

- Developmenbf the ECAL off-detectorelectronicsLIP, PalaiseauCERN, Saclay
- Developmenbf the CalorimeterRegionalTrigger, Wisconsin, USA

- Developmenbf the OnlineSoftwareframework, CERN

- Developmenbf PhysicsReconstructiorandSelectionsoftware, CERN

- Pre-calibratiorof the Electromagneti€alorimeter CERN
Bibliographicreferencesreavailableat: http://cmsdoc.cern.ch/docnotes.shtml

Sub-Project 1
Synchronization Circuit & Synchronizationand Link Board

In the year 2002 we should have concludeda long term effort aiming at a circuit for
synchronizatiorof the calorimetertrigger primitive data. This circuit is the heat of a
method developedand demonstratedby LIP to achieve synchronization of the
calorimetertrigger pipeline system.This circuit is integratedn the Synchronizatiorand
Link Board (SLB), togetherwith the Giga-bittrigger link (Vitesse7216). A prototype
SLB wasbuilt andtestedsuccessfully.

The majorre-designof the ECAL electronicgdecidedin 2002 obligesto introducea few
modificationsto the synchronizatiorcircuit. In the new ECAL electronicsarchitecture,
the SLB remainsawell defineditem, keepinghe samdunctionality. Howeveranew SLB
implementationwith amorecompactform factor,will beneeded.

A new prototype was developedand the board layout is concluded.Six prototype
boardswill beproducedproducedin Q1 2003.Implementatiorof the revisedversionof
BIST andfinal testswill becarriedoutin 2003.

Sub-Project 2
Data Concentrator Cards

The DataConcentratoCardis a9U VME moduleresponsibldor collectingdatafrom 68
sources, performing data selection and integrity checkirg, event formatting and
transmissiorto the centralData Acquisition System.The final systemwill include 52
DCCs.A detaileddocumenbf specification®f the newDCC wasproduced.

Following the majorredesignof the ECAL electronicssystemwhich occured in 2002,
the specificationsanddesignof the DCC werereviewedRelativeto designdevelopedoy
our groupin 2001,the newmodulewill receive68 optical links ( Gigabitlinks) from the
detectorfront-endboardg(insteadof electricalinput) andwill includean additionalinput
stageresponsibldor datareduction(zero suppressiorand selectivereadout).This board
will bethe majorcomponenbf the ECAL dataacquisitionsystem.

Thedesignof the newDCC cardwasconcludedfollowing the parametersieined by the
hardware simulation (task 4). In particular the internal bandwidth is kept at 528
Mbytes/s.


http://cmsdoc.cern.ch/docnotes.shtml

A prototypewill be built with full performanceand completefunctionality. Prototype
fabricationis scheduledn February 2003. The design will use large programmable
FPGAsallowing smallcorrectiongo the functionality at alaterstage.

The softwareneededor thetestsis developedn Task3.

Sub-Project 3
Readoutand Control Software

The developmenteamof Readoutand Control Softwarewas re-bult after the departure
to industry of key membersNeverthelessin 2002, our group succeededo carry out

importantsoftwaredevelopmentspamely:

- GeneridDeviceConfigurator,usedto the configurationof our hardware andofferedto

the CMS collaboraton asagenerictool (developmentoncluded);

- ReadoutCrate ControllerPackageto beusedin the ECAL testbeamdata acquisition
system(partially implemented);

- Conclusiorof the SLB testpackage;

- DCC TestPackageto beusedin the testsof the DCC hardwargimplemented).

This developmentsare donein the frameworkof the CMS Trigger SoftwareWorking

Group,underour leadership.

Sub-Project 4
Modeling and Simulation

In orderto guarantedhat the entirefunctionality of the systemunderdevelopmety as
well astherequiredperformanceis takeninto consideratiorat the specificationphase,a
model,at systemlevel, of its constitutingmodulesor units, hasto be developedand
simulatedThis needcomedrom thefact, thatit is not possibleto prototype all modules
and interfacesof sucha complex system.Thus, the use of system-levelsimulationis

mandatoryfor achievingthis purpose.

In previousphase®f this project,a modelof the ECAL readoutandtrigger systemwas
implementedising Rationd ROSERT (RealTime). A completesimulationof the DCC
was achieved, putting emphasison the validation of the event builder design and
communicatiorprotocols.

This year (2002) we are adaptingour simulationto the new design of the ECAL
electronics.

Sub-Project 5
PhysicsReconstructionand Selection

Dueto lackof resourceghis year, our activity in this importantareawas reducedto a
minimum.We havebeenusingthe CMS simulationandreconstructiortools to studythe
effectof ECAL selectivaeadoti onthe datacontent,in connectionwith the activitiesin
task4.

Dependingon the availability of new resourceswe plan to extendthis activity andto
integratemore deeply the efforts of the CMS Physics, Reconstructionand Selection



(PRS)group. This activity shouldbe donein collaborationwith the PortuguesesRID
project.

Sub-Project 6
Boundary ScanTest System

The developmenbf boundaryscantools, that we havebeenconsistentlypursuingin the
last years, was concluded.The set of hardwareand software boundary scan tools
producedin this sub-projectwill be extremely valuable for testing and diagnosing
hundredsof electronicamodulesunderour responsibility,in the productionphaseand
latter wheninstalledin the experiment.

In the pasttwo years we have built a VME basedboundary scan controller board,
developedhe softwareimplementingthe bi-directionallink betweenthe SVF format and
the VME BS controller and installedthe commercialBS software adoptedby CERN.
Specialattentionwaspaid to the applicationof boundaryscanto in-situ re-programming
of FPGAs.Two VME testboards,emulatingrealreadout/triggeboards,werebuilt and
usedto validateour boundaryscantestsystem.

A formalfinal review of the Boundary Scantest systemwill be conductedbeforethe
productionof modulesn 2003.

Sub-Project 7
TestBeam ECAL Monitoring

The LIP/CMS groupis participatingin the ECAL testbeampre-calibratiorprogram.A
large experimentalinfrastructure,including readoutelectronics data acquisition, trigger,
cooling, test systems,etc. is being installed in the CERN North Area to allow the
completionof this program.The size of this experimentaketupis typical of any fixed
targetexperimentMany experimentalaspectgelatedto the physcs behaviorof the
CMS electromagneticcalorimeterwill be studied in this environment.Our group is
mainly involvedin the developmenbf the JAVA-basedmonitoring systemof the ECAL
testbeamsetup.In 2002the softwarewas adaptedto the new requiremets setby the
testof anewECAL modulein testbeam.

Sub-project 8
CMS Trigger Technical Coordination

The CMS Trigger Control System designateshe set of interfaces, protocols and
dedicatedentralcontrol hardwareandsoftwaremoduleswhich aimsthe integrationin a
coherentsystemof the varioustrigger componentsand subdetectorreadoutsystemsin
the overall CMS experiment.

This integrationactivity is coordinatedy the CMS Trigger TechnicalCoordinatorin the
frameworkof working groupswith representative®f the varioussub-detectorsA final
specificationof the CMS Trigger Control Systemwas achievedin 2002. Designof key



componentsn the centralsystem,undertakerby severalCMS groups,was startedin
2002underthe directionof the CMS Trigger TechnicalCoordinator.

Sub-project 9
ADC 40 MHz 12-hit for CMS/ECAL

In the frameworkof the majorre-designof the ECAL electronicssystemunderway, the
ECAL communityhasdecidedo sub-contracthe designof IP blockwith a 40 MHz 12-
bit ADC in 0.25 micronradhardtechnology.This IP block is intendedto integratean
analog-digitalASIC with 4 ADCs anda dynamicdigital rangeselector.This component
will matcha new 4-fold preamplifierwith different gainsunderdevelopmentat RAL,

replacing the presentFPPA (Floating-Point PreAmplifier) which is facing serious
problemsof bandwidthandnoise.

LIP is participatingin this new programcontractingthe designwork to the Portuguese
company Chipidea. The contract between LIP and Chipidea was estallished in
SeptembeR002.LIP andCERNwill follow the designwork. The productionof the test
samplesas well as the final productionwill be organizedby CERN, under a special
agreemento beestablishedetweerlL|P andCERN.

Publications, Conferencesand Technical Documents:

ECALData Volumeand SelectiveReadoutN. Almeida,J. Varela,CMS IN 2002-009

CMSL1 Trigger Control System,). VarelaandCMS Trigger/DAQ group,CMS NOTE
2002-033.

Data Concentrator Card, Specification V1.1, LIP-CMS Group, CMS/ECAL
Technical Document.
(http://cmsdoc.cern.ch/~jlfaure/OD Web Folder/Page web.htrl

DCC TesterBoards,PreliminarySpecifications,V0.2\. Cardoso,CMS/ECAL Technical
Document(http://cmsdoc.cern.ch/~jlfaure/OD_Web_Folder/Page_web.html)


http://cmsdoc.cern.ch/~jlfaure/OD_Web_Folder/Page_web.html
http://cmsdoc.cern.ch/~jlfaure/OD_Web_Folder/Page_web.html

PROGRESSREPORT

Project Title: Cosmic Rays Telescope - Ciéncia Viva

Team

Project Coordinator: JodoVarela LIP/IST
PhD:

Fernanddaréo LIPAST

Technical Staff:

Miguel Ferreira LIP
JoséCarlosdaSilva LIP
JoséCarlosNogueira LIP
Summary:

The objectiveof the projectis the construction,installationand operationof a cosmic
rays detectornetwork, interconnectedby the internet, covering a numberof secondary
schools.The detectornetwork allows the measurementf the characteristicof high-
energyparticlesimpinging our planet,looking for correlationsbetweendatacollectedby
the networkstations.

Project Goals:

- To reinforce experimental physics teachingin secondaryschools, using relatively
simpleresearclequipment;

- To introduce front-line researchtopics in particle physics, astrophysicsand
cosmologyto secondaryschoolstudentshasedn anexperimentabpproach;

- To promot a practiceof collaborationbetweenresearchersaind secondaryschool
professors;

- To give secondaryschool studentsan opportunity of participationin a scientific
project.

Scientific Motivation:

The observatiorandmeasuremertf high energyparticlesimpingingthe Earthis arecent
researchopic, which has motivations both from cosmologyand particle physics.The
origin of very high energycosmicrays (>10'%V) is unknown and mysterious.Gigantic
cosmologicevents ike collisionsof galaxies,relicsof ultra-heavyparticlescreatedn the
first momentsof the Universe expansionor large scale topologic structuresin the
universehavebeenproposedo explainits origin. However,noneof thesemodelsfully
accounfor the observations.

Severallarge sale scientific projects (Auger, Euso) are now in construction or in
preparatiorto study the phenomenornn more detail. Our project fits in this context,



mimicking in a smaller scaletheselarge researchenterprisesVery high energycosmic
rays can be detectedby the Cosmic Ray Telescopeproviding an opportunity for
confrontationof results.

Participating Institutes:

EscolaSecundari®. PedroV
EscolaSecundarigisomesk-erreiraBenfica)
EscolaSecundari&gil Vicente
EscolaSecundériaMaria Amalia Vaz deCarvalho
EscolaSecundarimlaAmadora
EscolaSecundéridderculanade Carvalho
EscolaSecundaridacode Arcos
EscolaSecundéaridMem Martins
EscolaSecundaridiogode Gouveia(Beja)
EscolaD.Manuell (Beja)

IST- Instituto SuperiorTécnico

LIP- Laboratdio delnstrumentacgée FisicaExperimentable Particulas



PROGRESSREPORT

Project Title: Collaboration in the DELPHI experimentat CERN

Team
Project Coordinator: Mario Pimenta

PhD:

Mario Pimenta, 50%
AméliaMaio, 10%
LuisPeralta, 40%
Anténio Onofre, 35%
PedroAbreu, 60%
Fernanddarao, 10%
Maria Catarinaespirito Santo40%
Bernardoromé, 90%
Students:

PatriciaGoncalves, 40%
SofiaAndringa, 100%
Nuno Anjos, 100%
SandraMoreno, 100%
Nuno Castro, 100%
Filipe Veloso, 100%

Technical Staff:

Summary of activities:
Analysisof DELPHI data

ThegroupDELPHI of LIP hasproceedealongthe linesdefinedin the previousplan of
activitieswhich, after the end of operationof the LEP machine,consistmainly in the
extractionof the bestresults possible from the DELPHI data. The activities can be
dividedin two subgroups:Searchedor New Physicsand Hadronic Physics.In both
subgroupsthe participationof the LIP-DELPHI teamhastakenplacein the DELPHI
physicsanalysisconcernedaswell asin the coordinationof the correspondingphysics
teams and physics resarch lines. Members of the portuguese team are also
representativesf the DELPHI Collaboratiorin the LEP Working Groups.

Thereare8 final papersin different stagesof preparation,underour responsibilityor
with important contributionsfrom the LIP-DELPHI team,to be published along the
years2003/2004.

In 2002 LIP membersnrote also many communicationsfor internationalconferences
with proceedings,and presentedthe DELPHI or LEP results in International
Conferencesas listed below. During this period, one PhD thesis was concludedand



defendedwith greatsuccesspy Patricia Gongalves,in the Physics Departmentof
Instituto SuperiorTécnico/ Universidadd écnicadeLisboa.

Searchedor New Physics(contactperson:Mario Pimenta)

A Topology-base@nalysisof the collecteddata
Searchfor non-fermionicneutralHiggscouplings
SearcHor compositeandexoticfermions
Searchfor yy(y) events

Searchfor Leptoquarks

Searchfor FlavourChangingNeutralCurrents
Searchfor 4th Generatiorb’-quark

Searchfor Contactinteractions

Searchfor anomaloufuarticGaugeCouplings

O O OO0 O O0OO0OOo

Hadronic Physics(contactperson:PedroAbrey
o Averagemultiplicities, dispersionsandinclusivedistributions
o Differencesin the multiplicities in b-quarkeventsto light-quark events or the
DeadConeeffectin QCD
o0 Interconnectioreffectsin WW events

AcademicTraining:

Thesisconcludedin 2001/2002
o Studyof yy(y) eventsat LEPIl — PhD thesis— PatriciaGoncalves

Thesisin progress

Title type Student Conclusion
foreseen

Exotic Higgs and Anomalou§ PhD SofiaAndringa 2003

Couplings

HadronicFinal Statesat LEP-II PhD Nuno Anjos 2003/04

SearcHor 4th Generatiorb’ quarks Master | Nuno Castro 2003

Searchfor top quarkswith F.C.N.C. | Master | Filipe Veloso 2003

Publications: (LIP auhorsareunderlined)
Reports

o0 DELPHI note 2002-003 PHYS 915, 9 January 2002
P. Abrey N. Anjos, N. Neufeld




Charged and identified particle distributions in the hadronic decay of the W Boson
and in e+e-->q\barg at 183 and 189 GeV

DELPHI note 2002027 CONF 561, 5 July 2002

J. Abdallah, ...M. Espirito Santp..., A. Washbrook

Searches for supersymmetric particles in e+e- collisions up to 208 GeV, and
interpretation of the results within the MSSM

DELPHI note 2002047 CONF 581, 11 July 2002

P. Abrey N. Anjos

Update on the investigation of Colour Reconnection in WW Pairs using Patrticle
Flow

DELPHI note 2002-051 CONF 585, 11 June 2002

P. Abrey N. Anjos

Charged Particle Multiplicity in & Annihilations into qq at's=206 GeV

DELPHI note 2002-052 CONF 586, 30 June 2002

P. Abrey A. De Angelis

Hadronization properties of b quarks compared to light quarksSén e
Annihilations into qq at/s=206 GeV

DELPHI note 2002-059 CONF 593, 6 June 2002

S. AndringaP. GoncalvesD. Jeans, U. MuelleA. Onofre M. Pimentg B.

Tome

Measurement of the WMZross-section and Limits on Anomalous Quartic Gauge
Couplings with DELPHI

DELPHI note 2002-063 CONF 597, 10 July 2002

S. AndringaN. Castro M. Espirito SantpP. GongalvesO. OliveiraA. Onofre,

M. Pimenta B. Tomé FE. Veloso

Search for a fourth generation b’-quark at LEP-Ihat = 200-209 GeV

DELPHI note 2002-064 CONF 598, 11 July 2002

V. Obraztsov, S. Slabospitsky, O. YushcherfkoAndringa P. GongalvesA.
Onofre M. Pimenta B. Tomeé

Search for Single Top Production at LEP via F.C.N.G/sat 189-208 GeV
DELPHI note 2002-086 PHYS 921, 8 June 2002

S. AndringaP. GoncalvesA. Onofre L. PeraltaM. Pimentg B. Tomé

Search for a fermiophobic Higgs at LEP2 (update)

DELPHI note 2002-087 CONF 620, 12 July 2002

The LEP Collaborations (..B. Goncalves..)

Searches for Higgs Bosons Decaying into Photons: Combined results from the
LEP experiments

DELPHI note 2002-089 CONF 622, 16 July 2002

The LEP Collaborations and the LEP-II Diphoton Working Group P...,
Gongalves..)

Combination of LEP-II results for the reactiohee- yy(y) and interpretations
DELPHI note 2002-090 CONF 623, 17 July 2002

The LEP Collaborations and the LEP W Working GroRpAbrey N. Anjos, ...)
Combined Preliminary Results on Colour Reconnection using the Particle Flow in
e'e - WW

DELPHI note 2002-095 PHYS 925, 26 November 2002

The LEP Collaborations and the LEP WW Working Gra8pAndringa ...)




LEP Four-Fermion Cross Section Results for the Summer 2002 Conferences
Conferences:

0 Lake Louise Winter Institute, February 2002, Lake Louise, Alberta, Canada
Patricia Gongalves,
Measurements with photons at LEP
o DPF2002, May 2002, Williamsburg, Va., USA
Nuno Anjos
Colour Reconnection at LEP 2
0 QCD’02, July 2002, Montpellier, France
Pedro Abreu,
Colour Reconnection in DELPHI at LEP
o LEP Jamboree, July 2002, CERN, Geneva, Switzerland
Maria Catarina Espirito Santo
DELPHI Results at the LEP Jamboree
0 Lake Louise Winter Institute, February 2003, Lake Louise, Alberta, Canada
Nuno Castro,
Search for a % Generation b’-quark at LEP



PROGRESSREPORT

Project Title: Collaboration in the EUSO experiment

Team

Project Coordinator: Mario Pimenta
PhD:

Mario Pimena, 35%
Maria Catarinagespirito Santo,  60%
PedroAbreu, 30%
Anténio Onofre, 10%
Bernardoromé, 10%
LuisMelo, 10%
PedroBrogueira, 10%
JorgeGomes, 10%
Students:

PedroAssis, 100%

Technical Staff:

Summary of activities:

EUSO, theExtremeUniverse Space Observaory, isamission devoted totheexploraion from
space of the highest energy processes present and accessible in the Universe. Using the
anmosphere as a calorimeter for particles with engges in exaess of 5x10'° eV, the EUSO
ingrument will detect Extreme Energy Cosmic Rays (EECR) and neutrinos, indcative of
unknown paticle production and acoderation mechanisms in the Universe. When a hich
enagy cosmicray enters the Earth atmosphere, it induces a shower of billions of relativistic
particles (Exended Air Showersor EAS, which interaa with theatmosphere to produce UV
fluorescence light, aswell asa_erenkov signa tha isdiffused inthe Earth surfaceor in the top
of clouds. EUSO will look downwards tothe Earth atmosphere, detecting the faint ultraviolet
tracesandthe_erenkov signa produced by these EAS Themain detector consists of apair of
Fresnd lens, 2.5mindianete with apupil diameta of 2 m, and a full ande coverage of 609
tha foauses thelight on a foc surface containing multipixel phatomutipliers, for a total of
about 300 000 pixels.

EUSO was approved by the European Space Agancy (ESA) for phase A accommodation
study inthelnternaional Space Sation (1S5). Thephase A study stated in March 2002 and
will end in September 2003.

Duringphase A, LIPisrespongblefor thecoordination of the EUSD Science and Opeaations
Data Centresubsy stem (SODC), and dso participates in a program of experimentd support
activities, peforming various studies of criticd parameters for EUSO, namdly the BABY
experiment andtheULTRA prgject.



SODC- Sciencélperationsand Data Centre

LIP is, at presentresponsiblgor the coordinationof the EUSO ScienceOperatons and
Data Centre(SODC). The SODC constitutesthe EUSO scientific Ground Segment.It
ensureghe scientific mission control and planning and addresseghe issuesof data
collection,monitoring,distributionandarchiving.

TheSODC life cydewill accompany themission life cyde and can begenericaly divided into
the following phases: definition, desgn, implementation, vaidation, commissoning, inflight
opeationsand pog-operation. The SODC shaould in al phases provide adeguate support to
the usa community. During the mission definition phase, the constrants, concepts and
requirements should bedefined and thefessibility should be assessed. The prdiminary desgn,
detailed dedgn to the dement level and implementation should follow. The vaidation phase
indudes the technicd verification and vaidation of each SODC dament and the opeationa
vaidation of the full sysem (includng traning of the people and data vdidation). The
commissoning of the SODC, corresponding to theingdlation and first orbits of EUSO on
boad of the|SS will precede the routine opeations phase, when the scientific data will be
acquired. Duringtheopeations execution phase, the SODC will recaive telemetry data (from
the mission opeation certre), generate EUSO specific commands, monitor the instrument
hedth, functiona staus, performance and trend, and notify any relevart scientific/monitoring
evants. The SODC will dso be regpongble for the scientific opeations planning, software
maintenanceand cdibraion of theEUSO ingrument. Furthermore it will establish the EUSO
archiveand providethemission products totheuse's (da g, andy sis tods, documentation).

The maintopicsfor the EUSOSODCphase-Astudyare:

identificationof the Columbus/ISSperaton context;
preliminaryevaluatiorof datavolumes;
identificationof the operationmodesandprocedures;
conceptuatlesignof the grounddatahandlingfacilities;
archiveanddatabasgreliminaryplanning;
preliminaryevaluatiorof costsandmanpower.

o0k whE

The studiescorrespondingo thesetopics have beenaddressednd three reportshave
beenproduced.The first report, “The EUSO Scientific Operationsand Data Centre
EUSO-SODGSubsystetn definesthe SODC subsystenanddiscusseshe objectivesof
its phaseA study;the secondeport, Preliminary evaluationof the EUSOtelemetryand
operationalrequirements, addressethe EUSOneedsin terms of telemetryresources
andtelecommandgroceduresdescribeshe basicsystem,anddiscusseggroundmission
planning,instrumentcontrol, and data handling; the third report, “EUSO operations:
flight andground”, describeshe EUSOoperationsconcept,coveringboth the flight and
the groundsegmentswith an overview of the end-to-endcommunicationscheme the
generalscenari@ndspace/grounthterplay.

ULTRA- Ultraviolet Light Transmissiorand Reflectionin theAtmosphere

The ULTRA experimenhasbeendesignedo provide quantitativemeasurementsf the
reflection/diffusionsignal producedby an ExtendedAir Showe (EAS) impactingon the



Earthsurfacepvercomingthe lackof informationin this specificfield. A scintillator array

andUV light detectorswill operatesimultaneouslyo detectEAS in coincidencewith the

UV light reflected/diffusedfrom its impact on Earth. The atmospherictransmission
propertieswill alsobestudiedusingthe UV light detectorsandalaseremitter. Moreover,

measurements light from meteorsarefeasiblewith the samanstrumentation.

TheLIP teamis responsibldor the synchronizabn andfor the dataacquisitionsystems
of the experimentA prototypePCl-basedoardto time-tagthe arrival of the EASon the

cells of the array, was produced, using GPS receivers.In the board it was also

implementedibasicData Acquisition system,which hassuccessfullyacquiredand pre-

processedhe collecteddata,in anengineeringun that took placein the Autumn of 2002,

in Mont-Cenisin the FrenchAlps.

BABY- Balloonexperimentor backgroundexperiments

BABY was set up by membersof I.A.S.F./Palermoas a calibration experimentto
measureéhe backgroundight in the UV bandemittedby the Earthandstructuresn the
Earthsurfacelt consistsof a simple detectorinstalledin a balloon,that collectsdata
while the balloonis flying. In 2001, LIP membershavejoined this small collaboration,
andin 2002 haveassistedn the launchof a secondballoon,with eightphotomultipliers
anddifferentwavelengtHilters installed,which flown successfullyoverthe Mediterrean
Sea.The dataof the first run was analysedwith collaborationof LIP membersand its
resultswerepresentednddiscussedn the group.

AcademicTraining:

“Sincronizacaade detectoresle RaiosCdosmicosatravésde GPS”— Graduationthesis—
PedroAssis, October2002.

Publications:
(member®f LIP areunderligned)

Reports

o EUSO-SODC/SP-001/1.C
M. C. Espirito Santql. GomesM. Pimenta
The EUSO Scientific Operations and Data Centre EUSO-SODC Subsystem
o EUSO-SODC/SP-002/Draft in preparation
M. C. Espirito SantdVl. Pimenta
Preliminary evaluation of the EUSO telemetry and operational requirements
o EUSO-SODC/SP-003/1
M. C. Espirito SantdM. Pimenta
EUSO Operations: flight and ground
o0 EUSO-Scientific Support Activities
O. Catalano, P. Vallania, D. Lebrun, P. StagkiC. Espirito SantaVl. Pimenta
ULTRA Technical Report
o EUSO-IDD-001-3




O. Catalanet al.
EUSO-IDD: Instrument Definition Document (Phase A study)

Conferences:

o V" New Worlds in Astroparticle Physics, September 2002, Faro, Portugal
M. C. Espirito Santo,
EUSO - Basic Parameters

o V" New Worlds in Astroparticle Physics, September 2002, Faro, Portugal
P. Assis,
GPS Synchronization in Cosmic Ray Experiments



PROGRESSREPORT

Project Title: Processingand transmission technologiesfor LHC experiments
(LHC Computing Grid)

Team
Project Coordinator: JorgeGomes

PhD: Mario David, Luis Bernardo
Students:
Technical Staff: JodoMartins,JoséAparicio

Summary of activities:
The LIP Computer Centre team is involved in three International Grid projects,
CrossGrid,DataGridandLHC ComputingGrid (LCG).

LCG is the CERNIongtermGrid initiative for LHC. LCG is centredn providing a global
production-qualitycomputinginfrastructurefor the LHC experimentsThe maingoal of
LCG is to coordinatethe deploymentof suchinfrastructuresandserviceslt is alsothe
contactpoint for the experimentsand acts as an umbrellafor other grid development
projects LIP isinvolvedin LCG throughits participationin the “grid deploymentboard”
and“LCG resourceseviewboard”. The activitiesof LCG havebeenfollowedclosely.

LCG relieson other grid developmentand deploymentprojectsto provide the actual
resourcesin Europethe mostrelevantprojectsfor LCG arethe EU fundedDataGridand
CrossGrid.

LIP is anon-fundednemberof DataGridhascontributedto the projectin the following
areas:

* Grid deployment:
o LIP hasmaintainedagrid “site” integratednto the DataGridtestbed.
o CA authenticatiorandcoordination:
o LIP isanactivememberof the CertificationAuthoritiestaskforce.
o LIP hasparticipatedn the evaluatiorandacceptancprocesof newCAs.
o0 LIP hasparticipatedn thereviewof the minimum CA requirements.
* Monitoring:
o Collaborationwas establishedn the improvementand customizationof the
Mapcentemonitoringtool.

» Testand validation:
0 LIP hasestablishedollaborationwith the DataGridtestgroup.
o0 Severalmiddleware evaluationswere performed including: LCFGng, EDG
WMS, gsifile transfer replicacatalogueandreplicamanager.



The mainefforts of LIP havebeencenterean the participationin the CrossGridproject
whereLIP is a fundedmemberand has assumedesponsibilitiesin the “International
TestbedOrganization”LIP is involvedin the testbeddeploymentcoordinationuserand
system administration support, integration with DataGrid and has assumedthe
coordinatiorof the projecttask4.4“Testbedqguality assurance”.

TheLIP contributionsto CrossGridwerethe following:

Task 4.1 Testbedset-up and incremental evolution
* Deploymentof the CrossGridcentralservices:
o_ Deployment of the CrossGrid production testbed central services. All
productioncentralservicesarehostedat LIP.
o_ Deploymentof the CrossGridvalidationtestbedcentralservicesat LIP. All
productionservicesarehostedat LIP.
» Participationin the CertificationAuthorities(CAs) work group:
0 Reviewof the CertificationPolicies(CP/CPSpf the new CrossGridCAs.
o Participationin the specificationof the requirement$or the CrossGridCAs.
o Participationin the coordinatiorof the CAs.
» Participationin the testbedcoordinatioractivities.
0 LIP participatedactivelyin the site deploymentoordinatioreffort.
* Integrationteamactivities.
0 LIP isamemberof the CrossGridsoftwareintegratiorteam.
o LIP workedin theintegrationof networktools andapplications.
» Elaboratiorof the minimumhardwareequirement$or the CrossGridtestbedksites.
» Elaboratiorof two documents@abaut the experiencewith the testbeddeploymentand
usage.
* Deploymentof a CrossGridtestbedsite in Lisbon. The site is being usedin the
contextof the ProductionandTestandValidationtestbeds.
o Deploymentandmaintenancef the LIP grid systemsandsenices.
o Developmenof web pageswith informationaboutthe site configurationand
status.
« Improvemenbf the LIP certificationauthority(CA) infrastructure.
o Improvementof theLIP CA/RA website.
0 Improvemenof tools for the managememf the CA/RA.
o Improvementof the CA CPSandoperationrules.

Task4.2 Integrationwith DataGrid

» Participationin the DataGridCAs taskforce.

» Participationin the DataGridWP6 (TestbedandWP7 (Network) meetings.

» Participationin the DataGridworkshopsandconferences.

» Participationin DataGrid/CrossGrig¢oordinatiormeetings.

» Participationin the DataGridtestteamactivities.

» Participationin DataGridintegrationteammeetings.

* Follow DataGridWP6andWP7developments.

» Providesolutionsfor to the integrationof CrossGridsitesinto the DataGridtestbed.

Task 4.3 Infrastructure Support



» Participationin the CrossGridQoSwork group.

» Participationin activities relatedwith the test and deploymentof the helpdesk
service.

* Work onthedevelopmenbf a CrossGridinfrastructue monitoringsystem.

* Providesupportto systemadministratorsandusersin the contextof the CrossGrid
helpdeskservice.

* Developmenbf asupportpageon the usageof the CrossGridcentralservices.

Task 4.4 Verification and Quality Control

» Elaboratiorof adocumentstablishinghe CrossGridmiddlewaretestprocedure.

» Elaborationof a draft documenton the monitoring requirementdor the test and
validationactivities.

» Elaboratiorof adocumenbnthe “TestandValidationtestbedarchitecture”.

» Elaboratiorof two internalnoteso the developmenof testsoftware.

* Developmenof middlewaretestprograms.

» Developmenbf testbedisagestatistics.

e Participationin middlewaretestactivitiesin coordinatiorwith the DataGrid

» Testof the CrossGridinitial, productionandvalidationtestbeds.

» Testtheusageof MPI parallelapplicationsacrosghetestbed.

* Deploymentandcoordinatiorof the CrossGridTestandValidationtestbed.
Otheractivities:

Teammembershave been participating actively in the CrossGrid intemal review
boardactivities.

» LIP is memberof the recentlycreatedCrossGridsecuritywork group.

0 A draftdocumentboutthetestbedsecurityproceduresvasbeenwritten.

The site grid sitein Lisbon:
The LIP testbedsite infrastructureis being maintain@ as a sharedfacility usedby all
Grid activitiesin the Laboratory.

The LIP testbedsiteis also the main site for the CrossGrid “Test and Validation”
testbed. The main site provides computingresourcesschedulingservices,replica file
locationservies,root MDS servicesandcentralservicesequiredfor authenticatiorand
authorizationsuchasthe virtual organizatiorserverandthe credentialgproxy server.

LIP was appointedas the central serviceshost for the initial testbedsupportingall
CrossGridsitesacrossEurope.Due to the succesobtained in the deployment and
maintenanceof theseservicesLIP has now the full responsibility over the central
servicesfor both CrossGrid production and validation testbeds.

The nextdiagramshowsthe cental CrossGridproductionResourcérokerat LIP:
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AcademicTraining:

Publications:
First Prototypeof the CrossGridTestbed;J. Gomesat al. (draft to bepublished).

CrossGridD4.1: MiddlewareTestProcedure, JorgeGomes

http://www.eu-crossarid.org/Deliverables/M3pdf/CG-4-D4.1-004-TEST.pdf

CrossGridD4.2: Testand Validation TestbedArchitecture;JorgeGomesMario David

http://www.eu-crossarid.org/Deliverables/M6pdf/CG4.4-D4.2-v1.1-L1P011
ValidationOfTestbedArchitecture.pdf

CrossGrid D4.3: Experencewith the CrossGrid Initial Testbed;Jorge Gomes,Mario

David (INTERNAL)

CrossGridD4.4: TestbedExtensiorandSite Status,JorgeGomesDRAFT)

Conferences:

First Prototypeof the CrossGrid Testbe¢ Jorge Gomes; AcrossGrids Conference,
SantiagagComypostelal3-14February2003

CrossGridTestbedStatus;JorgeGomes:1% CrossGridWorkshop,Linz Septembe2002
CrossGrid TestbedStatus; Mario David, Jorge Gomes; DataGrid Workshop; CERN
October2002

CrossGridTestbedStatus;JorgeGomes 2™ CrossGridWorkshop; SantiagoCompostela,
February2003


http://www.eu-crossgrid.org/Deliverables/M3pdf/CG-4-D4.1-004-TEST.pdf
http://www.eu-crossgrid.org/Deliverables/M6pdf/CG4.4-D4.2-v1.1-LIP011

PROGRESSREPORT

Project Title: Monte Carlo techniques and detector development applied to
medical physics

Team

Project Coordinator: Luis Peralta
PhD:

Luis Peralta 40%

Maria do CarmoLopes 50%
Maria Concei¢cadAbreu 25%

PedroRato 20%
Students:

Adérito Chave$ 70%
CarlaAlves Oliveira 70%
AndreiaTrindade 100%
PedroRodrigues 100%
CatarinaOrtigéao 100%
PatrickSousa 50%
LCROC-IPOFG

Summary of activities:

The project aims are the developmentof Monte Carlo simulation programsin the
computationof radiation transportproblemsappliedto medicine,and the development
of solid-statedetectordor digital gammaray imagingin nuclearmedicine.

Severalprojectsgoals havealreadybeenobtainedin what concernsthe Monte Carlo
simulationof physicsapplicationsto medicine.Photon and electronphasespacehave
beencomputedfor severalclinical energiesand fields for the SiemensKD2 linear
acceleratorexisting at the Coimbrahospital. A treatmentplanningverification system
basedn GEANT4 is operationafor photons.Thin photonsbheamdor radiosurgerjhave
beensimulated.The dose computationengine for radiosurgeryis underway. A fast
simulationengineto obtainelectronsphasespacehas beendeveloped.This simulation
coupledwith adedicatedast simulation (DPM [1]) for dosecalculationin the phantom,
provedto be a better alternativeto commercial TreatmentPlanning Systems(TPS).
Collaborationwith the GEANT4 groupis underwayaiming the developmentof one of
the physicsmodulesof the code. The coveredsubjectdn this projectpartare:

1. Application of GEANT4 radiation transporttoolkit to dose calculationson
homogeneouandanthropomorphiphantoms
2. FastElectronBeamPhaseSpace-Dat&eneration



3. A fastelectronsimulationbasecon DPM

4. Basicdosimetryof radiosurgerynarrowbeamsisingMonte Carlo simulations— a
detailedstudyof depthof dosemaximum

5. Electronbeamadjustmenin PLATO RTS2 includingthe effectof airgaps

Togetherwith MC simulations,this project developsand builds a prototype hybrid

gamma-raydetectorfor usein medicaldiagnosisprofiting from the know-howin detector
technologyacquiredby the membersf the researcheamandthe opportunitygiven by

the ISPA Collaborationat CERN. During this year experimentatestsof the protaype
weredoneat CERN,andthe detectorsimulationwas developedThis simulationis now

being used to optimise the detector final layout. The electronic acquisition charts
developments underway.The coveredsubjectsn this projectpartare:

1. Test,chaacterizatiorandsimulationof radiationsensorgISPA tubes)
2. Designof electronicsardsfor detectorfront-endanddatareadout
3. Developmenbf softwarefor controlandpresentation

AcademicTraining:

OngoingThesis

CatarinaOrtigdo,Masterthesis— Conclusiornin 2003
Adérito ChavesPhD thesis- Conclusiorforeseenn 2003
CarlaAlves, PhD thesis- Conclusiorforeseenn 2005
PatrickSousaPhD thesis— Conclusiorforeseer2005
PedroRodriguesPhD thesis— Conclusiorforeseer2006
AndreiaTrindade PhD thesis— Conclusiorforeseer?006

Concluded Thesis

Pedro Rodrigues,Master Thesis, “Verificacdo de Calculo de Dose em Radioterapia
Externapor SimulagddMonte Carlo”, University of Lisbon,May 2002

Andreia Trindade, Master Thesis, “Optimizacdo do Cakulo de Dose por Simulagao
Monte Carlo em RadioterapicExternacom Feixesde Electrdes”,University of Lisbon,
May 2002.

Publications:

Gamma Spectroscopynd Optoelectronicimaging with Hybrid Photon Detector C.
D’Ambrosio, M. Abreu,V. Cencelli,F. Cindolo,F. De NotaristefaniH. Leutz, J. Mares,
M. Nikl, D. Piedigrossip. PuertolasP. Rato Mendes E. Rosso,P. Sousaacceptedor
publicationin Nucl. Instr. Meth.in Phys.Res.A

Treatmentplanningverification by meansof a montecarlo dosecalcuation engine,P.
Rodrigues,C. Alves, A.Chaves,M.C. Lopes, C. Oliveira, L. Peralta,A. Trindade,
Proceeding®f the 6th Biennial ESTRO Meeting on Physicsfor Clinical Rad. & Onc.
2001;61 (Suppl.1) S27.



Influence of air gaps on electron dose calculations, A.Trindade, C.Alves, A.Chaves,
M.C.Lopes,C.Oliveira, L.Peralta,P.RodriguesProceedingof the 6™ Biennial ESTRO
Meetingon Physicdor Clinical RadiotherapyRad.& Onc.2001;61 (Suppl.1) S39.

Design and simulation of irregular frames for eledron radiotherapy treatment J.
Ambrésio,A. Trindade,C. Alves, A. ChavesM. C. Lopes, C. Oliveira, L. Peralta,P.
Rodriguespth Biennial ESTROMeetingon Physicsfor Clinical andRadiotherapyRad.
& Onc.2001;61 (Suppl.1) S102

Conferences:

Basic dosimetryof radiosurgery narrow beamsusing monte carlo simulations— a
detailed study of depth of dose maximum A. Chaves,M.C.Lopes and C. Oliveira,
AcceptedPostercommunicatiorio the InternationalSymposiumon Standardsind Codes
of Practican Medical RadiationDosimetry,25-28Novembe2002Vienna-Austria.

Um sistemadecélculodedosecombaseem GEANT4 Luis Peralta,Oral presentatiorio
the NationalPhysicsConferenceFisica2002Evora6-10Sep.2002

Uma CamaraGamaDe Alta Resolucad?ara Medcina Nuclear M. Concei¢doAbreu,
Oral presentatioro the NationalPhysicsConferenceFisica2002Evora6-10Sep.2002

A compact,high resolutioncamerafor nuclearmedicing P. Sousa,M. C. Abreu, C.
D’Ambrosio, F. Cindolo, C. Ortigédo, L. Peralta,P. Rato Mendes,E. Rosso, poster
presentationo the 12th GeneralConferenceof the EuropeanPhysical Society, EPS12:
Trendsin Physics26 - 30 August2002,Budapes{Hungary)

Detectoresde semicondutorpara imagiologia P. Rato Mendes, M. C. Abreu, S.
RodriguesP. Sousapral presentatiorio the IV RadiologyWorkshop- IV Jornadagde
Radiologia,7-9 June2002,Faro(Portugal)

Internal Notes

Electronbeamadjustmenin PLATORTS2 includingtheeffectof air gaps LIP/02-03



PROGRESSREPORT

Project Title: Collaboration in the NA50 experiment

Team

Project Coordinator: PaulaBordalo

PhD: PaulaBordalo LIP Researchet|ST Professo 75%
SérgioRamos LIP ResearchefIST Professor 75%
PedroRato LIP Researcher 17%
RubenShahoyan  LIP Researcher 17%

Students:
CatarinaQuintans  PhD Student 100%
TeresaClaudino PhD Student 100%
HelenaSantos PhD Sudent 100%
GoncaloBorges PhD Student 100%
JoaoCruz LIP Researcl\ssistant 25%

Technical Staff:

Summary of activities:

The LeadBeamAccelerationProgramstartedat CERN in 1992, its aim beingthe search
of anewstateof matter,the quark-gluonplasma(QGP),aswell asthe study of nuclear
matterat high density. It cameafter the Exploratory Ultrarelativistic lon Acceleration
CERN Program,whosedatataking periods with oxigen and sulphurbeamstook place
from 1986till 1992.LIP hasbeenparticipatingin theselon Programsncludedin the
NA38 andNA50 experimentsOur group represent20% and 15%, respectively of the
total Collaboration'snembers.

The study of QGP signals, together with nuclear collective flow phenomena,is
performedin NA38/NA50 by meansof muon pair detection(muon spectrometer)n
correlationwith the neutraltransverseenergyreleasedelectromagneticalorimeter),the
chargedparticle multiplicity (multiplicity detector)and the spectators'energy (zero
degreecalorimeter).

The NA50 experimentook dataduring severalyears,with ion andprotonbeamsfrom
1994 till 2001. The tasks and responsibilitiesconcerningthe previous phasesof the
experimentgoncerningts designandrun, werealreadyextensivelyreported.

Here,we just concentrat®n the tasksof our responsibilityconcerninghe year2002:
» Participationin the CollaboratiorandSteeringCommitteemeetings

» Participationin specifc technicalanalysismeetings
» Contributionto leadandprotoninduceddataanalyses:



- Comparativestudyof W andW¥' productionandof the ratio W'/¥, in p-A, using
differenttargetsandS-U interactiongin orderto establistthe W baselingoroduction)

- Study of charmoniasuppressiom lead-leaccollisions

- Study of the dimuon continuumproduction,namelyits Drell-Yan and charm
componentsin lead-leadcollisions

- Study of ¢ production comparedwith p+w in lead-leadinteractions,as a
functionof centralityandof p-.

A maintask force was organizedin orderto obtain new results for the 2002 Quark
Matter Conferencgthe mostimportantonein our field). All LIP membergarticipated
in this huge effort, which was twofold: to elaboratenew analysis methods and to

reanalysedata concerningprevious periods in order to merge all data in the same
conditions.The effort was majorbut, dueto lack of fund, specialtravelsto discussand
explainnewmethodologiesandresultsto other membersf the Collaborationwerevery

restrictedand,asa consequencet was very difficult to our foreigner collaboratorsto

assimilateandmatureour newideas.

AcademicTraining:

Catarina Quintans, "Study of dimuon production in ion-nucleus ultra-relativistic
collisions, as a function of energy density and impact parameter”, PhD Thesis,
concluded.

HelenaSantos,"Study of high-massvector-mesorproductionin lead-leadcollisions at
ultra-relativisticenergies"PhD Thesis,in progress.

TeresaClaudino,"Study of muonpairsin proton-nucleusndnucleus-nucleusollisions
athighenergies"PhD Thesis,in progress.

GoncaloBorges,'Studyof W productionin collisionsof protonswith differenttargets”,
PhD Thesis,in progress.

Publications:

"Pseudorapiditydistributions of chargedparticlesas a function of centrality in Pb-Pb
collisionsat 158and40 GeV per nucleoninddent energy",PhysicsLetters B530 (2002)
33.

"Scaling of chargedparticle multiplicity in Pb-Pbcollisions at SPS energies",Physics
LettersB530(2002)43.

"@ productionin Pb-Pb collisions at 158 GeV/c per nucleonincident momentum"”,
submittedto publicationin Phys.Lett. B

"Fissioncrosssectionof leadprojectilesin Pb-nucleusnteractionsat 40 and158 AGeV",
submittedto publicationin Phys.Lett. B



"CharmoniaandDrell-Yan productionin proton-nucleuscollisions at the CERN SPS",
submittedto publicationin Phys.Lett. B

Conferences

"J/¥ productionin proton-nucleusindnucleus-nucleumteractionsat the CERN SPS",a
ser publicadoem Proc. of Ultra-relativistic Heavy lon Collisions Workshop, Janeiro
2002,Hirschegg Austria.

"J/¥P and W' productionin 450 GeV p-A interactions”,a ser publicado em Proc. of
XXVIlI RencontresleMoriond, Mar¢o 2002,LesArcs, Franca.

"Transversemomentundistributionsof JA&Y producedin Pb-Pbandp-A interactionsat
the CERN SPS",a serpublicadoem Proc. of Quark Matter 02 Conference,Julho 2002,
Nantes,Franca.

"Charmoniaabsorptionin p-A collisionsat the CERN SPS:resultsand implicationson
Pb-Pbinteractions",a ser publicadoem Proc. Of Quark Matter 02 Conference Julho
2002,Nantes Franca.

"Resultson leptonic probesfrom NA50", a serpublicadoem Proc.of Quark Matter 02
ConferenceJulho2002,Nantes,Franca.

"New resultson J&¥ from the NA50 experiments"aserpublicadoem31st Int. Conf. on
High EnergyPhysics JICHEP02,Julho2002,AmsterddoHolanda.

"Transversemomentunmandtransversenassdistributionsof JAY mesonsproducedin p-
A and Pb-Pbinteractionsat the CERN SPS",a ser publicadoem XVI International
Conferenceon ParticlesandNuclei,PANIC02, SeptembeR002,0sakaJapao.



PROGRESSREPORT

Project Title: Developmentof radiation hard silicon detectors

Team

Project Coordinator: PedroF. P. RatoMendes

PhD: Maria daConcei¢cadAbreu,PedroRatoMendes
Students: PatrickSousaSoniaRodriguesBruno Carrico

Technical Staff: DarioPassos

Summary of activities:
1. Introduction

The mainobjectiveof the project“Developmentof radiationhardsilicon detectors’is the
characterizationf sensordor tracking detectorscapableof operatingin extremelyharsh
radiationenvironmentsasthoseexpectedt future high-luminosity collider experiments
like ATLAS andCMS atthe CERNLHC.

This project is part of the RD39 Collaboration effort, whose approachto the
developmenbf radiation-hardletectorsis basedon the so-called“Lazarus effect” and
the operationof silicon devicesat cryogenictemperaturedypically 130K.

The LIP group contributionto the RD39 Collaborationprogramme,madethroughthis
project,consistson the following: characterizationf new sensorsamplesunderstanding
of polarization effects (time dependencef the chargecollection efficiency in heavily
irradiatedsilicon) and developmentof edgelessdetectors(that is, detectorswithout
guard-ringstructureson oneside).Theselatter detectorswill be usedfor chargedparticle
trackingvery closeto the beamline, in collaborationwith the TOTEM experimentat
CERN.

Togethewith RD39 activities,and profiting from the existinginstrumentationa simple
systemfor two-dimensionasoft x-ray imaging, featuringsilicon microstrip detectorsand
integratecklectronicsywasimplementedndtested.

2. Developmentof radiation hard silicon detectors

Task1 — Instrumentatiorupgrade

Task2 — Measuremenandcharacterizatioof irradiateddetectors

a) CCEtemperaturalependencef irradiatedsamples



The collecteddata,togetherwith other databy the RD39 Collaboration,demonstrated
the existenceof ageneratemperaturealependencef the CCEof irradiateddetectors.The
theoreticamodellingof the Lazaruseffect was further developed|eadingto a successful
explanatiorof the observediata.Thelocal maximumobservedat about130K is believed
to be dueto the contributionof two processesin the silicon bulk as the temperatures
decreaseom roomtemperaturéo cryogenicvalues:a reductionin the chargedfraction
of radiation-induceddeeplevelsand an increasein carrier trapping. The first process
leadsto a decreaseof the absolie value of the effective charge density Ny, with a
consequentvideningof the depletionlayerup to full depletion— increasingCCE — while
the secondirapsmore and more carriersgeneratedby ionisationas the temperatureis
lowered-thusdecreasin@CCE. The competitionof both processeseadsto the observed
maximumof CCEat about130K.
b) CCEtime dependencef irradiatedsamples

The detailedanalysisof the datatakenwill be usedin orderto further understandhe
mechanisnof CCEdegradatiorobservedfor chargedparticle detectionandto find ways
of minimisingthis effect,suchasinjecting minority carrierswith light thus compensating
the non-homogeneoudectricfield in the bulk. A clearerunderstandings expectedat the
endof this projed.

c) Edgelessilicon detectors

In orderto havea quantitativeestimateof the CCEat differentdistancedrom the edge,a

test with beamwas performedat CERN at the end of this summerusing tracking

detectorsbefore and after a cryostatwith two edgdess detectorsoperating at low

temperaturesWe expectto havea clearerunderstandin@f the problemas the dataare
analysed.The results will show if it is possible or not to have segmentededgeless
detectorssensitiveall the way to edge featuringno deadareas.

3. Silicon strip detectorsfor two-dimensionalsoft x-ray imaging

Although not directly relatedto the developmentf radiation-hardsilicon detectors,a
small contribution was made by the group responsible for this project in the
implementationand characterizatiorof a small prototype for two-dimensionalx-ray
imaging using silicon strip detectors,as a graduation project for a studentat the
University of Algarve.

The prototype consistedof single-sidedsilicon detectorsmade from 300 um thick

wafers,readby RX64 ASICs, mountedon a multi-layer printed circuit board. Data
acquisitionandcontrolwas performedby a Windows PC workstationrunning dedicated
LabVIEW 6i routines,connectedo the sensorghrougha PCI-DIO-96interface.

Two-dimensionaimageswereobtainedoy scanningalongthe whole detectorsize, a lead
collimatorwith athin slit perpendiculato the strip axis;the severalstrip profiles (slices)
takenat eachposition,puttogether form a planarimage. The imaging capaliities of the
systemweretestedwith soft x-raysfrom *’Co and°°Cd radioactivesourceswith good
results.



This work was madein collaborationwith INFN Torino (Italy), which provided both
detectorboardsanddedicatedoftware.

AcademicTraining:

GraduationThesis

Bruno ClimacoH. C. C. Carrico(PhysicalEngineering) — “ LAAPD (Large Area
AvalancheéPhotodiod¢ Characterizatiofi for the PEM Project.

SonialsabelkE. S.RodriguegPhysicsandChemistry)}-* Microstrip Silicon Detectors
for Bi-dimentianal Imagingwith low energyX Rays.

Publications:

» “Radiation hardnesf cryogenicsilicon detectors”,T. Niinikoski, M. C. Abreu, P.
RatoMendesP. Sousatal. (RD39 Collaboration)Nucl. Instr.andMeth. in Phys.Res.
A 476(2002)569-582

 “Silicon detectorsirradiated‘in situ” at cryogenictemperatures”’G. Ruggiero,M. C.
Abreu,P.RatoMendesP. Sousaet al. (RD39 Collaboration)Nucl. Instr. and Meth. in
Phys.Res.A 476(2002)583-587

* “A new ultra radiation hard cryogenic silicon tradker for heavy ion beams”, L.
Casagrandéyl. C. Abreu,K. Borer,A. De Falco,B. Dezillie, V. Granata E. Heijne,M.
Hess, Z. Li, C. Lourenco,A. Neves, T. O. Niinikoski, V. G. Palmieri, B. Pes, P.
RamalheteP. Rato Mendes,P. Rosinsky, G. Ruggiero,J. Sekas, P. SondereggerpP.
Sousa. Usai,G. Vandoni,Nucl. Instr.andMeth. in Phys.Res.A 478(2002)325-329

* “Electricalandtransientcurrentcharacterizationf edgelessilicon detectorsdicedwith
differentmethods”Z. Li, M. Abreu,V. Eremin,V. GranataJ. Mariano, P. R. Mendes,
T. O. Niinikoski, P. SousaE. Verbitskaya,W. Zhang,acceptedor publicationin IEEE
Trans.Nucl. Sci.

» “RD39 StatusReport”,K. Borer,M. C. Abreu,P. RatoMendesP. Souseet al. (RD39
Collaboration)CERN/LHCC/200204 (2002)86 pp.

* “Summary,plan and resourcesof RD39 projects”, K. Borer, M. C. Abreu, P. Rato
MendesP. Sousat al. (RD39 Collaboration) CERN/LHCC/2002-1%2002)10 pp.

Conferences:

Presentation® conferencedy LIP groupmembers:

* “Recentprogressin the CERN RD39 Collaboration”, Pedro Rato Mendesfor the
RD39 Collaborationjnvitedtalk at the 4™ InternationalConferenceon RadiationEffects

on SemiconductoMaterials,DetectorsandDevices— RESMDD’02, Firenze,ltaly, July
10-12,2002(proceedinggo bepublishedin Nucl. Instr.andMeth.in Phys.Res.A)



« “Silicon strip detectorsfor two-dimensionakoft x-ray imaging at normalincidence”,
Pedro Rato Mendeset al., oral presentationat the 4™ International Workshop on
Radiationmaging Detectors(IWORID’2002), Amsterdam,The NetherlandsSeptember
8-12,2002,(proceeding$o bepublishedin Nucl. Instr.andMeth. in Phys.Res.A)



