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OverallOverall structurestructure of of projectproject
continuationcontinuation of the of the presentpresent lineslines of of workwork: : 

1.1. ParticipationParticipation in in BiPoBiPo & & 
SuperNEMOSuperNEMO experimentexperiment at at 
Laboratorio SubterrLaboratorio Subterrááneo de neo de 
CanfrancCanfranc (LSC)(LSC)

2.2. DevelopmentDevelopment of of newnew
techniquestechniques onon TPCsTPCs
((MicromegasMicromegas) ) forfor ββββ decaydecay
searchessearches. In . In connectionconnection withwith
NEXTNEXT..

3.3. ParticipationParticipation in in CASTCAST
experimentexperiment at CERNat CERN

ββββ at LSCat LSC

axions axions 
at CERNat CERN
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ββββ at LSCat LSC
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NeutrinolessNeutrinoless DoubleDouble Beta (0Beta (0νββνββ))

ØØ ββββ decaydecay isis relevantrelevant whenwhen the the nucleusnucleus cannotcannot decaydecay ββ. . 

ββ

β− üü WithWith emissionemission of 2 of 2 νν
((2νββ2νββ). Standard ). Standard processprocess, , 
observedobserved in a in a numbernumber of of 
isotopesisotopes..

üü WithWith no neutrino (no neutrino (0νββ0νββ). ). 
OnlyOnly possiblepossible ifif neutrino neutrino isis
massivemassive andand MajoranaMajorana. . 
NotNot yetyet seenseen(*).(*).

nn PreciousPrecious informationinformation onon neutrino neutrino 
propertiesproperties ((massmass scalescale, , 
MajoranaMajorana//DiracDirac naturenature,,……))

e- ν

e- ν

e-

ν

e-

ββ

76Ge

136Xe
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NeutrinolessNeutrinoless DoubleDouble Beta (0Beta (0νββνββ))

nn ““VisibleVisible”” energyenergy (i.e. the 2 e(i.e. the 2 e--) ) spectrumspectrum: : 

2νββ

0νββ

Q value

2νββ

0νββ

nn EnergyEnergy resolutionresolution veryvery importantimportant. . 
OnlyOnly wayway to to distinguishdistinguish
betweenbetween bothboth processesprocesses
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Neutrino Neutrino massmass scalescale andand 00νββνββ

Cosmologically 
disfavoured 

Region

Direct hierarchy
∆m2

12= ∆m2
sol

Inverse hierarchy
∆m2

12= ∆m2
atm

“quasi” degeneracy
m1≈ m2 ≈ m3

Region being explored by 
present experiments

claimed evidence (0.2-0.6 eV)
PLB586(04)092007PLB586(04)092007

nn IGEX (IGEX (7676Ge) @ Ge) @ LSC<mLSC<mνν> < 0.33 > < 0.33 –– 1.35 1.35 eVeV PRD65(02)092007PRD65(02)092007

nn NEMONEMO--3 (3 (100100Mo) @ LSM <Mo) @ LSM <mmνν> < 0.6 > < 0.6 –– 1.3 1.3 eVeV PRL95(05)182302 & PRL95(05)182302 & talktalk @ TAUP07@ TAUP07

expectedexpected nextnext summersummer < 0.3 < 0.3 –– 0.7 0.7 eVeV
nn CUORICINO (CUORICINO (130130Te) @ LNGS <Te) @ LNGS <mmνν> < 0.2 > < 0.2 –– 1.1 1.1 eVeV PRL95(05)142501PRL95(05)142501
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ApPECApPEC reccomendationsreccomendations

……aboutabout SuperNEMOSuperNEMO andand futurefuture ββββ experimentsexperiments……

*ASPERA Roadmap, phase I, October 2006.*ASPERA Roadmap, phase I, October 2006.
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CurrentCurrent generationgeneration ββββ experimentsexperiments
nn SourceSource = = targettarget nn SourceSource ?? targettarget

CUORICINO/CUORECUORICINO/CUORE

NEMO/SUPERNEMONEMO/SUPERNEMO

••GoodGood E E resolutionresolution
••GoodGood scalingscaling--upup
••BUT, BUT, modestmodest background background discridiscri. . 
ààstrongstrong requirementsrequirements onon radiopurity radiopurity 
andand shieldingshielding

••EventEvent topologytopology informationinformation
••BUT, BUT, moderatemoderate energyenergy resolutionresolution andand
difficultdifficult scalingscaling upup

GERDAGERDA
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NemoNemo--3 / 3 / SuperNemoSuperNemo

n Running at Modane underground 
laboratory since 2003

n Tracking detector: drift chamber (6180 
Geiger cell)

n Calorimeter (1940 plastic scintillators–
Low radioactive PMTs) 

n Magnetic field  for charge identification

NEMONEMO--33

Vertex

e-e- event
E1

E2

e-

e-

measurementmeasurement of  all of  all kinematic kinematic parametersparameters: : 
individualindividual energiesenergies and and angularangular distributiondistribution
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SuperNEMOSuperNEMO

T1/2(ββ0ν) > 2 x 1026 y
<mν> < 40 - 110 meV

SensitivitySensitivityT1/2(ββ0ν) > 2 x 1024 y
<mν> < 0.3 – 1.3 eV

4% @ 3 4% @ 3 MeVMeVE E resolutionresolution (FWHM)(FWHM)12% @ 3 12% @ 3 MeVMeV

208Tl: < 2 µBq/kg
214Bi: < 10 µBq/kg

FoilFoil contaminationcontamination 208208Tl Tl 
and and 214214Bi Bi 

208Tl: < 20 µBq/kg
214Bi: < 300 µBq/kg

~~30 %30 %EfficiencyEfficiency εε8%8%

100100--200 200 kgkgIsotopeIsotope massmass MM7 7 kgkg

150Nd  or  82Se 150Nd  or  82Se IsotopeIsotope100100MoMo

SuperNEMOSuperNEMONEMONEMO--33

T1/2 (ββ0ν) > ln 2 × M × ε × Tobs

N90

NA

A
×
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SuperNEMOSuperNEMO

nn PlanarPlanar andand modular modular designdesign
~100 kg of enriched isotopes 
(20 modules x 5 kg)

n 1 module à

– Source (40 mg/cm2)   4 x 3 m2
– Tracking : drift chamber ~3000 

cells in Geiger mode
– Calorimeter: scintillators + PM 

§ ~1 000 PM if  scint. blocks 
§ ~ 100 PM if scint. bars
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LatestLatest workwork status (@ Zaragoza)status (@ Zaragoza)

nn Zaragoza Zaragoza isis mainlymainly involvedinvolved in:in:
–– Radiopurity: Radiopurity: 
§§ newnew DAQsDAQs of Ge of Ge detectorsdetectors beingbeing designeddesigned andand mountedmounted. . 
§§ Final Final installationinstallation mustmust waitwait forfor LSC LSC toto be rebe re--openedopened. . 
§§ DatabaseDatabase beingbeing designeddesigned toto coordinatecoordinate radiopurity radiopurity 

measurementsmeasurements in SN in SN andand gathergather resultsresults..
–– BiPoBiPo::
§§ ParticipationParticipation in in BiPo1BiPo1 teststests done done beforebefore LSC LSC closureclosure
§§ ParticipationParticipation in in BiPo2BiPo2 teststests at Orsay. at Orsay. 
§§ ParticipationParticipation in in analysisanalysis software software forfor bothboth designsdesigns

–– RadonRadon::
§§ SetupSetup usingusing decommissioneddecommissioned TPC TPC beingbeing mountedmounted in in 

Zaragoza.Zaragoza.
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BiPoBiPo
•• GoalGoal:: toto measuremeasure ultraultra--lowlow levelslevels

of of 208Tl and 214Bi in thin 2β source 
foils
– Sensitivity: in 10 m2 foils (40 

mg/cm2) in 1 month to measure 
activities 

A(208Tl)<2 µBq/kg
A(214Bi)<10 µBq/kg

e-

α
time

~300 ns
for 212Bi (208Tl)

~ 164 ms
for 214Bi

•• MethodMethod:: uusing a sandwich of two plastic scintillators, to register
BiPo events (= delayed coincidence between e- and α)
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BiPo Prototypes

ØØ BiPoBiPo--11:: direct readoutdirect readout

Ø BiPo-2: multilayers scintillators
plates with lateral readout

Phoswich technique
? b/a discrimination
Development at IFIC

• 2 capsules operated at 
Canfranc in 2007

• method validated with
standard aluminum foil (known
activity)

• 20 capsuled presently running at 
Modane

• achieved sensitivity: 
A(208Tl)<2µBq/m2

• Detector ready at Orsay

• Measurement at Modane in next months

? Spatial resolution

e- a

BiPo1 @ LSC

BiPo1 @ LSM
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RadonRadon Control Control 
nn RadonRadon--free free airair factoryfactory: : 

–– experienceexperience in in ModaneModane: : fromfrom 20 20 toto
0.1 0.1 BqBq/m3 /m3 (in the (in the detectordetector´́ss surroundingsurrounding airair))

((~~2 2 mBqmBq/m3 /m3 insideinside NEMO3)NEMO3)

–– Similar Similar oneone (50% (50% largerlarger) ) willwill be be 
builtbuilt in in CanfrancCanfranc

nn MeasureMeasure veryvery lowlow concentrationsconcentrations
of of RnRn in gases in gases ((downdown toto 1 1 mBqmBq/m3 /m3 ifif

possiblepossible)): : 
–– NewNew idea idea beingbeing testedtested in in 

ZaragozaZaragoza

“Radon box”

218Po

Detector
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SpecificSpecific objectivesobjectives (1)(1)

1. Radiopurity of materials:
– Set-up measuremnt benches at Canfranc and use them to

measure samples for BiPo and SuperNemo.
– Coordination of radiopurity resources of the collaboration. 

2. BiPo: Participation (as host group) in the 
construction, installation and operation of the BiPo
detector in the LSC.
– Construction/installation (2009-2010), commissioning

(2010-2011), operation (2011 onwards).
3. Radon: Study of the problem of radon:

– Installation of the radon-free air factory (down to few
mBq/m3) in Canfranc (presumably during 2009) 

– Experimentation towards the measurement of very low
quantities of Radon in air.

1.

1.

1.
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Gas Gas TPCsTPCs forfor DoubleDouble Beta?Beta?

nn Gas Gas TPCsTPCs offeroffer in in principleprinciple the the 
advantagesadvantages of of bothboth approachesapproaches: : 
topologicaltopological signaturesignature & & scalingscaling--upup

nn GothardGothard TPC in the 90TPC in the 90´́ss
nn NotNot presentlypresently comtemplatedcomtemplated in in 

presentpresent projectsprojects (EXO:(EXO: liquidliquid TPC)TPC)

nn WhyWhy?? traditionallytraditionally badbad
resolutionresolution, , instabilityinstability, , 
complexitycomplexity…… 870 keV e870 keV e-- in the in the 

MUNU TPCMUNU TPC

nn WithoutWithout topologicaltopological signaturesignature (GERDA, CUORE, (GERDA, CUORE, EXOEXO……) ) 
externalexternal background background willwill limitlimit sensitivitysensitivity. . SuperNEMOSuperNEMO willwill
reachreach a a limitlimit ((~100kg) ~100kg) duedue toto poorpoor energyenergy resolutionresolution

nn WhatWhat technologytechnology toto gogo toto >1 ton >1 ton detectorsdetectors andand
probeprobe invertedinverted/normal neutrino /normal neutrino hierarchyhierarchy??
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The role of E resolution @ the ton scaleThe role of E resolution @ the ton scale
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The The topologicaltopological signaturesignature
nn A gas TPC A gas TPC havehave accessaccess toto the the 

““imageimage”” of the of the eventevent..
nn 1 e1 e-- eventsevents andand 2 e2 e-- eventsevents havehave

differentdifferent topologiestopologies. . ThisThis can be can be 
usedused toto rejectreject gamma gamma 
background (1 ebackground (1 e--))

nn GothardGothard demostrateddemostrated thatthat thisthis
can be done. can be done. TheyThey achievedachieved a a 
96.5% 96.5% efficiencyefficiency in in rejectingrejecting
single esingle e-- eventsevents. . WeWe may do may do 
betterbetter..

nn A gas TPC A gas TPC wouldwould havehave anan
extra extra handlehandle toto reduce reduce 
background by a factor of at background by a factor of at 
leastleast 101022 ((mostmost probablyprobably
more)more)..

1 e-

2 e-
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A A newnew initiativeinitiative: NEXT: NEXT
nn A A NNeutrino eutrino EExperimentxperiment withwith

a gas a gas XXee TTPC may:PC may:
1.1. HaveHave allall advantagesadvantages of a of a XeXe

monolithicmonolithic detector (detector (likelike EXO)EXO)
2.2. OutdoOutdo LiquidLiquid XeXe by by gettinggetting

topologicaltopological infoinfo
3.3. OverrideOverride tradicional tradicional limitationlimitation of of 

gas gas TPCsTPCs ((GothardGothard) by ) by applyingapplying
the the latestlatest developmentsdevelopments onon TPC TPC 
readoutsreadouts

nn CompetitiveCompetitive optionoption forfor the the nextnext
(ton (ton scalescale) ) generationgeneration of of 
experimentsexperiments

Xe

HV

Readout
plane

cathode

Readout
planes

PMTs
Pressure
vessel

InitiativeInitiative pushedpushed by by spanishspanish groupsgroups
(Barcelona, (Barcelona, CiematCiemat, Santiago, , Santiago, 
ValenciaValencia,, Zaragoza)Zaragoza) forfor R&DR&D phasephase
+ + prototypeprototype constructionconstruction in in 
CanfrancCanfranc. . InterestInterest andand supportsupport by by 
otherother groupsgroups. . EspeciallyEspecially SaclaySaclay (Y. (Y. 
Giomataris), Giomataris), BerkeleyBerkeley (D. (D. NygrenNygren), ), 
CanadianCanadian groupsgroups, , ……
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A A newnew initiativeinitiative: NEXT: NEXT

Of Of coursecourse, IF, IF
nn LowLow enoughenough resolutionresolution isis

achievedachieved (~1% FWHM)(~1% FWHM)
nn LowLow enoughenough backgroungbackgroung afterafter

topologytopology cutscuts (i.e. (i.e. notnot
background background limitedlimited))

nn WeWe believebelieve thisthis isis possiblepossible afterafter
lastlast developmentsdevelopments onon TPCTPC

nn A dedicated A dedicated R&DR&D isis neededneeded
nownow to to demonstratedemonstrate thesethese
issuesissues (as (as wellwell as as otherother technicaltechnical
onesones))

10 10 yearsyears

nn A A sensitivitysensitivity downdown to 60 to 60 eVeV ((forfor
NEXTNEXT--100) 100) andand 20 20 eVeV ((forfor NEXTNEXT--
1000) 1000) isis a priori a priori reachablereachable::

NEXT NEXT R&DR&D

nn EnergyEnergy resolutionresolution andand gas mixturegas mixture
–– DemonstrateDemonstrate in in XeXe
–– Role of Role of quencherquencher. . CompromiseCompromise withwith scintillationscintillation signalsignal..

nn T0 T0 measurementmeasurement (UV (UV lightlight))
nn Software: Software: simulationssimulations, , topologytopology informationinformation, , 

backgroundsbackgrounds
nn MechanicsMechanics ((highhigh P P issuesissues))
nn BackgroundBackground

–– NeededNeeded radiopurity radiopurity measurementmeasurement programprogram
–– NeededNeeded shieldingshielding? Active/? Active/pasivepasive? ? SelfshieldingSelfshielding??

nn ReadoutReadout typetype andand designdesign, , whichwhich isis best best forfor NEXT, NEXT, 
implicationsimplications to radiopurityto radiopurity
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MPGD detectors: MPGD detectors: MicromegasMicromegas

Ease of constructionEase of construction

granularitygranularity

Energy resolutionEnergy resolution

stabilitystability

CAST CAST 
readout readout 
300 300 µµm m 
pitchpitch

BULK BULK MicromegasMicromegas
manufacturing manufacturing 
techniquetechnique

Gain stability over 7 Gain stability over 7 
months (less than months (less than 
5%) in the CAST 5%) in the CAST 
experimentexperiment

Fe55 6keV sourceFe55 6keV source
<12% FWHM<12% FWHM

seminal idea is seminal idea is atributedatributed to to OedOed (88)(88)

Drift field
typical 102-3 V/cm

Amplification field
typical 104-5 V/cm

50-100 µm

MICROMEGASMICROMEGAS
Giomataris, Giomataris, CharpakCharpak (96)(96)

Completely overrides common
prejudices on conventional

multiwire TPCs
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LatestLatest workwork status status 
(@ Zaragoza)(@ Zaragoza)

nn ZaragozaZaragoza--SaclaySaclay specificspecific collaborationcollaboration: Zaragoza team has : Zaragoza team has setset up a up a systemsystem
of of highhigh pressurepressure TPC in TPC in SaclaySaclay lablab
–– EnergyEnergy resolutionresolution of of MicromegasMicromegas in in ArAr
–– SystemSystem recentlyrecently upgradedupgraded withwith recirculationrecirculation
–– XenonXenon measurementsmeasurements in a in a fewfew daysdays

nn NewNew ““gas detector gas detector lablab”” createdcreated in Zaragoza:in Zaragoza:
–– Basic Basic infraestructureinfraestructure beingbeing installedinstalled
–– TestTest benchbench forfor developingdeveloping TPC TPC readoutsreadouts ((MicromegasMicromegas): gas, ): gas, mixermixer, , chamberchamber, , 

electronicselectronics, , cleanclean airair cabincabin, , ……
nn ProcessProcess of of transferringtransferring MicromegasMicromegas manufacturingmanufacturing knowknow--how how toto local local 

centerscenters ongoingongoing. . 
–– Links Links withwith local local expertexpert groupsgroups createdcreated: Instituto de : Instituto de NanotecnologNanotecnologííaa de Aragde Aragóón e n e 

IkerlanIkerlan Centro TecnolCentro Tecnolóógico de Vitoria.gico de Vitoria.
–– FirstFirst MicromegasMicromegas entirelyentirely builtbuilt in in SpainSpain justjust finishedfinished ((toto be be testedtested in Zaragoza in Zaragoza 

veryvery soonsoon))
nn Software: Software: 

–– Background Background simulationssimulations in in progressprogress
–– ββββ eventevent IdentificationIdentification algorithmalgorithm alreadyalready createdcreated. . BeingBeing optimizedoptimized..
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HighHigh energyenergy resolutionresolution in in 
MicromegasMicromegas: : ongoingongoing teststests
nn MeasurementMeasurement of E of E resolutionresolution at at highhigh

energiesenergies::
–– HighHigh pressurepressure ArAr++IsobIsob smallsmall setupsetup, , 

readread by by newnew generationgeneration Micromegas Micromegas 
readoutreadout ((microbulkmicrobulk) non) non--pixelizedpixelized
anodeanode

nn Mixtures testes: Mixtures testes: ArAr + + IsoIso 2%, 2%, ArAr + + IsoIso 5%5%
nn PressuresPressures testedtested: : fromfrom 1 to 5 1 to 5 barbar

P

exhaust

µM

Americium alpha source: 5.5 MeV alpha

P

exhaust

µM

Americium alpha source: 5.5 MeV alpha
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EnergyEnergy resolutionresolution MeasurementsMeasurements

nn Energy resolution tested with Energy resolution tested with 
Am alphas source (5.5 Am alphas source (5.5 MeVMeV))

nn Best resolution obtained: Best resolution obtained: 

1.5 1.5 –– 2 % (FWHM)2 % (FWHM)
in a wide range of parameters in a wide range of parameters 
(mesh and drift V, P, etc(mesh and drift V, P, etc……))

nn Landau Landau deconvolutiondeconvolution analysis analysis 
indicate possible intrinsic indicate possible intrinsic 
MicromegasMicromegas energy resolution energy resolution 
of of 0.7 % FWHM0.7 % FWHM..

nn SetupSetup upgradedupgraded recentlyrecently forfor
samesame measurementmeasurement in in XeXe
((recirculationrecirculation systemsystem). ). 
MesaurementsMesaurements toto be done in be done in 
the the nextnext daysdays..

Am 5.5 MeV α

Hellaz TPC
Equipped with MM

E res TPC
Recirculation pump
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FirstFirst series of series of MicromegasMicromegas
““made in made in SpainSpain””

nn DesignDesign by Zaragoza by Zaragoza andand builtbuilt at at IkerlanIkerlan facilitiesfacilities in in 
Vitoria. Vitoria. 

nn BothBoth PCB PCB andand microfabricationmicrofabrication techniquestechniques are are beingbeing
usedused. . 

nn JustJust arrivedarrived toto Zaragoza Zaragoza forfor testingtesting nextnext daysdays..

Views under microscope

Encapsulation for tests
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ββββ simulationssimulations
•Simulated ββ event.
•“Blob” finding
algorithm.

•Very preliminarily: 
factor of 100 in 1 e-
rejection achieved in 
simulations

•Much optimization
pending (and
experimental 
validation)
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NewNew ““gas detector gas detector lablab”” in Zaragozain Zaragoza
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ExpresionExpresion of of InterestInterest toto CanfrancCanfranc
nn FootprintFootprint of 30 m2 of 30 m2 areaarea requestedrequested

toto LSC LSC toto performperform R&DR&D andand
operateoperate the the prototypeprototype
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SpecificSpecific objectivesobjectives (2)(2)
1.1. SimulationSimulation studystudy of of ββββ eventevent phenomenologyphenomenology in gas. in gas. 

Detector Detector effectseffects. Background. . Background. DiscriminationDiscrimination by by 
topologytopology..

2.2. ConstructionConstruction of of testtest setupsetup (in Zaragoza (in Zaragoza andand laterlater in in 
CanfrancCanfranc) ) toto proveprove feasibilityfeasibility. . MeasureMeasure andand studystudy::
–– EnergyEnergy resolutionresolution
–– OperationOperation at at highhigh energyenergy ((~~5 5 barsbars?) ?) 
–– StudyStudy T0 T0 issueissue ((scintillationscintillation, , ionion feedback,feedback,……))
–– Gas mixture (role of Gas mixture (role of quencherquencher))
–– EventEvent topologytopology

3.3. ConstructionConstruction of a of a middlemiddle scalescale demonstratordemonstrator ((fewfew kgkg
XenonXenon) ) forfor undergroundunderground operationoperation
–– Background Background issuesissues undergroundunderground
–– ElectronicsElectronics

4.4. EvaluationEvaluation of of resultsresults, , andand assessmentassessment towardstowards a a 
conceptual conceptual designdesign forfor a a largelarge scalescale TPC TPC forfor ββββ. . LetterLetter of of 
intentintent oror experimental experimental proposalproposal toto CanfrancCanfranc..

2.

2.

2.

2.
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axions axions 
at CERNat CERN
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AXION motivation AXION motivation 

nn StrongStrong CP CP problemproblem:: whywhy strongstrong interactionsinteractions seemseem
notnot toto violateviolate CP?CP?
–– CP CP violatingviolating termterm in QCD in QCD isis notnot forbiddenforbidden. . ButBut neutronneutron

electricelectric dipoledipole momentmoment notnot observedobserved..

nn Natural Natural answeranswer ifif PecceiPeccei--QuinnQuinn mechanismmechanism existexist..
–– NewNew U(1) global U(1) global symmetrysymmetryàà spontaneouslyspontaneously brokenbroken..

PRIMAKOFF 
EFFECT

nn As a As a resultresult, , newnew pseudoscalarpseudoscalar, neutral , neutral andand
veryvery lightlight particleparticle isis predictedpredicted, , the axion.the axion.

nn ItIt couplescouples toto the the photonphoton in in everyevery modelmodel..
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AXION PHOTON CONVERSION

L

COHERENCE   1

nn Axion Axion helioscopehelioscope [[SikivieSikivie, PRL 51 (87)], PRL 51 (87)]

CAST principle
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ApPECApPEC reccomendationsreccomendations

*ASPERA Roadmap, phase I, October 2006.*ASPERA Roadmap, phase I, October 2006.

……aboutabout CASTCAST……
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CAST setup overviewCAST setup overview

LHC test 
magnet

TPC 
à replaced by 2 

Micromegas in 2007

Micromegas
&

CCD/Telescope

Detector subsystem
under Zaragoza 
responsability
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CAST historyCAST history

CAST phase I CAST phase II

First commissioning runs

First Physics runs

Physics runs –
Enhanced operation

Work to upgrade 
for phase II Phase II (4He) 

operation

2002 2003 2004 2005 2006

CAST construction

Work to upgrade 
for He3

2007 2008 3 years
Phase II - 3He 

operation ongoing

He3 commissioning
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Phase I final resultPhase I final result

for

n New exclusion plot, 
including all phase I 
data improves last 
2003 result

n Factor of 7 
improvement beyond 
previous experimental 
searches.

n It goes beyond 
astrophysical limit of 
globular clusters for 
coherence masses

n Published JCAP 
0702:010,2007
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CAST phase II CAST phase II –– principle of detectionprinciple of detection

Extending the coherence to higher
axion masses...
•Coherence condition (qL << 1) is
recovered for a narrow mass range around
mγ

Ne: number of electrons/cm3

ρ: gas density (g/cm3)

axions
Transverse magnetic field (B)

X ray

X ray
detector

L

A
axions

Transverse magnetic field (B)Transverse magnetic field (B)
X ray

X ray
detector

X ray

X ray
detector

X ray

X ray
detector

L

A



Spanish Part Phys Panel, Spanish Part Phys Panel, 
Madrid May 26th, 2008Madrid May 26th, 2008 Igor G. IrastorzaIgor G. Irastorza 3939

Phase II operation (Phase II operation (44He and He and 33He)He)

~13 mbar~13 mbar
~0.39 ~0.39 eVeV

CAST phase II sensitivityCAST phase II sensitivity

•• Data taking with 4He Data taking with 4He 
performed all along 2006performed all along 2006

•• ~160 density steps ~160 density steps 
performed, reaching ~13 performed, reaching ~13 
mbarmbar ((~0.39 ~0.39 eVeV))

•• Exclusion plot obtained Exclusion plot obtained 
after analysis (preliminary)after analysis (preliminary)

••QCD axion models region is QCD axion models region is 
entered !!.entered !!.

•• Analysis being Analysis being finalisedfinalised: : 
4He paper in preparation4He paper in preparation

•• 33He phase recently started He phase recently started 
(shown expected sensitivity)(shown expected sensitivity)
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LatestLatest workwork status (@ Zaragoza)status (@ Zaragoza)

nn ParticipationParticipation in He3 data in He3 data takingtaking::
–– Zaragoza Zaragoza groupgroup isis the the oneone takingtaking a a largerlarger fractionfraction of data of data takingtaking shiftsshifts
–– RunRun coordinationcoordination

nn ResponsabilitiesResponsabilities onon overalloverall experimentexperiment::
–– ShiftShift coordinationcoordination ((untiluntil JuneJune))
–– AnalysisAnalysis coordinationcoordination

nn AnalysisAnalysis of TPC data of TPC data fromfrom the He4 the He4 phasephase beingbeing finalisedfinalised forfor
inclusioninclusion in in paperpaper in in preparationpreparation..

nn NewNew detectorsdetectors forfor CAST:CAST:
–– TPC TPC replacedreplaced lastlast yearyear by 2 by 2 newnew MicromegasMicromegas detectorsdetectors builtbuilt in in 

collaborationcollaboration withwith SaclaySaclay andand AthensAthens..
–– TPC TPC setupsetup ((shieldingshielding, , calibratorcalibrator, , diffdiff. . PumpingPumping, , etcetc……) ) adaptedadapted toto the the 

newnew detectorsdetectors..
–– Software Software forfor analysisanalysis of of newnew detectorsdetectors in in preparationpreparation ((firstfirst versionversion

alreadyalready operationaloperational))
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New detectors for CASTNew detectors for CAST
nn At the sunset side, replace At the sunset side, replace 

conventional conventional multiwiremultiwire TPC.TPC.
nn At the sunrise side, replace old At the sunrise side, replace old 

unun--shielded MM, with a more shielded MM, with a more 
optimized design (very small optimized design (very small 
space), able to accommodate space), able to accommodate 
shield and a possible Xshield and a possible X--ray ray 
focusing device.focusing device.

nn Higher efficiency.Higher efficiency.
nn Lower background (shielding)Lower background (shielding)
nn RobustnessRobustness

« sunrise » MM « sunset » MMs

n NEW DESIGN: 
– Microbulk technology
– 106 × 106 strips, 0.5 mm pitch
– Compact construction to fit with shielding
– Very good energy resolution
– Same mechanics for both sunset and sunrise
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NewNew ““sunsetsunset”” CAST CAST MicromegasMicromegas
Faraday cages

Electronics2 new Micromegas
Replacing old TPC

Diff. Pumping outlets

nn TPC TPC shieldingshielding andand setupsetup
adaptedadapted toto the the newnew
detectorsdetectors……
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FirstFirst data data withwith newnew detectorsdetectors

nn EnergyEnergy resolution: resolution: 
nn @ 5.9 keV~13% FWHM@ 5.9 keV~13% FWHM
nn @@ 8 8 keV~14% FWHMkeV~14% FWHM

nn 2D hit maps:2D hit maps:
nn CalibrationCalibration
nn backgroundbackground
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SpecificSpecific objectivesobjectives (3)(3)
1. Participation in the CAST collaboration. Contribution to the 

general operation and maintenance of the experiment 
as a whole. 
1. Common fund.
2. Shift & run coordination quota.
3. Collaboration meetings, analysis coordination, etc…
4. Specific contributions to other detector subsystem expected 

from Zaragoza, especially detector background 
simulations, shielding design and construction and generic 
assistance in low background issues.

2. Full responsibility of the sunset detector system (former 
TPC setup, now 2 new Micromegas detectors)
1. Continuous presence at CERN to supervise the operation of the 

detector
2. Maintenance tasks
3. Data analysis and interpretation

3.

3.
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GroupGroup

nn SignatairesSignataires of the of the projectproject
–– 4 FTE more 4 FTE more thanthan lastlast timetime’’ss

requestrequest

nn Non Non signatairesignataire
manpowermanpower::
–– SomeSome technicaltechnical staff staff 

((UniversityUniversity, ILIAS , ILIAS 
contractscontracts))

–– StudentStudent at CERN at CERN currentlycurrently
payedpayed by by SaclaySaclay..

PhDPhD StudentsStudents::

100 %100 %Alfredo TOMASAlfredo TOMAS

100 %100 %Francisco J. IGUAZFrancisco J. IGUAZ

100 %100 %Jaime RUZJaime RUZ

100 %100 %AsunciAsuncióón RODRIGUEZn RODRIGUEZ

9 FTE9 FTETotalTotal

100 %100 %Julio MORALESJulio MORALES

100 %100 %Igor G. IRASTORZAIgor G. IRASTORZA

100 %100 %Gloria LUZONGloria LUZON

100 %100 %Theopisti DAFNITheopisti DAFNI

50 %50 %Susana CEBRIANSusana CEBRIAN

50 %50 %Jose Manuel CARMONAJose Manuel CARMONA

FTEFTENameName
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MethodologyMethodology
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RequestedRequested budgetbudget

nn OverallOverall breakbreak--upup
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EquipmentEquipment breakbreak--upup
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TravelsTravels andand subsistencesubsistence breakbreak--upup

PersonnelPersonnel breakbreak--upup
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ConsumablesConsumables breakbreak--upup

OthersOthers breakbreak--upup



Spanish Part Phys Panel, Spanish Part Phys Panel, 
Madrid May 26th, 2008Madrid May 26th, 2008 Igor G. IrastorzaIgor G. Irastorza 5151

OngoingOngoing projectproject (2008) (2008) situationsituation

Funds granted:
263,000 EJECUCIÓN

36000 PERSONAL

Period: 1 year (2008)

Break-up “EJECUCION”

Accounting situation at 30th APRIL 2008:


