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DirectDirect DetectionDetection ofof WIMPsWIMPs
WIMP WIMP elasticelastic
scatteringscattering offoff targettarget
nucleinuclei
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DirectDirect DetectionDetection ofof WIMPsWIMPs
χχ

HEAT

LIGHTCHARGE
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Nuclear Nuclear RecoilRecoil energyenergy ConventionalConventional vsvs hybridhybrid detectiondetection

EnergyEnergy conversionconversion intointo visible visible 
signalsignal isis veryvery differentdifferent
dependingdepending onon thethe detectiondetection
mechanismmechanism andand particleparticle typetype
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semiconductorssemiconductors
~ 0.25~ 0.25--0.30.3
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General General strategystrategy forfor DDDD
•• Very low energy thresholdVery low energy threshold

•• Very low backgroundVery low background

–– intrinsic and induced radioactivity: very lowintrinsic and induced radioactivity: very low
–– environmental: located in underground laboratories, environmental: located in underground laboratories, 

in a in a radiopureradiopure environment: active / passive environment: active / passive 
shieldingsshieldings

–– capabilities to discriminate the signal from the capabilities to discriminate the signal from the 
background (hybrid detectors)background (hybrid detectors)

•• Large detector mass (to increase the probability of Large detector mass (to increase the probability of 
detection)detection)

•• Good stability and control of Good stability and control of systematicssystematics
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DiscriminatingDiscriminating signalsignal
fromfrom backgroundbackground

NUCLEAR VS. ELECTRONIC RECOILS NUCLEAR VS. ELECTRONIC RECOILS 
DISCRIMINATIONDISCRIMINATION

NEUTRONS REMAIN AS THE MAIN BACKGROUND NEUTRONS REMAIN AS THE MAIN BACKGROUND 
SOURCESOURCE

AndAnd thenthen……

––AnnualAnnual modulationmodulation in in thethe signalsignal

––CombinationCombination ofof severalseveral targetstargets in in thethe samesame
experimental experimental setset--upup

––TrackingTracking thethe nuclear nuclear recoilrecoil energyenergy depositiondeposition: : 
directionalitydirectionality
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AnnualAnnual modulationmodulation ofof thethe
signalsignal
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General General StrategyStrategy forfor
DM DM DirectDirect DetectionDetection

ToTo combinecombine as as muchmuch informationinformation as as 
availableavailable//possiblepossible toto decoupledecouple
unknownsunknowns//uncertaintiesuncertainties

–– DifferentDifferent targetstargets

–– DifferentDifferent techniquestechniques ofof detectiondetection

–– DifferentDifferent signaturessignatures
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DarkDark MatterMatter SearchSearch
ProgramProgram atat

CANFRANCCANFRANC

19901990--20062006
20062006--
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TheThe CanfrancCanfranc UndergroundUnderground
LaboratoryLaboratory
UnderUnder thethe spanishspanish PyreneesPyrenees

In In thethe oldold railwayrailway
SomportSomport TunnelTunnel
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SinceSince 1985, 1985, researchresearch has has beenbeen
carriedcarried out out aboutabout::

√√ DirectDirect WIMP WIMP searchsearch
√√ DoubleDouble beta beta decaydecay
√√ OtherOther ““rarerare”” processesprocesses
√√ RadiopurityRadiopurity measurementsmeasurements

TheThe CanfrancCanfranc UndergroundUnderground
LaboratoryLaboratory
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1985 1985 firstfirst visitsvisits toto thethe SomportSomport TunnelTunnel

FirstFirst CanfrancCanfranc UndergroundUnderground FacilityFacility

1989, 1989, MountingMounting ββββ/γ/γ

TheThe CanfrancCanfranc UndergroundUnderground
LaboratoryLaboratory
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~10 m2

2450 2450 m.w.em.w.e..

~100 m2

TheThe CanfrancCanfranc UndergroundUnderground
LaboratoryLaboratory
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≈≈100 m100 m22

≈≈600 m600 m2 2 

TheThe NEW NEW CanfrancCanfranc UndergroundUnderground
LaboratoryLaboratory FacilitiesFacilities
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TheThe NEW NEW CanfrancCanfranc UndergroundUnderground
LaboratoryLaboratory FacilitiesFacilities



June 24th 2006 M.LM.L. Sarsa. Sarsa CanfrancCanfranc UndergroundUnderground LaboratoryLaboratory

Site Expe rim ent Tec hnique Target Stat us
Baksan (Russia) IGEX Ionisation 3kg Ge Operational
Bern (Switzerland) ORPHEUS SSD 0.5kg Sn Operational
Boulby (UK) NaI

NaIAD
ZEPLIN I
ZEPLIN II/III
ZEPLIN-MAX
DRIFT-I
DRIFT-10

Scintillator
Scintillator
Scintillator
Scintillator/Ionisation
Scintillator/Ionisation
TPC
TPC

5kg NaI
50kg NaI
5kg Lxe
30kg/7kg Xe
1000kg Xe
0.2kg CS2

2kg CS2

Completed
Operational
Operational
Construction
Planned
Operational
Planned

Canfranc (Spain) COSME
IGEX
ANAIS
ROSEBUD

Ionisation
Ionisation
Scintillator
Thermal

0.2kg Ge
2.1kg Ge
107kg NaI
Al2O3,Ge,CaWO4

Completed
Operational
Constrcution
Operational

Frejus (France) Saclay-NaI
EDELWEISS I
EDELWEISS II

Scintillation
Thermal/Ionisation
Thermal/Ionisation

10kg NaI
0.07kg Ge
1.3 kg Ge

Completed
Completed
Operational

Gran Sasso (Italy) Hdlberg/Mscw
HDMS
Genius
DAMA
LIBRA
Xenon
CRESST-I
CRESST-II
CUORICINO
CUORE

Ionisation
Ionisation
Ionisation
Scintillation
Scintillation
Scintillation
Thermal
Thermal/Scintillation
Thermal
Thermal

2.7kg Ge
0.2kg Ge
100kg Ge
100kg NaI
250kg NaI
6kg Xe
1kg Al2O3
10kg CaWO4

40kg TeO2

760kg TeO2

Completed
Operational
Planned
Operational
Construction
Operational
Oprational
Construction
Construction
Planned

Otto-Cosmo (Japan) Elegants V
Elegants VI

Scintillation
Scintillation

NaI
CaF2

Operational
Operational

Rustrel (France) SIMPLE SDD Freon Operational
Stanford (USA) CDMS-1 Thermal/Ionisation 0.1kg Si, 1kg Ge Completed
Soudan (USA) CDMS-II Thermal/Ionisation 0.3ks Si, 0.75kg Ge Construction
SNO (Canada) PICASSO SDD 1g Freon Operational

APPEC Peer Review Committee, C. Spiering
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CANFRANC 
EXPERIMENTS

WIMP 
detection techniques

COSME, 
IGEX-DM

Ge

U. Zaragoza / 
South Carolina / 
PNNL / INR / ITEP

Collaboration

Io
ni

za
tio

n
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WIMP WIMP searchessearches withwith GeGe

•• Ultrahigh purity material: very low Ultrahigh purity material: very low 
background levelsbackground levels

•• Low energy thresholdLow energy threshold

•• Reasonable quenching factor: Reasonable quenching factor: 
EEvisiblevisible≅≅0.25 0.25 EErecoilrecoil

•• Medium size, A~70Medium size, A~70

•• For spinFor spin--independent coupling no independent coupling no 
enrichment neededenrichment needed



COSME
Experiment

COSMECOSME
ExperimentExperiment

E. GarcE. Garcíía, A. Morales, J. Morales, A. Ortiz de Sola, A. Morales, J. Morales, A. Ortiz de Solóórzano, J. rzano, J. PuimedPuimedóónn, , 
C. SC. Sááenz, A. Salinas, M. L. Sarsa, J. A. Villarenz, A. Salinas, M. L. Sarsa, J. A. Villar

UniversityUniversity ofof ZaragozaZaragoza

F.T. F.T. AvignoneAvignone III, .I. CollarIII, .I. Collar
University of South Caroline, USAUniversity of South Caroline, USA

R. L. R. L. BrodzinskiBrodzinski, , W.K. Hensley, H.S. H.S. MileyMiley, J.H. Reeves, J.H. Reeves
Pacific Northwest National Laboratory, USAPacific Northwest National Laboratory, USA
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COSME 92 / / COSME 98COSME 98

130,7 130,7 kgdkgd /  72,8 /  72,8 kgdkgd

234 g natural 234 g natural GermaniumGermanium
SearchSearch forfor WIMPsWIMPs andand solar solar 
axionsaxions
LowLow energyenergy thresholdthreshold 1,6 1,6 keVeekeVee
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19901990--19921992

Phys. Phys. RevRev. D 51 (1995) 1458. D 51 (1995) 1458



IGEX
Collaboration

IGEXIGEX
CollaborationCollaboration

S. CebriS. Cebriáán, E. Garcn, E. Garcíía, D. Gonza, D. Gonzáález, I. G. Irastorza, A. Morales, J. Morales, A. lez, I. G. Irastorza, A. Morales, J. Morales, A. 
Ortiz de SolOrtiz de Solóórzano, J. rzano, J. PuimedPuimedóónn, A. Salinas, M. L. Sarsa, J. A. Villar, A. Salinas, M. L. Sarsa, J. A. Villar

UniversityUniversity ofof ZaragozaZaragoza
C. C. AalsethAalseth, F.T. , F.T. AvignoneAvignone III, .I. CollarIII, .I. Collar

University of South Caroline, USAUniversity of South Caroline, USA
R. L. R. L. BrodzinskiBrodzinski, , W.K. Hensley, H.S. H.S. MileyMiley, J.H. Reeves, J.H. Reeves

Pacific Northwest National Laboratory, USAPacific Northwest National Laboratory, USA
A.A. Klimenko, S.B. Osetrov, A.A. Smolnikov, A.A. Vasenko, S.I. Vasiliev

Institute for Nuclear Research, INR, Baksan
I.V. Kirpichnikov

Institute for Theoretical and Experimental Physics, ITEP, Moscow
V.S. Pogosov, A.S. Starostin, A.G. Tamanyan,

Yerevan Physics Institute
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IGEX IGEX ββββ
IGEX IGEX CollaborationCollaboration searchedsearched forfor 7676Ge Ge doubledouble
beta beta decaydecay withwith enrichedenriched detectorsdetectors (86%)(86%)
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IGEXIGEX--DMDM usedused one detector one detector ((2.1 kg)2.1 kg)

AnAn improved neutron shieldingimproved neutron shielding allowed allowed 
a significant reduction of background a significant reduction of background 
at low energiesat low energies

Plastic 
scintillator

archaeological lead 
side 60 cm

2.5 tons

RG-II 
detector

Low activity lead 
side 100 cm 

10 tons

Polyethylene / 
borated water

PVC bags 
with N2

Cadmium layer 
2 mm

IGEXIGEX--DMDM
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PhysPhys. . LettLett. B 532 (2002) 8. B 532 (2002) 8
PhysPhys. . LettLett. B 489 (2000) 268. B 489 (2000) 268

BACKGROUND
4-10 keV  background:   0.22 c/keV/kg/day
10-20 keV background:  0.10 c/keV/kg/day
25-40 keV background:  0.04 c/keV/kg/day

194 kg194 kg--days with 40 cmdays with 40 cm
neutron shieldingneutron shielding

82 kg82 kg--days with 80 cm days with 80 cm 
neutron shielding neutron shielding 
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CANFRANC 
EXPERIMENTS

WIMP 
detection techniques

COSME, 
IGEX-DM

Ge

U. Zaragoza / 
South Carolina / 
PNNL / INR / ITEP

Collaboration

Io
ni

za
tio

n DM32, 
ANAIS

NaI
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WIMP WIMP searchessearches withwith NaINaI
scintillatorsscintillators

•• 100% nuclei with non100% nuclei with non--zero spin:  zero spin:  2323Na (J=3/2) Na (J=3/2) 
127127I (J=5/2)I (J=5/2)

•• Heavy+lightHeavy+light nuclei, A=127 & 23nuclei, A=127 & 23

•• Easy scale up to large massEasy scale up to large mass

•• Pulse shape discrimination (PSD) capabilityPulse shape discrimination (PSD) capability

•• Small quenching factor (Q<10%) for I, and Small quenching factor (Q<10%) for I, and 
medium for Na (Q~30medium for Na (Q~30--40%)40%)



June 24th 2006 M.LM.L. Sarsa. Sarsa CanfrancCanfranc UndergroundUnderground LaboratoryLaboratory

NaINaI ScintillatorsScintillators atat CanfrancCanfranc
14 14 detectorsdetectors, , usedused in in previousprevious experimentsexperiments, , 

undergroundunderground sincesince 19881988

PMT EMI9765

quartz window

stainless steel
vessel 0.5 mm

crystal 10.7 kg
NaI (Tl)

23.3 cm 

20.32 cm

7.62 cm

1.27 cm



NaI32
Experiment

NaI32NaI32
ExperimentExperiment

E. GarcE. Garcíía, A. Morales, J. Morales, A. Ortiz de Sola, A. Morales, J. Morales, A. Ortiz de Solóórzano, J. rzano, J. 
PuimedPuimedóónn, C. S, C. Sááenz, A. Salinas, M. L. Sarsa, J. A. Villarenz, A. Salinas, M. L. Sarsa, J. A. Villar

UniversityUniversity ofof ZaragozaZaragoza



June 24th 2006 M.LM.L. Sarsa. Sarsa CanfrancCanfranc UndergroundUnderground LaboratoryLaboratory

NaI32 (3x10,7 kg NaI32 (3x10,7 kg NaINaI, LSC), LSC)

looking for the annual looking for the annual 
modulation effectmodulation effect

carriedcarried out in out in thethe CanfrancCanfranc
UndergroundUnderground LaboratoryLaboratory
fromfrom 1993 1993 toto 19951995

Phys. Phys. LettLett. B 386 (1996) 458. B 386 (1996) 458
Phys. Phys. RevRev. D 56 (1997) 1856. D 56 (1997) 1856

MtMt=4614 =4614 kg.daykg.day



ANAIS 
experiment

ANAIS ANAIS 
experimentexperiment

J. AmarJ. Amaréé, B. Beltr, B. Beltráán, J. M. Carmona, S. Cebrin, J. M. Carmona, S. Cebriáán, E. Garcn, E. Garcíía, a, 
H. GH. Góómez, I. G. Irastorza, G. Luzmez, I. G. Irastorza, G. Luzóón, M. Martn, M. Martíínez, J. Morales, nez, J. Morales, 

A. Ortiz de SolA. Ortiz de Solóórzano, C. Pobes, J. rzano, C. Pobes, J. PuimedPuimedóónn, A. Rodr, A. Rodrííguez, J. Ruz, guez, J. Ruz, 
M. L. Sarsa, L. Torres, J. A. VillarM. L. Sarsa, L. Torres, J. A. Villar

UniversityUniversity ofof ZaragozaZaragoza
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40 cm neutron shielding

Active vetos

PVC box

2 mm Cd

10 cm Roman lead

20 cm lead

Vibration isolator

10 x 10.7 kg NaI dark matter search experiment looking 
for annual 
modulation

To be installed at 
the new Canfranc
Underground 
Laboratory

ANAIS PROJECTANAIS PROJECT
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PROTOTYPE I PROTOTYPE I 
10.7 kg NaI

PSD discrimination to reject
PMT noise: lowering
threshold
Nucl. Phys. B (PS) 114 
(2003) 111

2069.85 2069.85 kgkg dayday

IMPROVED PROTOTYPE I IMPROVED PROTOTYPE I 

Understanding and Understanding and 
improvement of backgroundimprovement of background



June 24th 2006 M.LM.L. Sarsa. Sarsa CanfrancCanfranc UndergroundUnderground LaboratoryLaboratory

0 100 200 300 400 500
1

10

C
ou

nt
s/

ke
V

/k
g/

da
y

Energy (keV)

 PMT9302
 PMT9765
 OpticGuide

0 400 800 1200 1600 2000 2400 2800

0.1

1

10

C
ou

nt
s/

ke
V

/k
g/

da
y

Energy (keV)

 PMT9302
 PMT9765
 OpticGuide

EMI9765 EMI9302

Background Background fromfrom
PMTPMT

1460keV

2614keV

210Pb + x-Rays Pb

IMPROVED PROTOTYPE IIMPROVED PROTOTYPE I



June 24th 2006 M.LM.L. Sarsa. Sarsa CanfrancCanfranc UndergroundUnderground LaboratoryLaboratory

IMPROVED PROTOTYPE IIMPROVED PROTOTYPE I
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•• RemovalRemoval ofof thethe oldold PMT PMT andand
steelsteel vesselvessel

•• CouplingCoupling toto 2 ultra2 ultra--lowlow
background PMT +  background PMT +  lightlight
guidesguides

–– AnticoincidenceAnticoincidence

–– Light Light collectioncollection efficiencyefficiency

–– Background Background improvementimprovement

•• SelectionSelection ofof highhigh puritypurity
materialsmaterials in in CanfrancCanfranc usingusing
a Ge detectora Ge detector

–– Background Background improvementimprovement

PROTOTYPE II (2003PROTOTYPE II (2003--))

Nake
crystal
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NaI

Light guides

PMTs

Teflon bank

10.7 kg 10.7 kg NaINaI

Flexible  setFlexible  set--upup

PROTOTYPE IIPROTOTYPE II

Test reflector/Test reflector/diffusordiffusor
materials and thicknessmaterials and thickness

Optimal light guides lengthOptimal light guides length
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STRIPPING THE CRYSTALSTRIPPING THE CRYSTAL
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COUPLING PROTOTYPE IICOUPLING PROTOTYPE II
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10 cm archeological lead

10 cm lead

Anti-radon PVC box

PROTOTYPE II: PROTOTYPE II: CanfrancCanfranc measurementsmeasurements
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 Improved Prototype I
  Prototype II

238.6 keV

338.3 keV

583keV

911keV
2614keV

232Th contamination!

PROTOTYPE II: PROTOTYPE II: CanfrancCanfranc measurementsmeasurements

Identified at the 
weldings of the 
copper box 

GTAW 



PROTOTYPE II: PROTOTYPE II: NoiseNoise rejectionrejection
TriggerTrigger atat photoelectronphotoelectron levellevel impliesimplies noisenoise in in 
coincidencecoincidence
CutsCuts appliedapplied downdown toto 2 2 keVkeV

57Co 
calibration

Background



2 cm Copper

InnerInner Cu Cu shieldingshielding
NoiseNoise rejectionrejection

PROTOTYPE II: PROTOTYPE II: CanfrancCanfranc
measurementsmeasurements

MLS



Diapositiva 45

MLS7 Comparar el fondo con Cobre con el fondo antes de colocar el cobre
María Luisa Sarsa; 08/06/2006
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PROTOTYPE II: PROTOTYPE II: PSD PSD forfor αα
discriminationdiscrimination

( )rs tt
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eeQRtV ττ
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PROTOTYPE II: PROTOTYPE II: PSD PSD forfor αα
discriminationdiscrimination



0,021 0,021 ±± 0,0060,0060,07 0,07 ±± 0,020,02228228RaRa

--0,027 0,027 ±± 0,0070,007232232ThTh

0,54 0,54 ±± 0,120,121,2 1,2 ±± 0,10,1210210PbPb

0,22 0,22 ±± 0,050,050,14 0,14 ±± 0,010,01226226RaRa

--0,017 0,017 ±± 0,0070,007238238UU

EPEP--058058PIIPIIParent IsotopeParent Isotope

Contamination (Contamination (mBqmBq/kg)/kg)

PROTOTYPE II: PROTOTYPE II: PSD PSD forfor αα
discriminationdiscrimination



GEANTGEANT--4 Simulation of internal U4 Simulation of internal U--ThTh--PbPb--KK

40K has been
assumed to
be completely
of internal
origin

PROTOTYPE II: PROTOTYPE II: PSD PSD forfor αα
discriminationdiscrimination



Background UnderstandingBackground Understanding



57Co

137Cs

55Fe

Low Energy calibrationLow Energy calibration



Aprox. linear behaviour
down to 14.4 keV

6 keV line from 55Fe at
lower energies than
extrapolation

Superficial effects can 
be responsible

Low Energy calibrationLow Energy calibration
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NewNew NaI(TlNaI(Tl) 9,6 ) 9,6 kgkg
crystalcrystal

LastLast weekweek mountingmounting in in CanfraCanfra
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QuartzQuartz opticaloptical
windowswindows

TeflonTeflon diffusivediffusive
layerlayer

OFHC OFHC coppercopper tighlytighly sealedsealed

DesignDesign ofof a a newnew
encapsulationencapsulation



Exclusion plots in different scenarios Exclusion plots in different scenarios 
without modulation search (90%CL)without modulation search (90%CL)

2-8 keV energy window
5x107 kg.yr exposure

1 c/keV/kg/d
5x107 kg.yr exposure



Expected sensitivity for a dark matter Expected sensitivity for a dark matter 
modulated signal in different scenariosmodulated signal in different scenarios
((δδ22=5.6, =5.6, AstropAstrop. Phys. 14 (2001) 339). Phys. 14 (2001) 339)

2-8 keV energy window
5x107 kg.yr

1 c/keV/kg/d
5x107 kg.yr



--NewNew coppercopper encapsulationencapsulation in in preparationpreparation

-- 9,6 9,6 kgkg radiopureradiopure crystalcrystal toto be be testedtested in in thethe
PROTOTYPE II PROTOTYPE II setset up (up (takingtaking data)data)

-- PMT PMT teststests (background (background andand response)response)

--Alpha PSD Alpha PSD measurementsmeasurements toto selectselect thethe best best crystalscrystals
amongamong availableavailable

--MainMain limitationlimitation seemseem toto come come fromfrom internalinternal
contaminantscontaminants: : 4040K K requiresrequires more more studystudy

--2 2 keVeekeVee thresholdthreshold achievedachieved ((furtherfurther calibrationcalibration))

-- OptimizedOptimized shieldingshielding conditionsconditions in in thethe newnew LSC LSC forfor
PrototypePrototype IIIIII

ANAIS PROSPECTSANAIS PROSPECTS
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CANFRANC 
EXPERIMENTS

WIMP 
detection techniques

COSME, 
IGEX-DM

Ge

U. Zaragoza / 
South Carolina / 
PNNL / INR / ITEP

Collaboration

Io
ni

za
tio

n DM32, 
ANAIS

NaI

U. Zaragoza

Li
gh

t

ROSEBUD-I / II

H
ea

t Al2O3
Ge

U. Zaragoza / IAS Orsay
Collaboration

ROSEBUD-II / III

Li
gh

t+
H

ea
t

U. Zaragoza / IAS Orsay
Collaboration

CaWO4
BGO

TPC
MICROMEGAS

Al2O3
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WIMP WIMP searchessearches withwith bolometersbolometers
•• Wide absorber choiceWide absorber choice

•• Quenching factors seem to be compatible Quenching factors seem to be compatible 
with 1with 1

•• Very low energy thresholdsVery low energy thresholds

•• Discrimination capabilities event by event Discrimination capabilities event by event 
increase dramatically sensitivity: increase dramatically sensitivity: 

–– CHARGE VS HEAT / LIGHT VS HEATCHARGE VS HEAT / LIGHT VS HEAT

•• Large mass experiments in preparation: Large mass experiments in preparation: 
feasible feasible 



ROSEBUD 
Collaboration

Rare Objects SEarch with Bolometers UnDerground

ROSEBUD ROSEBUD 
CollaborationCollaboration

RareRare ObjectsObjects SEarchSEarch withwith BolometersBolometers UnDergroundUnDerground

J. AmarJ. Amaréé, B. Beltr, B. Beltráán, J. M. Carmona, S. Cebrin, J. M. Carmona, S. Cebriáán, E. Garcn, E. Garcíía, a, 
H. GH. Góómez, I. G. Irastorza, G. Luzmez, I. G. Irastorza, G. Luzóón, M. Martn, M. Martíínez, J. Morales, nez, J. Morales, 

A. Ortiz de SolA. Ortiz de Solóórzano, C. Pobes, J. rzano, C. Pobes, J. PuimedPuimedóónn, A. Rodr, A. Rodrííguez, J. Ruz, guez, J. Ruz, 
M. L. Sarsa, L. Torres, J. A. VillarM. L. Sarsa, L. Torres, J. A. Villar

UniversityUniversity ofof ZaragozaZaragoza

N. N. CoronCoron, G. , G. DambierDambier, J. Leblanc, P. de , J. Leblanc, P. de MarcillacMarcillac, T. Redon, T. Redon
Institute Institute dd’’AstrophysiqueAstrophysique SpatialeSpatiale, ORSAY, ORSAY
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••Phase I (1999Phase I (1999--2000):2000): AlAl22OO3 3 
(25 g and 50g)(25 g and 50g)

Understanding and Understanding and 
reduction of the background  reduction of the background  

AstropAstrop. Phys. 15 (2001) 79. Phys. 15 (2001) 79

Since 1997
Devoted to the search for 
galactic halo WIMPs at LSC 
with bolometric techniques

ROSEBUDROSEBUD

20mK20mK
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Phase II (since 2000):Phase II (since 2000):

AlAl22OO3 3 (50 g), (50 g), GeGe (67 g), CaWO(67 g), CaWO4 4 (54 g) + (54 g) + GeGe
(optical bolometer) in the same experimental set(optical bolometer) in the same experimental set--
upup

ROSEBUDROSEBUD

First light First light vsvs heat discrimination technique heat discrimination technique 
implemented deep undergroundimplemented deep underground

Phys. Phys. LettLett. B 563 (2003) 48. B 563 (2003) 48

First low background experiment using 3 different First low background experiment using 3 different 
absorbers in the same setabsorbers in the same set--up (to explore target up (to explore target 
dependence of the DM signal)dependence of the DM signal)

AstropAstrop. Phys. 21 (2004) 23. Phys. 21 (2004) 23
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A. Morales et al., Phys. Lett. B 556 (2003) 14

D. Abrams, et al., Phys. Rev. D 66 (2002) 122003

A.Benoit et al., Phys. Lett. B 545 (2002) 43

10 10 kg.daykg.day CaWO4 CaWO4 
10 10 keVkeV threshold  threshold  
zero nuclearzero nuclear--recoil eventsrecoil events

ResultsResults andand
ProspectsProspects
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On the search for new On the search for new 
scintillating materials (IAS) scintillating materials (IAS) 
Scintillation at 20 mK detected for:Scintillation at 20 mK detected for:

–– Crystals: Crystals: YAP:CeYAP:Ce, , GSO:CeGSO:Ce, CaF, CaF22:Eu, Al:Eu, Al22OO33:Ti :Ti 

–– Bolometers: Bolometers: CaWOCaWO44, BGO, , BGO, LiFLiF, TeO, TeO22, Al, Al22OO33 , , 
SrFSrF22, SiO, SiO22

––BGO (91 g)
and Ge light
detector (Ø= 25 mm)

Al2O3 bolometers (25, 50 g)
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Sapphire (AlSapphire (Al33OO22))

promising candidate to explore low WIMP massespromising candidate to explore low WIMP masses

C.LC.L (1 (1 tailedtailed) ) E (keV)E (keV)

90 %90 % 8.78.7

95 %95 % 10.010.0

99 %99 % 13.013.0

99.9 %99.9 % 17.117.1

99.99 %99.99 % 21.321.3

Eth for particle 
discrimination

Next DM run at LSC: BGO and AlNext DM run at LSC: BGO and Al22OO33
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Light yield of undoped sapphire at Light yield of undoped sapphire at 
20 mK20 mK

Absolute mean light yield estimate of sapphireAbsolute mean light yield estimate of sapphire

β / γβ / γ 0.127 0.127 ±± 0.0100.010

αα 0.012 0.012 ±± 0.0050.005

nn 0.0073 0.0073 ±± 0.00100.0010

Heat signal amplitude (mV)        

L
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m
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) 
  

57Co + 241Am
AppliedApplied PhysicsPhysics LettersLetters 87 87 

(2005)(2005)
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Heat signal REF in sapphireHeat signal REF in sapphire
External External 210210Po sourcePo source emittingemitting αα particles and  particles and  

206206Pb recoilsPb recoils

206Pb recoil

REF (γ : 206Pb recoils)  1.0PRELIMINARYPRELIMINARY
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Superficial effects in sapphireSuperficial effects in sapphire

109Cd+57Co
Ee = 62.5 keV            60 keV
Ee = 84 keV 
Ee = 87 keV

81.7 keV

SelfSelf--degradation in the source degradation in the source 
(unclean) is discarded by calibration on (unclean) is discarded by calibration on 
Cu  bolometer Cu  bolometer 
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Interest for WIMP searches: 209Bi   ↑A  ⇒ ↑σSI ; J = 9/2  ⇒ ↑σSD

• Relative light output factor Relative light output factor ::

Q  (Q  (recoils : recoils : αα : : γγ / / ββ ) = 1 : 2.6 : ) = 1 : 2.6 : 1515

•• Particle discrimination threshold:Particle discrimination threshold:

90% CL at E 90% CL at E >> 23 keV23 keV

99.99% CL at E 99.99% CL at E >> 51 51 keVkeV

BGO (Bi4Ge3O12):

Next DM run at LSC: BGO and AlNext DM run at LSC: BGO and Al22OO33
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ProspectsProspects
•• Dark matter run at LSC using BGO and Dark matter run at LSC using BGO and 

sapphire bolometers as absorbers. Goal 15 sapphire bolometers as absorbers. Goal 15 
keVkeV for BGO and 10 for BGO and 10 keVkeV for sapphire for sapphire 
recoil discrimination energy threshold.recoil discrimination energy threshold.

•• CollaborationCollaboration withwith thethe UniversityUniversity ofof LisbonLisbon
forfor usingusing a a dilutiondilution unitunit ableable toto househouse largerlarger
massmass bolometersbolometers ((termsterms beingbeing discusseddiscussed))

•• IncorporationIncorporation toto thethe CryogenicCryogenic DarkDark MatterMatter
SearchSearch EuropeanEuropean Project Project EURECA EURECA 
((applicationapplication underunder studystudy))
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SummarySummary
•• SearchesSearches forfor DarkDark MatterMatter atat thethe

CanfrancCanfranc UndergroundUnderground LaboratoryLaboratory
are are goinggoing onon sincesince 19901990

–– DifferentDifferent techniquestechniques andand targetstargets

•• ANAIS ANAIS andand ROSEBUD ROSEBUD experimentsexperiments
willwill be be installedinstalled atat thethe newnew CanfrancCanfranc
facilitesfacilites
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