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SSSummary:Summary:

Direct detection of Dark MatterDirect detection of Dark Matter
The experimental challengeThe experimental challengeThe experimental challengeThe experimental challenge
Status and Status and latestslatests results (XENON, CDMS,…)results (XENON, CDMS,…)
Future prospectsFuture prospects
Special Special focus on WIMP Directional detectionfocus on WIMP Directional detection
Wh t b tWh t b t ii ??What about What about axionsaxions…?…?
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DeepDeep UndergroundUnderground LabsLabsDeepDeep UndergroundUnderground LabsLabs
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Kamioka

Soudan

Gran SassoCanfrancWIPP
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Dark MatterDark MatterDark Matter Dark Matter 
Cosmological evidences:Cosmological evidences:
–– Multiple CMB observations. Last Multiple CMB observations. Last 

“Dark 
energy” 

~73%

WMAP precision data adds WMAP precision data adds 
evidence for evidence for ΛΛCDM cosmological CDM cosmological 
model.model.
Distant SupernovaDistant Supernova IaIa–– Distant Supernova Distant Supernova IaIa
measurements (universe is measurements (universe is 
accelerating its expansion accelerating its expansion 
Dark energy)Dark energy)..

non baryonic 
Dark 

Matter

Visible < 
1%

Baryonic
< 5%

a e e gy)a e e gy)
–– Large Scale Structure (cold dark Large Scale Structure (cold dark 

matter).matter).
–– NucleosynthesisNucleosynthesis, Lyman , Lyman αα forest, forest, 

Matter 
~23 %

yy , y, y ,,
……

Galactic evidences:Galactic evidences:
–– Galactic rotation curvesGalactic rotation curvesGalactic rotation curvesGalactic rotation curves
–– Gravitational mass of galaxy Gravitational mass of galaxy 

clusters (oldest evidence; 1933 clusters (oldest evidence; 1933 
ZwickyZwicky))
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yy))
–– …… Bullet Cluster (NASA)



What can Dark Matter be?What can Dark Matter be?What can Dark Matter be?What can Dark Matter be?

B i tt ?B i tt ? NONOBaryonic matter? Baryonic matter? NONO
–– Dust, gas, planets, brown stars,… MACHOS (non Dust, gas, planets, brown stars,… MACHOS (non 

visible conventional matter)visible conventional matter)visible conventional matter)visible conventional matter)
–– Ruled out by primordial NucleoRuled out by primordial Nucleo--synthesis, and the synthesis, and the 

rest of cosmological observations.rest of cosmological observations.rest of cosmological observations.rest of cosmological observations.
–– Gravitational lensing of MACHOS Gravitational lensing of MACHOS not enoughnot enough

Non baryonic, but standard, matter?Non baryonic, but standard, matter? NONONon baryonic, but standard, matter? Non baryonic, but standard, matter? NO NO 
–– Neutrinos would be the only candidate in the SM. Neutrinos would be the only candidate in the SM. 

Ruled out by cosmological observations (they would Ruled out by cosmological observations (they would 
i H D k M )i H D k M )constitute Hot Dark Matter)constitute Hot Dark Matter)

Non baryonic, beyond standard? Non baryonic, beyond standard? most probablemost probable
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Candidates to Dark MatterCandidates to Dark MatterCandidates to Dark MatterCandidates to Dark Matter
Two main candidates attract most of theTwo main candidates attract most of theTwo main candidates attract most of the Two main candidates attract most of the 
present activity in the field:present activity in the field:

WIMPS Like the LSP of supersymmetric theoriesLike the LSP of supersymmetric theoriesWIMPS
Neutral
Heavy

Like the LSP of supersymmetric theories Like the LSP of supersymmetric theories 
(usually the neutralino). (usually the neutralino). 
WIMP stands for Weakly Interacting Massive WIMP stands for Weakly Interacting Massive 

Fermion Particle (generic name).Particle (generic name).

Axions appear as NambuAxions appear as Nambu--Goldstone bosons in Goldstone bosons in 

AXIONS
Neutral

V li ht

pppp
the PQ spontaneous symmetry breaking.the PQ spontaneous symmetry breaking.
More generically, we speak about More generically, we speak about axionaxion--likelike
particles to refer to fundamentalparticles to refer to fundamental Very light

(pseudo)scalar

particles, to refer to fundamental particles, to refer to fundamental 
(pseudo)scalars of similar properties without (pseudo)scalars of similar properties without 
referring to a specific theory model.referring to a specific theory model.
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Dark Matter WIMPs detectionDark Matter WIMPs detection
In order to do predictions of expected 
WIMP fl es/signals one has to makeWIMP 

galactic halo

WIMP fluxes/signals one has to make 
working hypothesis about how 
WIMPs are clustered in the galactic 
halo

Standard (=simpler) 
halo modelhalo model

Sphericity
Isotropy
Non-rotation

ρW
d Non-rotation

Thermalization

Non-Standard
l f

WIMP 
phenomenology

Mass

and 

f(v)
Relaxing one or more of 
the above assumptions 
to some degree

Must explain rotation

Mass
WIMP-nucleon 
cross section
SD/SI coupling?

( )
at Earth

Must explain rotation 
curve of Milky Way

SD/SI coupling?
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WIMP “wind”
WIMP detectionWIMP detection

232 km/s

WIMP detectionWIMP detection
232 km/s

Effect looked for at laboratory: 
Elastic dispersion of WIMPs 

with nuclei of detectorwith nuclei of detector

nuclear
recoil
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WIMP detectionWIMP detectionWIMP detectionWIMP detection
Expected signal: Expected signal: p gp g

rare low energy eventrare low energy event
nuclear
recoil
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Great stability over time.



Annual modulation signalAnnual modulation signal
232 km/s

Annual modulation signalAnnual modulation signal
232 km/s
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WIMP detection mechanismWIMP detection mechanismWIMP detection mechanismWIMP detection mechanism

nuclear
recoil

+

- +
- -- +

+

+

+
- +--

chargelight heat
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WIMP detection:WIMP detection: somesome pastpast, present efforts & projects, present efforts & projectsWIMP detection: WIMP detection: some some pastpast, present efforts & projects, present efforts & projects
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EURECA
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Best current limits 
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(Recoil direction)
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NEWAGE… CYGNUS best limits for SDp



BestBest currentcurrent limitslimitsBestBest currentcurrent limitslimits
SISI couplingcoupling SDSD couplingcoupling protonprotonSI SI couplingcoupling SD SD couplingcoupling protonproton

SD SD couplingcoupling neutronneutron

Xenon 10
CDMS
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DAMADAMA LIBRALIBRADAMADAMA--LIBRALIBRA
DAMA: 100 kg of ultrapure DAMA: 100 kg of ultrapure NaINaI((TlTl) ) 
operating for about 7 years at Gran operating for about 7 years at Gran SassoSassop g yp g y
Looked for annual modulation of the dataLooked for annual modulation of the data
LIBRA: 250 kg. Operated for 6 more LIBRA: 250 kg. Operated for 6 more years, years, 
totaltotal exp 1 17 ton yearexp 1 17 ton yeartotal total exp. 1.17 ton year.exp. 1.17 ton year.
((arXivarXiv 1002.1028)1002.1028)

POSITIVE CLAIMPOSITIVE CLAIM
6.36.3σσ statistical statistical 

significance went up to significance went up to 

event/kg/keV/day

8.98.9σσ after LIBRA.after LIBRA.
No systematic effect No systematic effect 

found that can mimic found that can mimic 
that signalthat signalthat signalthat signal
Modulation absent Modulation absent 

above 6 above 6 keVkeV
Only single hit eventsOnly single hit events
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Only single hit eventsOnly single hit events
Time 
(days)

2 more annual cycles added in 
arXiv 1002.1028



DAMA Positive result: WIMP interpretationDAMA Positive result: WIMP interpretationpp
No systematic effect can No systematic effect can 
explain it satisfactorily explain it satisfactorily 
(neutrons(neutrons

Other Other NaINaI experiments that could experiments that could 
refute/corroborate DAMA resultrefute/corroborate DAMA result(neutrons, (neutrons, 

temperature,…)temperature,…)
Classical WIMP excluded Classical WIMP excluded 
by other experiments, butby other experiments, but

refute/corroborate DAMA result refute/corroborate DAMA result 
ANAIS in ANAIS in CanfrancCanfranc::
–– Prototyping phase finished.Prototyping phase finished.

100 k il bl 250 f d d100 k il bl 250 f d dby other experiments, but by other experiments, but 
some marginal options some marginal options 
(non(non--standard set of standard set of 
assumptions) at low assumptions) at low 
massmass

–– 100 kg available, 250 funded.100 kg available, 250 funded.
–– But lower 40K crystals needed But lower 40K crystals needed R&D to R&D to 

purify ongoingpurify ongoing

mass…mass…

KIMS in Korea:KIMS in Korea:
CsICsI crystalscrystalsCsICsI crystalscrystals

Alternative solutions.Alternative solutions.
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Alternative solutions.Alternative solutions.



NobleNoble liquidliquid detectorsdetectorsNoble Noble liquidliquid detectorsdetectors
Nuclear recoil discrimination by Nuclear recoil discrimination by 
measurement of both charge and measurement of both charge and 
scintillation (2scintillation (2--phase mode)phase mode)
3D position of interaction site 3D position of interaction site sselfelf--
shieldingshielding
“Monolithic” detector “Monolithic” detector no internal wallsno internal walls
Relatively easyRelatively easy scaling upscaling upRelatively easy Relatively easy scaling upscaling up
Very clean media (purification by filtering)Very clean media (purification by filtering)

XENONXENON collcollXENON XENON collcoll
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Noble Liquid detectors: XENONNoble Liquid detectors: XENON
XENON10 at Gran XENON10 at Gran SassoSasso: : oneone
ofof bestbest exclusionsexclusions upup--toto--datedate

XENON10 PMT XENON10 PMT 
planeplaneof of bestbest exclusionsexclusions upup toto datedate

4.5 kg 4.5 kg fiducialfiducial mass, data 58.6 mass, data 58.6 
days, 10 events in NR zonedays, 10 events in NR zone

planeplane

Now Now moving to moving to XENON100XENON100
(commissioning)(commissioning)

XENON100 TPCXENON100 TPC
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Noble Liquid detectorsNoble Liquid detectorsqq
ZEPLIN-III FUTURE FUTURE expsexps

MAX Multi-ton Argon & Xenon

X-MASS (3 kg 1 ton)

18185 ton LAr2.4 ton LXe

XENON100+XENON100+

WARPWARP and and ArDMArDM. Work on . Work on 
ICARUS experienceICARUS experience

ARGON
XENON100+ XENON100+ 
XENON1tXENON1t
MAXMAX

ICARUS experience. ICARUS experience. 
Underground prototyping.Underground prototyping.
DEAPDEAP. Developing stage.. Developing stage.
ll hh

LUX LUX 
XMASS 20tXMASS 20t
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NobleNoble liquidsliquids FamilyFamilyNoble Noble liquidsliquids FamilyFamily
C l t d  i  d l t Future ton- and multiton-scaleCompleted, ongoing, deployment Future ton- and multiton-scale

miniCLEANminiCLEAN CLEANCLEAN

XMASSXMASS
20 ton20 ton

(10 ton)(10 ton)
XMASSXMASS

1 t1 t
XMASSXMASS

1 t1 t

miniCLEANminiCLEAN
ArAr 360 kg (100 kg)360 kg (100 kg)
Ne 310 kg (85 kg)Ne 310 kg (85 kg)

DEAPDEAP
3.6 ton (100 kg)3.6 ton (100 kg)( ) ( ) -- FVFV

LNeLNe
LArLAr

LXeLXe

CLEANCLEAN
20 20 –– 50 ton50 ton

NeNe//ArAr

XENON100+XENON100+
250 kg250 kg

(10 ton)(10 ton)1 ton1 ton
(100 kg)(100 kg)

60
cm

1 ton1 ton
(100 kg)(100 kg)

ArDMArDM
850 k850 k

XENON100XENON100
170 kg170 kgWARP WARP 

LXeLXe

250 kg250 kg
(100 kg)(100 kg)

2 m

LZD…LZD…
20 ton (1020 ton (10--15 ton)15 ton)

60
cm

~48cm
WARP 140 kgWARP 140 kg

850 kg850 kg
60

cm
60

cm
170 kg170 kg
(50 kg)(50 kg)

40cm 20cm 30cm

3.5
cm

15
cm

30
cm

WARP WARP 
2.6 kg 2.6 kg 

(1.83 kg)(1.83 kg)

30
cm

30
cm

&&

40cm40cm40cm

2 m

LUXLUX
350 kg350 kg

(100 kg)(100 kg)

43cm

1 m

1 m

MAX (MAX (ArAr/Xe), /Xe), 
Xenon 1t, LZS…Xenon 1t, LZS…
1.51.5--5 ton (1 ton)5 ton (1 ton)

XENON10XENON10
14 kg14 kg

(5.4 kg)(5.4 kg)

ZEPLINZEPLIN--IIIIII
12 12 kg kg 
(6.5(6.5kg)kg)
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Hybrid Hybrid bolometersbolometers: CDMS: CDMS

5 tower prototype (5 kgs of Ge)5 tower prototype (5 kgs of Ge)

yy
CDMS at Soudan

5 tower prototype (5 kgs of Ge) 5 tower prototype (5 kgs of Ge) 
operating underground (+ several Si operating underground (+ several Si 
detectors). But only 1/3 of crystals in detectors). But only 1/3 of crystals in 
good shape.good shape.g pg p

125 kg d of exposure analysed and 125 kg d of exposure analysed and 
released in 2008released in 2008

0 observed counts in NR band.0 observed counts in NR band.

Nuclear/recoil discrimination Nuclear/recoil discrimination 
demonstrated down to 10demonstrated down to 10--15 15 
keVrkeVr

Events from gamma Events from gamma 
calibrationcalibration

keVrkeVr

Events from neutron Events from neutron 

Also EDELWEISS Also EDELWEISS 
at Modaneat Modane

12 * 400 g 12 * 400 g 
detectors installeddetectors installed

calibrationcalibration
detectors installed detectors installed 
in EDWII nowin EDWII now



CDMS:CDMS: lastlast resultsresultsCDMS: CDMS: lastlast resultsresults
L l i l (2008 d 2009)L l i l (2008 d 2009)Last exclusion plot (2008 and 2009) Last exclusion plot (2008 and 2009) 
competes with that of XENONcompetes with that of XENON

Data taking Data taking 
Jul2007 Jul2007 -- Sep2008Sep2008
arXiv:0912.3592v1

2 events were 2 events were 
found in a WIMPfound in a WIMP
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found in a WIMP found in a WIMP 
search regionsearch region



Hybrid Hybrid bolometersbolometers: : Heat+lightHeat+lightyy gg
ROSEBUDROSEBUD--II at II at CanfrancCanfranc

Nuclear/recoilNuclear/recoil
Concept first applied Concept first applied 
underground. underground. 
Discrimination down to 8Discrimination down to 8--12 12 keVrkeVr

Nuclear/recoil Nuclear/recoil 
discriminationdiscrimination
Only technique with Only technique with 
good prospects to good prospects to 

demonstrated.demonstrated.
Only low mass prototypes tested.Only low mass prototypes tested.
Work towardsWork towards multitargetmultitarget setupsetup

reach the Areach the A--
dependence WIMP dependence WIMP 
signaturesignature

CRESSTCRESST--II at Gran II at Gran SassoSasso

Work towards Work towards multitargetmultitarget setupsetup

Discrimination between different Discrimination between different 
nuclei recoils (W and O) in same nuclei recoils (W and O) in same 
crystal.crystal.
20 kg d of CaWO2 reported. 20 kg d of CaWO2 reported. 
Competitive exclusion produced.Competitive exclusion produced.
Work ongoing towards 10kg Work ongoing towards 10kg 
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FutureFuture bolometersbolometers: EURECA: EURECAFutureFuture bolometersbolometers: EURECA: EURECA

In the US CDMSIn the US CDMS S pe CDMSS pe CDMS
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In the US: CDMS In the US: CDMS SuperCDMSSuperCDMS



COUPP at ChicagoCOUPP at ChicagoCOUPP at ChicagoCOUPP at Chicago
The old bubble chamber concept.The old bubble chamber concept. Good sensitivity with 19F nucleus Good sensitivity with 19F nucleus 

to SD pure p couplings (even into SD pure p couplings (even inInsensitive to gamma Insensitive to gamma 
backgroundsbackgrounds
No energy info (digital response). No energy info (digital response). 

to SD pure p couplings (even in to SD pure p couplings (even in 
presence of high radon presence of high radon 
background)background)
G d liG d li ttBut tuning of threshold allows But tuning of threshold allows 

energy scanenergy scan
Good scalingGood scaling--up prospectsup prospects
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Low WIMP mass limitsLow WIMP mass limitsLow WIMP mass limitsLow WIMP mass limits
To access low mass region (< 10To access low mass region (< 10To access low mass region (< 10 To access low mass region (< 10 
GeV) GeV) thresholds below 1 keVthresholds below 1 keV
Non discriminating techniques Non discriminating techniques 
(CRESST, Texono, CoGeNT)(CRESST, Texono, CoGeNT)

InterestInterest models making DAMAmodels making DAMA
Texono

Interest Interest models making DAMA models making DAMA 
compatible with others (ncompatible with others (now ow 
covered by CoGeNt)covered by CoGeNt)

CoGeNT

Still limits are 3.5 orders of mag Still limits are 3.5 orders of mag 
higher @ 6 GeV than @ 60 GeVhigher @ 6 GeV than @ 60 GeVhigher @ 6 GeV than @ 60 GeVhigher @ 6 GeV than @ 60 GeV

2525
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WIMP signatures/featuresWIMP signatures/features 0.35
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WIMP signatures/featuresWIMP signatures/features
EErr spectrum: very poorly spectrum: very poorly 
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identificativeidentificative
Nuclear/electron discrimination Nuclear/electron discrimination 
(leading present techniques)(leading present techniques)
Independence of position (importantIndependence of position (important

0 5 10 15 20 25 30
Visible energy (keV)

0 5 10 15 20 25 30
Visible energy (keV)

Independence of position (important Independence of position (important 
for future larger detectors)for future larger detectors)
In In presentpresent leadingleading experimentsexperiments, , ifif a a 
WIMP WIMP isis detecteddetected, , itit willwill show show onlyonly
asas anan unexplainedunexplained backgroundbackgroundas as anan unexplainedunexplained backgroundbackground……

Rate changesRate changes::
–– Annual modulationAnnual modulation: at reach if: at reach if

Er

–– Annual modulationAnnual modulation: at reach if : at reach if 
large target mass (DAMA,…)large target mass (DAMA,…)

Target material dependenceTarget material dependence::
–– Challenging, but good progress Challenging, but good progress 

(ROSEBUD(ROSEBUD II CRESSTII CRESST II) Ma be atII) Ma be at(ROSEBUD(ROSEBUD--II, CRESSTII, CRESST--II). Maybe at II). Maybe at 
reach soon.reach soon.

Is that enough to claim discovery?Is that enough to claim discovery?g yg y

Multi3 Workshop, Padova, Italy, March Multi3 Workshop, Padova, Italy, March 
20102010 Igor G. Irastorza / U. ZaragozaIgor G. Irastorza / U. Zaragoza 2626



WIMPWIMP directionaldirectional signalsignalWIMP WIMP directionaldirectional signalsignal
P itiP iti i ti t ??Positive Positive signaturessignatures??
–– AnnualAnnual modulationmodulation
–– A A dependencedependence

P iblP ibl b tb t bj tbj t ttPossiblePossible butbut subjectsubject toto
systematicssystematics.. .. NotNot
enoughenough indentifyingindentifying of a of a 
WIMPWIMPWIMPWIMP

–– DirectionDirection of of thethe
recoilrecoil isis thatthatnuclear recoilrecoil isis thatthat
possiblepossible??

IfIf thethe directiondirection of of thethe nuclear nuclear 
recoilrecoil couldcould bebe measuredmeasured

recoil

recoilrecoil couldcould bebe measuredmeasured, , 
uniqueunique signaturesignature of WIMP…of WIMP…
DirectionalDirectional signalsignal
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Directional signalDirectional signal

Background is 

gg

g
isotropic
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While the signal is not



But can the direction of the recoil be measured?But can the direction of the recoil be measured?

Very hard technological challenge…Very hard technological challenge…y g gy g g
In solids/liquids only 100 nm, so we go to gas…In solids/liquids only 100 nm, so we go to gas…
Some examples of n.r. tracks in gas:Some examples of n.r. tracks in gas:p gp g

~ 900 μm ~ 7 mm

100 keV Ar recoiling100 keV Ar recoiling 
in Ar(20%)/He(80%) gas 200 keV Ar recoiling 

in Ar at 0.1 bar
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Pionners: DRIFTPionners: DRIFTPionners: DRIFTPionners: DRIFT
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DRIFT: negative ion TPC conceptDRIFT: negative ion TPC conceptDRIFT: negative ion TPC conceptDRIFT: negative ion TPC concept
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Micropattern detectorsMicropattern detectorsMicropattern detectorsMicropattern detectors
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DirectionalityDirectionality withwith novel concept novel concept 
TPCs.TPCs. RecentRecent initiativesinitiatives

NEWAGE (NEWAGE (KamiokaKamioka):):
–– MicrodotMicrodot readoutreadout

NEWAGENEWAGE

MIMAC (MIMAC (FrenchFrench collcoll.).)
–– MicromegasMicromegas readoutreadout MIMACMIMAC

GEM/MMsGEM/MMs

DMTPC (US DMTPC (US groupsgroups))
–– ““opticaloptical readoutreadout””microdotsmicrodots

Optical readoutOptical readout

AllAll havehave recentlyrecently measuredmeasured

DMTPCDMTPC
Optical readoutOptical readout

AllAll havehave recentlyrecently measuredmeasured
firstfirst nuclear nuclear recoilsrecoils
trackstracks… … 
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NEWAGE at KamiokaNEWAGE at KamiokaNEWAGE at KamiokaNEWAGE at Kamioka
Detector

NEWAGE-0.3a 23×28×31cm3
152torr CF4 = 11.48g

m-PIC (30*30cm2)
Gas amplification + 
readout
400mm pitch
768+768 readouts
Gas gain ~1000   
with 152torr CF4
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NEWAGENEWAGENEWAGENEWAGE
tracks

FirstFirst nuclear nuclear recoilrecoil
trackstracks……

30cm

n252Cf
Z(drift)

X
-15cm 15cm -15cm

0cm

angular resolution
as a function of energy

YX 15cm 15cm
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NEWAGENEWAGENEWAGENEWAGE

RUN5RUN5 resultsresults③③
poorpoor statisticsstatistics：： 2bin2bin analysisanalysis
newnew limitslimits 5400pb5400pb forfor 150GeV150GeVnewnew limitslimits 5400pb5400pb forfor 150GeV150GeV
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MIMACMIMACMIMACMIMAC
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MIMACMIMACMIMACMIMAC
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MIMACMIMACMIMACMIMAC

Quenching factor measurementsQuenching factor measurements
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MIMACMIMACMIMACMIMAC
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MIMACMIMACMIMACMIMAC

First nuclear recoils tracks...First nuclear recoils tracks...
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DMTPCDMTPCDMTPCDMTPC

“Optical” readout“Optical” readout
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DMTPCDMTPCDMTPCDMTPC

MicromegasMicromegas--like structure like structure 
+ CCD camera+ CCD camera

BUT, only 2D imagingBUT, only 2D imaging
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DMTPCDMTPCDMTPCDMTPC
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Directionality: Where we stand?Directionality: Where we stand?Directionality: Where we stand?Directionality: Where we stand?
A di ti lit i l ld b th b t iti id fA di ti lit i l ld b th b t iti id fA directionality signal would be the best positive evidence of a A directionality signal would be the best positive evidence of a 
WIMP, providing also information on the galactic halo.WIMP, providing also information on the galactic halo.
A directional detector remains still a high experimental challenge... A directional detector remains still a high experimental challenge... g p gg p g
BUT:BUT:
Novel TPC concepts (Novel TPC concepts (micropatternmicropattern detectors) are opening new detectors) are opening new 
perspectives Followed by an increased efforts from severalperspectives Followed by an increased efforts from severalperspectives. Followed by an increased efforts from several perspectives. Followed by an increased efforts from several 
experimental groups.experimental groups.
For SD interacting WIMPs, a competitive detector based on He3 or For SD interacting WIMPs, a competitive detector based on He3 or 
CF4 seems already feasible (MIMAC, DMTPC...)CF4 seems already feasible (MIMAC, DMTPC...)
But for the general SI case.... Large volume challenge to addressBut for the general SI case.... Large volume challenge to address
An early signal in solid state detectors would strengthen the case forAn early signal in solid state detectors would strengthen the case forAn early signal in solid state detectors would strengthen the case for An early signal in solid state detectors would strengthen the case for 
directionality.directionality.
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But what if there are no WIMPs…But what if there are no WIMPs…But what if there are no WIMPs… But what if there are no WIMPs… 
but AXIONs? but AXIONs? 

Axions are searched in 3 different 
contexts (different sources of 
axions):axions):
– Dark matter axions (as relics of Big 

Bang):
Axion Haloscopes (ADMX CARRACK)Axion Haloscopes (ADMX, CARRACK)

– Axions produced in the Sun:
Axion Helioscopes (Kyoto, CAST)
Crystal detectors (SOLAX COSMECrystal detectors (SOLAX, COSME, 
DAMA)

– Axions produced in the laboratory
“Light shinning through wall” g g g
experiments 
Vacuum birrefringence experiments

PVLAS, ALPS, OSQAR, BMV, …
In general not in 
Underground Labs

Multi3 Workshop, Padova, Italy, Multi3 Workshop, Padova, Italy, 
March 2010March 2010 Igor G. Irastorza / U. ZaragozaIgor G. Irastorza / U. Zaragoza 4646



Dark Matter Axions: HaloscopesDark Matter Axions: HaloscopesDark Matter Axions: HaloscopesDark Matter Axions: Haloscopes
R t iti (Siki i 1983)R t iti (Siki i 1983)Resonant cavities (Sikivie,1983)Resonant cavities (Sikivie,1983)
–– Primakoff conversion inside a “tunable” Primakoff conversion inside a “tunable” 

resonant cavityresonant cavityyy
–– Energy of photon = mEnergy of photon = maacc22+O(+O(ββ22))
–– Expected peak at right frequency (DM Expected peak at right frequency (DM 

axions are nonaxions are non--relativistic)relativistic)axions are nonaxions are non relativistic)relativistic)
–– Substructure of the peak may give Substructure of the peak may give 

information of the WIMP halo modelinformation of the WIMP halo model
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Dark Matter Axions: HaloscopesDark Matter Axions: HaloscopesDark Matter Axions: HaloscopesDark Matter Axions: Haloscopes
ADMX i LiADMX i LiADMX in LivermoreADMX in Livermore
–– Development of Development of 

SQUID technology SQUID technology 
for 2nd phasefor 2nd phase

CARRACK in Kyoto.CARRACK in Kyoto.
–– Different detectionDifferent detectionDifferent detection Different detection 

approach: “single approach: “single 
microwave quanta” microwave quanta” 
detection.detection.detection.detection.
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Haloscopes sensitivityHaloscopes sensitivityHaloscopes sensitivityHaloscopes sensitivity
ADMX

Multi3 Workshop, Padova, Italy, Multi3 Workshop, Padova, Italy, 
March 2010March 2010 Igor G. Irastorza / U. ZaragozaIgor G. Irastorza / U. Zaragoza 4949



ConclusionsConclusionsConclusionsConclusions
Growing observational evidence for Dark Matter (cosmological,Growing observational evidence for Dark Matter (cosmological,Growing observational evidence for Dark Matter (cosmological, Growing observational evidence for Dark Matter (cosmological, 
astrophysical,…). astrophysical,…). 
Intriguing experimental results (DAMA). Intriguing experimental results (DAMA). 

k d ff l hk d ff l hMany groups working in many different experimental approaches. Many groups working in many different experimental approaches. 

Recent WIMP limits from XENON10 and CDMS (and others) alreadyRecent WIMP limits from XENON10 and CDMS (and others) alreadyRecent WIMP limits from XENON10 and CDMS (and others), already Recent WIMP limits from XENON10 and CDMS (and others), already 
at the ~5 x 10at the ~5 x 10--4444 cmcm22 level for 50level for 50--100 100 GeVGeV WIMP mass…WIMP mass…

Directionality detectors could offer an unmistakable signature of a Directionality detectors could offer an unmistakable signature of a 
WIMP. Challenging, but their realization is closer thanks to latest WIMP. Challenging, but their realization is closer thanks to latest 
developments.developments.de e op e tsde e op e ts

AND… donAND… don´́t forget the t forget the axionaxion!!
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