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Summary:Summary:

nn The paradigm of Dark MatterThe paradigm of Dark Matter
nn Candidates for DM: Candidates for DM: WIMPsWIMPs and and axionsaxions
nn Phenomenology of detectionPhenomenology of detection
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Dark Matter Dark Matter 
at cosmological scalesat cosmological scales

nn Important amount of Important amount of 
observational evidence gathered observational evidence gathered 
up to now:up to now:
–– Multiple CMB observationsMultiple CMB observations
–– Distant Supernova Distant Supernova IaIa measurements measurements 

(universe is accelerating its (universe is accelerating its 
expansion expansion àà Dark energy)Dark energy)..

–– Large Scale Structure (cold dark Large Scale Structure (cold dark 
matter).matter).

–– NucleosynthesisNucleosynthesis, Lyman , Lyman αα forest, forest, ……

nn Last WMAP precision data adds Last WMAP precision data adds 
evidence for evidence for ΛΛCDM cosmological CDM cosmological 
model.model.
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ΛΛCDMCDM

nn The Universe is flat:The Universe is flat:
–– Ω = Ω = 1.02 1.02 ±± 0.020.02

nn Precision CosmologyPrecision Cosmology: (WMAP : (WMAP 
combined with others)combined with others)

non baryonic

Dark
Matter
~23 %

Visible < 
1%

“Dark
energy”
~73%

Baryonic

< 5%

WMAP, Astrophys.J.Suppl.148:1,2003
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Dark Matter Dark Matter 
at galactic scalesat galactic scales

nn Galactic rotation curvesGalactic rotation curves

nn Gravitational mass of galaxy clusters Gravitational mass of galaxy clusters 
(oldest evidence; 1933 (oldest evidence; 1933 ZwickyZwicky))

Rotation of galaxies 
mesaured by Doppler shift

They appear rather flat, 
evidencing matter beyond 

the light distribution

Rotation curve of the Milky WayRotation curve of the Milky Way
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What can Dark Matter be?What can Dark Matter be?

nn Baryonic matter? Baryonic matter? NONO
–– Dust, gas, planets, brown stars,Dust, gas, planets, brown stars,…… MACHOS (non MACHOS (non 

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

rest of cosmological observations.rest of cosmological observations.
–– Gravitational Gravitational lensinglensing of MACHOS of MACHOS àà not enoughnot enough

nn Non 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 
constitute Hot Dark Matter)constitute Hot Dark Matter)

nn Non baryonic, beyond standard? Non baryonic, beyond standard? most probablemost probable
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Candidates to Dark MatterCandidates to Dark Matter
nn Two main candidates attract most of the Two main candidates attract most of the 

present activity in the field:present activity in the field:

WIMPS
Neutral
Heavy

Fermion

AXIONS
Neutral

Very light
(pseudo)scalar

nn Like the LSP of Like the LSP of supersymmetricsupersymmetric theories theories 
(usually the (usually the neutralinoneutralino). ). 

nn WIMP stands for Weakly Interacting Massive WIMP stands for Weakly Interacting Massive 
Particle (generic name).Particle (generic name).

nn AxionsAxions appear as appear as NambuNambu--Goldstone bosons in Goldstone bosons in 
the PQ spontaneous symmetry breaking.the PQ spontaneous symmetry breaking.

nn More generically, we speak about More generically, we speak about axionaxion--likelike
particles, to refer to fundamental particles, to refer to fundamental 
((pseudo)scalarspseudo)scalars of similar properties without of similar properties without 
referring to a specific theory model.referring to a specific theory model.
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WIMP 
phenomenology

Mass
WIMP-nucleon 
cross section
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Dark Matter WIMPs detection
In order to do predictions of expected
WIMP fluxes/signals one has to make
working hypothesis about how 
WIMPs are clustered in the galactic
halo
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at Earth
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WIMP detectionWIMP detection
nn Expected signal: Expected signal: 
rare low energy eventrare low energy event
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WIMP detectionWIMP detection
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WIMP detection: WIMP detection: present efforts & projectspresent efforts & projects

HE
AT

LIGHT

CHARGE

HEAT+
CHARGE

LI
G

H
T+

CH
AR

G
EH

EA
T+

LIG
H

T

IGEX-DM
@Canfranc

ROSEBUD-I
@Canfranc

ROSEBUD-II
@Canfranc

ANAIS
@Canfranc

GEDEON
@Canfranc

DAMA-NaI
@GranSasso

CUORICINO
@GranSasso

CUORE
@GranSasso

CRESST-II
@GranSasso

CRESST-I
@GranSasso

H/M
@GranSasso

CDMS
@Soudan

EDELWEISS
@Modane GENIUS

@GranSasso

LIBRA
@GranSasso

DAMA-Xe
@GranSasso

ZEPLIN-I
@Boulby

NAIAD
@Boulby

ZEPLIN-II
@Boulby

X-MASS
@Kamioka

DRIFT
@Boulby

PICASSO
@SNO

SIMPLE
@Rustrel

ORPHEUS
@Bern

ELEGANTS
@Oto

MIMAC-He3
@Grenoble

KIMS
@YangYang

NEWAGE
@Kyoto

XENON
@US

WARP
@GranSasso



IMFP2005, Benasque, March IMFP2005, Benasque, March 
20052005 Igor G. Irastorza / CEA, SaclayIgor G. Irastorza / CEA, Saclay 1212

WIMP identification abilityWIMP identification ability
nn WIMP spectrum is quite WIMP spectrum is quite ““featurefeature--lessless””. Cannot evidence . Cannot evidence 

a WIMP signal a WIMP signal (unless extremely above the expected (unless extremely above the expected 
background)background)

nn Most of present setMost of present set--ups can only ups can only ““rejectreject”” WIMPsWIMPs, but not , but not 
identify them. identify them. 

nn Few kinds of positive signatures:Few kinds of positive signatures:
–– Annual modulation: Annual modulation: BIG CHALLENGEBIG CHALLENGE. At reach . At reach 

(DAMA,(DAMA,……ANAIS, CUORICINO, CUORE, GENIUS, GEDEON,ANAIS, CUORICINO, CUORE, GENIUS, GEDEON,……))
–– Directional signal. Directional signal. VERY BIG CHALLENGEVERY BIG CHALLENGE. Good progress . Good progress 

(DRIFT, NEWAGE). Maybe at reach soon.(DRIFT, NEWAGE). Maybe at reach soon.
–– Target material dependence. Target material dependence. VERY BIG CHALLENGEVERY BIG CHALLENGE . Good . Good 

progress (ROSEBUDprogress (ROSEBUD--II, CRESSTII, CRESST--II). Maybe at reach soon.II). Maybe at reach soon.
–– Diurnal variation. Some attempts in the past (COSME, SIERRA Diurnal variation. Some attempts in the past (COSME, SIERRA 

GRANDE). Very large statistics needed.GRANDE). Very large statistics needed.
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DAMADAMA--NaINaI

nn 100 kg of 100 kg of ultrapureultrapure
NaI(TlNaI(Tl) operating for ) operating for 
about 7 years at about 7 years at GranGran
SassoSasso

nn Looking for annual Looking for annual 
modulation of the datamodulation of the data

nn 107731 kg day statistics 107731 kg day statistics 
gatheredgathered

nn Experiment out of Experiment out of 
operation in July 2002 to operation in July 2002 to 
start work in LIBRA.start work in LIBRA.
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DAMA positive resultDAMA positive result
nn Modulation detected along Modulation detected along 

7 years. 7 years. 
nn 6.36.3σσ statistical significance.statistical significance.

nnNo systematic effect found that No systematic effect found that 
can mimic that signalcan mimic that signal
nnModulation absent above 6 Modulation absent above 6 keVkeV
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DAMA Positive result: WIMP interpretationDAMA Positive result: WIMP interpretation

nn Is the DAMA positive Is the DAMA positive 
signal already excluded signal already excluded 
by other experiments? by other experiments? 
ßßpolemic pointpolemic point……

nn Modification of the region Modification of the region 
for nonfor non--standard set of standard set of 
assumptionsassumptions……
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Other Other NaINaI experiments experiments 
that could refute/corroborate DAMA resultthat could refute/corroborate DAMA result

nn LIBRA in DAMA: 250 kg just LIBRA in DAMA: 250 kg just 
starting in starting in GranGran SassoSasso

nn ANAIS in ANAIS in CanfrancCanfranc::
–– First prototype First prototype 

successfully successfully 
operatedoperated

–– 100 kg available, 100 kg available, 
being instrumentedbeing instrumented
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Ionization detectors: IGEXIonization detectors: IGEX--DMDM
nn Still the best raw (no discrimination) background Still the best raw (no discrimination) background 

achieved:achieved:

0.2 c/keV/kg/day
between 4-10 keV

Best radiopurity &
shielding conditions

CANFRANCCANFRANC
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Ionization detectors: IGEXIonization detectors: IGEX--DMDM
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Future large ionization detectorsFuture large ionization detectors
GEDEON GENIUS
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Heat + charge: CDMSHeat + charge: CDMS

nn Nuclear recoils events Nuclear recoils events 
ionize less that electron ionize less that electron 
recoils of same energy recoils of same energy 
((~~25% for 25% for GeGe))

nn They can be efficiently They can be efficiently 
distinguished by distinguished by 
comparing heat and comparing heat and 
charge signals down to a charge signals down to a 
threshold of threshold of ~10 ~10 keVkeV

nn Most powerful technique Most powerful technique 
to reject to reject WIMPsWIMPs up to up to 
now.now.

nn Events from gamma Events from gamma 
calibrationcalibration

nn Events from Events from 
neutron calibrationneutron calibration



nn Moved underground Moved underground 
((SoudanSoudan) in 2003.) in 2003.
nn O events surviving cuts O events surviving cuts 
(10(10--100 100 keVkeV), ), 

–– while less than one of while less than one of 
background expected (0.7 background expected (0.7 
misidentified electrons and 0.07 misidentified electrons and 0.07 
neutrons)neutrons)

CDMSCDMS
nn19.4 kg19.4 kg--d of d of GeGe net exposure net exposure 
recently released (PRL 93 (04))recently released (PRL 93 (04))
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EDELWEISSEDELWEISS
nn 3 x 320 g 3 x 320 g GeGe

bolometersbolometers in in 
operation underground operation underground 
in in ModaneModane..

nn Last result (2003) Last result (2003) 
released additional 45 released additional 45 
kgkg··dd (total 62 (total 62 kgkg··dd). ). 

nn 40 nuclear events 40 nuclear events 
observed, above a observed, above a 
threshold of threshold of ~~15 15 keVkeV. . 

nn Perspectives: multiply Perspectives: multiply 
x10 the target mass x10 the target mass 
(EDELWEISS(EDELWEISS--II)II)

•• Plots from the Plots from the 
1st run (2002)1st run (2002)
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nn Both CDMS and EDELWEISS are working to increase their Both CDMS and EDELWEISS are working to increase their 
detector massdetector mass
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Xenon detectorsXenon detectors
nn ZEPLINZEPLIN--I (at I (at BoulbyBoulby) measures ) measures 

only scintillation. Statistical only scintillation. Statistical 
discrimination of the nuclear discrimination of the nuclear 
recoils by pulse decay time.recoils by pulse decay time.

nn 293 kg293 kg××days of datadays of data
nn Moving to ZEPLINMoving to ZEPLIN--II which will II which will 

measure both scintillation and measure both scintillation and 
charge.charge.

Xe*

+Xe

Xe2
*

Triplet
27ns

Singlet
3ns

2Xe2Xe

175nm175nm

Xe** + Xe

Xe2
+

+e-

(recombination)

Xe+

+Xe
Ionisation

Excitation

Electron/nuclear recoil



IMFP2005, Benasque, March IMFP2005, Benasque, March 
20052005 Igor G. Irastorza / CEA, SaclayIgor G. Irastorza / CEA, Saclay 2626

Future Xenon experimentsFuture Xenon experiments
ZEPLIN-II (30 kg)

ZEPLIN-III-IV (1 ton)

X-MASS (3 kg à 1 ton)

XENON-10-100-1T
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Future of WIMP detectionFuture of WIMP detection

nn Build larger detectors and reduce backgrounds: Build larger detectors and reduce backgrounds: 
CUORE, GENIUS, GEDEON,CUORE, GENIUS, GEDEON,…… àà better exclusion better exclusion 
plot & annual modulation signatureplot & annual modulation signature

nn Pursue new ideas to achieve this: MacHe3, Pursue new ideas to achieve this: MacHe3, 
ORPHEUS, PICASSO, SIMPLE, ORPHEUS, PICASSO, SIMPLE, spherical TPC(?)spherical TPC(?)

nn Exploit new positive signaturesExploit new positive signatures: : 
–– Directional detectors: DRIFT, NEWAGEDirectional detectors: DRIFT, NEWAGE
–– Several material in same setSeveral material in same set--up: ROSEBUDup: ROSEBUD--II, II, 

CRESSTCRESST--IIII
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CUORECUORE

CUORICINO

40.7 kg of TeO2 (largest mass 
of cryogenic detector presently 
operating !!)

CUORE

988 crystals, 
740 kg TeO2

nn Double beta decay Double beta decay 
as main goal, but as main goal, but 
also dark matter also dark matter 
(annual modulation)(annual modulation)
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Heat+lightHeat+light

nn The technique that can The technique that can 
exploit the material exploit the material 
dependence signature.dependence signature.

ROSEBUDROSEBUD--IIII

CRESSTCRESST--IIII

BGOBGO

CaWOCaWO44
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New ideas: the spherical TPCNew ideas: the spherical TPC

nn First prototype First prototype 
working at working at SaclaySaclay

10 m

E

Shield

High
Voltage

Drift
Gaseous
Volume
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New ideas: the spherical TPCNew ideas: the spherical TPC
nn Natural focusing: Natural focusing: 

–– large volumes can be instrumentedlarge volumes can be instrumented

nn Still some spatial information Still some spatial information 
achievable achievable (Signal time dispersion)(Signal time dispersion)

nn Other  practical advantages:Other  practical advantages:
–– Symmetry: lower noise and Symmetry: lower noise and 

thresholdthreshold
–– Low capacityLow capacity
–– No field cageNo field cage

nn Simplicity: few materials. They Simplicity: few materials. They 
can be optimized for low can be optimized for low 
radioactivity. radioactivity. 

nn Low costLow cost

The way to obtain large detector volumes The way to obtain large detector volumes 
keeping low background and thresholdkeeping low background and threshold

nn 5.9 5.9 keVkeV 5555Fe signalFe signal

Demonstration prototype built Demonstration prototype built 
and working in and working in SaclaySaclay

Plans to develop a Plans to develop a ““radiopureradiopure””
prototype in prototype in ZaragozaZaragoza
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Background is 
isotropic

While the signal is not

Directional signalDirectional signal
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Directional detectorsDirectional detectors
DRIFTDRIFT--II
nn 1m1m33 Dual Negative Ion DRIFT TPCDual Negative Ion DRIFT TPC
nn 1.4m1.4m33 vac vessel vac vessel -- 40 40 TorrTorr CS2CS2
nn Constructed 2000, Installed 2001/2Constructed 2000, Installed 2001/2
nn Currently underground and taking data.Currently underground and taking data.

D
R
IFT-I @

 Boulby

DRIFT-I

DRIFT-II-…

NEWAGE
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AXION theory motivation AXION theory motivation 
nn Axion: introduced to solve the Axion: introduced to solve the strong CP problemstrong CP problem

Possible CP-violating term in QCD lagrangian:

(                              )

Two different contributions here: QCD 
vacuum and EW quark mixing

Experimental consecuence: prediction of electric dipole
moment for the neutron:

(A = 0.04 – 2.0)
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AXION theory motivationAXION theory motivation
nn But experiment saysBut experiment says……

So, •Why so small?

•Hight fine-tunning of two
different contributions
required

Peccei-Quinn (1977) propose an elegant solution to this problem. 
θ not anymore a constant, but a field à the axion a(x). 
Fine-tunning reached naturally, dinamically.
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AXION theory motivationAXION theory motivation
nn PecceiPeccei--Quinn solutionQuinn solution to the strong CP problemto the strong CP problem

•New U(1) symmetry introduced in the SM: 
Peccei Quinn symmetry of scale fa
•The AXION appears as the Nambu-Goldstone boson
of the spontaneous breaking of the PQ symmetry

q absorbed in 
the definition of a

axion – gluon
vertex

•a à qq transitions
•a – π0 mixing
•axion mass > 0
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AXION phenomenologyAXION phenomenology
nn The axion isThe axion is……

üüpseudoscalarpseudoscalar
üüneutralneutral
üüpracticallypractically stablestable
üüphenomenology phenomenology 
driven by the driven by the 
breaking scale breaking scale ffaa and and 
the specific axion the specific axion 
modelmodel
üüCouples to photon:Couples to photon:

axion-photon coupling
present in almost every
axion model

PRIMAKOFF 
EFFECT
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Axion SearchesAxion Searches

nn AxionsAxions are searched in 3 different are searched in 3 different 
contexts (different sources of contexts (different sources of 
axionsaxions):):
–– Dark matter Dark matter axionsaxions (as relics of Big (as relics of Big 

Bang):Bang):
§§ Axion Axion HaloscopesHaloscopes ((ADMXADMX, CARRACK), CARRACK)

–– AxionsAxions produced in the Sun:produced in the Sun:
§§ Axion Axion HelioscopesHelioscopes (Kyoto, (Kyoto, CASTCAST))
§§ Crystal detectors (SOLAX, COSME, DAMA)Crystal detectors (SOLAX, COSME, DAMA)

–– AxionsAxions produced in the laboratoryproduced in the laboratory
§§ ““Light shinning through wallLight shinning through wall”” experiments experiments 
§§ Vacuum Vacuum birrefringencebirrefringence experiments experiments 

((PVLAS PVLAS positive signal!)positive signal!)
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Dark Matter Dark Matter AxionsAxions: : HaloscopesHaloscopes

nn Resonant cavities (Sikivie,1983)Resonant cavities (Sikivie,1983)
–– PrimakoffPrimakoff conversion inside a conversion inside a ““tunabletunable””

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

axionsaxions are nonare 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 Dark Matter AxionsAxions: : HaloscopesHaloscopes
nn ADMX in LivermoreADMX in Livermore

–– Development of Development of 
SQUID technology SQUID technology 
for 2nd phasefor 2nd phase

nn CARRACK in Kyoto.CARRACK in Kyoto.
–– Different detection Different detection 

approach: approach: ““single single 
microwave quantamicrowave quanta””
detection.detection.
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HaloscopesHaloscopes sensitivitysensitivity
ADMX



Solar Solar AxionsAxions
nn Solar Solar axionsaxions produced by photonproduced by photon--toto--

axion conversion of the solar plasma axion conversion of the solar plasma 
photonsphotons
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0 2 4 6 8 10
E(keV)

0

2 ×1014

4 ×1014

6 ×1014

8 ×1014

mc
-

2
ces

-
1

V e
k

-
1

Solar physics
+

Primakoff effect

Only one unknown
parameter gaγγ



Solar Solar AxionsAxions
nn Detecting Solar Detecting Solar AxionsAxions with crystal with crystal 

detectors [detectors [PaschosPaschos/Zioutas PLB 323 (94)]/Zioutas PLB 323 (94)]
nn By means of By means of PrimakoffPrimakoff--Bragg effect:Bragg effect:

–– The periodic structure of the crystalline E The periodic structure of the crystalline E 
field and the movement of the Sun field and the movement of the Sun 
produces a very characteristic time patter produces a very characteristic time patter 
that can be looked for.that can be looked for.

nn 3 experiments have provided limits using 3 experiments have provided limits using 
this technique: SOLAX, COSME, DAMAthis technique: SOLAX, COSME, DAMA
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nn Limits can be obtained as Limits can be obtained as 
byproducts of other byproducts of other 
experiments (WIMP exp.)experiments (WIMP exp.)

nn But they But they dondon´́tt compete with compete with 
helioscopeshelioscopes……
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Solar Solar AxionsAxions
nn Principle of detection (Principle of detection (axion axion helioscopehelioscope))

[[SikivieSikivie, PRL 51 (87)], PRL 51 (87)]
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HelioscopesHelioscopes
nn Previous Previous helioscopeshelioscopes: : 

–– First implementation at Brookhaven (just few hours of data) First implementation at Brookhaven (just few hours of data) 
[Lazarus et at. PRL 69 (92)][Lazarus et at. PRL 69 (92)]

–– TOKYO TOKYO HelioscopeHelioscope: 2.3 m long 4 T magnet : 2.3 m long 4 T magnet 

nn Presently running: Presently running: 
–– CERN Axion Solar Telescope (CERN Axion Solar Telescope (CASTCAST) ) 
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CERN Axion Solar Telescope (CAST)CERN Axion Solar Telescope (CAST)
n Decommissioned LHC test magnet (L=10m, B=9 T)
n Moving platform ±8°V ±40°H (to allow up to 50 days / year of alignment)
n 4 magnet bores to look for X rays 
n 3 X rays detector prototypes being used.
n X ray Focusing System to increase signal/noise ratio.
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Platform & magnet
Picture taken on mar 2002

First test platform movement with magnet

Magnet 
pointing up 

+8ºMagnet 
pointing down 

-8º

CASTCAST
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Tracking system
Looking at sunrise Twice a year (September and March) we 

can film the Sun through the windowCASTCAST
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Igor G. Irastorza, CERN / Zaragoza U. Seminar 19.12.03 Zaragoza University

Tracking system
Filming the Sun

Processed filming material

SEPTEMBER’03

MARCH’03

CASTCAST
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X-ray detectors

Igor G. Irastorza, CEA Saclay / CERN / Zaragoza U. IDM2004, Edinburgh 6-11.09.04

TPC Micromegas

CCD with Telescope

CASTCAST
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CAST experiment : STATUSCAST experiment : STATUS
ü2003 data taking
üCAST running for about 6 months
üData analyzed --> first result (accepted by Physical 
Review Letters)

Igor G. Irastorza, CEA Saclay / CERN / Zaragoza U. IDM2004, Edinburgh 6-11.09.04

ü2004 data taking
üImproved conditions on all 
detectors (shieldings,…), 
tracking system and magnet 
(more reliability, homogeneity 
of data taking)
üFourth detector for HE 
axions
üCAST running from May to 
November Calorimeter for HE axions from solar M1 

transitions (and more)
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Solar axion spectrum for g 
~ 6 x 10-10 GeV-1 

(Tokyo Helioscope
sensitivity)

CAST TPC 
Subtracted spectrum

Energy [keV]

c/
ke

V
/c

m
2 /

s

üü Subtracted spectrum Subtracted spectrum àà ““expectedexpected““axion spectrumaxion spectrum

Comparison of sensitivities of CAST 
and Tokyo Helioscope

CAST sensitivityCAST sensitivity
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No signal over background in No signal over background in 
any of the three detectorsany of the three detectors

combined limit obtained (95%):combined limit obtained (95%):
ggaaγγγγ < 1.16 x 10< 1.16 x 10--1010 GeVGeV--1010

CAST first results: 2003 dataCAST first results: 2003 data
TPC 2003 dataTPC 2003 data

MICROMEGAS 2003 dataMICROMEGAS 2003 data

CCD 2003 dataCCD 2003 data
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•2003 result will be published 
soon (just accepted by PRL)

•More to come…
•analysis of 2004 data 
ongoing
•phase II with buffer gas

CAST first results: 2003 dataCAST first results: 2003 data
Axion exclusion plotAxion exclusion plot

gaγγ < 1.16 x 10-10 GeV-1 

In the coherence region
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““LaboratoryLaboratory”” axionsaxions

nn The existence of the The existence of the axionsaxions (or axion(or axion--like like 
particles) can manifest in the laboratory:particles) can manifest in the laboratory:
–– ““Light shinning through wallLight shinning through wall””

–– Other more Other more ““subtlesubtle”” effects effects àà PVLAS experimentPVLAS experiment……

photonphoton
sourcesource

BB

axionaxion photonphoton

WALLWALL

photonphoton
detectordetector
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PVLASPVLAS
nn PVLAS was not designed to look PVLAS was not designed to look 

for for axionsaxions, but to study the , but to study the 
““vacuum magnetic vacuum magnetic 
birefringencebirefringence““

nn QED predicts that vacuum must QED predicts that vacuum must 
show a (very small) show a (very small) 
birefringence when a magnetic birefringence when a magnetic 
field is appliedfield is applied

nn In particle physics language, In particle physics language, 
polarized photons interact with polarized photons interact with 
the B field by means of this the B field by means of this 
loop, provoking a phase out loop, provoking a phase out 
with respect perpendicular with respect perpendicular 
polarization (=polarization (=ellipticityellipticity)  )  
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PVLAS positive resultPVLAS positive result

nn Observed Observed ellipticityellipticity signal signal 
is (for 5.5 T):is (for 5.5 T):
–– ∆∆nn = 3.4 = 3.4 ×× 1010--1818

nn While QED prediction is While QED prediction is 
–– ∆∆nn = 1.21 = 1.21 ×× 1010--2222

nn A factor > 10A factor > 1044 higher !! higher !! 
nn Other effects?Other effects?

–– SystematicsSystematics (the signal has (the signal has 
survived all tests so far)survived all tests so far)

–– New physics? New physics? 
SpeculationsSpeculations…… axionsaxions??

PVLAS group is checking PVLAS group is checking 
the signal against all possible the signal against all possible 
systematicssystematics since a few yearssince a few years
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PVLAS axion (?)PVLAS axion (?)
nn AxionsAxions could produce could produce 

vacuum magnetic vacuum magnetic 
birefringence birefringence 
((ellipticityellipticity).).

nn But also another effect, But also another effect, 
dichroismdichroism..

virtual production of virtual production of axionsaxions EllipticityEllipticity

Real production of Real production of axionsaxions
Rotation of polarization Rotation of polarization -- DichroismDichroism

PVLAS also observe an effect of PVLAS also observe an effect of dichroismdichroism (with low (with low 
statistics), which is NOT expected at all by QED. statistics), which is NOT expected at all by QED. 
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PVLAS axion(?)PVLAS axion(?)
nn In the standard In the standard 

scenario, PVLAS scenario, PVLAS 
signal is not signal is not 
compatible with solar compatible with solar 
axion experiments axion experiments 
(even just solar (even just solar 
physics)physics)
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ConclusionsConclusions
nn Growing evidence Growing evidence for a for a ““beyondbeyond--SMSM”” Dark Dark 

Matter candidate (Matter candidate (axionsaxions and and WIMPsWIMPs are the are the 
favorites)favorites)

nn Big experimental effortBig experimental effort is under way. Many is under way. Many 
different strategies/developments being different strategies/developments being 
explored. Maybe is time to face big explored. Maybe is time to face big 
projects/collaborations.projects/collaborations.

nn ExcitingExciting times for the field: times for the field: suspicious suspicious 
signalssignals both in WIMP and axion searches !!!both in WIMP and axion searches !!!


