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AXION motivationAXION motivation 

 Strong CP problem: why strong interactions seem 
not to violate CP?
– CP violating term in QCD is not forbidden But neutron– CP violating term in QCD is not forbidden. But neutron 

electric dipole moment not observed.

 Natural answer if Peccei-Quinn mechanism exist.
N U(1) l b l t  t l b k– New U(1) global symmetry  spontaneously broken.

PRIMAKOFF 

 As a result, new pseudoscalar, neutral and 
very light particle is predicted, the axion.

 It couples to the photon in every model
EFFECT

 It couples to the photon in every model.

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
Zaragoza

3



AXION motivation: CosmologyAXION motivation: CosmologyAXION motivation: CosmologyAXION motivation: Cosmology
 AxionsAxions are produced are produced in the early Universe by a in the early Universe by a pp y yy y

number of processes:number of processes:
–– AxionAxion realignmentrealignment
–– Decay of Decay of axionaxion stringsstrings
–– Decay of Decay of axionaxion wallswalls

NONNON--RELATIVISTICRELATIVISTIC
(COLD) AXIONS(COLD) AXIONS

 In general, In general, Range of Range of axionaxion masses of masses of 1010--66 –– 1010--33 eVeV are of are of 
interest for the interest for the axionaxion to be the (main component of the) to be the (main component of the) CDMCDM..

–– Thermal productionThermal production RELATIVISTICRELATIVISTIC
(HOT) AXIONS(HOT) AXIONS

 In order to have substantial relativistic In order to have substantial relativistic axionaxion density, the density, the axionaxion mass must mass must 
be close to 1 be close to 1 eVeV. (. (ma >1.02 ma >1.02 eVeV gives densities too much in excess to be gives densities too much in excess to be 
compatible with latest CMB data)compatible with latest CMB data) Hannestad et al, JCAP 0804 (2008) 019  [0803.1585 (astro-ph)]
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AxionAxion parameterparameter spacespaceAxionAxion parameterparameter spacespace

Astrophysical p y
hints for ALPs

Axions as

HDM

CDM
“classical window”

CDM
Defects dominate

White 
Dwarfs

CDM
“anthropic window”

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
Zaragoza

5

classical window
Vaxuum mis. + defects hep-ph/1202-5851

Dwarfs



BeyondBeyond axionsaxionsBeyondBeyond axionsaxions
AXIONS MinichargedHidden photons AXIONS c a ged

particlesChamaleons
Hidden photons
/ paraphotons

WISP (W kl i t ti Sli P ti l )

ALPS

 DiverseDiverse theorytheory motivationmotivation

WISPs (Weakly interacting Slim Particle)

 DiverseDiverse theorytheory motivationmotivation
–– HigherHigher scalescale symmsymm. . breakingbreaking
–– StringString theorytheory

DM / DEDM / DE candidatescandidates–– DM / DE DM / DE candidatescandidates
–– AstrophysicalAstrophysical hintshints

 GenericGeneric AxionAxion--likelike particlesparticles
((ALPsALPs) ) parameterparameter spacespace 
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DetectingDetecting axionsaxionsDetecting Detecting axionsaxions
 Relic Relic AxionsAxions

–– AxionsAxions that are part of galactic dark that are part of galactic dark 
matter halo:matter halo:

A ionA ion Halos opesHalos opes AxionAxion HaloscopesHaloscopes

 SolarSolar AxionsAxions Solar Solar AxionsAxions
–– Emitted by the solar core. Emitted by the solar core. 

 Crystal detectors Crystal detectors yy
 AxionAxion HelioscopesHelioscopes ((CAST  IAXO))

A iA i i th l bi th l b AxionsAxions in the labin the lab
 “Light shinning through wall” experiments “Light shinning through wall” experiments 
 VacuumVacuum birrefringencebirrefringence experimentsexperiments
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Solar AxionsSolar AxionsSolar AxionsSolar Axions
S l i d d b hS l i d d b h Solar axions produced by photonSolar axions produced by photon--toto--
axion conversion of the solar plasma axion conversion of the solar plasma 
photonsphotons

 Solar axion flux [van Bibber PRD 39 (89)] 
[CAST JCAP 04(2007)010]

Solar physics
+

Primakoff effectPrimakoff effect

Only one unknown
parameter ga

INT Washington, April 2012INT Washington, April 2012
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Axion Helioscope principle
 AxionAxion helioscopehelioscope [[SikivieSikivie, PRL 51 (, PRL 51 (83)]83)]

Axion Helioscope principle

AXION PHOTON CONVERSION

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
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AxionAxion HelioscopesHelioscopesAxionAxion HelioscopesHelioscopes
 Previous helioscopes: Previous helioscopes: 

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

–– TOKYO Helioscope (SUMICO): 2 3 m long 4 T magnetTOKYO Helioscope (SUMICO): 2 3 m long 4 T magnetTOKYO Helioscope (SUMICO): 2.3 m long 4 T magnet TOKYO Helioscope (SUMICO): 2.3 m long 4 T magnet 

 Presently running: Presently running: 

Igor G. Irastorza / Universidad de 
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CAST experiment @ CERNCAST experiment @ CERNpp
 Decommissioned LHC test magnet (L=10m, B=9 T)
 Moving platform ±8°V ±40°H (to allow up to 50 days / year of alignment)
 4 magnet bores to look for X rays 

LHC test

 3 X rays detector prototypes being used.
 X ray Focusing System to increase signal/noise ratio.

LHC test 
magnet

TPC (<2007)

Micromegas
&TPC (<2007)

2 Micromegas 
(>2008)

&
CCD/Telescope
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LowLow backgroundbackground xx rayray detectorsdetectorsLowLow backgroundbackground xx--rayray detectorsdetectors
 MicrobulkMicrobulk MicromegasMicromegas MicrobulkMicrobulk MicromegasMicromegas

–– LowLow radioactivityradioactivity materialsmaterials
[[Astropart.PhAstropart.Ph. 2011,34,354]. 2011,34,354]

–– HighHigh granularitygranularity readoutreadout 
powerfulpowerful offline offline discriminationdiscrimination of of 
eventsevents in gasin gas

–– ShieldingShielding techniquestechniques

X-ray window

Shielding Readout
pattern

Copper & 
kapton

56 mm
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Micromegas detectors @ CASTMicromegas detectors @ CAST
 Since 2008 2 new Micromegas 

detectors replaced the multiwiredetectors replaced the multiwire
TPC in the sunset side.
– Better shielding

 At sunrise side The Micromegas At sunrise side. The Micromegas 
detector substantially upgraded:
– microbulk, shielding, monitoring, 

frontal calibration flow controllerfrontal calibration, flow controller,

 In overall  increasingly better
backgrounds & sensitivity

Sunset
Micromegas

Sunrise
Micromegas
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Micromegas detectors @ CASTMicromegas detectors @ CAST
 New New detectorsdetectors forfor 20122012 New Sunset

design

–– New New microbulkmicrobulk Micromegas Micromegas forfor
sunsetsunset sideside
ImprovedImproved shieldingshielding

design

–– ImprovedImproved shieldingshielding
 ThicknessThickness
 CoverageCoverage

–– SomeSome componentscomponents replacedreplaced
((radiopurityradiopurity))
PossiblePossible muon vetomuon veto–– PossiblePossible muon vetomuon veto

 TestsTests of of lowlow backgroundbackground
strategiesstrategies developeddevelopedstrategiesstrategies developeddeveloped

 SetupSetup toto bebe mountedmounted at CAST at CAST 
nextnext weekweek !! Test mounting 

(Zaragoza)See talke te t eeee
INT Washington, April 2012 Igor G. Irastorza / Universidad de 

Zaragoza
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CAST XCAST X ray telescoperay telescopeCAST XCAST X--ray telescoperay telescope
 CAST CAST innovationinnovation of the “helioscope concept” of the “helioscope concept” 

 WolterWolter I I typetype grazinggrazing incidentincident opticsoptics ((prototypeprototype
for ABRIXAS for ABRIXAS missionmission))

 FromFrom ØØ43 mm (43 mm (magnetmagnet bore)bore)  ØØ3 mm spot3 mm spot FromFrom ØØ43 mm (43 mm (magnetmagnet bore) bore)  ØØ3 mm spot3 mm spot
improvesimproves signalsignal to to backgroundbackground ratioratio

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
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CAST XCAST X ray telescoperay telescopeCAST XCAST X--ray telescoperay telescope

 Spot from the telescope on Spot from the telescope on 
the CCD detectorthe CCD detector

Tracking data Signal simulation

 Determination of the spot Determination of the spot 
position by calibrations and position by calibrations and 
precise alignment of precise alignment of 
t lt ltelescope.telescope.

 Counts inside the spot Counts inside the spot 
compatible with compatible with 
background levelbackground levelbackground levelbackground level

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
Zaragoza
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Buffer gas to go to higher masses

axions
Transverse magnetic field (B)

X ray

X ray
detector

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

L

A

Extending the coherence to higher 
axion masses...
Cohe ence condition (qL << 1) is•Coherence condition  (qL << 1) is 

recovered for a narrow mass range around 
m

Ne: number of electrons/cm3

: gas density (g/cm3) See talk

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
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Latest CAST resultsLatest CAST resultsLatest CAST resultsLatest CAST results

 Results from first Results from first 33He (2008) data (red line).He (2008) data (red line).
 Masses 0 39Masses 0 39 0 650 65 eVeV excluded down to 2excluded down to 2 2 5 x2 5 x

S. Aune et al. (CAST collaboration) 
PRL 107 (2011) 261302 (arXiv:1106.3919v1)

 Masses 0.39 Masses 0.39 –– 0.65 0.65 eVeV excluded down to 2excluded down to 2--2.5 x 2.5 x 
1010--1010 GeVGeV--11

 Touching KSVZ benchmark models for the first Touching KSVZ benchmark models for the first 
timetime

 He3 data up to 1.15He3 data up to 1.15 eVeV taken, being analyzed.taken, being analyzed.

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
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Latest CAST results: preliminaryLatest CAST results: preliminaryLatest CAST results: preliminaryLatest CAST results: preliminary

 AllAll 33He data (2008He data (2008 11) in11) in All All 33He data (2008He data (2008--11) in 11) in 
progress.progress.

 Masses up to 1.15 Masses up to 1.15 eVeV
 Final He3 result paper inFinal He3 result paper in Final He3 result paper in  Final He3 result paper in  

preparationpreparation

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
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FutureFuture prospectsprospectsFutureFuture prospectsprospects

 CAST Near term future:CAST Near term future:
–– CAST will revisit phase II He4 in 2012 and again the vacuum CAST will revisit phase II He4 in 2012 and again the vacuum 

phase I in 2013phase I in 2013--14 with better detectors14 with better detectors  betterbetterphase I in 2013phase I in 2013 14 with better detectors 14 with better detectors  better better 
sensitivity. sensitivity. 

–– Search in parallel for exotica: Search in parallel for exotica: chamaleonschamaleons, , paraphotonsparaphotons, non , non 
standard axions (visiblestandard axions (visible wavelenghtswavelenghts))standard axions (visible standard axions (visible wavelenghtswavelenghts))

 Longer term future:Longer term future: Longer term future: Longer term future: 
–– Studies for a new generation axion helioscope (>1 order of Studies for a new generation axion helioscope (>1 order of 

magnitude more sensitive than CAST):magnitude more sensitive than CAST):

The International The International AxionAxion Observatory IAXOObservatory IAXO

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
Zaragoza
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TheThe International International AxionAxion ObservatoryObservatory IAXO:IAXO:yy
towardstowards a new a new generationgeneration axion helioscopeaxion helioscope

Ingredients of a successful helioscope

 CAST is established as  a reference CAST is established as  a reference 
result in experimental axion physics result in experimental axion physics 
CAST PRL2004 most cited CAST PRL2004 most cited 

Ingredients of a successful helioscope

experimental paper in axion physicsexperimental paper in axion physics
 No other technique can realistically No other technique can realistically 

improve CAST in improve CAST in such such wide mass wide mass Large & powerful magnet...

range.range.

 Next step Next step  IAXO, a new IAXO, a new 
gene ationgene ation a iona ion helioscopehelioscope X ray opticsgeneration generation axionaxion helioscopehelioscope

 Build up on CAST innovations to Build up on CAST innovations to 
imp o e the helioscope techniq eimp o e the helioscope techniq e

...X-ray optics,...

improve the helioscope technique…improve the helioscope technique…

...and low background detectors

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
Zaragoza
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AxionAxion HelioscopesHelioscopes FOMFOMAxion Axion HelioscopesHelioscopes FOMFOM

 3 3 elementselements drive the drive the sensitivitysensitivity of of anan axion helioscopeaxion helioscope

MAGNETX-RAY
OPTICSX-RAY OPTICSDETECTORS

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
Zaragoza
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IAXOIAXO sensitivitysensitivity scenariosscenariosIAXO IAXO sensitivitysensitivity scenariosscenarios
Scenario 1 Scenario 2 Scenario 3 Scenario 4

IGI et al. 
JCAP 016 (2011)

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
Zaragoza
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NewNew magnetmagnet forfor IAXOIAXONew New magnetmagnet forfor IAXOIAXO
 CAST enjoys one of the best existing CAST enjoys one of the best existing j y gj y g

magnets than one can “recycle” for axion magnets than one can “recycle” for axion 
physics (LHC test magnet)physics (LHC test magnet)

 Only way to make a step further is to Only way to make a step further is to 
built a new magnet, specially conceived built a new magnet, specially conceived 
for IAXO.for IAXO.

 AfterAfter prelprel study best option seems to bestudy best option seems to be After After prelprel. study best option seems to be . study best option seems to be 
a a toroidaltoroidal configuration:configuration:
–– Much bigger aperture than CAST: ~0.5Much bigger aperture than CAST: ~0.5--1 1 

bbm per borem per bore
–– Relatively Light (no iron yoke)Relatively Light (no iron yoke)
–– Bores at room temperature (?)Bores at room temperature (?)

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
Zaragoza
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Cross section of the magnet



Inspired by ATLAS… ?
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IAXOIAXO magnetmagnet: 1st concept: 1st conceptIAXO IAXO magnetmagnet: 1st concept: 1st concept
Total R = 2 m
Bore diameter = 600 mm
N bores = 8
Average B in bore = 4 T 

(in critical surface)
MFOM = 770MFOM  770

 IAXO IAXO scenarioscenario 2 2 conservativeconservative
 SurpassSurpass IAXO IAXO scenarioscenario 3 3 isis

possiblepossible
 FurtherFurther optimizationoptimization ongoingongoing See talk FurtherFurther optimizationoptimization ongoingongoing

Igor G. Irastorza / Universidad de 
Zaragoza
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XX ray optics for IAXOray optics for IAXOXX--ray optics for IAXOray optics for IAXO
 CAST xCAST x--ray optics “recycled” from xray optics “recycled” from x--ray astronomyray astronomy

–– High technology, expensive, “unique” objects, due to High technology, expensive, “unique” objects, due to 
exquisite imaging properties required for xexquisite imaging properties required for x--ray astronomy.ray astronomy.

 IAXO optics:IAXO optics:
–– Exquisite imaging not requiredExquisite imaging not required

BUT large area (~BUT large area (~ 2 m2 m22)) to be covered Require fabricationto be covered Require fabrication–– BUT, large area (~ BUT, large area (~ 2 m2 m22) ) to be covered. Require fabrication to be covered. Require fabrication 
of of dedicated dedicated optics optics  cost effective solution.cost effective solution.

–– Good throughput (0.3 Good throughput (0.3 –– 0.5) 0.5) 
–– Small focal point (~1 cm2)Small focal point (~1 cm2)Small focal point (~1 cm2) Small focal point (~1 cm2) 

 Pursued solution: Pursued solution: thermallythermally--formed glass formed glass 
s bst ates opti ss bst ates opti ssubstrates opticssubstrates optics
–– Successfully used in NUSTARSuccessfully used in NUSTAR
–– Leverage existing infrastructure. Minimize costs & risksLeverage existing infrastructure. Minimize costs & risks

27Igor G. Irastorza / Universidad de 
Zaragoza
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ThermallyThermally--formed glass substratesformed glass substratesThermallyThermally formed glass substratesformed glass substrates
 NASA has recently built NASA has recently built NuSTARNuSTAR, a hard , a hard 

xx--ray telescoperay telescopexx--ray telescoperay telescope

 NuSTARNuSTAR uses thin glass substrates coated uses thin glass substrates coated 
withwith multilayersmultilayers to enhance reflectivity upto enhance reflectivity upwith with multilayersmultilayers to enhance reflectivity up to enhance reflectivity up 
to 80 to 80 keVkeV

Th i li d t li t h thTh i li d t li t h th N STAR ti bl hi The specialized tooling to shape the The specialized tooling to shape the 
substrates and assemble the optics is now substrates and assemble the optics is now 
available available 

NuSTAR optics assembly machine

NuSTAR
telescope 

 Hardware can be easily configured to Hardware can be easily configured to 
make optics with a variety of designs and make optics with a variety of designs and 
sizessizessizessizes

 Key institutions in Key institutions in NuSTARNuSTAR optics: LLNL, optics: LLNL, 
U C l bi DTU D k All i IAXO !U C l bi DTU D k All i IAXO ! See talkU. Columbia, DTU Denmark. All in IAXO !U. Columbia, DTU Denmark. All in IAXO !

INT Washington, April 2012
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UltralowUltralow bb detectorsdetectors forfor IAXOIAXOUltralowUltralow--b b detectorsdetectors forfor IAXOIAXO
 Goal:Goal: at least 10at least 10--77 c/c/keVkeV/cm/cm22/s, /s, 

d t 10d t 10 88 //k Vk V// 22/ if/ ifdown to 10down to 10--88 c/c/keVkeV/cm/cm22/s if /s if 
possible.possible.

 Work ongoing:Work ongoing:

simulations

g gg g
–– Experimental tests with current Experimental tests with current 

detectors at CERN, detectors at CERN, SaclaySaclay & Zaragoza& Zaragoza
–– Especially: underground setup at Especially: underground setup at 

Canfranc LabCanfranc Lab
–– Simulation works to build up a Simulation works to build up a 

background modelbackground model
–– Design a new detector with Design a new detector with 

improvements implementedimprovements implemented



R&DR&D lowlow backgroundbackground MicromegasMicromegasR&D R&D lowlow backgroundbackground MicromegasMicromegas
 LatestLatest Micromegas: x20 Micromegas: x20 improvedimproved

backgroundbackgroundHistory of background improvement of 
Micromegas detectors at CAST backgroundbackground

–– ShieldingShielding
–– Radiopurity. New Radiopurity. New manufacturingmanufacturing techniquetechnique

(microbulk(microbulk readoutsreadouts))

Micromegas detectors at CAST

Nominal values at CAST 
2003

2004
2006 (microbulk (microbulk readoutsreadouts))

–– More More powerfulpowerful offline offline cutscuts

 Tests in controlled conditions underground Tests in controlled conditions underground 
at Canfranc:at Canfranc:

2006

2008-10

at Canfranc:at Canfranc:
–– Better shielding coverageBetter shielding coverage
–– Thicker shieldingThicker shielding

Backgrounds around 2x10-7 c/keV/s/cm2 
with improved shielding
~ x30 better than CAST



PathfinderPathfinder detector+opticsdetector+opticsPathfinderPathfinder detector+opticsdetector+optics
C ll b iC ll b i S lS l Z LLNLZ LLNL CollaborationCollaboration SaclaySaclay, Zaragoza, LLNL, , Zaragoza, LLNL, 
DTU, U. ColumbiaDTU, U. Columbia

 Small xSmall x--rayray opticsoptics (~5 cm (~5 cm apertureaperture) ) yy pp (( pp ))
–– FabricatedFabricated purposelypurposely usingusing thermallythermally

formedformed glassglass substratessubstrates

 MicromegasMicromegas lowlow backgroundbackground detector:detector: MicromegasMicromegas lowlow backgroundbackground detector:detector:
–– ApplyApply lessonslessons learnedlearned in R&D: in R&D: 

compactnesscompactness, , betterbetter shieldingshielding, , 
di itdi itradiopurityradiopurity,…,…

–– GoalGoal: 10: 10--77 c/c/keVkeV/s/cm2 /s/cm2 oror betterbetter

 ToTo bebe operatedoperated in CAST in 2013in CAST in 2013
 TestsTests of of techniquestechniques and and knowknow--howhow forfor

IAXOIAXO See talkIAXOIAXO
INT Washington, April 2012 Igor G. Irastorza / Universidad de 

Zaragoza
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IAXO: Possible
C t l D i (LLNL)Conceptual Design (LLNL)
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IAXO: Possible
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IAXO: Possible
C t l D i (LLNL)Conceptual Design (LLNL)

X‐ray optics

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
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IAXO: Possible
C t l D i (LLNL)Conceptual Design (LLNL)

Detectors & shieldingsDetectors & shieldings

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
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IAXO sensitivity prospectsIAXO sensitivity prospectsIAXO sensitivity prospectsIAXO sensitivity prospects

 Factor 8 to 30 Factor 8 to 30 betterbetter in in 
ggaa (4000 to 10(4000 to 1066 in in 
signalsignal strengthstrength!!)!!)signalsignal strengthstrength!!)!!)

Conservative scenarioConservative scenario

Realistic scenario

Optimistic scenarios

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
Zaragoza
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IAXO sensitivity prospectsIAXO sensitivity prospectsIAXO sensitivity prospectsIAXO sensitivity prospects

Much larger
QCD axion 
region explored

IAXO prospects

IAXO

Astrophysical
hints for ALPs

In combination with dark 
matter axion searches a 
big part of the QCD axion 

d l ld b

p p

model region could be 
explored next decade.

INT Washington, April 2012 37Igor G. Irastorza / Universidad de 
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The cooling of whiteThe cooling of white dwarftsdwarftsThe cooling of white The cooling of white dwarftsdwarfts
 LuminosityLuminosity functionfunction ((WD’sWD’s per per unitunit

(Isern et al. 2008,2010)

magnitudemagnitude) ) alteredaltered byby axion axion coolingcooling
 ClaimClaim of of detectiondetection of new of new coolingcooling

mechanismmechanism ((IsernIsern 2008)2008)(( ))
 AxionAxion--electronelectron couplingcoupling of ~1x10of ~1x10--1313

(( axion axion massesmasses of 2of 2--5 5 meVmeV oror
largerlarger) ) fitsfits datadata..gg ))

DFSZ axion (cos=1)

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
Zaragoza
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The cooling of white dwarfsThe cooling of white dwarfsThe cooling of white dwarfsThe cooling of white dwarfs
 meVmeV massesmasses seemseem outout ofof reachreach ofof EXTRA bremstrahlung meVmeV massesmasses seemseem outout of of reachreach of of 

eveneven anan improvedimproved axionaxion helioscopehelioscope… … 
BUTBUT

 AxionAxion--electronelectron couplingcoupling providesprovides extraextra

EXTRA bremstrahlung
emission ~50 times 
larger than standard
Primakoff emission

 AxionAxion--electronelectron couplingcoupling providesprovides extra extra 
axionaxion emissionemission fromfrom thethe SunSun……

 Extra Extra emissionemission concentratedconcentrated at at lowerlower
energiesenergies (~1(~1 keVkeV))energiesenergies (~1 (~1 keVkeV))

 SuchSuch axion axion couldcould produce a produce a 
detectable detectable signalsignal in IAXOin IAXOgg

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
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FurtherFurther physicsphysics casescasesFurtherFurther physicsphysics casescases
 More More specificspecific ALP ALP oror WISP (WISP (weaklyweakly interactinginteracting slimslim particleparticle) ) modelsmodelso eo e spec cspec c oo S (S ( ea yea y e ac ge ac g ss pa c epa c e)) ode sode s

couldcould bebe searchedsearched forfor at at thethe lowlow energyenergy frontierfrontier of of particleparticle physicsphysics::
–– ParaphotonsParaphotons / / hiddenhidden photonsphotons

ChamaleonsChamaleons–– ChamaleonsChamaleons
–– NonNon--standardstandard scenariosscenarios of of axionaxion productionproduction

 IfIf equippedequipped withwith microwavemicrowave cavitiescavities, , darkdark mattermatter halo halo axionsaxions couldcould
bebe searchedsearched forfor. .  underunder studystudy [[Baker et al. Baker et al. PRD 85]PRD 85]

 IAXO as a true “IAXO as a true “axionaxion facilityfacility” open ” open toto thethe communitycommunity: : 
 GroupsGroups invitedinvited toto contributecontribute and and enrichenrich thethe sciencescience programmeprogramme of of pp p gp g

IAXO.IAXO.

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
Zaragoza
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IAXO:IAXO: projectproject status &status & timetabletimetableIAXO: IAXO: projectproject status & status & timetabletimetable
 ProtoProto--collaborationcollaboration beingbeing formedformed. . 

–– MostMost CAST CAST groupsgroups
–– New New groupsgroups + extended + extended expertisesexpertises ((magnetmagnet, , opticsoptics). ). 
–– Open Open forfor new new interestedinterested groupsgroupspp g pg p

 Conceptual Conceptual DesignDesign ReportReport in in preparationpreparation
 LetterLetter of of IntentIntent toto bebe submittedsubmitted toto CERN CERN soonsoon

CASTCAST CASTCAST

 IAXOIAXO

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
Zaragoza
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IAXO in ASPERAIAXO in ASPERA
European
AstroparticleIAXO in ASPERA IAXO in ASPERA Astroparticle
Roadmap

 LatestLatest draftdraft ofof thethe ASPERAASPERA roadmaproadmap 20112011 LatestLatest draftdraft of of thethe ASPERA ASPERA roadmaproadmap 20112011
INT Washington, April 2012 Igor G. Irastorza / Universidad de 

Zaragoza
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ConclusionsConclusions
 CAST CAST isis thethe mostmost powerfulpowerful axion helioscope toaxion helioscope to--date. date. 

EstablishedEstablished as aas a referencereference resultresult in axionin axion physicsphysics–– EstablishedEstablished as a as a referencereference resultresult in axion in axion physicsphysics. . 
–– FirstFirst CAST PRL CAST PRL mostmost citedcited axionaxion experimental experimental resultresult everever..
–– ExpertiseExpertise gatheredgathered in in magnetmagnet, , opticsoptics, , lowlow back back detectorsdetectors

 IAXO: IAXO: International International AxionAxion ObservatoryObservatory. . 
–– A new A new generationgeneration axionaxion helioscopehelioscope

Fi tFi t ltlt (JCAP 016) h(JCAP 016) h dd tt tt–– FirstFirst resultsresults (JCAP 016) show (JCAP 016) show goodgood prospectsprospects to to 
improveimprove CAST 1CAST 1--1.5 1.5 ordersorders of of magnitudemagnitude in in ggaa..

–– FirstFirst solidsolid stepssteps towardstowards conceptual conceptual designdesign

 In In combinationcombination withwith darkdark mattermatter axionaxion searchessearches (ADMX) a (ADMX) a bigbig partpart of of thethe
QCD QCD axionaxion modelmodel regionregion couldcould bebe exploredexplored nextnext decadedecade..

 PotentialPotential forfor otherother physicsphysics cases:cases: whitewhite dwarftsdwarfts ee coupledcoupled axionsaxions?? relicrelic PotentialPotential forfor otherother physicsphysics cases: cases: whitewhite dwarftsdwarfts ee--coupledcoupled axionsaxions?, ?, relicrelic
axionsaxions?, ?, ALPsALPs?… ?… 

 IAXO as a “IAXO as a “axionaxion/ALP /ALP researchresearch facilityfacility”. ”. 
 NewNew groupsgroups toto enlargeenlarge andand enrichenrich IAXOIAXO

INT Washington, April 2012 Igor G. Irastorza / Universidad de 
Zaragoza

43

 New New groupsgroups toto enlargeenlarge and and enrichenrich IAXO.IAXO.


