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•Instanton
 

solutions introduce a CP –
 

Violating term in the QCD 
Lagrangian, accompanied by the EW quark mass mixing term:

The Strong CP-problem

•CP –
 

Violation implies non zero Neutron Electric Dipole Moment  
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•New global symmetry U(1)PQ

 

R. Peccei, H. Quinn (1977)

 

+Weinberg,Wilczek

•Axion: NG boson from symmetry breaking at fa

 

scale 
(Standard axion at EW scale with ma

 

~MeV
 

excluded)

•Later models (DFSZ –
 

KSVZ) push fa

 

to higher scale making 
the coupling extremely small (invisible axion).
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Axion mass:

Axion “line”: 
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Axion properties:
•Neutral pseudoscalar
•Very low mass, very small coupling
•dark matter candidate

•Axion-photon coupling via triangular loop
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Direct Axion Detection techniques
Laser induced axions

Light shine through wall

Vacuum properties

Telescope searches

Experiments: ALPS, OSQAR, GammeV

Experiments: PVLAS, BMV

Geomagnetic Axion Convertion

Convertion
 

in earth’s magnetic field. 
Observe the Sun through the Earh
Sensitivity gaγγ

 

~10-11GeV-1

Bragg diffraction
Sensitivity gaγγ~10-9GeV-1

ma

 

< 10μeV

Grin et al. astro-ph/0611502v1
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Direct Axion Detection techniques

Helioscope
 

searches

Experiments: Tokyo, CAST

Microwave Cavity searches

Experiments: ADMX, CARRACK
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CAST searches

CERN Axion Solar Telescope:
 

QCD Axions or Axion Like Particles (ALPs)

Production:
 

Primakoff

 

effect
Thermal photons interacting
With solar nuclei produce Axions.

Detection
 

principle (Sikivie

 

1983)
Inverse Primakoff: axion converts to a 
photon interacting with a very strong 
magnetic field. Interaction term:

Differential axion flux on Earth

Expected Number of Photons:
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CAST Physics

Conversion Probability in gas:
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CAST Physics program

1)1) CAST Phase I:CAST Phase I: Magnet bores in vacuum, completedcompleted (2003 -
 

2004)

2) CAST Phase II:2) CAST Phase II: 4He run, completedcompleted (2005 –
 

2006)
4He vapor pressure < 16.4 mbar
P<13.4 mbar, 160 steps, 
0.02 eV

 
< ma

 

< 0.39 eV

3He run, ( Mar. 2008 –
 

2010)
3He vapor pressure < 135.6 mbar
P~120 mbar, ~1000 steps, 
0.39 eV

 
<ma

 

<~1.20 eV

3) Low energy axions ~ few eV
 

range and 5 eV
 

–
 

1 keV range
(2007 –

 
2010)
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The CAST Experiment

•Decommissioned prototype LHC dipole 
magnet.
• Superconducting, operation at T=1.8 K.
• Electric current 13,000 A.
• Magnetic field: B=9T
• Length: L=9.26m.

Rotating platform 
( Vertical: ±8o,  Horizontal: ±40o

 

)

~90 min solar tracking during 
sunrise/sunset 

3 X-ray detectors
X-ray Focusing Device

3He expansion volume2 Micromegas
X-ray detectors

Micromegas
CCD+Telescope
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GRID MEASUREMENTS

•Horizontal and Vertical encoders
define the magnet orientation

•Correlation between H/V encoders
has been established for a number
of points (GRID points)

•Periodically check with the geome-
ters

 
the above agreement
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Comparison with 2002 GRID

CAST magnet orientation 
has the required precision
for solar tracking

•Twice per year (March –
 

September)
direct optical check (correct for 
optical refraction).

•Verify that the Dynamic Magnet 
Pointing Precision (~ 1 arcmin) 
is within our acceptance

SUN FILMING
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CAST X-ray detectors –
 

before 2007

1) X-ray Telescope coupled to pnCCD

pn
 

CCD chip
•Pixels 150μm x 150μm
•Excellent Energy resol.
•X-ray finger automated

calibration

ABRIXAS space X-ray telescope
27 nested mirror cells.

Magnet bore size (42.5 mm)
pnCCD

•Focus from d=43mm
to d=3mm

•Improve background
by a factor of up ~200

Background:
0.18cts/h (1-7keV)
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CAST X-ray detectors –
 

before 2007

2) Micromegas X-ray detector (sunrise side)
•Position sensitive (x-y)
•Precision ~ 70μm
•Low background
•Very stable

Background: 25cts/h(2-10keV)
(for the full magnet bore)

3) TPC detector (sunset both bores)

•Position sensitive
•Proper hielding

Background: 85cts/h(2-12keV)

(for the both magnet bores)
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CAST Published result for Phase I

Phase I:  (2003 –
 

2004)
Operation in vacuum

eVma 02.0<

CLatGeVga %95108.8 111 −−×<γγ

for

•The best experimental limit 
to date over a large mass 
range 

•Supersedes or at least 
competes with the best 
Astrophysical limit from 
Globular cluster HB stars. 

JCAP 0704:010, 2007 (hep-ex/0702006)
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CAST 4He Phase result
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Pressure [mbar]

tracking
background

mean background

TPC typical daily data 
(1 pressure step)

Micromegas count rate vs pressure

Spent at least one full tracking 
per pressure setting
Measure / calculate 
corresponding backgrounds
Compare with tracking rates

Every day is a “new”

 

experiment

Background – Tracking - Tracking
(Integrated) (Single)

CCD hit maps
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CAST Final results for 4He run

4He Phase (Blue line)
(2005 –

 
2006) 

eVmeV a 39.002.0 <<
Pressure settings up to:
13.4 mbar  (160 steps)

Estimated limit:
3He Phase (Red line)
(2007-2010)  

110102.2 −−×< GeVgaγγ

“Average”
 

limit:

0.39 1.2aeV m eV< <
Pressure settings up to:
120 mbar (~1000 steps)Published: JCAP02(2009)008
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3He gas system

3He gas system
•Accurately measure the qua-
ntity

 
of 3He (60ppm)

•Avoid 3He loss
•Absence of Thermoacoustic
oscillations

•Operational flexibility
•Safe during magnet quench

X-ray window
•Confine 3He in magnet bores
•High X-ray transmission 95% @ 4.2keV
(15μm polypropylene)
•Robust (strongback)
•Minimum He leakage
•Endurance to sudden pressure rise 

(quench)
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CAST X-ray detectors –
 

after 2007 (3He Phase II)

pn-CCD + Telescope: replaced pnCCD damaged chip
X-ray telescope:  re-certified

R&D: lower the sensitivity down to EX

 

~ (few 100eV)

CCD Background: 0.18 cnts/hour

Sunrise old MM and TPC detector (sunset) replaced by
Bulk and Microbulk shielded MM detectors 

MM Background: 3cnts/hour
Microbulk: Excellent background rejection
Two new detectors (under study) : E(resol.) ~ 11.5%@5.9keV

Background ~ 0.05cnts/hour !
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CAST 3He run

3He Phase (Red line)
(2008-2010)  

2008:  CAST scanned 
axion masses:

eVmeV a 65.039.0 <<

NO Axion signal detected

He3

Tokyo Helioscope:
Continue scan 
Around 1eV 110104.136.5

184.0
−−×−<

<<

GeVg

eVmeV

a

a

γγ

Phys.Let.B668(2008)93

WMAP limit:arXiv:0803.1585v2
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G. Cantatore

 

for the CAST coll., hep‐ex/0809.4581

CAST’s ““firstfirst”” search for LES~axions

No signal

Dark Count Rate = (0.35±0.02) Hz

First time a helioscope
 

operates in the visible: couple to optical devices

•Study solar phenomena (e.g.flares)
•Limits on hidden sector Photons 

(paraphotons)
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The Axion Dark Matter eXperiment
 

–
 

ADMX
Microwave Cavity Experiment

The ADMX Collaboration: Univ. Berkeley, Univ. Florida, 
LLNL, NRAO, Univ. Washington

•ADMX aims at detecting relic axions
•Milky Way thermalized

 
axions

•Newly infalling
 

axions with
specific energy

Rest mass Velocity distribution
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Principle of the microwave cavity experiment 
[Pierre Sikivie, PRL 51, 1415 (1983)]

ΔE/E ~ 10–22

Resonance condition:

hν = ma c2[ 1 + O(β2~ 10-6) ]

Signal power:
P ∝ ( B2V Qcav )( g2 ma ρa )

~  10–23W

Microwave Cavity

Superconducting
magnet

Amp

Medium
Resolution
Channel

Thermalized
Galactic 
axions

Coherent
Axion 
flows

High
Resolution
Channel
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Microstrip
 

SQUID amplifiers

Ppioneer

 

(@10x109km) ~10-21W
PSQUID                                 ~10-26W

Based on Josephson junction:
Flux voltage
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Previous MedRes
 

limits 
(Phase 0 -

 
HFET amps) Phase 1 exclusion limits 

(PRELIMINARY!) 

MedRes

HighRes
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arXiv:0901.1106v2 [hep-ph] 19 Jan 2009
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•CAST: Best experimental limit on gaγγ
(apart for the μeV

 
range –

 
microwave

searches) for axion masses up to 0.65eV.
It will surpass the 1eV wmap

 
limit.

•Access the theoretically favored region

•Low Energy Axion searches (solar corona
heating mystery –

 
hidden sector photons)

•High sensitivity detectors may lead to 
great improvements in mass region up
to 0.02 eV

 
(Vaccuum)

•Tokyo helioscope
 

best limits for masses
near 1eV

•ADMX
 

upgrade to SQUID ampifiers
aiming at covering wide mass range
favored for CDM. Summer 2009 upgrade
to lower noise (dilution refrigerator) near 
quantum limit.

CONCLUSIONS
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BACKUP SLIDES
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Original Original 
solar axion spectrumsolar axion spectrum

Off resonance:

0.5 FWHM

1 FWHM 3 FWHM

Axions solar signature:
Technique implemented for axions for the first time by CAST 
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MM subtracted spectrumTPC subtracted spectrum

CCD spectrum Data taking during 2003 and 2004

(total 12 months) 

Result from CAST phase I:

NO Axion signal found!

CAST Phase I result
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