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CERN AXION SOLAR TELESCOPE

CAST and the search for solar axions

Representing the CAST collaboration:
Dieter H.H. Hoffmann

TU-Darmstadt & GSI- Darmstadt

Thessaloniki 23.04.2005



GSI

today
planned



CERN and CAST

CAST



Outline

-Solar Axions
-CAST :

- Status
Magnet, sun tracking

-Detectors:
TPC 
Micromegas 
X-ray Telescope and CCD

-Outlook



NATURE|VOL 434 | 14 APRIL 2005 NATURE|VOL 434 | 14 APRIL 2005 
||www.nature.comwww.nature.com/nature  839/nature  839 SCIENCE  308  15 APRIL  2005SCIENCE  308  15 APRIL  2005



The Axion Hunt

January/February 2004

National Nuclear
Security Administration´s
Lawrence Livermore
National Laboratory



What are Axions good for (1)

CP-problem in  strong Interaction
Axions were proposed as an extension to the 
Standard Model of particle physics to explain why 
CP violation - a phenomenon linked to the 
dominance of matter over antimatter in the 
universe - is observed in weak but not strong 
interactions - the so-called strong-CP problem. 



AXION: theory motivation

The STRONG 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)

IDM2004, Edimburgh 4-11.09.04Igor G. Irastorza, CEA Saclay / CERN / Zaragoza U.



is the stat. el. dipolmoment 
of the neutron = O ?

One of the most striking consequences of this is 
the neutron electric dipole moment, which, due to 
a CP-violating term in the standard equations of 
QCD, is calculated to be 10 orders of magnitude 
larger than its measured upper limit.

Best experimental  value dn < 10-26 e·cm 



What are Axions good for (2)



Static electric dipolmoment of the neutron



AXION: theory motivation

The STRONG CP PROBLEM
BUT 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 the axion a(x). 
Fine-tunning reached naturally, dynamically.

IDM2004, Edimburgh 4-11.09.04Igor G. Irastorza, CEA Saclay / CERN / Zaragoza U.



What are Axions good for (3)

This can be overcome by introducing a further 
symmetry, the spontaneous breaking of which 
yields the axion - a neutral pion-like particle 
that interacts very feebly. Owing to their 
potential abundance in the early universe, 
axions are also leading candidates for the  
dark matter of the universe.

Axion : O- Pseudoscalar



G. Raffelt



Axions
α

pseudoscalar

neutral

practically stable

phenomenology driven by the breaking 
scale fa and the specific axion model

Couples to photon

Lαγ = gαγ (E•B) a
Primakoff (1951) [π°→γγ]

PRIMAKOFF EFFECT   

Any scalar or pseudoscalar particles:

axion-like particles



Prinzipieller Aufbau von CAST

Axion - Quelle Axion - Nachweis

↓ ↓
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Solar Axion Spectrum
α

Stellar interior → the Sun!!
PRIMAKOFF EFFECT   

Solar Axions

Flux at the Earth

[K.van Bibber et al.,1989]



Cern Axion Solar Telescope

Sunset

Photon detectors

Sunrise

Photon detectors

Sunset axions

Sunrise axions

Decomissioned LHC test magnet

Rotating platform

3 X-ray detectors

X-ray Focusing Device

Decomissioned LHC test magnet

Rotating platform

3 X-ray detectors

X-ray Focusing Device



CAST : Magnet

L= 10 m, B=9 T

100 times better 
than previous exp. 

3sat-hitec-CAST.avi



Angular encoders



Tracking System: 

Calibrated and correlated with 
celestial coordinates

Tracking System: 

Calibrated and correlated with 
celestial coordinates

Twice a year (September&March) 
we can film the Sun through the 

window

Twice a year (September&March) 
we can film the Sun through the 

window

Looking at  
sunrise

Magnet, sun tracking



Optical sun tracking



Magnet Quenching

8 events in 2003
3 events in 2004



TPC  



TPC spectra of 2003 55Fe Calibration spectrum

Clean materials + 
shielding 

(polyethylene+copper+ancient lead)

Low Background



TPC spectra in 2003 and 2004

different shielding conditions

2004

2003



Micromegas Micromegas



Micromegas  Priciple



Micromegas detector ( 2003)

gαγγ <1.39x10-10 GeV-1 ( 95% CL )

21h

253h



Strip Energy Resolution

2003

2004



Micromegas background improvement

2004

2003

Energy /keV



The X-Ray Telescope

1.7 m

1mm ∅

~35% efficiency due 
to reflections

50mm ∅

27 nested pairs of mirrors

From 43 mm ∅ (LHC magnet aperture)   to ~1mm ∅

signal and background  simultaneously

signal-to-noise improvement 



X-ray telescope



X-ray telescope alignment



pn-CCD detector: laser spot



X-ray image of near parallel
x-ray beam



2003 

CCD

[x10-10GeV -1]

1.55

1.51

TPC

µM

gaγγ(95% CL)<1.16×10-10 GeV-1 (ma< .02eV)

1.23

PRL, 01.04.2005



Comparison of CAST to other experiments

CAST-Tokyo sensitivities

Solar axion spectrum for g 
~ 6 x 10-10 GeV-1 

(Tokyo Helioscope
sensitivity)

CAST TPC 
4.7 h spectrum 
(bck subtracted)



Improvements



JCAP 04(2004)008 Hep-ph/0312154



CAST :  2nd phase

6 mbar

The coherence The coherence 
condition: condition: 
mmaa<0.023 eV/c<0.023 eV/c22

for a photonfor a photon
energy of 4.2 keV energy of 4.2 keV 
and a coherenceand a coherence
length of 10 m length of 10 m 
in vacuum.in vacuum.

coherence can be coherence can be 
restored for morerestored for more
massive axions bymassive axions by
filling the magneticfilling the magnetic
conversion regionconversion region
with a low Z gas with a low Z gas 
to give  the photonsto give  the photons
an effective massan effective mass



Pressure increments



3He Phase Diagram





Axions may occur in two flavors:

•Standard (Peccei-Quinn) Axion:
–similar to very light neutral pion (π0)
–rest mass ~ 10-6.. 10-1 eV/c2

–lifetime much longer than the age of the Universe

• Kaluza-Klein (KK) Axions:
– predicted by recent theories of extra-dimensions, 

proposed as extensions of the Standard Model
– mass spectrum of all the excited Kaluza-Klein 

states extends up to ~ 10 keV / c2

– relative shorter lifetime: τ ~ m-3

K. Dennerl

The axion-photon-photon coupling constant gαγγ is the same for both types



SMART mission: orbiting X-ray detectors Moon
Sun

Search for massive axions spontaneous radiative decays a → γγ

planned  
collaboration
with Observator
University/Helsi

S. Tzamarias, K. 
Zioutas, M. Kuster
DHHH
23.05. first meeting



Axions Axions maymay contributecontribute toto
•solve symmetry problem
•solve dark matter problem
•solve ... ?

K. Dennerl



And yet…



LASER EXPERIMENTS TO SEARCH FOR
THE INVISIBLE AXION

“Light  shining through walls”

laser 
light

wall 

magnetic
dipole

(photon-axion 
conversion) 

magnetic
dipole

(axion-photon
conversion) 

Magnetic field direction
at 90° to laser light beam

Polarization experiments
Polarized laser light propagating through a magnetic dipole (field B)
Only the component  of  E parallel to B can produce axions      small rotation of 
the polarization vector (use mirrors at the end of the dipole for multiple traversals) 

→ →



X-ray surface brightness as a 
function of the solar elongation

surface brightness for the thin Al filter

estimated scattering component for the thin Al filter

Sturrock, 
Wheatland, Acton, 
ApJ 461 (1996) L115

Yohkoh SXT, 8 May 1992


	CAST Collaboration
	3He Phase Diagram
	And yet…

