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D O I:willbe assigned

T he status of the solar axion search with the CERN A xion Solar Telescope (CAST ) will
be discussed. Results from the rst part of CAST phase IT where the m agnet bores were

lled with “He gas at variable pressure In order to scan m 5 up to 0.4 €V w illbe presented.
From the absence of excess X +rays when the m agnet was pointing to the Sun, we set a
typical upper lin it on the axion-photon coupling ofg, . 217 10 °Gev ' at95% CL
form .< 04 &V, the exact result depending on the pressure setting. O ur search for axions
w ith m asses up to about 1.2 €V usihg *Heasabu er gas is, since last year, In progress
in the second part of CAST phase II. Expectations for sensibilities w ill be given. Near
future perspectives aswellasm ore long term options for a new helioscope experim ent w i1l
be evoked.

1 Introduction

The CAST (Cem Axion Solar Telescope) experin ent is using a decom m issioned LHC dipole
m agnet to convert solar axions into detectable x-ray photons. A xions are light pseudoscalar
particles that arise in the context of the P eccei uinn[1l] solution to the strong CP problem and
can be D ark M atter candidatesZ]. Stars could produce axions via the Prim ako conversion of
the plasm a photons. The CA ST experin ent is pointing at our closest star, the Sun, ain ing to
detect solar axions. T he detection principle is based on the coupling of an incom ing axion to a
virtual photon provided by the transverse eld of an intense dipole m agnet, being transform ed
into a real, detectable photon that carries the energy and them om entum of the original axion.
The axion to photon conversion probability is proportional to the square of the transverse

eld of the m agnet and to the active length of the m agnet. Using an LHC magnet (9 T and
926 m long) In proves the sensitivity by a factor 100 com pared to previous experim ents. T he
CA ST experin ent hasbeen taking data since 2003 providing the m ost restrictive 1im its on the
axion-photon coupling [3,[4] formassesm ., . 0:02 &V . At thism ass the sensitivity is degraded
due to coherence loss. In order to restore coherence, the m agnet can be 1lled with a bu ergas
providing an e ectivem ass to the photonfl]. By changing the pressure of thebu ergas in steps,
one can scan an entire range of axion m ass values. At the end of 2005 the CA ST experin ent
started such a program , entering its phase IT by 1ling the m agnet bore w ith He gas. From
2005 to 2007, the m agnet bore was lled w ith?H e gas extending our sensitivity to m asses up
to 04 eV, nalresultsw illbe presented here. From M arch 2008 onw ards the m agnet bore has
been lled with®He and the sensitivity should be increased to sensivitiesup tom, . 12 &V
by the end of the *He run in 2010.
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2 The CA ST experim ental set-up: recent upgrades

The CA ST set up hasbeen described elsew here [3,[9]. From 2002 to 2006 three X -ray detectors
were m ounted on the two sides of the m agnet: a conventional T PC [L0] covering both m agnet
bores looking for sunset axions; in the sunrise side one of the boresw as covered by a M icrom egas
detector[I1]]and in the otherborea C CD detector coupled to a telescope[l2]in proving the signal
to background ratio by a factor 150. In 2006 the TPC started to show a degraded perform ance
due to aging. It was then decided to replace the sunset TPC and the existing M icrom egas
detector in the sunrise side by a new generation of M icrom egas detectors[13,[14] that coupled
with suitable shielding would in prove greatly their perform ance. The new detectors were
comm issioning end of 2007 and by m id 2008 they have already shown an in provem ent in
perform ance that hasbeen translated in a background reduction ofa factor 15 com pared to the
TPC perform ances and a factor 3 com pared to the standard M icrom egas detector used w ithout
shielding till 2006. The CCD detector w ill also be upgraded by the 2112009 by a new detector
w ith in proved perform ance: better low energy response, low er intrinsic background by using
m ore radiopurem aterials and less out of tin e events.

In 2005, the experin ent went through a m a prupgrade to allow operation with Hebu ergas
in the cold bore. Thisupgradewasdone in two steps: st the system wasdesigned for operation
using *H e and in 2007 the system wasupgraded for operation athigherbu ergasdensities using
SHe. The system has been designed to control the infction of He in the m agnet bores w ith
precision and to m onitor accurately the gas pressure and tem perature[15,[16]. Special care has
been taken to achieve high precision in the reproducibility of steps (< 0:01 m bar) and to protect
the system for *He loss. The *He systam has been operating succesflly since decem ber 2007.

3 Results

A sduring phase I, the tracking data (m agnet pointing the sun) represented about 2 1.5 hours
per day while the rest of the day was used to m easure background. The procedure was to
daily increase the *He density so that sunrise and sunset detectors m easure every pressure.
Every speci c pressure of the gas allow s to test a gpoeci ¢ axion m ass having a new discovery
potential. T he *H e data recorded end of 2005 and 2006 represents around 300 hours of tracking
data and 10 tin es m ore hours of background data for each detector, covering 160 pressure
settings allow ing to scan a new axion m ass range between 0.02 and 0.39 €V .

An Independent analysis was perform ed for each data set of the three di erent detectors. A
com bined prelim inary result was derived where from the absence of a signal above background
CAST exclides a new range in the g, {m, plne shown in gure[ll from axion m asses of
0.02&V (Phase I) up tom asseso0f 0.39€V . T his param eter space was not previously explored in
laboratory experin ents. CA ST has therefore entered the Q CD axion band for the rsttine in
this range of axion m asses, excluding an in portant portion of the axion param eter space. T he

nalresults have been published in[17].

T he collaboration has perform ed by-product analysis of the data taken, to look for other
axion scenario to which CAST would also be sensitive. The TPC phase I data has been
reanalysed in order look for 14 keV axionscom ing from M 1 transitions. In addition, data taken
w ith a calorin eter during the phase I, were used to search for high energy (M &V ) lines from
high energy axion conversion [@,[7]. M ore recently a few days of data were taken w ith a visible
detector coupled to one end of the CA ST m agnet [§], in search for axions w ith energy in the
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"visble" range. It is foressen that a pem anent setup w ill be installed in the experim ent in
order to take data w ithout interfering w ith the standard program of CA ST .

At present, we are running w ith >H e since 2008 and by the end of this year we shoud have
reached sensitivities of around m 5 < 0.8€&V .
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Figure 1: Exclusion plot in the axion-photon coupling versus the axion m ass plane for a w de
range of param eters. The lim it achieved by the CA ST experin ent (combined result of the
CA ST phase Iand *H e part of phase II) is com pared w ith constraints obtained from the Sum ico
experin ent (the Tokyo helioscope) and HB stars. T he red dashed line show s our prospects for
the *He run started in M arch 2008. The vertical Iine (HDM ) is the hot dark m atter lim it
for hadronic axionsm 5 < 1:0 €V inferred from observations of the cosn ological large-scale
structure. The yellow band represents typical theoretical m odels with £ =N 195§ in the
range 0.07{7 where the green solid line corresponds to the case when E=N = 0 is assum ed.
Lin its from laser, m icrowave and underground detectors [18] for axion searches have been
ncluded.

4 After CAST?

CA ST original physics program will nish at the end of 2011. The CAST collaboration is
looking into possibilities in order to achieve greater sensitivities. T he sensitivity of helioscope
axion searches depends strongly on the m agnet’s characteristics. Ongoing R & D on dipoles
w ill lead to stronger and bigger m agnets in the com ing years (2013-2015). Such m agnets could
either be adopted to the existing infrastructure of CA ST, thus elin nating the cost to the
m agnet itself, or be used with a new tracking and cryogenics system , in proving thus m any
characteristics (ke daily tracking tim e, safety etc) but increasing the cost. In parallel, e ort
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w il be devoted on the developm ent of high e ciency focusing devices and new electronics for

the detectors, ain ing to achieve very low background levels. A 1l this would allow pushing the

sensitivity of the experin ent to the levelof10 ''Gev !, probing the Q CD axion m odel region

orm asses higher than 10 2 &V . n order to exceed the lin £ of 10 ''G &V ! with a helioscope,

specially developed m agnets are necessary. Taking advantage of the fact that the in portant

param eter is the strength and not the hom ogeneity of the m agnetic eld, a stronger m agnet
w ith bigger aperture, could be designed and constructed especially for such an experin ent.

This is a m ore expensive and long term option, which would allow reaching the lin its of the

helioscope axion searches w ith an increased discovery potential. These di erent options aswell
as expected sensitivities w ere presented in detailin [19].

5 Conclusions

The CA ST experin ent has established the m ost stringent experin ental Iim it on axion coupling
constant over a w ide range of m asses, exceeding astrophysical constraints. T he *H e phase has
allow ed to enter in an unexplored region favoured by the theory axion m odels. From the absence
of excess X -rays when them agnet was pointing to the Sun,we set a prelin inary upper lin it on
the axion-photon coupling of g, . 222 10 °Gev ' at95% CL orm, . 04 eV, the exact
result depending on the pressure setting. A t present, w ith the °H e run we are exploring deeper
this region to reach sensitivities ofm , < 126V . The Collaboration is looking into developping
the new generation of helioscopes in order to reach sensitivities of the order of 10 'Gev !
leading to explore a large part of the QCD favoured m odel region including the otherw ise
non-accessble subkeV range.
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