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The CERN Axion Solar Telescope (CAST) is searching for sa¥éons, which could be produced
in the core of the Sun via the so-called Primakoff effect. this purpose, CAST uses a decom-
missioned LHC prototype magnet. In its magnetic field of Ideaxions could be reconverted
into X-ray photons. The magnet is mounted on a structuré taoufbllow the Sun during sunrise
and sunset for a total of about 3 hours per day. The analysiealata acquired during the first
phase of the experiment with vacuum in the magnetic fieldoregielded the most restrictive
experimental upper limit on the axion-to-photon coupliogstant for axion masses up to about
0.02 eV. In order to extend the sensitivity of the experimena twider mass range, the CAST
experiment continued its search for axions with helium i@ thagnet bores. In this way it is
possible to restore coherence for larger masses. Chargmyéssure of the helium gas enables
the experiment to scan different axion masses. In the firspbéhis second phase of CASTHe
has been used and the axion mass region was extended up é¥.0Therefore the experiment
enters the regions favored by axion models. In CAST’s orgéite phase the studied mass range
is now being further extended. We will present the final rssof CAST's*He phase and give a
brief outlook on the experiment’s status and its prospects.

European Physical Society Europhysics Conference on Highidy Physics
July 16-22, 2009
Krakow, Poland

*Speaker.
TOn Behalf of the CAST Collaboration

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



Probing the eV-Mass Range for Solar Axions with the CAST iiirpat Julia VOGEL

1. Theoretical Motivation

Quantum Chromodynamics (QCD) is expected to violate theadled CP-Symmetry, but up to
now no experiment was able to observe this non-conservafiG® in strong interactions. A possi-
ble solution to the strong CP-problem was formulated by RcBieand H. Quinn [1] in 1977. They
managed to explain the apparent conservation of CP in stirdegactions by introducing only
one additional symmetry, which is now referred to as the &ieQuinn-symmetry. When this new
global symmetry is spontaneously broken at a yet unknowakimg scalef, it gives rise to a
Goldstone boson as Steven Weinberg and Frank Wilczek [2itgdiout independently in 1978.
This neutral pseudo-scalar is generally referred to asxtoma

2. Experimental Axion Searches

If they exist, axions could have been created in the veryeaarlverse, but they could as
well originate from cores of stars like our Sun nowadays. eggvconstraints from astrophysics
and cosmology have been applied in order to prove or ruletmiekistence of the axion. The
mass range, in which axions are still likely to exist, colidg be narrowed down to a window
reaching fromueV up to some meV. Several experiments have attempted totdet®ns in and
close to the remaining mass regions. Although differenthods have been applied in the quest
for the postulated particle, most of them make use of theadleet Primakoff [3] effect, which
allows for a conversion of axions into photons in the preseasf@ strong electromagnetic field [4].
One possible kind of experiment employing this effect aeehblioscopes [5], waiting for axions
produced in the closest celestial axion source availahkecore of the Sun.

3. The CAST Experiment

The most sensitive existing helioscope is the CERN Axiora6dklescope (CAST), which
utilizes a prototype of a superconducting LHC dipole magmetiding a magnetic field of up to
9 T. CAST is able to follow the Sun twice a day during sunsetsunttise for a total of about 3 h.
At both ends of the 10 m long magnet, several X-ray detectave lbeen mounted to search for
photons from Primakoff conversion. Installed on one enchefrhagnet, two novel MICROMEsh
GAseous Structure (MICROMEGAS, MM, [6]) detectors seamttiie signature of axions during
sunset. These detectors replaced the formerly used TinjecBom Chamber (TPC, [7]) and thus
improved the sensitivity of the experiment. On the othee sitithe solenoid, two further detectors
are mounted waiting for an axion signal during sunrise. COiith@ ports of the dipole is covered
by another MICROMEGAS detector, while the other is occufig@dn X-Ray telescope consisting
of X-ray mirror optics with a Charge Coupled Device (CCD) deeal plane detector [8].

In order to investigate different axion mass ranges, the T&&eriment consists of two phases. In
its first stage with an evacuated magnetic field region, nsags¢o 002 eV were investigated with
very high sensitivity. To extend this range towards highasses, helium has been filled inside the
cold bore, restoring the coherence for axion-to-photorvermion (see Fig. 1). Since the magnet is
operated at B K, “He gas can only be used up to a pressure of hbar, for which it liquefies,
and in order to continue the search it has to be substitutégiby
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Figure 1. Expected number of photons from axion-to-photon-coneerBr CAST with evacuated magnet
bores (Phase I, black). An example for a pressure settingumed during Phase Il is shown in red.

4. Latest Resultsof CAST

The first phase of CAST succeeded in 2004 with two years of ddaignificant signal above
background was observed when following the Sun. Thus, aeruppit on the axion-to-photon
coupling ofgs, < 8.8 x 101 Gev1 (95% C.L.) for axion masses, < 0.02 eV [9] was deter-
mined. After the completion of Phase |, CAST was upgradedldavdor operation with helium gas
at various pressures inside the magnetic field region. Feptirpose, a sophisticated gas system
and novel cold windows were designed and installed. Duthegfitst part of Phase Il in 2005 and
2006 the magnet was filled wittHe gas and axion masses up t8®eV have been investigated
by measuring 160 different density steps betwedl® @nd 134 mbar. Since no significant ex-
cess of X-rays was observed, when the magnet was pointitg t8un, a typical upper limit on the
axion-photon coupling ofay < 2.2 x 10710 GeV-1 at 95% CL form, < 0.4 eV was extracted [10].
The exact value depends on the considered pressure séttiaginal results for théHe data are
displayed in Fig. 2 together with the prospects for the run, during which axion masses up to
1.2 eV are being studied. At the moment, CAST is taking data Wl in the magnet bores and
over 340 density steps have already been measured. Fupbexdes for the experiment are in
progress, such as for example the design and constructene#k framestore CCD with enhanced
performance in comparison to the present detector.

5. Conclusions and Outlook

The results obtained by CAST from the combination of the Phasmd*He data allow CAST
to enter as the first experiment into so far unexplored regafrihe axion parameter space favored
by theoretical models. CAST is thus to date the most seesitiperiment looking for axions in a
wide and interesting mass range. WitHe in the magnet bores, CAST is currently extending its
axion search even further into the unexplored regions ofatered axion models continuing the
hunt for the elusive particle. The analysis of these datagoimg and first results can be expected
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Figure 2: CAST exclusion plot of the axion-to-photon coupling const@ 95% CL for all data obtained in
Phase | and Phase Il wifttHe gas at CAST with the three X-ray detectors of CAST (CCD, MM PC).
The achieved limit of CAST is compared with the HorizontahBch (HB) star limit [11] and the hot dark
matter (HDM) limit [12]. The yellow band represents the tgditheoretical axion models and the green
solid line corresponds to the case of the KSVZ model \EittN = 0. The prospects for data taking witHe
have been included in red [10].

soon. The goal of present and future axion searches seemesaodiear as it is challenging: Find
the hypothetical particle or rule out its existence by ¢igghe allowed mass window once and for
all. Either way, CAST will be able to help shedding light ofistparticular dark matter candidate.
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