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1Rudjer Bošković Institute, Zagreb, Croatia
2Dogus University, Istanbul, Turkey
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CERN Axion Solar Telescope (CAST) is currently the most sensitive axion helioscope
designed to search for axions and axion-like particles produced in the Sun. CAST is using
a Large Hadron Collider prototype magnet where axions could be converted into X-rays.
So far, no evidence of signal has been found and CAST set the best experimental limit on
the axion-photon coupling constant over a broad range of axion masses up to ∼ 1 eV.
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1 Introduction

Axions are hypothetical particles arising in models which may solve the CP problem of strong
interactions. The underlying Peccei-Quinn (PQ) mechanism [1] introduces a new global U(1)
symmetry that is spontaneously broken at a large energy scale fa. Axions are neutral pseu-
doscalars with phenomenology determined by the scale fa. They generically couple to gluons
and mix with neutral pions. The axion mass can be expressed in the form ma = mπfπ/fa =
6 eV(106 GeV/fa), where mπ and fπ are the pion mass and decay constant, respectively. Ax-
ions couple to photons, nucleons and electrons. Most of the axion experimental searches rely
on the axion interaction with two photons, allowing for axion-photon conversion in external
electric or magnetic fields.

The CAST experiment is based on the axion helioscope technique [2] where a dipole magnet
is oriented towards the Sun. Axions could be produced in the solar plasma via the Primakoff
process, and back-converted into photons in a laboratory magnetic field. The expected solar
axion flux at the Earth would have a continuous energy spectrum peaked near the mean energy
〈Ea〉 = 4.2 keV and dying off above 10 keV. The expected number of photons (X-rays) reaching
a detector is Nγ =

∫
(dΦa/dEa)Pa→γS t dEa where (dΦa/dEa) is the differential axion flux

at the Earth, Pa→γ the axion-photon conversion probablilty, S the effective area and t the
measurement time. The axion-photon conversion probability in vacuum can be written as
Pa→γ = (gaγB/q)

2 sin2(qL) where L is the magnet length, B the magnetic field and q = m2
a/2Ea

the axion-photon momentum difference. The probability is maximal if the axion and photon
remain in phase over the magnet length, i.e. when the coherence condition qL < π is satisfied.
As a consequence, the experimental sensitivity is restricted to a range of axion masses. In order
to extend the sensitivity to higher axion masses, the conversion region has to be filled with a
buffer gas which provides an effective photon mass.

The first implementation of the axion helioscope technique was performed in Brookhaven [3]
and later a more sensitive search in Tokyo [4, 5, 6]. The most sensitive heliscope experiment
CAST has been taking data since 2003, both with vacuum and gas (helium) inside the conversion
region.

2 Experimental setup

CAST utilizes a Large Hadron Collider (LHC) prototype dipole magnet as the source of external
magnetic field (B = 9 T). Inside the magnet there are two paralell pipes with the length L =
9.26 m and cross-sectional area S = 2×14.5 cm2. The magnet is mounted on a rotating platform
with ±40◦ horizontal and ±8◦ vertical movement. As a result, the Sun can be followed for about
1.5 hours both at sunrise and sunset during the whole year. At both ends of the magnet, different
detectors are searching for X-rays coming from axion conversion inside the magnet when it is
pointing to the Sun. The time the Sun is not reachable is used for background measurements.
Two different X-ray detectors are used presently. Three Micromegas detectors [7, 8, 9] cover
two bores on the sunset side and one of the bores of the sunrise side. A Charged Coupled Device
(CCD) [10] is covering the other bore on the sunrise side. The CCD is working in combination
with an X-ray telescope which can focus the photons to a few mm2 spot, thus significantly
improving the experimental sensitivity.
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Figure 1: Left: Exclusion regions in the ma − gaγ plane achieved by CAST in the vacuum,
4He, first part of the 3He phase and our new preliminary results (all in red). We also show
constraints from the Tokyo helioscope (Sumico), horizontal branch (HB) stars, and the hot
dark matter (HDM) bound. The yellow band represents typical theoretical models while the
green solid line corresponds to the KSVZ model. Right: CAST constraints on gae and gaγ for
ma . 10 meV. The region above the thick black line is excluded by CAST. The gray region is
excluded by solar neutrino measurements. In the vertical orange band, axion emission strongly
affects white dwarf cooling and the evolution of low-mass red giants; the region to the right of
this band is excluded. Likewise, helium-burning stars would be affected in the horizontal blue
band; parameters above it are excluded.

3 CAST operation, results and prospects

The CAST experiment has been taking data since 2003. During 2003 and 2004 the experiment
operated with vacuum inside the magnet bores, and set the best experimental limit on the
axion-photon coupling constant for the axion mass range up to 0.02 eV [11, 12]. In order to
extend the sensitivity to higher axion masses, the conversion region had to be filled with a
buffer gas. By changing the pressure of the buffer gas in steps, one can scan an entire range
of axion mass values. During 2005 and 2006 the magnet bores were filled with 4He, and the
range of axion masses up to 0.39 eV was scanned. For the first time, the obtained limit [13]
entered the QCD axion model band in the electroweak range. From 2008 to 2011, with 3He
as the buffer gas, CAST covered the range of axion masses up to 1.18 eV. The results of the
first part of 3He data, with the sensitivity up to 0.64 eV, were published in [14]. Figure 1 (left)
shows the CAST published limits on the axion-photon coupling constant for axion masses up
to 0.64 eV, as well as the preliminary limit for masses up to 1.18 eV.

Apart from the main line of research, CAST has also performed searches from M1 nuclear
transitions [15, 16] and low energy axions [17]. The most recent search investigated non-
hadronic axion models, which have a tree-level axion-electron interaction. In these models,
axions would be abundantly produced in the Sun via bremsstrahlung, Compton scattering, and
axio-recombination. Figure 1 (right) shows the obtained constraints [18] on the axion-electron
(gae) and axion-photon coupling constant (gaγ) for the range of axion masses up to 0.01 eV.
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In the immediate future, CAST is planning to revisit the vacuum phase with significantly im-
proved low-background Micromegas detectors and new X-ray optics for the sunrise Micromegas.
With the improved sensitivity, CAST will be able to scan a new region of the parameter space
searching for axion-like particles. These particles appear in many extensions of the standard
model (including string theory) and are viable candidates for the dark matter of the universe.
In parallel, CAST will be able to search for other proposed particles at the low energy frontier,
like hidden photons or chameleons.

The challenge for the long-term future is to move down in thema−gaγ parameter space. This
goal could be achieved with significant improvements of magnet and detector properties, and
extensive use of X-ray optics [19]. A new generation of axion helioscope, IAXO (International
AXion Observatory), is currently at the level of the Conceptual Design.
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