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CRESST-II 2014 (solid red). CRESST 2  light blue. The dash-dotted red line refers to the reanalyzed data from the CRESST 
commissioning run [22]. In green : SuperCDMS (solid)[7], CDMSlite (dashed) [23] and EDELWEISS (dashdotted) [24]. The 
parameter space favored by CDMS-Si [4] is shown in light green (90% C.L.), the one favored by CoGeNT (99% C.L. [2]) and DAMA/
Libra (3  C.L. [25]) in yellow and orange. The exclusion curves from liquid xenon experiments (90% C.L.) are drawn in blue, solid for 
LUX [6],dashed for XENON100 [5]. Black : Future DAMIC 100g after 1y.
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Figure 1: Comprehensive axion/ALP parameter space, highlighting the three main front lines of direct
detection experiments: LSW experiments (ALPS [58]), helioscopes and haloscopes. The blue line cor-
responds to the current helioscope limits, dominated by CAST [59, 60, 61, 62] for practically all axion
masses. Also shown are the constraints from horizontal branch (HB) stars, and hot dark matter (HDM)
and the ones from searches of decay lines in telescopes [63, 64, 65]. The yellow “axion band” is de-
fined roughly by mafa ⇠ m⇡f⇡ with a somewhat arbitrary width representing the range of realistic
axion models. The green line refers to the KSVZ model. The orange parts of the band correspond to
cosmologically interesting axion models: models in the “classical axion window” possibly composing
the totality of DM (labelled “CDM2”) or a fraction of it (“CDM3”). The anthropic window (“CDM1”)
corresponds to a range unbound on the left and up to ⇠1 meV. For more generic ALPs, practically all
the allowed space up to the red dash line may contain valid ALP CDM models [46]. The region of axion
masses invoked in the WD cooling anomaly is shown by the blue dash line. The region at low ma above
the dashed grey line is the one invoked in the context of the transparency of the universe [66] (note that
is extends to masses lower than the ones in the plot), while the solid brown region is excluded by HESS
data [67].
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Figure 3: Conceptual arrangement of an enhanced axion helioscope with x-ray focalization. Solar axions
are converted into photons by the transverse magnetic field inside the bore of a powerful magnet. The
resulting quasi-parallel beam of photons of cross sectional area A is concentrated by an appropriate x-ray
optics into a small spot area a in a low background detector. The envisaged design for IAXO, described
in section 4, includes eight such magnet bores, with their respective optics and detectors.

sizes of few ⇠mm2 areas.
Indeed, in [143] we defined the basic layout of an enhanced axion helioscope as one in which the

entire cross sectional area of the magnet is equipped with one or more x-ray focussing optics and low
background x-ray detectors. This arrangement is schematically shown in Fig. 3. It is useful to define
an approximate figure of merit (FOM) of an enhanced axion helioscope to understand the potential
contribution of each component to the overall sensitivity. One such metric f was defined in [143] as
inversely proportional to the minimal signal strength to which the experiment is sensitive to, i.e. f /
g�4

a�,lim, and thus:

f ⌘ fM fDO fT (10)

where we have factored the FOM to explicitly show the contributions from various experimental param-
eters: magnet, detectors and optics, and tracking (effective exposure time of the experiment)

fM = B2 L2 A fDO =

✏d ✏op
b a

fT =

p
✏t t . (11)

where B, L and A are the magnet field, length and cross sectional area, respectively. The efficiency
✏ = ✏d ✏o ✏t, being ✏d the detectors’ efficiency, ✏o the optics throughput or focusing efficiency (it is
assumed that the optics covers the entire area A), and ✏t the data-taking efficiency, i. e. the fraction of
time the magnet tracks the Sun (a parameter that depends on the extent of the platform movements).
Finally, b is the normalized (in area and time) background of the detector, a the total focusing spot area
and t the duration of the data taking campaign.

As will be shown below, these FOMs clearly demonstrate the importance of the magnet parameters
when computing sensitivity of an axion helioscope. The CAST success has relied, to a large extent,
on the availability of the first class LHC test magnet which was recycled to become part of the CAST
helioscope. Going substantially beyond the CAST magnet’s B or L is difficult, as 9 T is close to the
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align each of the telescopes between each pair of racetrack coils, whereas the other is to place the tele-
scopes behind the racetrack coils. Fig. 5 provides a general illustration of the two alignment options for
an eight coils toroid. In practice, the two options represent two different approaches: the first, referred
to as the ”area dominated” option, takes advantage of the entire large aperture of each of the telescopes
and the second ”field dominated” option assumes that placing the coils behind the optics, and by that
including areas with higher magnetic field in the integration, will increase fM .

Once the position of the telescopes is fixed, the integration over a disc with radius Rdet centered at
(Rcen, ✓cen) can be performed. Then, the magnetic field is determined by the geometrical and electro-
magnetic parameters of the magnet. For each lay-out, the magnetic field is calculated using a 3D FEA
model and the integration is performed on the mid-plane. The model features an arc at the bent sections
of each racetrack with a radius Rarc = (Rout � Rin)/2, where Rout and Rin are the outer and inner
radii of the racetrack coil windings, respectively. The model also assumes the use of an Al stabilized
Rutherford NbTi cable in the coil windings. The winding dimensions are determined from the conductor
dimensions assuming a few winding configurations.

The optimization study shows that IAXO’s MFOM is affected considerably by the fraction of the
aperture of the telescopes exposed to x-rays, thus favoring the area dominated alignment. Even when
considering the field dominated alignment, it is preferable to use thinner coils, thus increasing the open

Figure 4: Schematic view of IAXO. Shown are the cryostat, eight telescopes, the flexible lines guiding
services into the magnet, cryogenics and powering services units, inclination system and the rotating
disk for horizontal movement. The dimensions of the system can be appreciated by a comparison to the
human figure positioned by the rotating table.
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sufficient to accomplish the primary physics goal of the experiment. The additional equipment described
below rely on less developed considerations but offer potential improvements beyond the baseline of the
experiment. They include GridPix detectors, Transition Edge Sensors (TES), low noise Charge Coupled
Devices (CCD) and microwave cavities and antennas. None of the quantified physics potential explained
in section 5 relies on any of these devices. The motivations to consider an complementary or alternative
use of this equipment are several:

• They offer potential to span the detection energy window of solar ALPs to lower energy ranges
(GridPix, TES, CCD) which could be interesting for additional searches of more specific ALPs or
WISP models (e.g., hidden photons, chamaleons or other ALPs)

• They offer potential for new physics cases, like the detection of dark matter axions and ALPs
(microwave cavities or antennas).

• Even if at the moment the Micromegas detectors are the ones with best prospects to achieve the
needed FOM for low background x-ray detection in IAXO, other technologies, e.g., low noise
CCD, could eventually prove competitive too as R&D is ongoing in this direction. Provided similar
FOMs were achieved by a second technology, the preferred configuration for IAXO would be a
combination of the two (e.g. half the magnet bores equipped with one kind of detector and half
with another), as this configuration is more immune to systematics effects in case of a positive
detection.

• Finally, the consideration of more technologies is helpful to attract and built community around
the project.

4.5.1 GridPix

The GridPix development aims at the combination of a Micromegas with a highly pixelized readout [182].
To cope with the large number of electronics channels needed to cover significant areas with very fine
granularity, the readout ASICs of pixel detectors are used. The bump bond pads, which are usually used
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Figure 24: Left: Conversion of two X-ray photons at different drift distances, right: track of cosmic
ray [181].
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