
1
Lawrence Livermore National Laboratory

!"#$%"&#'("&)*+,'("*-./$%0&#(%1*2!+3-4*&"5*6&.1!+3- 7*
8$,#*9$"$%&#'("*:$)'(/;(<$*=$&%;>*?(%+,'(" &"5*+@A*B&%C*D&##$%

!"#$%&$!

!"#$%$&'()*

!"#$%+,',)'-.*

/"+01

2014 JINST 9 T05002
Figure 2. Schematic view of IAXO. Shown are the cryostat, eight x-ray optics and detectors, the ßexible
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 Þgure positioned by the rotating table.

Þeld andA the aperture covered by the x-ray optics. Currently, the MFOM of the CAST magnet
is 21 T2m4. As discussed in [32], an MFOM of 300 relative to CAST is necessary for IAXO to
aim at sensitivities togag of at least one order of magnitude beyond the current CAST bounds.
Accordingly, we have adopted the latter value as the primary design criterion for the deÞnition of
the toroidal magnet system, together with other practical constraints such as the maximum realistic
size and number of the x-ray optics (section3) and the fact that the design should rely on known
and well proven engineering solutions and manufacturing techniques.

To determine the MFOM, the magnet straight section lengthL is set to 20 m and the integrationR
B2(x,y)dxdy is performed over theopenarea covered by the x-ray optics. Hence, to perform

the integration, the opticsÕ positioning must be determined. Upon placing the optics as close as
possible to the inner radius of the toroidRin, the optimized angular alignment of the optics is
determined by the result of the integration. Two principal options for the angular alignment are
considered: one is to align each of the optics between each pair of racetrack coils, whereas the
other is to place the optics behind the racetrack coils. Figure3 provides a general illustration of
the two alignment options for an 8-coils toroid. In practice, the two options represent two different
approaches: the Þrst, referred to as the Òarea dominatedÓ option, takes advantage of the entire large
aperture of each of the optics and the second ÒÞeld dominatedÓ option assumes that placing the
coils behind the optics, and by that including areas with higher magnetic Þeld in the integration,
will increasefM.
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Figure 19. Sensitivity prospects of BabyIAXO and IAXO (semitransparent regions) in the overall
context of other experimental and observational bounds. We refer to [5] for details on the latter.

The IAXO sensitivity projections shown in Þgure 19 as well as in all plots throughout
this paper refer to the three scenarios of table5. They have been computed by means of Monte
Carlo simulation of the expected background counts in the optics spot area, computation of
the likelihood function and subsequent derivation of the 95% upper limit on thega� assuming
no detected signal. The calculation is repeated for a range ofma values in order to build full
sensitivity lines in the (ga� , ma)�plane. For the purpose of this analysis, and following similar
prescriptions as in [6], detector background and e! ciency are assumed ßat with energy down
to arbitrarily low energies. The axion-photon conversion in the magnet is approximated to
the conversion in an homogeneous Þeld, and the focusing e" ect is reduced to the equivalent
e" ect of enhancing the signal-to-noise ratio due to the fact of conÞning the signal counts into
the spot area. For all scenarios, an additional bu" er gas data taking phase is considered,
giving rise to the extended step-wise sensitivity line at high masses (0.01Ð0.25 eV). This data
taking phase is composed by a number of overlapping gas density steps spanning the desired
mass range. While in previous projections [323] an equal exposure time is assigned to each
step, resulting in a exclusion line more or less horizontal inga� , in this case the exposure time
is di" erent for every step and adjusted to obtain a sensitivity down to the DFSZga� (KSVZ
for the BabyIAXO case) for every ma value. Of course di" erent prescriptions to distribute
the total exposure time among the steps are possible, depending on the motivation, e.g. to
go for larger ma or lower ga� . The total exposure of this second phase is the same as the
vacuum phase (t in table 5).
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