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The proposed MAgnetized Disk and Mirror Axion eXperiment, or MADMAX, is a
novel experiment in the hunt for Axion Dark Matter. It aims to detect axions in the
well-motivated mass range of 40-400 µeV[1]. The log-log plot in Figure 1 shows
the sensitivity of MADMAX to axion and axion-like particles in the photon-coupling

g
aγ

 versus mass m
a
 phase-space[2]. Dielectric haloscopes, such as MADMAX, are

a promising approach to explore the parameter space in this mass range. 

Figure 4: Drawing (left) and photo (right) of the Proof of Principle apparatus at MPI in Munich.

MADMAX is designed around the concept of the dielectric haloscope, shown in
Figures 2 and 3. It is composed of several thin dielectric disks, a refective mirror,
a receiver system, and a strong magnetic feld. To suppress thermal noise, the
experiment is operated at cryogenic temperatures. In addition to resonant
efects in the booster, each dielectric surface emits radiation coherently, leading
to a Power Boost Factor, β2, which is defned as the ratio between the emitted
power of the booster system and that emitted by a single mirror alone. The total

power emitted by the booster is then related to β2, the magnetic feld strength B
e
,

and the surface area of the disks, A, as follows. 

Figure 2: General concept of the dielectric 
haloscope. B

e
 indicates the direction of 

the magnetic feld. 

Figure 3: Drawing of the proposed MADMAX dielectric 
Haloscope.

Figure 7: Beam shape measurements 
in front of the mirror.

MADMAX is a novel approach to search for Axion Dark Matter using the principle
of the dielectric haloscope. As an initial step, a frst Proof of Principle apparatus
has been developed and is currently aiding in characterizing the electromagnetic
response of the booster system. These studies, together with simulations, as
shown in Figure 7, will guide the development of the next phase of the
experiment, a Prototype detector, and the eventual full-scale MADMAX detector.

Figure 5: Focusing mirror
and antenna.

Figure 1: Sensitivity of MADMAX to axion and axion-like particles in the photon-coupling g
aγ

 

versus mass m
a
 phase-space[2]. Two scenarios, for 20 and 80 disks, are shown in blue.  

Figure 7: Efect of disk misalignment on the power boost factor for a 20 disk Prototype
(left) and 80 disk full-scale MADMAX (right).
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Figure 6: Group delay measurements
compared to 1D simulations.
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