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[Nat. Phys. 13 (2017) 584]
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Mass region preferred in 
post-inflationary scenario,
but difficult to accessΧ

cavities
dielectric haloscopes

The Axion:
ÅPseudo Nambu-Goldstone boson
ÅSmall mass and small couplings
ÅConnected to solution of the 

strong CP problem
ÅPrimakoffeffect: Photon-Axion

conversion in strong EM fields
ÅAxioncan explain (part of) 

Cold Dark Matter



Dielectric Haloscope
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In an external magnetic field ║▄the axion
field ὥὸsources an oscillating electric field ╔╪

╔╪is different in materials with different ‐

At the surface, Ὁ᷆must be continuous
Ą Emission of electromagnetic waves
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Power emitted from a single surface:
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‍Power emitted from all interfaces:

Boost emitted power through:
Åcoherent emission from 

multiple interfaces
Åconstructive interference effects

Power boost factor:
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Dielectric Haloscope
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Å‍ ρπachievable with 
80 discs and ‐ ςτ

ÅNon-uniform disk spacing 
of ͯ ϳcan achieve 
broadband response

ÅTuning of sensitive 
frequency range by 
adjusting disc spacing

ÅArea law: ‍όɝ‡ ~const.
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The MADMAX Experiment
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MAgnetized Disc and Mirror Axion eXperiment

[Eur. Phys. J. C 79 (2019) 186]

9 T dipole magnet

Booster: 80 adjustable  dielectric discs (Ø1.25 m)

Horn antenna & receiver system

Focusing mirror

Mirror (not visible)

Cryostat (4 K)



The MADMAX Collaboration
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Founded 18.10.2017
@ DESY/UHH



Time Scale
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Design Phase PrototypingPhase ConstructionPhase

Foundationof
MADMAX 

Collaboration
First endorsement

by DESY PRC

Prototype commissioning
to start in 2022/23

First physicsdatataking
@ CERN

Full-size MADMAX 
magnetcommissioning

Usageof MORPURGO magnetapproved
byCERN Research Board for 2021-2024



Designated Experimental Site
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DESY

HERA Hall North

ÅMADMAX to be built at HERA Hall North
ÅMake use of DESY infrastructure
ÅBenefit: re-use H1 yoke as magnetic 

shielding to reduce fringe field

H1 magnet
(to be removed)UHH


