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Dielectric haloscope

1) Induce inverse Primakoff effect 
in a strong external B field

2) Boost the signal using dielectric 
discontinuities (constructive 
interference and resonance effects)

3) Maximize signal, minimize noise
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https://arxiv.org/abs/1611.05865


Prototype: Closed Booster Manual tunability by rod 
and spacer thickness
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(real time) spectrum analyzer

ὄ Sapphire

Juan P.A. Maldonado on behalf of MADMAX Ṿ maldonad@mpp.mpg.de Ṿ Patras 2024 2



15 days data -taking
Room temperature
Two configurations
3 discs at 1.6 T B field
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Morpurgo 
magnet at CERN

Receiver setup

Background 
measurement

VNA

The experiment Ṿ Prototype closed booster
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The experimenters
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Calibration and analysis procedure
Booster mode identification
Boost factor determination
Dark matter search data analysis



Field measurement setup
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Identification of booster mode

Experimental 
identification of 
the booster 
mode. 

Clear distinction 
of ὝὉ  with 
respect to 
parasitic/higher 
order modes

Frequency [GHz]
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Modeled boost factor distributions

‍  around 2000 with only 3 disks + mirror. Uncertainties of around 15%. 
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arXiv:2409.11777



Analysis chain
Exclusion 

Limit

Based on HAYSTAC: arxXiv:1706.08388 [PRD 96.12(2017)]
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Raw 
spectrum

Combined 
spectrum

Processed 
spectrum

Rescaled 
spectrum

Grand 
spectrum

19.215 GHz

Example from
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Grand 
spectrum

arXiv:2409.11777: On arXiv  since today!



First dielectric haloscope ALP limit

Ḑς times 
more sensitive 
than CAST 
and globular 
clusters limits

Limit set in 
two regions 
around 76 ʈÅ6 
and 79  ʈÅ6 
covering Ḑ
ρππ -(Ú

Bin width = 0.9 kHz
Each bin is a limit

ğɐɶȺǱẏɾ ǩǸɾʌ ȺȡɃȡʌ ɐɅ ʌțȡɾ ȒɶǸɵʔǸɅǪʳ ɶǸȓȡɐɅ ǍɅǱ  Ȓȡɶɾʌ 
axion -like particle search using a dielectric haloscope

Juan P.A. Maldonado on behalf of MADMAX Ṿ maldonad@mpp.mpg.de Ṿ Patras 2024 10

arXiv:2409.11777: On 
arXiv  since today!



Opening up the system
 The open booster setup
 Experimental determination of ‍
 Dark photon run



Open booster, 300 mm disk diameter

Open booster with 3 sapphire disks
Placed at RT inside an EMC room
RFI under control
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Open booster 300 mm

Novel method: Boost factor directly 
reconstructed from field measurement 
without simulation models
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Open booster with 3 sapphire disks
Placed at RT inside an EMC room
RFI under control

arXiv:2311.13359 : [JCAP04(2024)005]
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Improved existing limits by 
Ḑσ orders of magnitude 

arXiv:2408.02368: Submitted  

15 days data -taking at room temperature 
with 3 disks in a fixed position

First MADMAX dark photon  limit

Dark Photon Mass ʈÅ6ȾÃ

Broadband limit: 
78.6 to 83.9 ʈÅ6 
(Ḑ1.3 GHz)
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