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Magnet Design Studies 
• Just ordered from two independent partners  
• Figure of merit: B2∙A (goal 100 T2m2)  
• Possible conductors:  
  NbTi (< 9T possible), Nb3Sn (>12 T possible) 

 

Water / Myon-Veto (Č)‏ 

Prototype setup 

Horn Antenna 

Parabolic Mirror 

Precision Motors 

Dielectric Discs 
ε ≈ 9, Ø ≈ 20 cm 

Mirror 

Receiver System 

Receiver system already available: 
(heterodyne detection scheme) 
• noise temperature Tsys ≈ 10 K 
• preamplifier in LHe cooled to 4 K  
• dead time < 2% 
 1∙10-22 W “fake axion” signal detected 

in one week with 5σ significance 
 Next steps: smaller powers, include 

antenna, …  
 

Frequency above Reference [10 kHz] 

The dielectric disc haloscope 

Axion field classically induces electric field: 

 discontinuity at 
surface of dielectric 
 

 EM wave emission for 
compensation 
 

 Power expected from 
QCD Axion:      

  ≈ 2∙10–27 W/m2 (B║/10T)2  

Type equation here. 
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Frequency [GHz] 

 EM emission from all interfaces & leaky resonances 
   power boost  

 

 for 80 disks, ε = 24: β2 ~ 5∙104 over 50 MHz bandwidth possible 
 disk positions determine frequency and bandwidth of β2 

The MADMAX Idea 

Proof of Principle Setup 

Proposed Setup 

 Transmissivity & Reflectivity 
of test signal correlated to 
boost factor 

 demonstration of ability to 
achieve good alignment 

 uncertainties on boost factor 
 

 promising results 
 will be extended to 20 discs 

Further Challenges 

 3D simulations (include tilt, non-normal 
emission due to axion velocity, …) 

 tiling of dielectric discs 
 disc moving mechanics in high-Tesla-

cryogenic environment 
 measuring absolute disc positions 
 … 
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with Tsys ≈ 5 K, 80 discs ε≈24 
(β2 > 5∙104 over 50 MHz) and 
B2∙A ≈ 100 T2m2 
 sensitive to QCD axion 

in one week 
 

 2017 collaboration forming 
DESY; Univ. of Hamburg; CEA-IRFU, 
Saclay; MPIfR, Bonn; Univ. of Zaragoza 

≈ 2019 first prototype 
Ø ≈ 30 cm; B ≈ (3-4) T  

~  2022 full scale experiment 

Goal: Detect QCD axion with mass 40 − 400 µeV 

Mechanical Limitations 

Temperature: 

Motor 
Hysteresis: 

Motor 
Repeatability: 

 Reflectivity R of disk system 
correlated to boost factor β2  

Conclusion 

 for up to 5 disks: system with predicted electromagnetic response can be built 
 accuracy within goal margins      
 Outlook: go up to 20 disks, antenna upgrade, independent optical distance 

measurement, tilt studies; 3D simulations & systematics studies  

Comparision different 
optinmization algorithms 

Ggf. 3D effects: tilts, 
diffraction loss,…? 

Plots for Boostfaktor 
accuracy 

Microwave Optics Systematics 

Antenna Reflection 
  Ripples on τg

  

 needs modeling / calibration 

Time Domain (Mirror-Only) 4 Disk Group Delay 
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Disk Position Optimization 

 fit disk positions, i.e. measured to calculated group delay 
 up to 5 disks (1 mm thick, sapphire, ε ≈ 9), equidistant d = 8 mm 

 measured responses compatible with desired boost factors in 1D model 
  frequency position within ~ 5% Δf  (FWHM) and 
  boost amplitude within ~ 10% β² (amplitude) 

Boost Factor Repeatability 

 demonstrate required accuracy 

 study syst. uncertainties on power boost β2  

Experimental Setup  

Copper 
Mirror 

Dielectric Disks 
(sapphire, ε ≈ 9.4) 

Precision 
Motors 

K Band  
Horn Antenna 

(cross section) 
Parabolic 

Mirror 

to VNA 

1D Model 

 Power boost factor β2 and reflectivity R = |R|eiΦ are correlated 

 Calculation of β2 and R with 1D equivalent circuit (in ADS) 

Fit 

 
 reflections included in 1D model  

 

Others: Diffraction, Tilts, Surface Parallelism, Dielectric Loss, ... 

Disk Spacing Repeatability 


