
Status of Each Receiver

Dark Photon / Axion (+Axion-Like Particles, ALPs)
• Both are ultra-light (μeV‒meV) dark matter candidates and interact weakly with the electromagnetic field.  
•   

• Dark photons are motivated by the high-scale inflation[1] or string theory models[2], and axions by the strong CP problem[3]. 
• Generally, the photons from the interaction have a frequency corresponding to the dark matter mass:  → GHz‒THz. 
• DOSUE-RR is aiming to detect the photons from dark photons or axions (including ALPs) 
using millimeter-wave receivers covering 10‒300 GHz.

hν ∼ mc2

Dark photon: kinetic mixing  / Axion: coupling constant χ gaγγ

“DOSUE - RR”ーSearching for Wavy Dark Matter  
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Using Millimeter-Wave Receivers
Shunsuke Adachi (Okayama University) for the DOSUE-RR Collaboration

② 38̶50 GHz receiver
The band ① receiver has been retrofitted for band ②.  
The expected limit shown in the band-by-band plot was 
derived from the preliminary receiver noise evaluation, 
which is still ongoing.
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Dark photons/axions convert into  
weak millimeter waves at an 
electromagnetic boundary  
such as a metal surface.

Detection Using a Millimeter-Wave Receiver

Axion conversion requires 
            a strong B-field.
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DOSUE-RR: Band-by-Band Approach

② 38‒50 GHz 	 	 Retrofit the ① receiver for a new band 
③ 75‒110 GHz		 Develop a receiver in a new cryostat 
④ 170‒260 GHz	Develop a new receiver with an “SIS mixer”
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Improved Spectrometer

Frequency range measured  
at once was improved: 
0.002 GHz → 4 GHz 
from our previous search.

We have developed  
a new broadband spectrometer. Increased 
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• We are also developing a new receiver 
using a superconducting SIS mixer to 
access frequencies above 100 GHz. 
• It down-converts the signal to lower 
frequencies with low noise. 
• A focal mirror is also being 
introduced to improve the sensitivity.

④170‒260 GHz receiver
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New receiver

③ 75‒110 GHz receiver
We have developed another cryostat (10 K GM cryocooler), 
which enables parallel measurements in other frequency bands.

Cryogenic  
HEMT amplifier

Cooled to 8 K!

Inside receiver 
components Antenna

10 K stage

Waveguide

35
 c

m

RF
 s

ig
na

l 

New cryostat

60 cm

• Cooling achieved! 
• Cooling is essential to  
reduce the amplifier noise.

• Receiver now installed!

Summary
• New preliminary limit on dark photon dark matter at 18‒38 GHz, using a new broadband spectrometer. 
• Millimeter-wave receivers for 38‒50, 75‒110, and 170‒260 GHz under development to extend the mass range. 
• Axion search with the 8 T superconducting magnet at NIFS in preparation; test run planned for October 2026.
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NIFS: National Institute for Fusion Science (Toki, Gifu)

3×5 cm hole

• We are installing the ① receiver components 
in the 8 T superconducting magnet at NIFS.

• Jigs fabricated. 
• Test run planned for 
October 2026.

Mainly a technology demonstration  
(no stringent limit expected)
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