
Cooling down radio waves 
Monday morning. You get into your car and when you try to tune the radio, you only hear a 

buzzing sound. Where is this noise coming from? Can we cool it down? In a recent paper 

published in Science Advances, researchers from the Steele lab, at Quantum Nanoscience 

department of the TU Delft show how to reduce the noise to a quantum scale by cooling down 

radio waves.  

When working with radio waves noise can come from several sources, even space radiation can 

contribute! We can get rid of a big part by isolating the source and the antenna that are used. 

However, even doing that, some noise persists. Temperature is just a measure of the random 

movement of atoms in a material, and this random movement happens to contribute to the 

noise in the signal! This allows us to define hot radio waves (those full of noise). Thinking on this, 

the first thing you can try is cooling the whole system, and if you cool your system down to 10mK 

(this is 0.01 Celsius over absolute zero!), something already very challenging, the noise at GHz 

disappears… But the MHz component persists. 

That is why Steele and collaborators came up to another solution, what they call photon 

pressure coupling. This method is based on the coupling between the main radiofrequency 

circuit with a superconducting quantum circuit. The quantum circuit contains a very sensitive 

device to magnetic fields, a Superconducting QUantum Interference Device (SQUID). This 

element is sensitive to any noisy current persistent in the radiofrequency circuit and acts as a 

coupler, yielding a response to this noise. By tweaking the superconducting quantum circuit, 

they can create a response back in the radiofrequency circuit that counteracts the jiggling of the 

atoms, getting rid of the noise. This way, the only noise still left comes from quantum 

fluctuations! 

This is how they cool the radio waves down to the quantum ground state, something of huge 

relevance for applications such as radio astronomy or the detection of dark matter, where they 

need to measure ultra-weak signals in MHz ranges. This was very difficult due to the 

temperature of the hot radio waves, and thanks to this work new detectors could be improved, 

yielding a higher sensitivity. You can read the original work Cooling photon-pressure circuits into 

the quantum regime from Science Advances: https://doi.org/10.1126/sciadv.abg6653 
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Coupling between the radiofrequency circuit (red) and a SQUID (blue). Courtesy of Prof. Gary 

Steele. [1] 

Video showing how the device works. [1] 

https://www.youtube.com/watch?v=RrZSRWXnYOk 

 

[1] Courtesy of Prof. Gary Steele. 
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