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Why do we spend time arguing about 
attenuation in the fridge?
• During commissioning, we spend a lot of time installing 

cryogenic attenuators at multiple fridge stages. This is 
mechanically fussy and may feel counterintuitive

https://quantummicrowave.com/browse-products/millimeter-wave-products/cryogenic-components/cryogenic-attenuators/


Start with a thought experiment.



Johnson-Nyquist Noise

•Thermal activity of charge carriers —> measurable current flow 

•Connection to thermal radiation emphasized by Dicke in above paper. 

•Equipartition theorem leads to: 

And in the low-frequency limit,





Experimental payloads see thermal 
photons from each fridge stage.

 in this context is the 
attenuation at a specific fridge 
stage.

A(n)



Noise contributions with and without 
added attenuation:



What’s a good, broadband IR absorber?

We’ve used Eccosorb CR-110.  Thanks, G. Spahn (NWU) 

Quantum Microwave.  
makes a version of this  
too.

https://www.laird.com/products/microwave-absorbers/injection-molded-machined-cast-liquids-and-microwave-absorbing-thermoplastic/eccosorb-cr
https://quantummicrowave.com/wp-content/uploads/2022/07/QMC-CRYOIRF-001MF-2.pdf


Broadband IR absorbing filters exist.

• G. Spahn & N. Kurinsky made a batch of these recently. 
• Rumor: well-thermalized commercial filters are on their 

way… 
• Photo credit: S. Lewis



S21 measurements of selected filters  
(G. Spahn)



Parting Thoughts

• For the 4-qubit UW package in NEXUS, we were given a spec of 
reducing charge noise to  100 pC.  

• Your experiment may have different requirements, necessitating 
a different arrangement of attenuators. 

• This also motivates serious thought about how to thermalize the 
various components in your fridge! Magnetic shields, e.g.
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