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Cryogenics and quantum computing
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Ion trap computers

• cryogenic ion trap

• thermal noise 
combining the 

trap with a cryogenic system at ~10 K

Cryogenic ion trap system at the 
University of Sussex. System 
combines a 4-K cryocooler with an 
ion trap (Image: University of Sussex)
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Superconducting qubits

Image: IBM / Amy Lombard
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Larger dilution cryostats

20 mK
diameter 
~250mm

(2010)

20 mK
diameter 
~500mm

(2015)

20 mK
diameter 
~1000mm

(2021)

Image: Oxford Instruments Image: BlueFors Image: Leiden Cryogenics
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Some issues with scaling up
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A quick tour of a dilution refrigerator

Image: Oxford Instruments
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Circulation and heat exchange (2)
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• cooling of 
the 3He demands of experimental wiring

Precooling and experimental loads

A typical quantum computer setup
Image: Rigetti Computing / Justin Fantl

Cryogenic control processor
Image: Intel
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• Advantageous if the transduction is cryogenic 
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Quantum networking

Quantum 
networking 
demonstration 
(image: NIST / 
Tasshi Dennis)
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Large platforms with an extra thermal stage

Dilution refrigerator with a 1-K 
condenser (Image: K. Uhlig)
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Large platforms using liquid helium

Exterior of the large mK platform at Fermilab
Image: Fermilab
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Larger cryogenic facilities – a concept for a “quantum data center”

Image: IBM
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Larger cryogenic facilities – a concept for a “quantum data center”
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Central LHe plant

Image: 
Fermilab
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Concluding remarks
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