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•
qudit

multiple degrees of freedom 

•

coherence time

• physically large

Quantum computing with 3-D structures

Niobium TESLA cavities of 
increasing frequency
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•
detect dark photons

•

transmitter receiver

•
mK

temperatures to increase sensitivity

Dark photon physics

Dark photon experiment with 
SRF cavity at Fermilab
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•
Requires a large volume at 20 mK

•
Requires high cooling power at 20 mK

•
Requires high cooling power at 2 K

Goals of the mK platform project
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Larger dilution cryostats

20 mK
diameter 
~300mm

(2008)

20 mK
diameter 
~500mm

(2015)

20 mK
diameter 
~1000mm

(2022)

20 mK
diameter 
~2000mm

(2025)
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• 2 meters 
in diameter by 1.5 meters in height

•
a helium cryoplant and liquid 

nitrogen supply

•

Overview of the cryogenics system
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Platform facility – current arrangement
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Thermal Staging and Mechanical Layout

80-K Plate (Liquid Nitrogen)

5-K Plate (Helium)

2-K Plate (Superfluid Helium)

1-K Plate (Still)

20-mK Plate (Mixing Chamber)

100-mK Plate

20-mK space 
(2m diameter, 1.5m tall)

Vacuum chamber
(3.4m diameter, 4.5m tall)

80-K Shield (Liquid Nitrogen)
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Process diagram (5 K and 2 K stages)
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Warm gas mixed with 
supercritical supply 
for cool down control

HEX

Heat exchanger (5K flow 
cooled by pumped helium flow
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•
600 W @ 4.5 K

•

•

Helium Cryoplant

Existing cryoplant, with expansion engines, valve 
box and 2000-liter storage dewar
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Superfluid helium system

Kinney vacuum booster and liquid ring pump skid
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•
10 commercial dilution “cores” 

35 mW @ 20 mK

•

•

Helium-3 system

Courtesy of Janis Research Company
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Expected heat loads and performance

Stage Nominal 
Temperature

Expected Quiescent 
Load

Available Cooling 
Capacity

Thermal Shield 80 K 250 W 1 kW +

Helium Stage 5 K 70 W ~200 W

Superfluid Stage 2 K 2.5 W ~25 W

Still 1 K 4 mW ~100 mW

Intermediate Cold Plate 100 mK 230 mW 1 mW

Mixing Chamber 20 mK 3 mW 300 mW
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Current status and timeline
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