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Introduction
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Cao.JLTP.204.175 Helium-3 evaporation

Dilution refrigeration [ ]
Pomeranchuk cooling - ]

@ dilution refrigeration
@ ADR (continuous)

Electronfdemagn;tization ]7 [ Comparison

Nuclear demagnetization

Tunnel junction cooling

Laser cooling [

Evaporative cooling
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My background

o current work: 3He-*He dilution refrigeration in micro-gravity
@ 45 years ago: ADR
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Helium-3 Dilution Refrigeration
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Helium-3 Dilution Refrigeration
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Helium-3 Dilution Refrigeration
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pulse-tube refrigerator

Dry Helium-3 Dilution Refrigeration

*He pump

|
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still
heat
exchagners
heat
exchagners
mixing
(a) chamber (b)

mixing
chamber
Cao.JLTP.204.175
more sample space
no liquid *He costs
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Dilution Refrigerator Heat Exchange
1978: best heat exchanger layout

Ox. Inst. replaces Concentrated *He
Argon welding with
tin soldering

e

u—Ni foil

Sintered
Argon weld silver

Dilute *He
Frossati.JPC6.39.1578

today
@ b5 mK instead of 2mK

@ 10 times more *He flow rate

construction details
@ electroplate Cu-Ni foil with Ag
@ sinter Ag powder at ~ 200 °C

@ Ag messes up Argon welding
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Dilution Refrigerator Heat Exchange
1978: best heat exchanger layout  mixing chamber geometry

Ox. Inst. replaces Concentrated *He |
Argon welding with N S

tin soldering

u—Ni foil

Vibrating i —
wire
resonator (
Dilute *He S_inte red Phase _
Frossati.JPC6.30.1578 "9 " silver boundary .
Sintered Ag slab
Ag pads
tOday Base of o 1 mm Ag
mixing T wires
@ b5 mK instead of 2mK chamber 12N -
1 Heat ! Resist
@ 10 times more 3He flow rate o e

Cousins.PRL.;I3.2583

construction details
@ electroplate Cu-Ni foil with Ag
@ sinter Ag powder at ~ 200°C o force 3He over vertical slabs

@ Ag messes up Argon welding
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Adiabatic Demagnetization Refrigeration Principles
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Adiabatic Demagnetization Refrigeration Principles
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Adiabatic Demagnetization Refrigeration Principles
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Adiabatic Demagnetization Refrigeration Principles

L \\!‘ A T T T TTTTT] C A
0.6 1
e 04
v B
0.2
- Blarge
0 — Dsmall [

-
on earth: the system lifts heat (grey area) while it warms up

Gerard Vermeulen (Néel Institute — CNRS) Grenoble, 2022-09-28 9/15



Adiabatic Demagnetization Refrigeration Principles
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Adiabatic Demagnetization Refrigeration Principles
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Adiabatic Demagnetization Refrigeration Principles
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Adiabatic Demagnetization Refrigeration Principles
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2-Stage Single-Shot ADR
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Multi-Stage Continuous ADR

stage 1 2 3 . heat switches
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Multi-Stage Continuous ADR

Stage 1 2 3 4
— = — Z
3 5 _ ® ¥ Cryocooler
045275 K== 25-1K |5 9-6+K Cold Tip
==l T e
¢’
Stage Refrigerant B (T) Thign (K) Tiow (K) Mass (kg)
1 60 g CPA 0.1 0.05 0.5
2 100 g CPA 0.5 03 0.045 1.7
3 100 g CPA 15 13 0.25 24
4 65 g GLF 4.0 5 1.15 3.1
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heat switches
@ 1 superconductor
@ 1 active gas gap

@ 2 passive gas gap

ramp B and switch Q
@ as fast as possible

@ switch time is limit
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Multi-Stage Continuous ADR
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Multi-Stage Continuous ADR

experimental cooling power versus temperature
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New Materials for Continuous ADR

frustrated antiferromagnetism

@ antiferromagnetic order is
incompatible with triangular
lattice

@ replace paramagnetic salts

higher entropy density
insensitive to vacuum
insensitive to high T

not corrosive

S,y (Jimol K)

N

T(K)
Tokiwa.CommunicationsMaterials.2.42
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New Materials for Continuous ADR

frustrated antiferromagnetism

@ antiferromagnetic order is
incompatible with triangular

lattice
N @ replace paramagnetic salts
% e higher entropy density
e insensitive to vacuum
{ @ polycrystal e insensitive to hlgh T
0.001 @ crystal ¢70.5mm @ not corrosive
| © .C’VS‘?"¢T5""“ e better thermal contact
0.0001 LIl .
0.1 1 @ more material research
T (K
Brasiliano.Cryogenics.105.103002 o experts:
o France: CEA-DSBT
K5 mm diameter =~ KBrass UNS C26000 o USA: NASA
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Conclusion: Technology Comparison

model Tonin QAT 4He
mK pW @ mK

Oxford Kelvinox 400 <7 400 @ 100 wet

Oxford Proteox 5mK900 <5 25-850 @ 20—100 | dry

Leiden CF-CS110-1500 7 1500 @ 100 dry

BlueFors XLD1000 8-10 450-500 @ 100 dry

NASA CADR 35-100 | 1.5-32 @ 35-100 | both
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Conclusion: Technology Comparison

model Tonin QarT *He
mK pW @ mK
Oxford Kelvinox 400 <7 400 @ 100 wet
Oxford Proteox 5mK900 <5 25-850 @ 20—100 | dry
Leiden CF-CS110-1500 7 1500 @ 100 dry
BlueFors XLD1000 8-10 450-500 @ 100 dry
NASA CADR 35-100 | 1.5-32@35-100 | both
dry DR wet DR | DIY
outside space large small any
configuration fixed fixed any
vibrations PTC+4pumps | pumps | any
know-how company company | you
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Conclusion: Technology Comparison
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NASA ADR has Q = 16 pW @ T = 70mK: 6 times less than used
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Conclusion: Technology Comparison

model Tonin QAT 4He
mK pW @ mK

Oxford Kelvinox 400 <7 400 @ 100 wet

Oxford Proteox 5mK900 <5 25-850 @ 20—100 | dry

Leiden CF-CS110-1500 7 1500 @ 100 dry

BlueFors XLD1000 8-10 450-500 @ 100 dry

NASA CADR 35-100 | 1.5-32 @ 35-100 | both

CADR is sensitive to magnetic field
CADR may require control of stray fields
| extrapolate Qoad @ 4K ~ (3-10) mW
lots of room for improvement
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