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Why Space ?

Earth Observation
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Earth observation: Weather satellite MTG

IRS

55 K and 60 K needed 
(photoconductors HgCdTe)

2 instruments 
IRS: Infrared Michelson Interferometer 
FCI: High spatial and spectral resolution imagery

FCI

Imaging 
mission 
satellite

See Thierry Wiertz 
presentation
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Why Space ?

Earth Observation Planetary 
Exploration
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Planetary exploration
MARS SCIENCE 
LABORATORY 

(MSL)
Launched Nov. 2011 
Trip: 8 months (570 106 km) 
Landed Aug. 2012 
Lifetime: 22 months

Has life ever existed out there ?

Chemistry and Mineralogy 
(CheMin):  CheMin is a 
mineralogy instrument, onboard 
MSL, that identifies and quantifies 
the minerals present in rocks and 
soil delivered to it by the Sample 
Acquisition, Sample Processing 
and Handling (SA/SPaH) system. 
The Ricor K508 rotary cooler 
provides cooling to CCD at ~210K 
with a lifetime requirement of 
1600hrs for surface operations.

diffraction and fluorescence 
informations collected by a 
cooled CCD

CheMin

Curiosity: Mass ≈ 900 kg
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Why Space ?

Earth Observation Planetary 
Exploration

Scientific 
Missions

Cryogenics • Detectors 
• Optics

50 - 200 K 0.05 - 100 K

Any T. 
210 K here
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What is essential is invisible to the eye …
Andromeda (M31)Cat’s paw (or bear claw) nebula  (NGC 6334)

From ground
ArTeMiS APEX + ESO’s VISTA telescope

Composite: Visible + XMM Newton + HerschelFr
om

 s
pa

ce

Two things needed 
(1) to be able to "see" 
(2) to be able to measure
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Ground based telescope 
Infrared spectrum: few "windows" 
accessibles

Visible to the instruments ?

Atmospheric filter 
Fortunately for us !

PWV: Precipitable Water Vapor

Attenuation of incoming radiation 
Increase of noise (thermal emission) 
Inhomogeneities in distribution

Space opens up the full 
window
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Ground based telescope 
Infrared spectrum: few "windows" 
accessibles

Visible to the instruments ?

Atmospheric filter 
Fortunately for us !

PWV: Precipitable Water Vapor

Attenuation of incoming radiation 
Increase of noise (thermal emission) 
Inhomogeneities in distribution

Reasonable 
transmission Very low PWV

200 µm

350 µm
450 µm

870 µm870 µm
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July 2007 PWV 1 mm   

PWV 0.1 mm
PWV 0.2 mm
PWV 0.5 mm

APEX 
Atacama Chile

Space opens up the full 
window
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To be able to see: harsh environment or space

Submillimetric Astronomy

Mauna Kea

Atacama 
Chile

Antartica

Gornergrat

Summit

Kosma 
TibetSofia 

Palmdale

Sofia 
Christchurch

South pole Dome A Dome C

Could be tough 
to get there !

Remote location 
High altitude and/or cold 
Complicated logistic

PWV: 1mm = 1 kg.m-2
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To be able to measure: Shh ! faint signals coming in
Photon detectors Thermal detectors

Incoming radiation Interaction with electrons Temperature change
≈ wavelength independentwavelength dependent
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re

 (K
) CCDScintillators

Ge crystals
Ternary alloy

Binary alloy

Si:X

Ge:X

Heterodyne 
receiver

HEMT

Bolometers & Microcalorimeters

Photo-conductors

E ∆T

wavelength

R
es

po
ns

e

Thermal detector

Photon detector

Infrared instruments: 
largest application of space cryogenics

Energy

Valence band

Conduction band

hv > ∆E
∆E

Incident light produces charge carriers
Thermal fluctuations generates noise  low T

Incoming 
photon

E ∆I, ∆V, ∆R
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To be able to measure: Shh ! faint signals coming in

K C

T0
∆T =

mC
E

τ = RthC = C

K

Thermal detector: Bolometer

T

Measurable ∆T ? Minimize C Low Temperature

Cryogenics
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To be able to measure: Shh ! faint signals coming in

K C

T0
∆T =

mC
E

τ = RthC = C

K

Thermal detector: Bolometer

T

Measurable ∆T ? Minimize C Low Temperature
R

es
is

ta
nc

e

Temperature

Transition Edge Sensor 
(TES)

small change in T

big change in R

Cryogenics
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Drivers for the cryogenic chain

MicrogravityGravity Liquid ? 
Tricks neededCan be used to move things !

Survive launch 
(and transport)

Survive transport 
(much easier !)

Ground based harsh environment Space borne

MaintenanceMaintenance limited if possible

Preferably no consumable 
(electricity only - cryogen free)

Reliability

Mass OK
required
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Space: natural resources

High vacuum

Deep space 
@ 2.7 K

Heat transfer 
• Convective 
• Conductive 
• Radiative

Solar photons
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Is it cold out there ?
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km36000

MESOSPHERE

THERMOSPHERE

IONOSPHERE

STRATOSPHERE

TROPOSPHERE

Everest

Cumulonimbus

Ozone

Balloon

Cirrus

Aurora 
borealis

Geostationary 
satellite

2

-90 -50 0 T (°C)

Expansion of warm air 
from the ground

Ozone absorbs UV 
T stabilizes and 
then increases

Ozone concentration 
decreases and so does T

Recombination of molecular O2
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Is it cold out there ?

5

10

20

40
50

85

500

km36000

MESOSPHERE

THERMOSPHERE

IONOSPHERE

STRATOSPHERE

TROPOSPHERE
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-90 -50 0 T (°C)

≈ 6000 K≈ 293 K

≈ 20 K ≈ 2.7 K

≈ 40-50 K
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Reliability

Space cooling chains
0.1 K  1 K 10 K 100 K 300 K0.01 K

Active "mechanical" coolers

Passive 
Radiators

Stored cryogen (Cryostat)

"Ultra" low T coolers 
(3 technologies: sorption, magnetic, dilution)

No moving parts or 
absence of friction
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Space cooling chains
0.1 K  1 K 10 K 100 K 300 K0.01 K

Active "mechanical" coolers

Passive 
Radiators

Stored cryogen (Cryostat)

"Ultra" low T coolers 
(3 technologies: sorption, magnetic, dilution)

Efficient 
Simple 
Reliable 
Vibration free

Limited performance @ low T 
Orbit / orientation dependent

Example: METEOSAT 2G 
Two stages: 85 K - 95 K 

and ≈ 120 K Herschel

Planck

Meteosat-1
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Space cooling chains
0.1 K  1 K 10 K 100 K 300 K0.01 K

Active "mechanical" coolers

Passive 
Radiators

Stored cryogen (Cryostat)

"Ultra" low T coolers 
(3 technologies: sorption, magnetic, dilution)

Efficient 
Simple 
Reliable 
Cold vapor

Limited mission duration 
only selected T available 
Volume & Mass 
On ground management

Example: HERSCHEL 
≈ 2360 liters of superfluid 

helium (1.7 K)
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Low temp. missions with stored cryogens (4K or less)
19

83

19
89

19
95

20
00

20
03

20
09

20
05

20
04

IRAS

COBE

ISO
SFU-IRTS

ASTRO-E

SPITZER

Gravity 
Probe B

SUZAKU

HERSCHEL
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Space cooling chains
0.1 K  1 K 10 K 100 K 300 K0.01 K

Active "mechanical" coolers

Passive 
Radiators

Stored cryogen (Cryostat)

"Ultra" low T coolers 
(3 technologies: sorption, magnetic, dilution)

Lifetime 
Warm launch 
Ground tests

Peak power 
Thermal interfaces 
Vibration

Example: METEOSAT 3G 
Large pulse tube cooler: 

≈ 3 W @ 50 K  
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4.2 K

Typical cryogenic chain
Ground based 
harsh environment

Compressor

Sub-kelvin 
cooler

Gifford Mc Mahon or 
pulse tube cooler

50 K

N
ot

 to
 s

ca
le

Input power ≈ several kW

R
ad

ia
tiv

e 
co

ol
in

g 
[4

0 
K

 - 
15

0 
K

]

12-20 K

4.2 K 1.7 K

Pressure 
oscillator

90 K

Pressure 
oscillator

Space borne

Sub-kelvin 
cooler

High frequency multi stages 
Stirling/pulse tube cooler Joule Thomson loop

Input power ≈ several hundreds of W
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Sub-kelvin: 3 proven and extensively used techniques

1 K100 mK10 mK

0.1 K0.01 K 1 K 10 K

Magnetic (ADR)

Evaporative (sorption)

Dilution

3He or 
4He

C
an

 b
e 

co
m

bi
ne

d 
to

ge
th

er

10 µW 
@ 290 mK HERSCHEL

2009-2013

0.2 µW 
@ 100 mK

PLANCK

2009-2012

0.3 µW 
@ 60 mK

ASTRO E2 
(SUZAKU)

2005

20160.8 µW 
@ 50 mK

ASTRO H 
(HITOMI)

All space compatible and flown in the last 10 years

Max interface 
temperature

≈ No

< 5.2 K

< 1.7 K
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PLANCK Cryogenic chain - In flight

50 K
100 K
140 K

300 K Service Module

200 nW @ 100 mK continuous cooling  
from 1.6 K (≈ 8 µW) 

Open cycle: Lifetime limited  
≈ 2 years mission

100 mK 
dilution cooler

Combination of passive cooling 
+ 18 K H2 sorption cooler 
+ 4K JT loop 
+ dilution (incl. 1.6 K JT loop)
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PLANCK Cryogenic chain - In flight

50 K
100 K
140 K

300 K Service Module

200 nW @ 100 mK continuous cooling  
from 1.6 K (≈ 8 µW) 

Open cycle: Lifetime limited  
≈ 2 years mission

100 mK 
dilution cooler

Combination of passive cooling 
+ 18 K H2 sorption cooler 
+ 4K JT loop 
+ dilution (incl. 1.6 K JT loop)

In flight
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HITOMI (ASTRO-H) Cryogenic chain

Feb. 17th 2016

Combination of passive cooling 
+ Multistage stirling coolers 
+ 4K JT loop 
+ 1.3 K He Superfluid reservoir 
+ 3 stages ADR (2 stages used with SHe, 
3 stages when reservoir out of helium)

Cryogenics performed as expected but 
mission failed due to attitude control anomaly 
resulting in uncontrolled spin of spacecraft
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He cold vapor loop

L0 
Helium tank 
≈ 2400 l

L1

L2

L0 ≈ 1.7 K 
L1 ≈ 4 K 
L2 ≈ 10 K

Instruments

HERSCHEL Cryogenic chain - In flight
192 K

80 K

293 K

HERSCHEL 
SPIRE Sorption unit

In flight

Ground 
tests

10 µW @ 290 mK 
≈ 2 days autonomy 
“Unlimited” lifetime 
Vibration free

300 mK Helium 
sorption cooler80 K passive cooling 

+ 1.7 K He superfluid tank 
+ 300 mK He sorption cooler
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Ground based telescopes - ARTEMIS APEX

Altitude 5100m
8 kW Compressor

Electronics

Remote 1 Hz 
PT valve

Primary 
vacuum

Detector

Optics, filters 
and windows

4 K shield

45 K shield

He4
He3

1.5 K

0.3 K

Vacuum

Activated charcoal

Activated charcoal

12m

CryoMech PT415 
+ 2 stages He sorption cooler
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ARTEMIS cryogenic chain

Double stage helium 
sorption cooler

Tilt of telescope impacts performance 
90° (vertical): 2.9 K / 990 mK / 255 mK 
30°: 3.4 K / 1030 mK / 265 mK

3He stage ≈ 255 mK

4He stage ≈ 1 K

Autonomy ≈ 4 days

PT415

H
e 

co
ol

er
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Gravitational waves … cryogenics needed
BICEP3 

(2015-)
BICEP Array 

(2018-)
Keck Array 
(2012-2017)

BICEP2 
(2010-2012)

South Pole is high (~10,000 ft) and dry and has a very 
stable atmosphere during the 6 month long night.

If you are a night owl, the South pole is for you ! 
6 months long …

Altitude: 2850 m 
Average temperature: -50°C 
Lowest T: -82°C 
Highest T: -12°C
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BICEP series: 3 stages He sorption coolers (He10)

IC Thermal Loading

0.280

0.282

0.284

0.286

0.288

0.290

0.292

0.294

0.296

0.298

0.300

0.E+00 1.E-05 2.E-05 3.E-05 4.E-05 5.E-05

P (W)

T 
(K

)

UC Thermal Loading

0.218

0.220

0.222

0.224

0.226

0.228

0.230

0.232

0.234

0.236

0.238

0.0E+00 5.0E-07 1.0E-06 1.5E-06 2.0E-06 2.5E-06 3.0E-06

P (W)

T 
(K

)

Helium "10" cooler: 

4He provides condensation 
interface for 3He stages 

1st 3He stage acts as an 
intercept 

2nd 3He stage provides 
cooling down to 220 mK

4

3

3

+

+

= 10

55 cm

Thermal 
filtering

Camera lens

Primary lens

Low-pass filter

250 mK Focal plane

4K Pulse tube 
cooler (PT415)

IC intercept stage
2 K intercept 
stage

Sub-K straps

4He/3He/3He 
cooler

4K 
plate

Flexible straps

H
ea

t s
w

itc
h

4.2 K 
interface

1.5 K - 2.8 K

4He Condenser

3He Condenser

Heat intercept

4He 
stage 3He 

stage 3He 
stage

≤ 340 mK

≤ 250 mK

H
ea

t s
w

itc
h

intercooler

ultracooler
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Sub-kelvin missions: what’s coming up

1 K100 mK10 mK

10 µW 
@ 290 mK HERSCHEL

2009-2013

0.2 µW 
@ 100 mK

PLANCK

2009-2012

0.3 µW 
@ 60 mK

ASTRO E2 
(SUZAKU)

2005

20160.8 µW 
@ 50 mK

ASTRO H 
(HITOMI)

ATHENA

TBC: 0.8 µW @ 50 mK 
+ 8 µW @ 300 mK

0.5 µW @ 50 mK 
+ 14 µW @ 300 mK

2031

2032

LiteBIRD

2028

2 µW @ 100 mK 
+ 41 µW @ 300 mK
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Multistage ADR & Continuous Dilution cooler

See Gérard Vermeulen 
presentation

See Jean Marc Duval 
presentation
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50 mK hybrid cooler: combination He sorption + ADR
1 µW @ 50 mK 
10 µW @ 300 mK 
 (≈ 35 hours)

5846 gr
123 x 185 x 300 mm

ADR stage

Sorption stage

50 mK 
Interface

300 mK 
Interface

1.8 K Interface

4.9 K Interface

ATHENA

5100 gr
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Distance to detectors could be meters 
Temperature stability 
Induced vibrations 
Absorption of peak powers 
Temperature gradient 
On ground management (time constant)

The missing links: not to be forgotten
0.1 K  1 K 10 K 100 K 300 K0.01 K

Active "mechanical" coolers

Passive 
Radiators

Stored cryogen (Cryostat)

"Ultra" low T coolers 
(3 technologies: sorption, magnetic, dilution)

Flexible links, heat pipes, 
heat switches, energy 
storage unit, etc…

> 1W/K@80 K
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Grenoble: Space cryogenic hub ?
ATHENA

LiteBIRD

- 273.05°C

- 273.1°C

-272.9°C

- 223°C

- 258°C

- 200°C

Competitive local economic

• Physicists and Engineers 
• Highly rated institutes (HCERES) 
• International collaborations 
• Strong links with industry 
• Technology transfers 
• ≈ 600 persons 
• 600 000 l of LHe4 produced 
• Space cryogenic: positioning 
unique in the worldMeteoSat
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Thank you for your attention

Whether in the lab, 
in harsh environment 
or far away in space, 
cryogenics is cool

Peter Shirron - Cold facts Feb. 2014


