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Earth obsﬁe_‘rvation: Weather satellite MTG

2 instruments

IRS: Infrared Michelson Interferometer
FCI: High spatial and spectral resolution imagery 95 K and 60 K needed

(photoconductors HgCdTe)

Launch Locking for Cover

Aperture Cover
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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 ?

—

(X J
e ° &
UNIVERSITE
'~ Grenoble l' I
& Alpes

UHF Quad

MMRTG
Helix -
MMRTG

WIndbreake\ <=

MMRTG HX
Cold Plate
& Shunt Radiator

pinhole
collimator

X-ray beam ° (.)

o

2 Sample
holder

.
-l:é’t,
leo

P aPL

CCD

SA/SPaH &
Turret Science

XRD
_L_J .JL'JKIAAAJL
0 10 20 30 40 50 20
Ca XRF
Co
cl fca Fe |
|
L sis, KL~ o WA
| Y Ve
0 2 4 8 KeV

Chemistry and Mineralogy
(CheMin): CheMinis 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

EASISchool - October 2019 Grenoble - L. Duband, Univ. Grenoble Alpes, CEA-IRIG-DSBT, Grenoble t&/‘B/%



Planetary Wss" Scientific
Exploration == Missions

Earth Observation

Any T.
210 K here




- Two things needed
(1) to be able to "see"

rom space

" 'Composite: Visible + XMM Newton g Hersche) - <+ =




Gamma X-rays
Shorter waves

Thermosphere
(auroras)

80 km
Mesosphere f

(meteors burn up)

50 km

Stratosphere
(ozone layer at 20-30 km)
jets fly = 10 km

10 km

Visible to the instruments ?

Ultra violet  Visible
(UV)

Infrared

Atmospheric filter
Fortunately for us !

Ground based telescope
Infrared spectrum: few "windows"
accessibles

ﬁw: Precipitable Water Vapor

radio window

Attenuation of incoming radiation
Increase of noise (thermal emission)
Inhomogeneities in distribution
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Visible to the instruments ?

Gamma Ultra violet  Visible Infrared Microwave Radio
Shorter waves % (UV) Longer waves

Space opens up the full
‘ window

=

Atmospheric filter v/
Fortunately for us ! &t

Thermosphere
(auroras)

80 km
Mesosphere
(meteors burn up)

50 km

Ground based telescope
Infrared spectrum: few "windows"
accessibles

Stratosphere
(ozone layer at 20-30 km)
jets fly = 10 km

APEX
Atacama Chile

PWV 0.1 mm Attenuation of incoming radiation
PWV 0.2 mm Increase of noise (thermal emission)
Inhomogeneities in distribution

T

Solid line: Expected at Dome C

Antartica

=~ PWV 0.5 mm

July 2007 | PWV 1 mm Reasonable —
0 -t L - Very low PWV
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Wavelength (um)
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To be able to see: harsh environment or space

Submillimetric Astronomy

e —Summt O

Mauna Kea™

O

Atacama
O Chile

Remote location
High altitude and/or cold
Complicated logistic

Could be tough
to get there !

E
&
2 Alpes
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To be able to measure: Shh ! faint S|gnals coming |n

Photon detectors Thermal detectors Energy
| ) Conduction band
UM,U.I.&N.(:J | =0 [=1(Le19 | Interaction with electrons Temperature change hoton
, : hv > AE
o Photon defect wavelength dependent = wavelength independent \/\ [
oton aetector
S E— Al, AV, AR E— AT
% Thermal detector Valence band
x / | > Incident light produces charge carriers
wavelength Thermal fluctuations generates noise = low T
\§ J
A
1000
—_ Scintillators CcCD Heterodyne
5 100 Ternary alloy ... Lo receiver
O Ge crystals
5 Photo-conductors Binary alloy
Y= 10
-
o
= 1
2 HEMT
o1l
Bolometers & Microcalorimeters
VNI ——

GAMMA RAYS - uv VISIBLE INFRARED

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

ol R A
A Cryogenlcs -

Thermal detector: Bolometer

Photons
Thermal link Absorber

(thermal conductance) Thermometer / (heat capacity)

K

_E
mC c
t=R;,C=—
K
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To be able to measure: Shh ! faint signals coming in

-~ > Cryogenics -
Transition Edge Sensor
Thermal detector: Bolometer 11 9
Photons (TES)
Thermal link Absorber A
(thermal conductance) Thermometer / (heat capacity o
K e
8
2
o
1%
>
T=Ry Temperature
small change in T

big change in R
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Drivers for the cryogenic chain

Ground based narsh environment Space borne

Survive transport
(much easier!) g’

Survive launch'’
(and transport) -

Liquid ?
Tricks needed

Q:;E ~ Maintenance limited if possible | | nce

.....................................................
/¢::;\\ .
B

Preferably no consumable -
(electricity only - cryogen free) \‘\5

EASISchool - October 2019 Grenoble - L. Duband, Univ. Grenoble Alpes, CEA-IRIG-DSBT, Grenoble W




—gopace: natural resources o

Heat transfer
e Convective
e Conductive
 Radiative
Q.
Deep space i'
@27K




it cold out there ?

36000 km
IONOSPHERE %

Geostationary
satellite

THERMOSPHERE

/ Aurora Recombination of molecular O2

borealis Ozone concentration

decreases and so does T

Ozone absorbs UV
T stabilizes and
then increases

Expansion of warm air
from the ground
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Is it cold out there ?




Space cooling chains

-
0.01 K

0.1 K

N
1K 10 K 100K 300K

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

Passive

Radiators

Stored cryogen (Cryostat)

Active "mechanical™ coolers

No moving parts or
absence of friction

EASISchool - October 2019 Grenoble - L. Duband, Univ. Grenoble Alpes, CEA-IRIG-DSBT, Grenoble g/S/,B/,/ﬁ



Space cooling chains

4 )
0.01 K 0.1 K 1K 10K 100K 300K
| | | ||||||| | | ||||||| | | ||||||| | | ||||||| | |

Passive
Radiators
100 :' LY | J | y ) % LI TR CHRNE TR NTY VTR T Y (TN TR R N I LENEL ) D v ¥
; = 1 Stage
e 2 Stages
, + 3 Stages
. —_ O Herschel - Planck
Example: METEOSAT 2G gy £ 10 | |— Theoretical limit y
Two stages: 85 K-95 K =3 "
and = 120 K 2 Sle Herschel |
§ Meteosat-1 o n
13< 1 = i L J L -
L C ]
"Ultra" lo i 5
(3 technologies: sorp [ 8] Planck | j
- 0.1 ! L . ! : T‘I Co b e ey ./
40 60 80 100 120 140 160 180 200

Temperature (K)

* Limited performance @ low T
* Orbit / orientation dependent

* Efficient

* Simple

* Reliable

* Vibration free
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pace cooling chains

s " A
0.01 K 0.1 K 1K 10K 100K 300K
I | | IIIIIII : | | IIIIIII | | IIIIIII | |

Passive

Radiators

Stored cryogen (Cryostat)

Example: HERSCHEL
= 2360 liters of superfluid
helium (1.7 K)

Active "mechanical™ coolers

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

- y
* Efficient : * Limited mission duration
¢ * Simple . . * only selected T available
* Reliable * Volume & Mass
* Cold vapor * On ground management
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Space cooling chains

-
0.01 K

N
01K 1K 10 K 100K 300K

Passive

Radiators

Stored cryogen (Cryostat)

,,,,,,,,,,,

Example: METEOSAT 3G

Large pulse tube cooler: - " - "
<3W @ 50 K Active "mechanical” coolers

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

* Lifetime ~ * Peak power
* Warm launch ~ . * Thermal interfaces
* Ground tests * Vibration
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Typical cryogenic chain

Ground based Space borne

harsh environment High frequency multi stages o 1homson loop

Stirling/pulse tube cooler

Gifford Mc Mahon or
pulse tube cooler @ @
() N

Compressor g
H
P 5
© X
(& o
n S,
L e
5 S
O: :
3
s
o
©
(14
Sub-kelvin
cooler
Sub-kelvin
cooler
Input power = several kW Input power = several hundreds of W
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Sub-kelvin: 3 proven and extensively used techniques

Max interface
0.01 K 0.1 K 1K 10K temperature

Magnetic (ADR) ... @ KU
Evaporative (Sorption) [T

Can be combined together

ASTRO H
(HITOMI)

e ASTRO E% % |
'ASTRO-H o\ g
_— (SU u) N PLANCK gt
0.3 uWw 0.2 uW 10 yW
!@ 60mK | @ 1ong @ 290 mK HERSCHELI
1 L1 1 1 ° I i L1 111
100 mK 1K
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PLANCK Cryogenic chain - In flight

Combination of passive cooling
+ 18 K H2 sorption cooler

+ 4K JT loop

+ dilution (incl. 1.6 K JT loop)

ey PR e __;‘-‘*_m@n =
&

4, 300 Ser¥ice Module

¥ 'g,‘."s.ﬂ /
). 2

N
A

containing 1.6K and 100mK stages | W \ 3 V-grooves providing

RJFET box at 50K

HF| 4K stage and optics I

the passive cooling to 50K
A

N i) | Vi
™ |

(4K cooler RIS ¥ e : b b —
COMpressors) 4‘ -1 | =2 o - 18K sorption cooler
A W/ radiators

Filling & \ \ 200 nW @ 100 mK continuous cooling
g, ,ve"”i”g VA from 1.6 K (= 8 uW)
xhaust pane

Dilution cooler control unit ; y Open cycle: Lifetime limited

= 2 years mission
@ EUGN[:E;N; Irlq
< Alpes

Gas Storage Unit (295 b)




PLANCK Cryogenic chain - In flight

Combination of passive cooling
+ 18 K H2 sorption cooler

+ 4K JT loop

+ dilution (incl. 1.6 K JT loop)

4, 300 K Serivice Module "

¥ 9

—— 90_Ther_100mK1 (bolometer plate) ;

—— 91_Ther_PID2N_100mK (bolometer plate PID) Al
—— B1_Ther_PID1R_100mK (dilution plate PID) Z )

endHof CPV phase

- |sorption cooler switchaver temperature step on bolometer plate PID|

1
E s o
S 3
$57) I wn
> -
D [15]
c e
3 3

2. T
o [22]

dilution end-of-life actiyit‘igé

200 nW @ 100 mK continuous cooling
from 1.6 K (= 8 uW)

01/01/2010 01/07/2010 01/01/2011 01/07/2011 01/01/2012 Open cycle: Lifetime limited

= 2 years mission
@ EUGer;m; Iﬂq
< Alpes

survey start
4 survey start

th Bedlt
5 survey start

th

1




HITOMI (ASTRO-H) Cryogenic chain
= ‘ﬁ/’ / '

9 .
X-RAY DBSERVATORY

ASTRO-H

Feb. 172016 |

© The Asahi Shimbun via Getty Imzag

Dewar Main Shell, 300K

Stage 3 —

Japan Aerospace
Exploration Agency

7 Heat switches

Outer Vapor Cooled Shield, 155K
Mounting plate — N . =

mechanical and - . W o Thermal strap
thermal I/F to g 2 4 7 To JT cooler
He Tank

Inner Vapor Cooled Shield, 28K

JT Shield, 4.5K

Detector Assembly, 1.3K Stage 2

ADR hold time increased
as T SHe reservoir cooled. _|
48 hours reached

 Btege 3 |
£ 100 ® % Last (18th)
NASA/ GSFC hardwar'e ‘3 0.95 .Iﬁﬁg::,'g?go°:,:2“s‘ag”‘°“ g ADR cycle |

S o090 o

Combination of passive cooling § oss

+ Multistage stirling coolers .

+ 4K JT loop 070

0 5 10 15 20 25 30 35 40

Time (days) o 10 20 30 40 50
Time (hr)

+ 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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HERSCHEL Cryogenic chain - In flight

He cold vaporloop | i ments

Heliu tank
=~ 2400 I

x., "*«f‘

SPIRE Flight Model FM1 - Typical cycle
10 microW applied load

Sorption pump
Cryostat cold plate (Level 0) : j & i .
Evaporator ¥ ; 300 mK Helium

80 K passive cooling sorption cooler

+ 1.7 K He superfluid tank

10 uW @ 290 mK
+ 300 mK He sorption cooler

= 2 days autonomy
“Unlimited” lifetime
Vibration free

Temperature (K)

- Recycling (= 3%)

i -~ oy
i Operational mode (= 97%)

0 1000 2000 3000
Time (mn)

HERSCHEL =
029 =

o
_ . 0,285 f—. eePizymy 0 caad s 0D EOCBM E © % 2RNICIHOP T B W IBIned Vol® mvic % o Wb Mo 0 o MHPP @ S0
SPIRE Sorption unit Y S S S S S S
0 200 400 600 800 1000
Operating day
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Ground based telescopes - ARTEMIS APEX

| Primary Remote 1 Hz
vacuum PT valve
Electronics

—

ONENCO
D 5

8 kW Compressor

Vacuum

Activated charcoal
45 K shield

Activated charcoal
4 K shield

Optics, filters
and windows

CryoMech PT415 Y7\
+ 2 stages He sorption cooler '
Detector
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ARTEMIS cry_genlc cham

N EERE

B ; o -
i S \ _ﬁ/ {4 ¥, i |
|- B2 i i 3
N W
- HRNAR
6 | == . - - " | ———
— — 3 -
N

« >

€ 2082 hac S

* Double stage helium

'l‘T EVAP HE3 TT _EVAP HE4
0.25479397 1.1190035
0.2/0.4 0.8/1.2

-4

b R S e I

............ Hestage 1K ..... '

0.28- 0.96 ) - - e [ e B EEEEEEEEEE 40

0.26- 0.92 3Hestage“~"255mK .................. s L_go
0.22- LB s R A Tilt of telescope impacts performance 10
- T 90° (vertical): 2.9 K/ 990 mK / 255 mK I

© 2013/05/24 "~ 30°: 3.4 K/ 1030 mK /265 mK 15429
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Gravitational waves ... crvogenics needed

BICEP2 Keck Array BICEP3 BICEP Array
(2010-2012) (2012-2017) (2015-) (2018-)

" il

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)

! Helium "10" cooler:

4He provides condensation 4
interface for 3He stages

Heat switch
Heat switch

1st 3SHe stage acts as an
intercept

4.2 K
interface

4He Condenser

w + W +

2nd 3He stage provides
cooling down to 220 mK

10

. 3He Condenser

1.5K-2.8 K

IC Thermal Loading

intercooler 0.300

. s340mK

0.298
0.296

ultracooler
< 250 mK

0.294

0.292

0.290

0.288

0.286

0284 —— ¢
0.282 ——

0.280
0.E+00 1.E-05 2.E-05 3.E-05 4.E-05 5.E-05

P (W)

UC Thermal Loading

0.238
0.236
0.234

0.232

- 0.230
p es““”[ O
3 . 0.228

{
\

/\!0R~,4

“
[
Z
S 0.226
9O,
2

%

0.224

0.222
0.220
0.218

0.0E+00  5.0E-07 1.0E-06 15E-06 2.0E-06 25E-06 3.0E-06
P(W)
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Sub-kelvin missions: what’s coming up

ATHENA

: N -t o) 4% o - Zas B
y P e Lol PR R AEF = -
*’%iﬁ ‘ — LiteBIRD
@cca )l )
Space Irrrimr"e(TTeleﬂpa fo;Cnsmorloigry and Astrophysics .

NG T RIS LA B S A 1
§ L P V, .
A

TBC: 0.8 yW @ 50 mK
+ 8 uW @ 300 mK

ASTRO H
(HITOMI)

L e
X-RAY OBSERVATORY

| ASTRO-H

Only 3 (4) options

‘ Evaporative
| (+sorption)

Adiabatic demagnetization
(ADR)

2uW @ 100 mK |
+ 41 uW @ 300 mK

Evaporative + ADR

o o |
50 mK 100 mK

8
1K

N B

| 2009-2013

/
s K
RS |||} ES

! 1

! g
¥

—
-
o

R AR

NN
N

SR

R

ASTRO E2 *
(SUZAKU) ‘

PLANCK N 4

10uW HERSCHEL

—Q 0.3 uw 0.2 uw
@ 60 mK @ 100 mK @ 290 mK I
1 ] | ] 1

1 o 1 1 '
100 mK 1K
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Multistage ADR & Continuous Dilution cooler

See Gérard Vermeulen See Jean Marc Duval
presentation presentation
A

.‘ 2
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90 mK hybrid cooler: combination He sorption + ADR

Sorption stage __

1.8 K Interface N

1uW @ 50 mK i
10 yW @ 300 mK

(= 35 hours)

300 mK
Interface ,
e
50 mK Bl
Interface ;?g
N

5846 gr
123 x 185 x 300 mm

% ATECHNIOLE - wwmvartechnigue.ir

ATHENA
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The missing links: not to be forgotten

(" N
0.01 K 01K 1K 10K 100K 300K
| T T TTTTT] T TTTTTT T T TTTTT T T TTTTT] 1

Passive

Radiator

Flexible links, heat pipes,
® Distance to detectors could be meters heat switches, energy

® Temperature stability :

r nl H E N
® Induced vibrations storage unit, etc
® Absorption of peak powers |
® Temperature gradient ~ . s ,
® On ground management (time constant) @ Ay

. y
120 g, 1.2 m Heat pipe - \ '
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Grenoble: Space cryogenic hub ?

ATHENA

R A TRGF 5h 45
7\ | Vo e 0

Space Iﬁivufe&fdasﬁpe F&'Cnsmo}o’g'y and Astrophysics
| Vi SR 't ) % i ) 1

A

* Physicists and Engineers

* Highly rated institutes (HCERES)
* International collaborations

* Strong links with industry

* Technology transfers

* = 600 persons

* 600 000 | of LHe# produced

* Space cryogenic: positioning
unique in the world

S
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These systems will deliver what the
community needs: better access to cold in
space. But you know what will happen.
| Scientists will develop better detectors,

l and demand lower temperature, longer

mission lifetimes, lower cost, mass, size,
etc. We should hope for no less. That's
what will keep space cryogenics as excit-

¥ ing and relevant into the next 50 years as

it has been over the last. é

Peter Shirron - Cold facts Feb. 2014

7 () S g i ;"\.T N
in harsh environment
T o=l or far away in space,
okay, 1l il out the form, but make cryogenics is cool



