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What is essential is invisible to the eye .. &

Cat’S paw (or bear claw) nebul a(NQC6334) 2

.'.Two thlngs needed
‘\& * (1) to be able to "see™
— - (2) to be able to measure

; 3
-" - .'.‘.

From ground

ArTeMiS APEX + ESQO’s VISTA telescope

Composite: Visible + XMM Newton & HerseheJ oy

From space
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Visible to the instruments ?

Visible

Ultra- \ | ~|Space opens up the full window

Infrared Microwave

Gamma X-ray violet

- Shorter waves

Atmospheric filter
Fortunately for us !

Thermosphere
(auroras)

Ground based telescope

HE 1Infrared spectrum: few "windows" accessibles
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Attenuation of incoming radiation
Increase of noise (thermal emission)
Inhomogeneities in distribution
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Visible to the instruments ?

Visible

Ultra- Space opens up the full window

Gamma X-ray violet Infrared Microwave Radio

- Shorter waves

Atmospheric filter
Fortunately for us !

Thermosphere
(auroras)

Ground based telescope
Mesosphere Infrared spectrum: few "windows" accessibles

(meteors burn up)

PWV: Precipitable Water Vapor

Stratosphere
ozone layer at 20-30 km;
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;a:s S tacama Chile Attenuation of incoming radiation

S E m Increase of noise (thermal emission)

;73) g PWV 0.2 mm Inhomogeneities in distribution

PWV 0.5 mm
Reasonable » Very low PWV
July 2007 | PWV 1 mm transmission
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To be able to see: harsh environment or space

Submillimetric Astronomy PWV: 1mm = 1 kg.m2
“Summit O

- ) .A-.' - .._2 " -4 o :
OGornergrat Remote location
0 Sefia , N\ 2 tbet ' High altitude and/or cold

Mauna Kea " Pa‘g‘ SR O » 2 - » Complicated logistic
" ""“ ‘“-(.h .

i s : 60.0

_ e R ~ 2&, o 5 % Could be tough

' Atacama ; . A to get there !
Chile / \ :

Sofia O
Christchurch

mj S South pole Dome A ® Dom

Antartica () ) o
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To be able to measure: Shh ! faint signals coming in

Photon detectors Thermal detectors Energy
| i Conduction band
Interaction with electrons Temperature change hoton e
: : hv > AE :
o 4 wavelength dependent = wavelength independent \/\ [ AE
%] Photon detector :
S E— Al, AV, AR E— AT A
% Thermal detector Valence band
x / | > Incident light produces charge carriers
wavelength Thermal fluctuations generates noise = low T
g J
A
1000
—_ Scintillators CcCD Heterodyne
\¢ 100 Ternary alloy ... Lo receiver
e Ge crystals
()
5 Photo-conductors Binary alloy
= 10
—
e
aE: 1
e HEMT
01 ................................................................................................................
Bolometers & Microcalorimeters
0.01 ................................................................................................................

GAMMA RAYS uv VISIBLE INFRARED

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

Thermal detector: Bolometer

Photons
Thermal link Absorber

(thermal conductance) Thermometer / (heat capacity)
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To be able to measure: Shh ! faint signals coming in

Cryogenlcs -

Thermal detector: Bolometer [ Transition Edge Sensor

Photons
Thermal link Absorber

(thermal conductance) Thermometer / (heat capacity]

K

(TES)

>

~

Resistance

>

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 launch'
(and transport) |

Liquid ?
Tricks needed

e

Reliability

Preferably no consumable §
(electricity only - cryogen free)
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Typical cryogenic chain

Ground based

harsh environment

pulse tube cooler

Gifford Mc Mahon or @
()

Compressor

Sub-kelvin
cooler

Input power = several kW

Not to scale

Space borne

High frequency multi stages
Stirling/pulse tube cooler

Joule Thomson loop

Radiative cooling [40 K - 150 K]

Sub-kelvin
cooler

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 10 K temperature

Magnetic(ADR) ... @ SO

Can be combined together

ASTRO H
(HITOMI)

2009-2013

ASTROE2 ',
(SUZAKU) N PLANCK =
0.3 uWw 0.2 uyw 10 yWw
!@me Q2w o HERSCHELI
I L1 1 i ° i i ' R
100 mK 1K
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Evaporative cooling: from rockets to satellite

(SPIRE & PABS Instruments)
3.8 years in orbit at L2

UNIVERSITE
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Heliu tank‘
~ 24001

Ij ’

S
.

SPIRE Flight Model FM1 - Typical cycle
10 microW applied load

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%)

< Opearational mode (= 97%)

0 1000 2000 3000
Time (mn)

0,3

HERSCHEL ‘| s
0,29

0,285 .. 0erP e o AR et oV 0 0 % QMNP P B PN e® Bo®® wfo N B Vet Mo 0o NP & %o

SPIRE Sorptionunit o2¢ . . . . . . . . . . . . . . . . . . . .
0 200 400 600 800 1000
Operating day
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PLANCK C

odgenic chain - In flight

HFI| 4K stage and optics
containing 1.6K and 100mK stages

(4K cooler ; B
COMPrassors) i

‘He and “He tanks

UNIVERSITE
' Grenoble
g Alpes

3 V-grooves providing
the passive cooling to S0K

18K sorption coocler
radiators

Gas Storage Unit (295 b)

PPLM

Combination of passive cooling
+ 18 K H2 sorption cooler

+ 4K JT loop

+ dilution (incl. 1.6 K JT loop)

dilution cooler

}}

/Vir
=

200 nW @ 100 mK continuous cooling
from 1.6 K (= 8 uW)
Open cycle: Lifetime limited
= 2 years mission




PLANCK Cryogenic chain - In flight

Combination of passive cooling
+ 18 K H2 sorption cooler

+ 4K JT loop

+ dilution (incl. 1.6 K JT loop)

SV o .
—_— ;

: T _ \3
) ‘ i 300 K Service Module -

dilution cooler

e . ‘ ; ' n yj/JR LIQUIDE
!

91_Ther_PD2N_100mK (bolometer plate PID)|
B _Ther _PIDIR_100mK (diuton plate PID)

ey . * (3
90_Ther_100mK1 (bolometer plate) ' major solar flares) . . L__,;»

In flight

end of CPV phase

SOrpUon cooler s.m(cho\-er; tcrrpcraturc step on bolometer plate PID

diution end-of-ife activitigs

o & " LA\ 200 nW @ 100 mK continuous cooling
. B -k il |\ from 1.6 K (= 8 uW)
Open cycle: Lifetime limited
= 2 years mission
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HITOMI (ASTRO-H) Cryogenic chain
<

Feb. 17t 2016

Dewar Main Shell, 300K

.

Stage 3 NASA/GSFC hardware

mggsg:g:zg:d— I = it W hermal strap Combi_nation of passive cooling
thermal I/F to q9 =® To JT cooler + Multistage stirling coolers
He Tank < + 4K JT loop
4 + 1.3 K He Superfluid reservoir
+ 3 stages ADR (2 stages used with SHe,

3 stages when reservoir out of helium)

Stage 2

Stage 1
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0.12 ADR hold time increased
0.11- as T SHe reservoir cooled. _
48 hours reached
0.10
0.09- )
0.08- N
g 0.07 )’» La t(18th)
= ' ¥
o 0.06 S ADR cycle |
3 0.05 / =3 /
0.04 / e, .
0.03+—First ADR cycle K
oA I
1.10 N
Py ® On orbit
1.05 —Ground testing
E 1.00 e 20 30 40 50
=1 Thermal load on last stage ADR Time (hr)
5 095 ® operated at 50 mK
- @©
9 090 .
= Cryogenics performed as
& 085 expected but mission failed
»n 0.80 due to attitude control
0.75 anomaly resulting in
070 uncontrolled spin of spacecraft
0O S5 10 15 20 25 30 35 40

Time (days)
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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 Y\
+ 2 stages He sorption cooler '
Detector
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ARTEMIS cryogenic chain

'l

I e,

Double stage helium
‘D sorption cooler

Autonomy = 4 days ,‘
0. 1.0 ' :uo
o ¥4 1 04 ¢ : ! Eru
" o L ke 4He stage=1 K -.....'m l\__ [:-,.
T e N r— ‘ '
T © u-( i ‘Lu
0. 26 o.n-J | 3He stage = 255 mK ] J Lo irn
. 244 LB L r!!
o. 224 o. 844 Tilt of telescope impacts performance ;L"
e = 90° (vertical): 2.9 K/ 990 mK / 255 mK __l.
l‘:l“.:“t‘ - 30°:3.4K/1030 mK /265 mK 15429

2l \aC

INSTITUT NANOSCIENCES
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Gravitational waves ... crvogenics needed

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

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:

“He provides condensation 4
interface for 3He stages

Heat switch
Heat switch

1st 3He 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 . Heat intercept 0.300

< 340 mK |

0.296

ultracooler
0.294

< 250 mK ' 0.292
‘ 0.290
0.288
0.286
0.284
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

< 0228
0.226
0.224
0.222
0.220

0.218
0.0E+00 5.0E-07 1.0E-06 1.5E-06 2.0E-06 2.5E-06 3.0E-06
P (W)
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Sub-kelvin missions: what’s coming up

Only 3 (4) options

ATHENA

Evaporative

‘ (+ sorption)

ik e il i ° - Adiabatic demagnetization
- : (ADR)
TBC: 0.8 yW @ 50 MKl e | 2 uW @ 100 mK
+8 [.IW @ 300 mK . T X + 41 IIW @ 300 mK e Evaporat‘ve + ADR
' Mea f : & o O
T J S50 mK 100 mK 1K

ASTRO H
(HITOMI)

i 2009-2013

ASTROE2 ‘. — g Wl

\ASTRO-H (SUZAKU) N - -

- _o 0.3 uyWw
@ 60 mK

PLANCK

0.2 uW 104W HERSCHEL
@ 100 mK @ 290 mK ]

I ° 1 1 L1 1
100 mK 1K
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90 mK hybrid cooler: combination He sorption + ADR

Sorptionstage __. @ ___————ap
1.8 K Interface . - Sl .

1uW @ 50 mK
10 yW @ 300 mK
(= 35 hours)

Interface

Interface

5846 gr
123 x 185 x 300 mm

ATHENA
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Continuous Dilution cooler

3He-*He mixture: distillate the 3He, extract the 4He with a fountain pump

Mix again gCooIing effect

3He pump

Fountain
pump

1.7K

Sk

T < 50mK

Latest result:
1MW @ 51 mK (liquid T!)
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- e
e
Whether in the lab, LN SNy

in harsh environment
or far away in space,
cryogenics is cool




