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@ Planck: tight integration of instrument with last cooling stage
@ Planck thermal design
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Planck thermal design

redundancy philosophy
Primary mirror LFI 300 K_ ].8 K: redundant
42K Telescope baffle HFI 18 K_O.]. K: nOt redundant

FPU

Secondary mirror

V-groove 3
V-groove 2

V-groove 1

SVM

Solar panel
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Planck thermal design

redundancy philosophy
Primary mirror LFI 300 K_ 18 K: redundant
Telescope baffle HFI 18 K_O.]. K: nOt redundant

cooling chain

FPU

@ solar panel

Secondary mirror

Vgroove 3 @ 3 V-groove radiators
V-groove 2

140K — , S V-croove 1 @ 2 18K H, absorption coolers
: e not redundant due to aging

@ 4K *He JT cooler

@ 0.1 K 3He-*He dilution cooler

385 K 7 YRR < Solar panel o 100 % duty cycle
' o 1.4K-1.6K Joule-Thompson
cooler for free
o helium storage and cooling
power set lifetime to 2.5 y
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Planck thermal design

A0 TATN

bolometer plate
/4

4K optical plate

1.4K optical plate

K dilution
dilution

late

20K
mechanical  LFI
interface

£ dilution
exchanger

interface

4K box

1.4KJT
heat switch| LVHX2
4K cold
stage heat switch
% 18K stage ]

LVHX1

V-groove _____

B |
interfaces >

e 1]
worked very well!

current cooling chains are very
different!

4HeJT
compressors
and panel

DCcu ‘

warm
radiator

redundancy philosophy
LFI 300 K—18 K: redundant
HFI 18 K—0.1 K: not redundant

cooling chain
@ solar panel

@ 3 V-groove radiators

@ 2 18K H, absorption coolers
e not redundant due to aging

e 4K *He JT cooler

@ 0.1K 3He-*He dilution cooler

e 100% duty cycle

e 1.4K-1.6K Joule-Thompson
cooler for free

e helium storage and cooling
power set lifetime to 2.5 y
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@ Planck: tight integration of instrument with last cooling stage
@ HFI thermal design
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HFI thermal design

4K horns and filters

[
4K PID

2 100mK connector
plate

100mK dilution
plate

105mK plateau

1.4K stage

| [4Kcold stage

Table 5. Temperature stability requirements on HFI components, over
the frequency range 16 mHz—-100 Hz.

Requirement
<10 uKHz '/
<28 uKHz™'/?
<20 nK Hz™'/?

Component

4 K horns and filters (30% emissivity) ......
1.4 K filters (20% emissivity) .
0.1 K bolometer plate .....................
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HFI thermal design

4K horns and filters

[1
4K PID
1.4K filters

Bolometer plate
y ///////////////, /1/////

_H @\ 100mK connector

plate

100mK dilution

K mechanical plate

upports to LFI

105mK plateau

- 4K cold stage

1.4K stage

@ 2 high sensitivity PID controls
@ high C, YHo struts for passive damping (time constant of hours)

@ bolometer plate: stainless steel + 250 pm thick Cu + Au gold plating
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HFI thermal design

4K horns and filters

Bolometer plate
/1777777747777 522 47777,
s

3 100mK connector
plate

YHo
struts
100mK dilution
plate
105mK plateau
NbTi
supports
......................... 1.4K stage

[ J4kcoldstage

tightly integrated design

electrical wiring+support
@ heating 0.1 K stage due to

7 3
vibrations of 4 K cooler?

+2=40pm~ #=300pm——r o IAS+CRTBT: demonstration
1.4K 0.3K 0.1K . o R
model with 20 K Stirling cooler
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Low temperature thermal structure

tightly integrated design

developed in close collaboration
between |AS and CRTBT (now part
of Néel Institute):
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Low temperature thermal structure

tightly integrated design

developed in close collaboration
between |AS and CRTBT (now part
of Néel Institute):

e 16K
e 0.1K
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Low temperature thermal structure

tightly integrated design

developed in close collaboration
between IAS and CRTBT (now part
of Néel Institute):

e 1.6K
e 0.1K
@ NbTi support tubes
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Low temperature thermal structure

tightly integrated design

developed in close collaboration
between |AS and CRTBT (now part
of Néel Institute):

e 1.6K

e 0.1K

@ NbTi support tubes

@ DR HX thermal anchors
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Low temperature thermal structure

tightly integrated design

developed in close collaboration

between |AS and CRTBT (now part
of Néel Institute):

e 1.6K

e 0.1K

@ NbTi support tubes

@ DR HX thermal anchors

@ electrical harness
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Outline

@ Planck: tight integration of instrument with last cooling stage

o Before HFI thermal design: minimization heating by micro-vibrations
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Demonstration model with 4 K and 20 K stages

4K STAGE VIBRATIONS IN COMPRESSORS AXIS DIRECTION
4K JT Compressors 39.5Hz
20K Stirling at 35.6Hz

September 2000

mg RMS (Mf=1Hz)

0 40 80 120 160 200 240 280 320 360 400
Hz

0.1Kd trati del
emonstration mode up to 1 pW of vibrational heating
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Micro-vibration specifications at the LFI/HFI interface

102

W’k
X

100 120 140 160 180 200
Hz

' Kevlar + thermalisation
0O Mechanical support

Suspension mode frequency
Kevlar W/O thermalisation

Philippe Camus: minimize micro-vibrations
very early!

specifications
@ 20Hz-70Hz:
o < 30ugHz1/2
e 4K JT:
e < 1lmg rms
@ Alcatel study 4K JT:
o (0.1 mg—1mg) rms

results heating FM

o IAS: 10nW
e 4K and 18K by IAS
test tank
e CSL: 40nW-50nW
o 4K *He JT and 18K
H, JT
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Outline

@ Planck: tight integration of instrument with last cooling stage

@ Principal heat loads on 0.1 K stage in flight
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Principal heat loads on 0.1 K stage in flight

Cosmic rays
1

0nW

- 4K optical plate

- 1.4 K optical plate

K dilution
_dilution

late |

dilution 2500nW LA

exchange

warm
and panel radiator

R 4 bo,
00w, | g5y 4K T
heat switch LVHX2
4K box
heat switch
| E 18K stage |
LVHX1
V-groove _____ |« 3 ] =
interfaces >
vibrations
4HeJT sorption
compressors Dccu co’;ler
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Principal heat loads on 0.1 K stage in flight

2.0
PID Dilution 1
PID Plote 1 .
PID 1.8K i Cosmic rays
Thermo 100mK | 10nW &= 4K optical plate
15 —
g |-—-- 1.4 K optical plate
c ‘ 1 bolometer plate
2 4
%o &/\ . [0 mK dilution plate ]
5 w w 4 {_dilution
£
£ 1
z 4
1 20K
05 ] 2 mechanical  LFI
g ! HE  dilution !
interface HE cohang interface
] Jidisiiaisi A
Jiigicisisininiaicicisie
0.0 . 4K bo
1 2 3 4 0w, | o5 14K IT
Time [hours] heat switch| LVHX2
4K box
heat due to vibrations heat swich

1T
|

B 18Kstage |

@ 4K JT stopped once l

o fast decrease of 1.6 K PID
o fast increase of dilution PID iieraces >

LVHX1

- -] - -] =

o slow decrease of plate PID LG ,
compressors ’ DCCU ‘ SCO(;‘;:';" [:H r:;?;rtrv‘ar

@ 4K JT always OK after restart and pane
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Principal heat loads on 0.1 K stage in flight

-electrical wiring—i—support.
e —

<~ Z=40 pm—

tightly integrated design
@ without coolant in DR:
o Qconduction =38 “W
@ with coolant in DR:

© Qcopduction = 250nW
@ or Qconduction = 100 nW?

=300 pm——
1.4K 0.3K 0.1K

Cosmic rays
10 nW

K dilution
_dilution

20K

mechanical
interface

dilution [ 250MW
HE exchanger i

H.4K bo:

-eeeeeenme 4K optical plate

1.4 K optical plate

20K
mechanical  LFI
interface

0nW | ssnw | 14KIT
heat switch LVHX2
4K box
heat switch
[ E 18K stage |
LVHX1
V-groove ______ s L & .
interfaces
vibrations
AT sorption warm
compressors DCCuU
and panel cooler radiator
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Principal heat loads on 0.1 K stage in flight

-electrical wiring—i—support. HX
=

1.4K 0.3K 0.1K

Cosmic rays
10 nW

&—----------- 4K optical plate

1.4 K optical plate

K dilution
_dilution

viscous dissipation for g HX

300 pm Qviscosity = 150 nW
600 pm Qviscosity =10nW

20K

20K
mechanical  LFI
interface

mechanical
interface

dilution [ 250MW
hanger HH

H.4K bo:

onw] | gsaw 1467
heat switch

P \_ 4K box
Quiscosity =~ 50 % of total DR heat load

heat switch
possibility to increase lifetime! | == I

LVHX1

V-groove ______ s 2] - 2] =
interfaces
vibrations

4HeJT sorption warm
ct;r:gr;as:z;' N beey cooler radiator
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© X-IFU: loose integration of instrument with last cooling stage
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Dilution refrigerator proposal for X-IFU/Athena

X-ray Integral Field Unit of the Athena X-ray Observatory (click!)
@ baseline: ADR built by SBT-CEA

@ backup: closed cycle dilution refrigerator

Specifications from ESA call for CTP cooling chain

@ low temperature performance: < 1pW @50 mK
e primarely due TES dissipation at 50 mK

@ intermediate cooling requirements: < 13puW @0.3K
@ temperature stability: < 3pK/600s

o thermal interfaces (TBC):

o 5mMW@1.7K

o TBD mW@4.5K (TBC)
o TBD mW@15K (TBC)

o TBD mW@100K (TBC)

no funding yet — LiteBIRD and CORE+ are easier — happy to discuss
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http://x-ifu.irap.omp.eu/

Dilution refrigerator proposal for X-IFU/Athena

cooled by 1.7K JAXA 3He JT expansion
SBT-CEA ADR geometry

50 mK PID 1pW

loosely integrated design

@ instrument outside 1.7 K box

@ DR inside 1.7 K box

o Planck DR with 3He/*He
separator at 1.1 K

e liquid-vapor interface in
sponge in negative gravity

CFRP support structure
0.3K I/F is not natural
@ 0.1mW®@1.1K unused

JAXA 3He pump
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3 year dilution refrigerator development plan for X-1FU

Prototype (TRL4)
@ recover 1 pW @50 mK in negative gravity
@ work on 13pW@0.3K

Demonstration Model (technology transfer to Air Liquide)
o validate 50mK I/F and 0.3K I/F (including thermal stability)
@ validate launch support structure thermally
@ validate plug-in compatibility with SBT-CEA ADR (cryostat #1)
o test with JAXA pump

Engineering Model (TRL5) by Air Liquide
@ adapted to eventual changes in X-IFU specifications
@ pre-qualification plan and procedure for all critical components

@ mechanical testing
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T0+3
Input data
from CNES

3 year dilution refrigerator development plan for X-IFU

3He comp.

study

!

Input data
from CNES

Comp.
choice

QMandFM |,
model
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Summary

Planck lessons

@ cooling chain worked very well

e but current pulse tube and Stirling cooler based cooling chains are very
different

@ work as early as possible on the mitigation of micro-vibrations
@ 8 years from first DM with 4K and 0.1 K coolers to FM tests
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Summary

Planck lessons

@ cooling chain worked very well

e but current pulse tube and Stirling cooler based cooling chains are very
different

@ work as early as possible on the mitigation of micro-vibrations
@ 8 years from first DM with 4K and 0.1 K coolers to FM tests

design choice: loose or tight integration of instrument with DR

e tight: heat to FPU dominated by wiring-+support
@ DR can intercept heat everywhere

@ loose: heat to FPU dominated by detectors on FPU
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Summary

Planck lessons

@ cooling chain worked very well

e but current pulse tube and Stirling cooler based cooling chains are very
different

@ work as early as possible on the mitigation of micro-vibrations
@ 8 years from first DM with 4K and 0.1 K coolers to FM tests

design choice: loose or tight integration of instrument with DR

e tight: heat to FPU dominated by wiring-+support
@ DR can intercept heat everywhere

@ loose: heat to FPU dominated by detectors on FPU

3 year dilution refrigerator development plan to EM
@ no funding yet, therefore no commitment yet

@ happy to discuss LiteBIRD, encouraged to do so by the CORE+ team
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