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Payload requirements in order of priority ?
(at least from ESA perspective)

• Costs
– 550 M€ + EU National agencies ? + External collaborators ?

• Cannot take into account externals for the proposal
• Probably 650M€ max

• High TRL and low risk scheme
– Need to pass the “technology screening”

• Dimension envelope
– Ariane 6 fairing cylinder of 4.6m diameter x 4m high
– 2m diameter, 2 m height available for payload

• Mass
– Safely assume that we cannot go beyond Planck mission
– COrE+ 2014: 1958 kg; Planck was 1500kg

• Power consumption
– Will dictate if we need deployable solar panels or not (added risks)
– COrE+ 2014: 2073 W; Planck was 1700 W

• Data rate
– COrE+ 2014: 2.4 Mbits/s 
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Payload trade-off – Sub-systems cannot be treated independently

3

Size and configuration of the telescope
• No more than 1.5m diameter primary
• Rather 1.2m
• Cannot use CTR configuration
No HWP (at least as the first element)
(Cost, Dimensions & Mass)

Descope ?
Impact on Science?

Complex scanning strategy
• Impact on solar panels size
• Impact on data transfer
(Cost, Power, Data transfer)

Cooling chain
• Passive / active
• Choice: impact on signal, ….
(Cost, Power, dimensions, mass, TRL)

Ground Tests and calibration
• Impact on in-flight calibration
(Cost, Schedule, Risks)

FPU and number of detectors
Technology (EU) 
(Cost, Power, cooling power, Data transfer, 
dimensions, mass, TRL)
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Will need to think seriously about the impact as this is a way to cut cost !



Cryogenics: Lessons learnt from Planck 

• Need for a system engineering from the start !

– Contrary to Planck where this was set up towards the end

• Margin management

– critical without system coordination

• Testing is never too much !

– Anticipate testing with different models

– test subsystems together
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How to achieve 20K ?

• Sorption cooler based on Planck heritage performed well

– Expertise “lost” in the US who provided Planck 20K cooler

– Could be developed in Europe with Planck expertise: Possible 
backup solution.

• Pulse Tube Cooler could be the solution

– Advantages
• Lower base temperature (15K)

• Lower mass

• Also provide cooling power at 100K

– Disadvantage
• Mechanical cooler  vibrations

• But should be low enough (TBC) 

• and KID detectors are less prone to microphonics vs TES
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Y. Pennec – Air Liquide

Soon to be developed to TRL6 by Air Liquide
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Plan only - not yet funded !



Comments from Y. Pennec

• Heritage from Planck is invaluable 
– V-Groove + Dilution + Structure

• Cryo chain for CORE feasible but extremely challenging
• Do not underestimate mechanical design constraints 

– launch locks/Isolators/Dampers/Supports

• CCDR is ready for an EM level development (funding?)

• Priority: define realistic cryostat
• Critical inputs: define thermal loads

– Depends on detector technology

• Main issue is not 100K/40K telescope
• The scary bit: mass of the focal plane

– 30 kg as for the M4 proposal would be extremely challenging (and 
probably very costly)

– 3 – 5 kg more reasonable
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Cryogenic chain comment / conclusions & Actions 

• Open Dilution Refrigerator (Planck) a possibility ?
– Price of 3He might not be such a big issue in comparison to the 

cost of developing the CCDR

– It will depend on the cooling power needed
• FPU mass and dissipation

– Has a limited lifetime

• Actions to go forward
– Define the cooling needs and the mass of the FPU

• M. Bersanelli, Joel Ullom et al: Evaluate Mass of focal plane with horns 
with Aluminum platelets, coated silicon (or combination)

– J. Delabrouille: to ask CNES for thermo mechanical structure 
basic design

– To be given as input to Y. Pennec to refine thermal/cryo analysis
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Systematics
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Ground Calibration 
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M. Bersanelli:
Large heritage from Planck
Challenge: ∼ 100 times more channels, ∼30 times deeper 

From Planck
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Planck Telescope: alignment

• Mechanical alignment

• Photogrammetry

• Specific RF component added on 
FPU for ground tests

– Extra horn + diode at 320 GHz (RTH)
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Beam verification for Planck
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ESA - Thales
Tauber J. et al, A&A 2010

100GHz Xpol

320 GHz copol

Comparison between simulations and measurements

Measured Simulated

Main beams
4π



Optical simulations

• Very good agreement between RF measurements and 
GRASP simulations

• Further progress in optical simulations performed since 
then

– Talk from F. Villa, M. Sandri et al

– GRASP adapted for focal surface evaluation (WaFER tool)

• Other tools will most probably need to be developed

– We need an excellent RF model of the instrument

– Tools developed for R&D need to be adapted

– FEA, MoM,…..

– Then fed back into GRASP
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Optical testing and verification From Planck to COrE

• Similarities

– Telescope: Can re-use the same technology 

– Can re-use verification / alignment procedures ?

• Differences

– Many more pixels (10s to 1000s) + More spectral bands (9 to 15?)
•  which testing strategy? Test on samples for components? Then rely on 

integrated tests on overall instrument?

– Calibration needs more accuracy 
• due to increase sensitivity (x30)  need to have a better understanding of 

the instrument / reduce systematics

• Will need to use more accurate testing equipment

– Different technology
• Use of planar / lens technology with possibility of cold stop and potentially 

higher straylight

34CERN 17-20 May 2016



FPU Technology
• 1000s of pixels  Is it realistic to use horns?
• If European technology used

– Use of planar / lens technology with possibility of cold stop and potentially higher straylight
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~15cm

Few mm

Detectors + lens?

Band-pass filter

Common filters

HFI bolometric detector

FPU scheme

How to get an accurate representative measurement? 

Array
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Equivalent of RFQM beam measurement

• Telescope with a cold instrument in CTR?

– Unlikely feasible by industry (Thales, Airbus 
space) or at a huge cost

– Warm instrument  need to replace detector

– Could we think of a test at Liege facility?

– Will need combination of validation tests
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Detectors + lens?

Band-pass filter

Common filters

?

Design of cavity-backed sinuous 
antenna with baluns.

Cold stop ?
Baffles

CERN 17-20 May 2016



Conclusion on Calibration and Verification

• Calibration and Verification for COrE will be extremely 
challenging
– More detectors, more bands, higher specs

• Strategy has to be thought well in advance

• Need to re-use what has been used for Planck as much as 
we can
– But not all tests can be re-cycled

– Will need to come up with new tests depending on technology 
used

• We probably need to include a calibration strategy / plan in 
the proposal

37CERN 17-20 May 2016


