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1.5m Gregorian telescope @ 100K




Focal Plane

 COrE will reach the required sensitivity to
CMB polarization using a large focal plane,
hosting a number of detectors (several
thousands) covering a wide frequency range
(60-600 GHz) in many bands (15-20 for
components separation).

 The baseline for the focal plane area is a 50
cm diameter disk (possibly not flat).

e M4 proposal:
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Assumptions for the M5 baseline

Mission duration: 3 years
Rotation speed: 1rpm
Boresight angle: 45°

elescope diameter: 1.20m

elescope emissivity: 1% (0.5% per mirror)

elescope temperature: 100K
Edge taper: -23dB
» 0.5% of spillover; but see below.

Power background: telescope + enclosure + CMB
+ CIB (from Jacques Delabrouille)
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Horns coupled detectors (as in M4)

e -23dB edge taper with f#=2 telescope:
— ~6.4\ diameter single moded horns
— Assuming 100K enclosure

* With 50cm diameter focal plane: single/dual
polarisation detectors
—1100/2200 detectors
— Polarised sensitivity: 4.5/3.2uK.arcmin

* However, the weight of the focal plane with
horns is estimated around 30 kg.



Lens coupled detectors (new)

Solution proposed by
Giampaolo Pisano and
Andrea Tartari:

— Mesh lens + absorbing
element (TES or LEKID)

Estimated edge taper: -6dB  _,.ober

— Requires extra control of
sidelobes

With 50cm diameter focal
plane and single polarisation
detectors, assuming 0.8
filling factor:

— 3200 detectors
Assuming 1K enclosure :




Cold & black FPU baffle :
* Reduces straylight (combined with
secondary baffle)
* Reduces the radiative background
on the detectors:
* No need for horns

Gregorian telescope — simpler to baffle
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Secondary baffle : Probably shiny, to reduce BKG. e 0.05sr from cold FPU baffle



T telescope (K)

Background on detectors from CMB, telescope, and FPU baffle
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* Single-mode, single polarization detectors

* bkg from secondary baffle assumed negligible (¢ optimization required)
 Bkg from telescope slowly rising with telescope temperature

1K for the FPU baffle looks very reasonable



Required cooling power for 1K FPU baffle

Each area element of the
cold shield views
glgerent raclnllaatorslunder
ifferent solid angles. A= '.
5 i ==
, ;

The view factors should VAR ZAL
be computed, and then T =——— A ~ ZZ{PU
the total power collected. ———— e

For sure we need a stack
of cold low-pass filters at
the optical entrance of
the 1K cavity, connected
to the concentric shields
surrounding the 1K
shield, with the last one,
connected to 1K, being a (650 GHz low
650 GHz low pass. pass @ 1K)

Rough estimate: if the solid angle is filled 50% with 100K and 50%
with 3K, the total power load (with filters stack !) on the 1K stage is
2mW. To be considered in the cryo budget.

secondary <

Filters stack

Minimization of radiating components in the telescope environment
IS @ must.



Sensitivity per frequency channel
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Polarised survey sensitivity: 2.3uK.arcmin




Effect of telescope temperature
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Required detector time constant

* 31t time constants per beam FWHM, 120 cm tel.
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Detector time constant versus
telescope diameter (lens solution)
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Telemetry

Assumptions:

— 4 samples per beam FWHM

— 16 bits per sample, compression factor: 4
— 50cm diameter focal plane

— 1.2m telescope

Single/dual pol, horns coupled detectors:
885/1767kbits/s i.e. 9.56/19.1 GB/day

Single pol, lens coupled detectors:
3140kbits/s i.e. 33.9 GB/day (1.2m)

42.1 GB/day (1.5m)




Telemetry versus telescope diameter
(lens solution)
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Telemetry per channel




Conclusions

Baseline instrument defined
1.2/1.5m Gregorian telescope, passively cooled @100K
Focal plane baseline:

— 50 cm diameter

— Split in tiles (one or more per band, see M4) following the best
focal surface

— 3200 single polarization, single frequency pixels

— planar lens coupling

— black shield @1K surrounding the focal plane to control straylight
Survey sensitivity (in polarization) 2.3 K arcmin
Time constant required in the ms range
TM required 33-42 GB/day

Issues requiring further investigation :
— Control of edge taper / optical cross-talk
— Heat load on the 1K stage



