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What is COrE
an extremely sensitive and accurate polarimeter
exploring the whole sky with few arcmin FWHM 
resolution
covering the mm - sub-mm λ range in 15 bands 
using arrays of thousands of bolometers
based on 
– a polarization modulator as the first optical element
– a 2m-class telescope
– a large array of bolometers (about 6000)
– in L2 orbit

Proposed to ESA in 2010 by a large community 
(Europe + USA + Japan)
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The COrE ollaboration
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History of COrE
B-Pol was proposed to ESA for M1 & M2 (2007) 
targeting squarely only B-modes to improve TRL 
(Technology Readiness Level) & minimize costs 
The high scientific interest of the mission was 
recognized, but we were recommended to further 
develop the detection system. 
Positive Evolution since then: 
– Planck / HFI works as expected or better (reaching so far 

goals @ ~ twice requirements) 
– Improvements in detector technology (bolometer arrays & 

readout electronics) progressing as expected 
– Understanding of polarisation Systematic ahead of plans 

(Bicep, EBEX, beams)
– Study in US for “EPIC-IM” (after EPIC-LC/CS)
Increase target sensitivity and angular resolution 

w.r.t. B-Pol to allow most of CMB polarisation science 
in a moderate package, becoming COrE
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5 Science targets for COrE (1/2)

1. The “physics of beginning”: study of B-modes in the linear 
polarization of the CMB, and of the Gaussianity of the CMB 
anisotropy. A comprehensive way to test the inflation scenario, 
limited only by cosmic variance.

2. The mass of neutrino: Perform a precision full sky CMB lensing
survey, constraining the sum of neutrino masses to 0.05 eV and 
thus mass hierarchies, and constraining the gravitation theory via the 
measurement of the equation of state of the dark energy and of the 
growth of structures.

3. Challenge the cosmology paradigm by estimating the cosmological 
parameters with unprecedented precision, using all CMB anisotropy 
and polarization power spectra and cross spectra limited only by 
cosmic variance up to very high multipoles. In particular, constrain 
the reionization process and primordial magnetic fields with 
unprecedented sensitivity and accuracy.
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5 Science targets for COrE (2/2)

4. Performing a tomography of our Galaxy through the measurement of 
polarization of its mm-wave emission. This will test the initial 
conditions of star formation, unveiling the role of magnetic fields in 
the interstellar medium at small-medium angular scales. 

5. Characterizing Extragalactic Sources providing a multi-wavelenght
(mm and submm) catalog of flux and polarization for thousands of 
sources. This will allow to investigate the origin of magnetic fields on 
the sources, and their physical properties.

All these targets require a full-sky survey with 
good angular resolution, exquisite stability, and 
control of systematic errors of both instrumental 
and astrophysical origin –
(hence the need to go to space)
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Requirements from science
and possible implementation
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Requirements from science
and possible implementation

The 3 μK arcmin sensitivity must be
achieved by means of a wide sky and 
frequency coverage. 
This level of sensitivity allows a 
measurement of the sum of neutrino 
masses at the 0.05 eV level, thus allowing
to investigate their hierearchy. 

Frequency coverage is essential because
polarized foregrounds are overwhelming, 
and sufficient leverage is needed to
separate them and extract a clean
cosmological signal
In addition, polarimetry of ISD (and the 
related study of the Galactic magnetic field) 
at high frequencies is one of the main
targets of COrE.

Lensing
reconstruction
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Requirements from science
and possible implementation

To achieve about 3 uK arcmin and high angular resolution: 

To achieve polarimetric accuracy at the same level: 
introduce a polarization modulator.

uK arcmin
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Simulated performance of COrE
with realistic foreground removal. 

To achieve polarimetric accuracy at the same level: 
introduce a cold polarization modulator.



Payload Concept

11Paolo de Bernardis for the M3 proposal team, IPSAG Washington August 15, 2012



12

~ Planck
re-use successful
Solutions: V-grooves, 
cryosystem, off-axis
2m-class Dragone 
telescope

Payload Concept
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New :
Large
polarization
modulator as the 
first optical
element, to fight
systematic
effects

New :
Large focal
plane with ~ 4200 
bolometers to
gain sensitivity
& spectral
coverage

Payload Concept

~ Planck
re-use successful
solutions: V-grooves, 
0.1K cryosystem, 
off-axis 2m-class 
telescope
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Exponential Progress in Detector Development
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ACT BICEP2 EBEX SCUBA2

BLIP – CMB Space

BLIP – CMB Ground

Rapid progress in arrays (development synergy with far-IR and X-ray astronomy)
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Ongoing R&D also in Europe

KIDs
Grenoble
NIKA
Monfardini
et al. 2011

TES with
absorber

Cambridge
(Withington)

Paris
(Piat)
…

BL1418+546 (BL1418+546 (1.2 1.2 JyJy))

OMT 
90GHz
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KIDs : Roma1‐TN‐FBK
Calvo et al. 2010 

Antenna‐
coupled TES

Cambridge
(Withington)

Paris
(Piat)
…
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Detection Chain - TRL Evolution

Sub‐system 2007 2010 2014 Experiments

Supercondcting bolometer
arrays + multiplixed RE 
electronics using  SQUIDs

4 5 6 SPT, APEX, 
GISMO…

Antennas 3 4 6 Polar Bear, 
SPIDER

Quasi‐optical filters 9 9 9 Planck

Planar Filters  3 4 6 Polar Bear

Horns 9 9 9 Planck

Quasi‐optical  Phase 
Modulator

4 4 6 EBEX

Planar phase Modulator 1 2 4 QUBIC
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COrE Pointing strategy

Same scan strategy as Planck …
– Simple, reliable, demonstrated in L2
– Cheap: spinner spacecraft, with small spin axis

correction every hour.

… complemented by a polarization modulator
– First element in optical chain
– Relaxed requirements on the cross-polarization quality

of all the optical components
– Cheaper optical components
– Better packing of detectors in focal plane, increased

sensitivity
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Pointing strategy to mitigate systematic effects (EPIC)

Bock et al, 
2009
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Without a polarization
modulator, 

it is extremely difficult
to separate 

beam-induced errors
from

polarimetry-induced errors.

Very stringent requirements
on beam shape knowledge
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Reflective HWP.
See Siringo et al. 2004 for a  description
Works as a HWP at all frequencies
For a given incidence, one can adjust d
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COrE wide band polarization modulator
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RHWP

LABOCA

QMC instruments

Large
free-standing
wire grid
polarizers
already exist
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Progress in dielectric-embedded mesh THWP
Manchester group: Pisano, Maffei
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Progress in dielectric-embedded mesh THWP
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This technology has
excellent
performance
Can be modeled
accurately
Can be modified to
produce RHWP
See also
astro-ph/1206.2284 
for a translational
polarization
modulator



RHWP bearing  
One option is to use 
superconducting magnetic 
sustentation for 
continuously rotating 
modulation (reflecting) 
plate
Negligible vibrations
Balloon Experience with 
EBEX
– Technical flight: June 2009, 

rotation OK !
– Antarctic flight: 2012
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Rotating plate bearing  

A simpler option is to 
use normal thrust 
bearings with belleville
washers to compensate 
for thermal 
contractions. 
Proven bearing and 
readout technology 
(Salatino et al. 2010), 
part of ASI technology 
program, used @2K in 
the PILOT balloon 
experiment.
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Budgets
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Very similar to Planck
Thermally simpler than Planck, since we do not have any significant

heat load on the 20K stage
Data rate higher than Planck, but new phased array technology ready

to be used. 
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Conclusions
After being shortlisted, COrE was not 
selected for the M3 study in 2010.
The scientific importance was 
recognized, and a technology 
development program has been 
supported (by ESA and national 
agencies)
Meanwhile, many other progresses. 
in particular 
– Planck HFI operating well in L2 ! 

Telescope, detector and cooling 
chains validated

– control of systematic effects 
(Bicep, BicepII, EBEX, ..);  

– work on SPICA/BLISS detectors in 
Europe, a lot of which is applicable 
to CMB polarisation measurement
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We look forward to the next occasion (in a 1-2 years timescale) to submit
an updated proposal. 


