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COrkE in a nutshell : core

S 2 i : Cosmic Origins Explorer

A space mission to measure the polarization
of the mm/sub-mm sky , with

— High purity (instrumental polarization < 0.1% of polarized signal)

— Wide spectral coverage (15 bands centered at 45-795 GHz)

— Unprecedented angular resolution (23’ — 1.3’ FWHM)

— Unprecedented sensitivity (< 5 uK arcmin in each CMB band)
Science Targets of the mission: \

— Inflation (CMB B-modes)

— Neutrino masses (CMB, E-modes + lensing)

— CMB non-Gaussianity

— Origin of magnetic fields (Faraday rotation ...)

— Origin of stars (ISM polarimetry ...) ....... ...

Proposal submitted in 2010 to ESA
Cosmic Vision (2015-2025) (as M-X candidate)
White paper : astro-ph/1102.2181

Web page:



http://www.core-mission.org/
http://www.core-mission.org/
http://www.core-mission.org/

The COrE collaboration

The consortivun 1s composed of more tha @ esearchers from the following Eurcopean
mstitutions (to be finalized): Canada Dept. of Phyvsics and Astronomy, TTniv. of British
Columbia, Vancouver; Canadian Institute for Theoretical Astrophysics (CITA), TUniversity of
Toronto Denmark: Neils Bohr Institute France: Laboratoire Astroparticules et Cosmologie
CAPC). Umrv. Paris VII . Institut d'Astrophysique Spatiale (IAS), Umiv. Paris-Sud, Orsay . Centre
d'Etde Spatiale des Ravonnements {CESE), Toulouse . Conunissariat 4 'Energie Atomdgue
(CEA). Saclay ., Institut d'Astrophysique de Paris (IAP) |, Institut Neéel - Matidre Condensée et
Basses Températures (IN-MCBT). Grenoble | Laboratoire de I'"Accélérateur Linéaire (LAT),
Univ. Paris-Sud, Orsay | Laboratoire d'Astrophysique de 1'"Observatowre de Grenoble (LACOG),
Laboratoire de Physique Théorigque (LPT), TThuwv. Paris-Sud, Orsay, Laboratoire de Physigue
Subatomique et de Cosmologie (LPSC), Grenoble, Germany: Avrgelander-Institut flinr
Astronomie (ATFA) Bonn Univ. | Institut fiir Photonische Technologien (IPHT). Jena , Max-
Planck-Institut fiir Astrophysilkk (MPA), Garching . Max-Planck-Institut fiir Radicastrononue
(MWPIfE). Bonn . Ireland: MMaynooth. | Italy: Istituto di Elettronica e di Ingegneria .
dell'Tnformazione e delle Telecomunicazioni (CINE-IEITT). Tormmo | Istituto di Astrofisica
Spaziale e Fisica cosmica (INAF-TASF). Bologna | Osservatorio Astronomico di Padowva (INAF-
OAPd) Padova |, Osservatorio Astronomico di Trieste (INAF-OATs) Padova | INAF-OAC
Cagliari. Istituto di RadioAstronomia (INAF-TR A, Bologna . Istituto Nazionale di Fisica
MNucleare (IINFIM) - Seziom di Genowva, Perugia, Romal | Scuola Internazionale Superiore di Studi
Asvranzatl (SISSA). Trieste | Univ. di Firenze, Dip. di Fisica . TUmv. di Genowva, Dip. di Fisica |
Umav. di Milano Bicocca, Dip. di Fisica , TTav. di Milano, Dip. di Fisica | UTmiv. di Padowva, Dip.
di Fisica . Univ. di Perugia, Dip. di Fisica , TTniv. di Roma La Sapienza, Dip. di Fisica , Unav. da
Foma Tor Vergata, Dip. di Fisica . Netherlands: Institute for Theoretical Physics, Amsterdain |
MNorway: ., Institute of Theoretical Astrophysics, Tiversity of Oslo | Portugal: Instituto de
Telecomunicacdes (IT), Lisbon . Instituto de Telecomunicacdes (IT). Avelro | Instituto Superior
Té:ciuco (IST), Lisbon . Romania: Institute for Space Sciences (ISS), Bucharest | Spain:
Instituto de Astrofisica de Canarias (IAC), La Laguna , Instituto de Fisica de Cantabria (IFCA)),
Santander | Instituto de Ciencias del Espacio (ICE), Barcelona . Universidad Autonoma de
Madrid (TTAND, MMadrid | Uiversidad de Oviedo (UNIOWI), Oviedo, Spain , Sweden: Chalimers
Univ.of Technology, Dept. of Microtechnology and IWNanoscience. | Switzerland: U, Genédwe |
United Kingdom: TTmuv. of Manchester, Physics Dept. . Jodrell Bank . Univ. of Cardiff, Physics
and Astronomy Dept. . Umiv. of Oxford. Physics and Astronomy Dept. . Umiv. of Cambridge.
Physics and Astronomy Dept. | Imperial C ollege London . Univ. of Edinburgh. . United States:
Caltech . NASA Goddard Space Flight Center |G"51—_L] MNASA Jet P:opulﬂon Labor atory (JPL) .
Univ. of Wisconsin, Madison, Dept. of Physics .
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- Core

S 2 i : Cosmic Origins Explorer

e A descendand of the 2005 SAMPAN phase 0 study at CNES, then
BPOL, and an ascendant to the PRISM L-mission program proposal

e Each trying to find an optimal trade-off between sceintific potential
and boundary conditions ,like

— Proposal slot, eg small (like sampan), medium (CMBPOL, CORE)
or large (PRISM), w or wo large non-eu participation

— requirements (e.g. TRL6 for CORE, a program
and mission concept only for PRISM)

— State of technology (e.g. TRL/performances/cost
of coolers, arrays, modulation approach, optics)
and lessons learnt from previous experiments,
R&D and other proposals © D
(for instance Planck told us about 0.1 K cooler stability and frugallty
cosmic rays, and confirmed the need for many redundant
measurements, some in exactly same condition, but time)

e While trying to preserve the future/credibility




SAMPAN goal reminder

» Detect, within a small satellite cost
envelope (I.e. as cheaply as possible), B-
mode at r >~0.001 by having a fully
dedicated design, e.g. low angular
resolution, minimal number of bands
(4+27?), on a fast track, leveraging Planck
development experience (& others)

* (sounds familiar, Is n it?)

» After 1-yr phase-0 study @ CNES in 2005
—> not so cheap, and too early ®

CMB2013, Okinawa F. R. Bouchet, IAP



CNES Phase 0 study ®

Target sensitivity

Natural experimental target for final detector noise contribution to CMB map is
CNoise-sampan = CL ~5 pK.arcmin
I.e. Choise-sampan ~ Cnoise-Planck/15"2) ©=180/1)

\*‘Orders Of magnltUde_ 10 i : s I R N J Bn 1 L

mplot shows that one _
should be able to detect 52 -
T/S ~ 1073, by using '
V(Ia)ry broad binning (Al

) 100_

min that case, the slope
can only be constrained ;-2
rather weakly.

107

NB: To go further down in T/S would
require “lens cleaning”. This refers to :
deriving the B contribution from lensed  1g-6|— = ol SN 2

E modes by using combination of high 2 T RN v i
order correlation functions from E and T - ont - < >
maps at rather high angular resolution, 10-8 S

4 A 1 1 1 1 1 (I ] | Il 1 1 1 1 1 11 I 1 Il 1
which is not contemplated here. 1 10 100 1000

e Split at high | illustrates the difference between a 20 and 40 FWHM resolution (7 for Planck)

P
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CNES Phase 0 study ®

Cleaning efficiency

T T ! T T T T T ] T

5)

11]

g 6.0 uKaarcmin noise

LG

—a 3.0 uK.arecmin noise

1.4 pK.arcmin noise

1.0 uK.arcmin noise

0.50 puK.arecmin noise

0.25 puK.arcmin noise

Seljak & Hirata astro-ph/0310163

GW Detectability limit (T/S> residual noise at 1

How to get a Factor 5 (at best)
L Jo ey ! 1 1

10 1
beam FWHM |arcmin]

2 possible bounding cases:
% Minimal: 5 pK.arcmin/20 arcmin FWHM (i.e no cleaning)
+ Ambitious: 1 yK.arcmin/2.5 arcmin FWHM (lots of further science at high res)

L
! = %
‘Al _* F.R. BOUCHET ON BEHALF OF THE MISSION GROUP, CERES, 27 MARS 2006 r{




CNES Phase 0 study

Fisher Matrix analysis

Fidurial SAMPAN 20" fwhm, (5uK - arcmin)® (No rejomization)
model T TE EE BE BE+EE All
r 0.0 LAT w 10V [ 719 1072 1 1.32 5 10=2 | 158 = 10— | 6.71 = 1074 | 6.60 = 10~
SAg/As [ 100 10" [ 314 « 1077 [ 615 % 1073 [ 381 » 107 | 270 10° | 3.57 » 107 | 1.27 = 10°°
H 72005 100 1996 » 10— [ 6.62 » 10-2 | 9.91 » 10—= | 5.94 » 10" | 5.06 = 10-2 | 3.93 = 10-2
Q| 5000 107 [ 343 5 107 [ 2,68 2 1078 [ 6.01 » 107 [ 3.91 1072 [ 4.88 » 1074 | 1.30 1074
0, 250 107 273107 [ 503 107" [ 134 % 1074 [ 345 % 1072 | 1.28 5 107* | 2.68 » 10~
n, .00 > 100 | 347 > 10— [ 6.60 % 10— | 3.98 » 10— | 149 10~ [ 3.74 = 10— | L84 = 102
(1 0.0 5.5 w1070 [ 437« 107 [ 3.08 1070 [ 304 % 1072 | 3.00 < 1074 | 1.87 = 107
r 0.0 173w 1070 [ 8.00 % 107 119 % 107 | 1.60 x 10" [ 596 x 107° [ 5.96 » 107"

009

Table 2: 17 errors resulting from the fit of an eight parameter family of cosmological models
for a detector white noise level of S5plk - arcmin and a resoution of 20 arc mimite. | Note that
8Ag/As denotes the variation on the normalisation of the scalar power spectrum as compared
to that inferred from COBE data.) This table confirms that a tensor to scalor ratio r greater
than 2 x 1072 could be detected at the 3a level even without relyving on the low-/# reionisation
bump.

GW can be detected at 3o forr >~ 2 x 103
Without relying on the reionisation bump
(which increases the spectrum by ~100 at | < 20)

1:-\ _* F.R. BOUCHET ON BEHALF OF THE MISSION GROUP, CERES, 27 MARS 2006



CNES Phase 0 study ®

Scientific Goals [requirements]

+ Full [usable] sky survey (IGW is at large scales & minimization of cosmic variance, Q&U > EB
non-local), which can only be done from space

+ Strict control of Foreground emission = multi-channel, with 2 CMB channels (spectral
verification) guarded by at least 2 channels to map the low and high frequency contaminants
B Requirement: 4 (wide) bands centered around [100, 143, 217, 353 ] GHz
B Goal would be to add 2 channel at 70 & 550 GHz; Further studies needed
m Continuous frequency coverage is also unique to space

+ 20[10] arcmin a 217 GHz (40 [20] arcmin @ 100 GHz, requirement on CMB maps)

+ Sensitivity of Q and U CMB maps of 7uK.arcmin [5pK.arcmin]. Translation in sensitivity per
band depends somewhat on adopted hypothesis concerning foregrounds. We set for the goal
5muK.arcmin at 143 et 217GHZ, with a requirement at 10muK.arcmin. Similar sensitivity
desired at 100 GHz and about 3 times less at 350GHz.

+ Exacting control of any systematic effect:
B Minimization by design. Therefore

E Integrated overall design of the instrument and the satellite. Various parasitics must be minimzed (/
Sum < detector noise in final CMB map) or be knowable to better than noise/10 to allow removal

B Localization (L2)

® Numerous measurements within different configurations, i.e. plan multiple redundancies (over angles,
timescales, etc.)

B Choice of scan strategy
E Mission duration (at least 4 skies, i.e. request 2 years)
A = B Minimization of on-board (destructive) compression (to keep problem finding power)

r“‘\ _* F.R. BOUCHET ON BEHALF OF THE MISSION GROUP, CERES, 27 MARS 2006 9




CNES Phase 0 study

Instrumental requirements
Planck individual bolometers (50 in 6 bands) are Focal plane | Characteristics 20000 detectors 20000 detectors
within a factor of 2 of the CMB photon noise in components SQUID (f=32) JFET (£=16)
the CMB channels. with a maximum gain Detectors: Dimensions (diameter) 201 mm 201 mm
ibl f 2B 3 h f q Stage af Mass (Kg) 3 3
possible of about 1.5. T erg Ore one neeas 01K or 03K | Electrical Power (W) L 107 075 % 107
+ Low background > Cold optics Number of wires 2600 2704
+ Large number of efficient detectors. .‘EiGe: Dimel%sio:ns 20 x (110 <ﬁ11IJ ¢ 40) mn” 0
m Since individual sensitivity is o« TY2 = T, ~ 0,1K ?EFWT . Iﬁlf“”“" ';k_@'l»'P - 156_“810_3 E:
NB: the Planck dilution cooling at 0.1K in space is Theteth NECTI{“EC'}R? 'Y Y. -
a unigue European technology (stability 30 [IIDEY O wres 364 T
nK/Hz2) JVET: Dimensions 0 40 % (150 x 150 % 40) mm®
® Rather detailed assessment (done during phase Stage at Mass(ke) 0 28
0.1), assuming a lens L1 @ 8K and another L2 @ T'<150K Electrical Power (W) 0 163
2K, shows that Number of wires 364 (032
20 000 pixels would meet the goals in 2 years Warm Amplifiers: | Dimensions (400 5 400 x 400)mm’ | (400 x 400 5 400) i’
(5000 pixels at 100, 143, 217 GHz, and 3500 Stage at 300K | Mass (Kg) 25 2%
pixels at 350 GHz = ~5pK.arcmin at 100, 143, Electrical Power (W) <200W < 200W
217, and 15 pK.arcmin at 350 GHz. 1500 pixels at Data rate (Mbitss) 5.7 57
70 GHz = ~10puK.arcmin)
+ Pixels need a physical size ~wavelength = - .
Iarge focal plane (diameter ~30 cm) I Table 4: Instrumental requirements
+ Large multiplexing needed to avoid explosive - , L
power consumption of the acquisition T'he two kinds of detector techmology lead to similar interfaces for the eoldest stage and
elect_rqnics. Defining the multiplex factor f (1 for the 300K electronics. The main difference arises at intermediate temperature due to the
amp“fler for f detectors)_, different readont scheme. The choice between the two technologies will therefore be made based
: ﬁ%\tjll_lpss'ff__ 1322 dF())OaS;fle on detector behaviour, availahility, and simplicity.
* ‘l' oy
=1

ON BEHALF OF THE MISSION GROUP, CERES, 27 MARS 2006

1“"\ _* F.R. BOUCHET 10



CNES Phase 0 study ®

Payload Requirements

+ Observing pattern must be repetitive at various time-scales

B At least 4 surveys to test for data reproducibility = 2 years survey
duration due to Sun-Earth-Moon constraints

B ~ % sky every 1-3 days with maximal variations of polarizers
orientations.

B Same detector measures same pixel with different orientation (>15deg)
with a time lag shorter than 10-20 s (assuming 100s knee frequency for
noise spectrum of detector chains)

B Measurements made at 40 degrees angular separation within 10
minutes for low-l (assuming factor of ~10 improvement when
differencing)

m Sky coverage as homogeneous as possible

+ Pointing: Little constraints for absolute pointing, but request a
FWHM/20 accuracy for the a posteriori pointing reconstruction.

+ Telemetry rate: transmit every sample, but heavily compressed
(about 4 bits per sample)

*
) %

* l *
-

> r“\‘\ l_ F. R. BOUCHET ON BEHALF OF THE MISSION GROUP, CERES, 27 MARS 2006
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Technical parameters : scanning

ctr 'I' an\/

U Al Hy

SAMPAN

Several telescopes
*Problem of mass and volume.
*Prohibitive difference in telescope sensitivity

Rotating polarizing plate
A defect of wheel symetry will induce a prohibitive
thermal noise

Rotating focal plane
*Prohibitive local variation of transmission through optics
*Wires and microvibration problems

Off axis lign of sight (planck like)
*Measurements can’t be done quasi simultaneously

Spin + nutation + precession of the whole
payload
«Systematics reduced to their minimum

Final phase 0.2 key point 14 December JOIMICHAUD 12

2005



Sampan

Folded V-grooves to allow
spinning at large angle from
i Max ) / sun-earth line
! 3.8m !
| Optics : 900x900
P : 900x100

Cryostat : 1000x1300

A
A

4.7 m 4.2 m
Plate + mesh IF height 400mm

Bus : 1000x1700

LIR : diam ext 1194 ou

vy_ / — 937mm )
TMI antenna : diam AD

v ACU height 750mm

With an inner momentum-cancelling wheel, since the option of a service satellite for
transmission and calibration was not affordable in that cost enveloppe; this had to
skip a couple of proposal generation!



~~~~~~~ Jumping to 2010, 4 M3 selection
AL Quest of a single number not fit

> COrE

-2 1.. Cosmic Origins Explorer

hhhhhhh

B-modes Polarized
(r>0.001) foregrounds

2) Sensitivity ! Frequency
Large Array Coverage !

Many bands
1) Polarimetric 4) High
purity ! angular
Polarization SRR Resolution !
Modulator first; N N Large telescope +
Single-mode > high frequency

beams




Requirements from science

“ - ——— and possible |mplementat|on -~

>

The 5 4K arcmin sensitivity must be AP —
chleved with a wide sky and frequency i
coverage.

This level of sensitivity allows a
measurement of the sum of neutrino
masses at the 0.05 eV level, thus allowing

ST _T| IR e
| — TEB
TEB (iterative)

1077

Wl+1)c,*/2m

to investigate their hierarchy. d
Lensing 10 i00 w0 1o i 1o0o
Frequency coverage is essential because reconstruction 1 ﬂ

polarized foregrounds are overwhelming,
and sufficient leverage is needed to
separate them and extract a clean
cosmological signal (w. redondancy)

In addition, polarimetry of ISM (and the
related study of the Galactic magnetic field)
at high frequencies is one of the main
targets of COrE.

TRL6=representative system
In realistic environment

CDrE

Cosmic Origins Explorer
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Cosmic Origins Explorer
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CDrE

Cosmic Origins Explorer

ppol|  2n+lc p-pol
4cose d
----------------------------------------- é FF(ZB-S!aﬂdfﬂg I V A éPkOtOlfIhographiC
Wire-grid Wire-grid
& Dielectric Substrate
& Mirror

& Mirror

Figure 27: Left: Free-standing RHWP. Right: Dielectric substrate RHWP

e Rotating Reflecting-Half-Wave-Plate (RWHP)

+ Modulator = first optical element — polarization purity of
following elements not critical

+ Must be rotated for modulation — simple mechanical system
+ Many bands (many orders) — wide frequency coverage

+ Can be made large diameter (embedded wire-grid
technology)

+ Can be deposited on a support structure — good flatness



1)

CDrE

. Cosmic Origins Explorer

ppol|  on+lc| \ ¢ p-pol
4cose d
----------------------------------------- é FF(ZB-S!aﬂdfﬂg I V A éPkOtOlfIhographiC
Wire-grid Wire-grid
& Dielectric Substrate
& Mirror

& Mirror

Figure 27: Left: Free-standing RHWP. Right: Dielectric substrate RHWP

e Rotating Reflecting-Half-Wave-Plate (RWHP)

+ Modulator = first optical element — polarization purity of
following elements not critical

+ Must be rotated for modulation — simple mechanical system
+ Many bands (many orders) — wide frequency coverage

+ Can be made large diameter (embedded wire-grid
technology)

+ Can be deposited on a support structure — good flatness
- Narrow bands at high orders (high frequencies: Av =Av,)
- Equalization of s-pol and p-pol efficiency not trivial (0.1% ?)



- COrE

Cosmic Origins Explorer

Ttdet gfu_-'hﬂl Temp (I} Pol (Q*LT)
pe -arcmin pe N -arcmin
arcimin R.J CMB R.J CMB
G4 23.3 4.98 5.25 8.61 9.07
Zn +1 C 300 14.0 2.36 2.73 4.09 4.72
- 400 10.0 2.03 2.68 3.50 4.63
4cosp d |— 550 7.8 1.68 | 2.63 | 2.90 | 4.55
750 6.4 1.38 2.67 2.38 4.61
1150 Hh.4 1.07 2.63 1.84 4.54
1200 4.7 0.82 2.64 1.42 4.57
575 4.1 1.40 G.08 2.43 10.5
375 3.7 1.70 10.1 2.94 17.4
100 3.3 3.25 26.9 5.62 46.6
64 2.8 4.05 65.6 7.01 119
64 2.4 4.12 149 T.12 258
64 1.9 1.23 227 3.39 G626
64 1.6 1.28 1320 3.52 3640
64 1.3 1.31 KOT0 3.60 | 22200

COrE summary (4 yvear mission)

) ,mm |u'n' nm‘u m' rmu'”w |lq "”';1 I

600 800 1000
Frequency (GlHz)

—————
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T
RHWP feaSIbIIIty ::‘ E)EnchOriginsExplorer

e Embedded-mesh
design flexible and
effective

e Small (20 cm)
prototypes already
exist and perform

e ESAITT issued for
larger prototypes,
target 1.5 m
(Manchester)

Pisano, F RS 2012 (Malaysia)




2] Detectors Count & i

Focal-plane real-estate :

e 5 uKarcmin target (after x:
removal of foregrounds):
extremely high total sensitivity ¢
required. ‘

e Bolometric detectors |

e Sensitivity achieved by o
multiplication of number of
detectors, not (much) through -
reduction of NEP (<T & <
background).

e Planck experience with 40K
telescope + CMB background:
photon noise limit, with cosmic
rays hits close to be important

BE
T AE

10

NEP [1e—17+W/sqrt(Hz)]

aaaal M o aaaal L i o xaaal L a2 s azaal L PR
0.01 0.10 1.00 10.00
Frequency (Hz)

. core

. 1 Cosmic Origins Explorer Planck HFI Core Team: Planck early results. IV. A&A 536, A4 (2011)



Requirements from science
and possible implementation

AT BN EE R WIS T NS W EE WS | 93 = H Il /TS S = r L W = AL 1 I N WL Iy T . |

» To achieve about 5 uK arcmin and high angular resolution:

Horn FWHM (deq) 36 = 4 years
solid angle (sr) 0.31006 =
freq (GHz) numb Wavelength (m) throughput 1 pix (lamb”2) thru all (m2 sr) FP area (m2) focal plane diam (m) JFWHM (") JuK sqrt(s) |iK arcmin
45 200 6.67E-03 4.44E-05 8.89E-03 2.87E-02 1.91E-01 23.3 50 3.8
75 200 4.00E-03 1.60E-05 3.20E-03 1.03E-02 1.15E-01 14.0 50 3.8
105 500 2.B6E-03 g.16E-06 4,08E-03 1.32E-02 1,29e-01 10.0 55 2.7
135 t0o 2.22E-03 4.94E-06 2.47E-03 7.96E-03 1.01E-01 7.8 65 3.2
165 5oa 1.82E-03 3.31E-06 1.65E-03 5.33E-03 8.24E-02 6.4 75 3.6
195 500 1.54E-03 2.37E-06 1,18E-03 3.82E-03 6.97E-02 5.4 100 4.9
225 200 1.33E-03 1.78E-06 3.56E-04 1.15E-03 3.82E-02 4,7 130 10.0
255 200 1.18E-03 1.38E-06 2. 77E-04 9.93E-04 3.37E-02 4.1 180 1-.8
285 200 1.05E-03 1.11E-06 2.22E-04 7.15E-04 3.02E-02 37 250 19.2
315 200 9.52E-04 9.07E-07 1.81E-04 5.85E-04 2,73E-02 3.3 350 269
375 200 4.00E-04 b.40E-07 1.28E-04 4.13E-04 2,29E-02 2.8 420 37.6
435 200 6.90E-04 4,76E-07 9.51E-05 3.07E-04 1.98E-02 2.4 1200 92.1
555 200 5.41E-04 2.92E-07 5.84E-05 1.86E-04 1,55E-02 1.9 6200 4757
675 200 4.44E-04 1.98E-07 3.05E-05 1.27E-04 1.27E-02
795 200 3.77E-04 1.42e-07 2,85E-05 9.19E-05 1.08E-02 :
total 0.022860914  0.073730002 0,306391864 1.39
Calculations taking into account horn effects 1
thru all (m2 sr)  FP area {(m2) focal plane diam (m) uK arcmin
filling factor 0.2 0.028576143 0.0021625§ e :
aperture efficiency 0,745 0.038357239 0. 123?080'

» To achieve polarimetric accuracy at the same level:
» polarization modulator.
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10-7

10-8

"|D—1'|

10-13

Wide frequency coverage

COrt baseline configuration

[ - - foreground residual error 15 bands work very well -
-l T noise error (for B-modes measurements) A
total error

- nsed CMB ]
B r=5.e-3 e
_ unlensedk€MB—_  _|
B ~ = *\ngse i
E - J— e es;'c}hhﬁ _ E

e u R i
i} e f°l'egr uls fro ; p .
— n e T~ - ——
= 65% of th I m deljj Mect TTe-l 3
E € Sky ap ng’ h“-:
- Peqg i

| 1 1 [l | | | I | 1 | | | 1 [l 1 | [l | 1
10 100

Multipole moment |
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() a5 GHz
75 GHz
O 105 GHz
© 135 GHz

v (Av) emp Pol (Q.U)
pK -arcmin K -arcmin

GH: | GH:= RJ | CMB B RJ | CMB
45 15 4.98 | 5.25 W8.61 | 9.07
75 15 2.36 | 2.73 W4.09 | 4.72
105 15 2.03 | 2.68 W3.50 | 4.63
135 15 1.68 | 2.63 W2.90 | 4.55
165 15 1.38 | 2.67 §2.38 | 461
195 15 1.07 | 2.63 @1.84 | 4.54
225 15 0.82 | 2.64 W142 | 4.57
255 15 1.40 | 6.08 @243 | 10.5
1.70 | 10.1 294 | 174

3.25 | 269 W5.62 | 46.6
4.05 | 68.6 WT.01 119
f 4.12 | 149 W7T.12 258
195 1.23 | 227 W3.39 626

195 1.28 | 1320 §3.52 | 3640

195 1.31 | 8070 W 3.60 | 22200

COrE summary (4 yvear mission)
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2)

v (A'U) Ndet fwhm Temp (I) Pol (Q*U)

45 GHz == o (K -arcmin pK -arcmin
GHz | GH= arcmin @ RJ | CMB | RJ | CMB

75 GHz 45 15 64 233 W498 | 5.25 | 8.61 | 9.07
75 | 15 | 300 140 M236 | 273 | 400 | 472
O 105 GHz 105 | 15 | 400 100 M2.03| 268 | 350 | 4.63
135 | 15 | s50@ 7.8 Mi6s | 263 | 200 | 455
© 135 GHz 165 | 15 | 50M 64 Mi3s| 267 | 238| 461

195 15 1150 5.4 1.07 | 2.63 | 1.84 | 4.54
225 15 1800 4.7 0.82 | 2.64 | 1.42 | 4.57
15 575 4.1 1.40 | 6.08 | 2,43 | 10.5
15 375 3.7 1.70 | 101 | 294 | 17.4
15 100 3.3 3.25 | 269 | 562 | 46.6
15 64 2.8 4.05 | 68.6 | 7.01 119
15 64 24 4.12 149 | 7.12 258
195 64 1.9 1.23 | 227 | 3.39 626
195 64 1.6 1.28 | 1320 | 3.52 | 3640
195 64 1.3 1.31 | 8070 | 3.60 | 22200

COrE summflry (4 vear mission)

A

All diffraction-
-limited,
single-mode pixels:

well controlled,
higly circular
Gaussian beams !

395mm
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TES bolometer technology :

Well established, and
performing well (at the
telescope: SPT, ACT & on
balloons EBEX, SPIDER ...)

ldem for MUX readout

European technology
also well advanced.=—>

We need >4000 of them.
— MUX readout
— Horns

Can we avoid CR hits ?

S. Withington et al., Cambridge

F. Gatti et al. Genova
multi-moded spider webs

M. Piat et al. Paris
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Improving over TES bolometers ?

e KIDs & CEBs !

e KIDs made in Cardiff, Grenoble,

Rome/TN etc.

e CEBs made in Chalmers

P
27K

Cold-Electron
Bolometer (CEB)

C-coupling to antenna,
thermal isolation,
read-out &

electron cooling

:|> JFET L

KIDs = =
Grenoble

o S NIKA
Monfardini e
al. 2011

More insensitive to
CR hits

(sensing electrons
are confined in a
sub-um sized
junction, and
effectively decoupled
from the lattice)
Kuzmin et al. 2010



4)

Figure 26: Left: prototype of 100 GHz planar OMT (Fr). Right: Clover 97 GHz waveguide OMT (UK).

Large Telescope &
clean, wide focal plane

The real-estate problem can be relaxed if each pixel is
sensitive to both polarizations and to several frequencies

OMTs required — good quality prototypes existing already at
100 GHz; more difficult at high frequency end.

Multichroic pixels (as in LiteBIRD at al.) are an option

ESA has issued an ITT for developing high detector density
focal plane architectures for COrE &.

Orthomode transducer (OM



COrE : the mission

No atmosphere, Full-sky
coverage, thermal
stabllity, sidelobes

- L2 mission

Mass: 1800 kg

500 000/800 000 km halo
orbit (Herschel)

Launcher : Soyuz \
Raw data rate 18Mbps, «
compressed 4.5 Mbps.

Spin axis : sun-earth

High gain Ka antenna _
2 h/day download.




COrE : the fate

« After being shortlisted, COrkE was not selected for the M3 study in
2010 (too early [Planck] and risky [TRL])

« The scientific Importance was recognized, and a technology
development program has been supported (by ESA and national
agencies) |

« Meanwhile, many other events, eg:

— Planck results on the sky

— Telescope, detectors and cooling
chains Planck validation
— control of systematic effects \

(Bicep, Bicep-Il, EBEX, ..): ~i :
— work on SPICA/BLISS detectors \

In Europe, a lot of which is
applicable to CMB polarization
measurement

* Next ESA opportunity: M4 in 2014

e (2013: L2-2028 & L3-2034 to be selected - PRISM)

'''''




Questions - for all of us

* Given the know facts (lensing B-level, cleaning
reg., FG, etc) , can we now realistically build a
(relatively) small mission (a la sampan, pixie,

itebird) for B-modes, even at low-ell only?

* If larger program, what is the « right » mix

hetween scientific ambitions, cost and risk?

« Best time-window w.r.t. sub-orbital?

* The answer is time-dependent as an interplay of
science/technology/programmatics...

 \We should soon be able to redo
optimization w.r.t. FG (Planck+H

* |In any case, our M4 proposal (if

payload

)

PRISM Is not

selected) must/will be rather different from COrE

which was our 2010 trade-off.

CMB2013, Okinawa F. R. Bouchet, IAP
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