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Why B-modes are so hard ?

® Sensitivity :
% Signal amplitude ~ 70 nK on a 3K background

= Need extremely sensitive and stable detectors at

~150 GHz

® Astrophysical Foregrounds :
% BICEP2 false alert has shown their importance

% Interstellar Dust is already known to be high

= Need high frequency detectors at > |50 GHz
% Synchrotron emission might become an issue

= Observations at < /0 GHz will be important in a
few years

® Systematic effects :

= Need for accurate polarization modulation and
detailed knowledge of instrument properties
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QUBIC concept: Quasi optical correlator
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QUBIC concept: Quasi optical correlator
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QUBIC concept: Quasi optical correlator
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QUBIC concept: Quasi optical correlator
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QUBIC concept: Quasi optical correlator
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QUBIC concept: Quasi optical correlator
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QUBIC concept: Quasi optical correlator

| horn open
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QUBIC concept: Quasi optical correlator

| horn open
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QUBIC concept: Quasi optical correlator

fringes successfuly observed in 2009 with MBI-4 [Timbie et al. 2006]
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QUBIC Main Features

® TES Focal planes

% 2048 TES with NEP ~ 4x10-'"”W.Hz !/
* [28:1 SQUIDs+ASIC Mux Readout

High Sensitivity
r<0.0l @ 95%C.L.(No foregrounds)
r<0.02 @ 95%C.L.(inc. foregrounds)

® 400 Elements Bolometric Interf.

Synthesized imager
scanning the sky
Perfect beam control

% Synthesized imaging on focal planes
* 23.5 arcmin FWHM

contamination

% One focal plane for each band
removal

% 150 and 220 GHz

® Switches on each horn

% Ability to reconstruct baselines individually
% Self-Calibration like an interferometer

Unprecedented
control of systematics
with Self-Calibration

>
EE

® Dual Band operations E Dust Polarisation
— >
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Instrument
fully designed

* Outer cryostat: Roma
 HWP: Manchester / Roma
* |K Box / detectors: APC
* Fridges: Manchester
* Optics: Roma /

Maynooth / Milano
* Mount:Argentina

1.547m high
1.42m diameter
About 800kg

Parts being
constructed
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QUBIC site: Alto Chorillo, Argentina

® High quality site:
*  Argentinian Puna: 5000m a.s.l.
* ~ |80km from Chajnantor (Atacama)

® [ogistics in synergy with that of LLAMA

40 min. drive from San Antonio de los Cobres
4h drive from Salta (airport, ...)

Large power + network available on site

* % O %

Logistics (roads, water, buildings on the mountain
and downtown) fully funded (MINCYT + Province
of Salta) and being constructed now

® - Argentinian Collaboration
*  MINCYT :500k$ (US) available
* + CONICET / CNEA / Province of Salta signing
agreements
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QUBIC site: Alto Chorillo, Argentina

® High quality site:
*  Argentinian Puna: 5000m a.s.l.
* ~ |80km from Chajnantor (Atacama)

® | ogistics in synergy with that of LLAMA

40 min. drive from San Antonio de los Cobres
4h drive from Salta (airport, ...)

Large power + network available on site

* % O

Logistics (roads, water, buildings on the mountain
and downtown) fully funded (MINCYT + Province
of Salta) and being constructed now

® - Argentinian Collaboration
*  MINCYT :500k$ (US) available
* + CONICET / CNEA / Province of Salta signing

©
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agreements = Gazoduct + Optical fiber
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B.l. = Synthesized imager

Primary horns array Synthesized beam
Window: 403.0mm - Nhorns=400

Resulting Beam on the sky
Haselines up to #0

QO

Q
000,00
QO

Horn position in mm

Q
Q
QO
Q
QO
Q
Q
QO
QO
Q
Q
Q
QO
Q
QO
Q
Q
O

OOOOOOOOOOOOOOOOOgOOOO

-0.2 -0.1 0.0 0.1 . (09, 90.0) Galectic
Horn position in mm

150 GHz, 20x20 horns, Synthesized beam used to
|4 deg. FWWHM, 2c scan the sky as with an imager
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B.l. = Synthesized imager

Primary horns array Synthesized beam
Window: 403.0mm - Nhorns=400

Resulting Beam on the sky
Haselines up to #0
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-0.2 -0.1 0.0 0.1 . (09, 90.0) Galectic
Horn position in mm

150 GHz, 20x20 horns, Synthesized beam used to
|4 deg. FWWHM, 2c scan the sky as with an imager
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B.l. = Synthesized imager

Primary horns array Synthesized beam
Window: 403.0mm - Nhorns=400

Resulting Beam on the sky
Haselines up to #0

QO

Q
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Horn position in mm
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-0.2 -0.1 0.0 0.1 . (09, 90.0) Galectic
Horn position in mm

150 GHz, 20x20 horns, Synthesized beam used to
|4 deg. FWWHM, 2c scan the sky as with an imager
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B.l. = Synthesized imager

Primary horns array Synthesized beam

25% BW - 3 mm detectors

(including detector finite size and 30% BWV)

Q0
000 0000
00/0/0000000000000
0/0/0000000000000000
S 0/0/0/0/0/0/0/0.0/0/0/0/0/0000®
S 0000000 000000000000
00/0/0/0/00000000000
k= 00000000 00000000
= 0000000000000
S 0/0/0/0/0/0/0,0,00000®
= slelo/0/e/0'0'0'0/0'0/0/0/0'0'0/0’0'0'6) 8.5 deg.
5 0/0/0/0/0/0/00,000000000000 Vie———— " 5
S 0000000000000
Q. 0000000000000
P 0/0/0/0/0/0/0000000
S SoREeRas0000es
x olelololelel0le s 0le e 0lele! FWHM
0000000000000 0.54 d
0/0/0/0/0/0/0,0,0,0,0,0.0® : eg.
0/0/0,0/00000®
o/o/00000®
0.0 w—— s 1.0
-0.2 -0.1 0.0 0.1 . (0.0, 90.0) Galactic

Horn position in mm

150 GHz, 20x20 horns, Synthesized beam used to

|4 deg. FWHM, D=1.2 cm

scan the sky as with an imager
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Specificities of QUBIC w.r.t. Imagers

® Synthesized beam is:
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Specificities of QUBIC w.r.t. Imagers

® Synthesized beam is:

‘ just more CPL]...
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Specificities of QUBIC w.r.t. Imagers

® Synthesized beam is:

just more CPG...
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Specificities of QUBIC w.r.t. Imagers

-

® Synthesized beam is:

just more CPL]...

Y

A Imagers can’t !

-

A Imagers can’t !
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Map-making with QUBIC synthesized beam

Original map

Single detector beam 400 horns

25% BW - 3 mm detectors

(including detector finite size and 30% BWY)

. 85 deg

FWHM
0.54 deg.

0.0 e 1.0

(0.0, 90.0) Galactic

Full TOD-> Map simulation

(incorporates Planck |, Q, U maps)

———— = -
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Map-making with QUBIC synthesized beam

Original map

Single detector beam 400 horns

25% BW - 3 mm detectors

(including detector finite size and 30% BWY)

«85 deg' > (0,90)

/ Reconstructed map (primary lobe only)

FWHM
0.54 deg.

0.0 e 1.0

(0.0, 90.0) Galactic

Full TOD-> Map simulation

(incorporates Planck |, Q, U maps)
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Map-making with QUBIC synthesized beam

Original map

Single detector beam - 400 horns

25% BW - 3 mm detectors

(including detector finite size and 30% BWY)

100 100

Reconstructed map |

Difference map |

0.0

(0.0, 90.0) Galactic

Full TOD-> Map simulation

(incorporates Planck I, Q, U maps) 3 B0 SR e

100

k
{
1

\
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® Synthesized beam:

% Depends on horns configuration
* AND on frequency !

- ex:a point source emitting at 140 and 160 GHz

® There is frequency information !

® Multi-frequency map-making
with the same TOD

% Spectral resolution Av/v~0.05
% proven with simulations
% article being finalized
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QUBIC is a Synthesized Spectro-lmager

amplitudes:
— 1.0 @ 140 GHz

® Synthesized beam: el
* Depends on horns configuration :
* AND on frequency ! s
-  ex:a point source emitting at 140 and 160 GHz g

® There is frequency information ! Sy CoftinuC ey mand

® Multi-frequency map-making
with the same TOD

% Spectral resolution Av/v~0.05
% proven with simulations
% article being finalized

——
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QUBIC is a Synthesized Spectro-lmager

amplitudes:
— 1.0 @ 140 GHz

® Synthesized beam: el
* Depends on horns configuration :
* AND on frequency ! s
-  ex:a point source emitting at 140 and 160 GHz g

® There is frequency information ! S —

® Multi-frequency map-making
with the same TOD

% Spectral resolution Av/v~0.05
% proven with simulations
% article being finalized
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QUBIC is a Synthesized Spectro-lmager

amplitudes:
— 1.0 @ 140 GHz

® Synthesized beam: el
* Depends on horns configuration :
* AND on frequency ! s
-  ex:a point source emitting at 140 and 160 GHz g

® There is frequency information ! S —

® Multi-frequency map-making
with the same TOD

% Spectral resolution Av/v~0.05
% proven with simulations
% article being finalized
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QUBIC is a Synthesized Spectro-lmager

amplitudes:
— 1.0 @ 140 GHz

® Synthesized beam: el
* Depends on horns configuration :
* AND on frequency ! s
-  ex:a point source emitting at 140 and 160 GHz g

® There is frequency information ! S —

® Multi-frequency map-making
with the same TOD TOD = ¥ tod(v)

% Spectral resolution Av/v~0.05 | ep ki
% proven with simulations e
% article being finalized
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QUBIC is a Synthesized Spectro-lmager

amplitudes:
— 1.0 @ 140 GHz

® Synthesized beam: el
* Depends on horns configuration :
* AND on frequency ! s
-  ex:a point source emitting at 140 and 160 GHz g

® There is frequency information ! S —

® Multi-frequency map-making
with the same TOD TOD = ¥ tod(v)

% Spectral resolution Av/v~0.05 _
lMap Making

% proven with simulations
* article being finalized @

Output: N broadband frequency maps

ﬁ& QUBIC D Towards the European Coordination ) j.:Ch. Hamilton 4
mm , : = of the CMB programme . . . ‘ 4
QU Bolometric Interferometer for Cosmology | a2 _,_.._-:'.-‘"g;_-!;-_i Villa Finaly, Firenze, 08/09/2016 ham:lton@a_bc.umv—par:s /.fr f 9 (


mailto:hamilton@apc.univ-paris7.fr

Ex: Split one QUBIC band into two sub-bands (Av/v~0.125)

Results on Q

convolved reconstructed residual

200x200 pix
200x200 pix
200x200 pix

-

. "ﬂ-‘:ili- ﬁ:‘?i; 3;:'3:':;' .a'gl:_tll?% h

140GHz band

10 ‘/pix,
10 '/pix,
10 ‘/pix,

(316.448,-58.758) (316.448,-58.758)
| ee— |
4

Varying dust

convolved residual

e e
o
200x200 pix
200x200 pix

T2 e

160GHz band
200x200 pix

10 '/pix,
10 ‘/pix,
10 '/pix,

.-Ch. Hamilton

UBIC | 77 | 3 | P Towards the European Coordination
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|0 smaller bands
Same overall sensitivity
2 bands Increased spectral resolution

180 200

Frequency [GHz]

180 200
Frequency [GHz] Frequency [GHZz]

Same Hardware... More CPUs needed but who cares ?

Might be a way to resolve complex foregrounds with non trivial frequency
behavior (see F. Boulanger’s talk)

QUBIC Towr te European Coordination - j;Ch. Hamilton J |
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Systematics: Self-Calibration

® Unique possibility to handle systematic errors ggeoeeee

% Use horn array redundancy to calibrate systematics :: ::::
- In a perfect instrument redundant baselines should see the same signal 0¢/, 00700
- Differences due to systematics o 00 .00
- Allow to fit systematics with an external source on the field 0000/000
* Unique specificity of Bolometric Interferometry ! 00000000
[Bigot-Sazy et al., A&A 2012, arXiv:1209.4905] 00000000
Redundant baselines :

% Example: exact horns locations (figure exagerated !!) same Fourier Mode

Trs the Europen Coordination ) j.:Ch. Hamilton  / ¥ ‘
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" Mi%  Villa Finaly, Firenze, 08/09/2016 hamilton@apc.univ-paris7 fr ‘rﬁ@(

= QUBIC

QU Bolometric Interferometer for Cosmology



mailto:hamilton@apc.univ-paris7.fr

Systematics: Self-Calibration

% Use horn array redundancy to calibrate systematics
- In a perfect instrument redundant baselines should see the same signal

- Differences due to systematics
Allow to fit systematics with an external source on the field

* Unique specificity of Bolometric Interferometry ! 00000000
[Bigot-Sazy et al., A&A 2012, arXiv:1209.4905] OR?QdC?OIQO
edundant baselines :

% Example: exact horns locations (figure exagerated !!) same Fourier Mode

105? """""" IAAALAAAAAS RARSSAS SRS RSN SSAS A S EES 'j'
perfect ‘
corrupted

1.04E

bl
D
=
p

1.00F

O . 99 LLJ*._‘---*L._._A_A;._&LL_._.A,.,>>-J AA‘J,“.;._LL_A_‘A‘J_.._‘LJ‘_.A_J

0.99 1.00 1.01 1.02 1.03 1.04
X (meters)

- — — == —t
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Systematics: Self-Calibration

% Use horn array redundancy to calibrate systematics
- In a perfect instrument redundant baselines should see the same signal
- Differences due to systematics

- Allow to fit systematics with an external source on the field O
* Unique specificity of Bolometric Interferometry ! 00000000
[Bigot-Sazy et al., A%A 2012, arXiv:1209.4905] 00000000
Redundant baselines :
% Example: exact horns locations (figure exagerated !!) same Fourier Mode
corrupted
recovered |
1.03
s
0.99 1.00 1.01 1.02 1.03
X (meters)
Towr te Europen Crnion | R jz Hc-lmilton ~
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Systematics: Self-Calibration

% Use horn array redundancy to calibrate systematics
- In a perfect instrument redundant baselines should see the same signal

- Differences due to systematics
Allow to fit systematics with an external source on the field

O
* Unique specificity of Bolometric Interferometry ! 00000000
00000000

[Bigot-Sazy et al., A&A 2012, arXiv:1209.4905]
Redundant baselines :
% Example: exact horns locations (figure exagerated !!) same Fourier Mode

' corrupted
recovered

Perfoct-corrupted Sigma » 0.07163 Perfect corrupted
Corrupted-Recovered Sigma = 0.01360 | Corrupted-Recovered

Horns positions . 1000 realisations

position error

300
~100pm

w
—
@O
o
)
@
—
=

0.99

0.99 1.00 1.01 1.03
X (meters)

- — — == —t
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Systematics: Self-Calibration

% Use horn array redundancy to calibrate systematics

- In a perfect instrument redundant baselines should see the same signal
- Differences due to systematics
- Allow to fit systematics with an external source on the field

ee
* Unique specificity of Bolometric Interferometry ! 00000000
[Bigot-Sazy et al., A&A 2012, arXiv:1209.4905] 00000000

Redundant baselines :

% Example: exact horns locations (figure exagerated !!) same Fourier Mode

o T ' — — a3
Jfcank| bl o okt M 7 ~ . Accuracy on systematics estimations

| i Perfoct corry, Sigma » 0.07163 Perfect covru . . . . .
corrupted i posilhn sty — ‘is only limited by statistics

’ recovered Corrupted-Recovered Sigma = 0.01360 | Corrupted-Recovered
e R

? HO’T\S pOSitionS . 1000 realisations

300 position error
~100pm

)
102 |

Jones Matrix residual error

dag0ns! termsl

O 99 L.,A passasadasasaiaaal AAbidlia al o aasasaal g ,.-A,-Lnj | » 4 | | N
0.99 1.00 1.01 1.02 1.03 : Loyl e POy S ord I 102
X (meters) 0. 0. ' _ ' Time spent on eac

10 10
h gaseline (s)
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Self-Calibration results

— C° for r=0.05 (QUBIC Target)
QUBIC range o
——— (. leakage without self-calibration o
. — C* leakage with self-calibration (2.5% of observationtime)

initial E->B
eakagée

Self-Calibratipn

o
=
e
N
—
O
—
g
g

residual E-B
leakage

[Bigot-Sazy et al.,, A&A 2012, arXiv:1209.4905]
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Sensitivity on r

® Likelihood using measured Planck 353 dust level in BICEP2 field

I
— 1.6 +/-0.018
— 1.6 +/-0.016

Assumptions:
2 years,Argentina, 30% efficiency

1.58 1.60 1.62 1.64

Dust Spectral Index

QUBIC 2 years atac_03_
B 150+220: 0, = 0.011
B 150+220+353: 0, = 0.010
I No Foregrounds: o, = 0.006

Tensor / Scalar ratio r

1.58 1.60 1.62 1.64 0.005 0.610 0.015 O.OIZO 0.025
Dust Spectral Index Tensor / Scalar ratio r

_ Towr te European Coordination . ]
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Competitiveness

Project

Country

Location

Frequencies
(GHz)

QUBIC

Eur+Ar+US

= =

Argentina

150,220

— P———

BicépS/Keck
CLASS
SPT3G
AdvACT
Simons Array
LSPE
EBEX10K
SPIDER
PIPER

U.S.A.
U.S.A.
U.S.A.
U.S.A.
U.S.A.
ltaly

U.S.A.
U.S.A.
U.S.A.

Antartica
Atacama
Antartica
Atacama
Atacama
Artic
Antartica
Antartica
Multiple

Running
> 2016
2017
Starting
> 2017
2017

> 2017

Running

95. 150, 220!
38, 93, 148, 217

95, 148, 223
90, 150, 230
90, 150, 220

43, 90, 140, 220, 245
150, 220, 280, 350

90, 150

200, 270, 350, 600

~ |50-250
2-100
50-3000
60-3000
30-3000
3-150
20-2000
20-500
2300

From QUBIC TDR (on arXiv this week)
Numbers obtained with [Errard et al., JCAP03(2016)052]
forecasting tool

J-Ch. Hamitton 4\
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QUBIC Plan: 3 steps
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QUBIC Plan: 3 steps

® Focal Plane testing: Ist term 2016
% 256 TES in Lab Cryostat Validation of
A = > v

128:1 Multiplexing Detection Chain

— ———— = == _
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QUBIC Plan: 3 steps

® Focal Plane testing: Ist term 2016
* 256 TES in Lab Cryostat :: > Validation of
% |28:] Multiplexing Detection Chain v

® Technological demonstrator : Mid 2017
Nominal cryostat
8x8 horns array

. Validation of
reduced mirrors >
256 TES / frequency technology

Laboratory testing

2 e i i g o

e _ o — — =3 — _
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QUBIC Plan: 3 steps

® Focal Plane testing: Ist term 2016
% 256 TES in Lab Cryostat Validation of
A = > v

128:1 Multiplexing Detection Chain

® Technological demonstrator : Mid 2017

Nominal cryostat
8x8 horns array

. Validation of
reduced mirrors >
256 TES / frequency technology
Laboratory testing

e QUBIC Ist Module:2018
% 400 horns array
% nominal mirrors
* 1024 TES / frequency B-mode search
% Laboratory testing o(r) = 0.0l in 2 years
% Deployment on site and operations

2 e i i g o

e _ o — — =3 — _
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Summary

e QUBIC is a novel instrumental concept

*  Bolometric Interferometer optimized to handle systematics (self-calibration)

- QUBIC is an synthesized spectro-imager observing a selected range of spatial frequencies that can be
accurately calibrated

%  Dedicated to CMB polarimetry and inflationary physics
- Major topic in fundamental physics: early Universe, origin of structures, ...
*  High sensitivity with ~2000 TES bolometers
- Sensitivity with |st module: O(r) = 0.01 (incl. dust + eff.)
% Dual Band (150 / 220 GHz): ~ 5 sub-bands in each
- Enhanced control on foregrounds (better spectral resolution)
%  Location: San Antonio de los Cobres, Argentina, deployment in 2018
- Logistics already funded and on the way (site ready by mid-2017)

® Possible ground for a future European Stage IV project
- QUBIC Full (90-300 GHz) : a(r) ~ 0.001 (~2025)

J-Ch. Hamilton /24>
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Bolometric Interferometer Stage |V !

Wide band spectra-imaging [90-300] GHz cutting |18 (O2) and 183 H;O lines

79 sub-bands |=-= Max. Spec. Resolution: 1/P = 0.02
26 sub-bands |=-—= Spec. Resolution: 2/P = 0.04

—— Atmosphere brightness in arbitrary units -

AHWP

V-pol

Cryostat enclosure
EENEEEEEEE (orns

Noise on maps [pK.arcmin]

Frequency [GHZz]

Il' ‘\l
Focal Plane Focal Plane

[
=

- Max. Spec. Resolution: 1/P = 0.02

=
o

FWHM [arcmin]

o(r) ~ 5x10-*

using [Errard et al., JCAP03(2016)052]

200
Frequency [GHZz]

Very preliminary study
(Andrea Tartari + JCH)
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