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Very weak
signal

Instrumental
systematics

Polarized
foregrounds

QUBIC — Steve Torchinsky

Primordial B-modes with QUBIC (‘:')

Focal Plane:

e 2048 TES with NEP ~ 4x10Y W.Hz /2

e 128:1 SQUIDs+ASIC Mux Readout

e End-To-End Sims. show o(r)=0.01 with 2
years

-—/

Cryogenic Optics after HWP and Polarizer

+ Full power detectors
e |Instrumental Polarization has no effect

« Synthesized Imaging (well controlled
beam) - angular resolution 23.5 arcmin

 Self-Calibration using switches + active
source

Two wide bands: 150 and 220 GHz
e 1 focal plane for each channel

Spectro-Imaging allows to form = 2+3 bands

\ 400 elements Interferometer

e Increased Frequency Resolution
e More Complex dust models can be
constrained
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&5 QUBIC Site:

near San Antonio de los Cobres —
(Salta, Argentina)
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Quasi optical correlator
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e Self Calibration 55

Unique possibility to handle systematic errors
* 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 ! 00
Bigot-Sazy et al., A&A 2013, arXiv:1209.4905 ‘::
Redundant
baselines : same :::
Q !!C!{anbe_ o ' Fourier Mode
_ eakage without self-calibration
——— C™ leakage with self-calibration (2.5% of observation time),
- Calib. Source
. ~ | sweeping at

| 150 & 220 GHz
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Bolometric Interferometry

Primary horn array Synthesized beam
(on the sky)

150-220 GHz, 20x20 horns, Synthesized beam used to scan
13 deg. FWHM, D=1.2 cm the sky as with an imager
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& Spectro Imaging

Synthesized beam:
%  Depends on horns configuration
* AND on frequency !

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

® There is spatial + frequency information !
® Multi-frequency map-making with the

same TOD

%  Spectral resolution Av/v~0.05
%  Shown to be quasi-optimal with simulations
% article being finalized
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i QUBIC Spectro Imaging

End-to-End Simulation
____(no systematics)

TOD(220 GHz)

TOD(150 GHz)
:
1
]
1
! => Increased Spectral Resolution
Sky: ! . => Dust subtraction
Infinite Instrument:: Data Analysis:  _, More complex models can be constrained
bands 2 wide bands 5 narrow bands
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1.547m high
1.42m diameter
Abou't 800kg

* QOuter cryostat: Roma
| © 1K Box / detectors: APC,
{ CSNSM/IRAP

il - Fridges: Manchester
* Optics: Roma /
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Maynooth / Cardiff

Currently cold
and under test at APC
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cryostat manufactured by
Roma La Sapienza
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QUBIC ASIC 1 TES077 at Different Temperatures

TES fabrication; CSNSM
Readout electronics: APC & IRAP

QUBIC — Steve Torchinsky CMB ground based experiments - Milan 3/4 March 2019 12



Optics Box at 1K

Initial measured points - Mirror in HexRF

Structure: APC
Mirrors + alignment: Milano, Roma, APC
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©
Cryo system

1K and 300mK He4 fridges: U. Manchester

Both cycled successfully inside the QUBIC cryostat

QUBIC — Steve Torchinsky CMB ground based experiments - Milan 3/4 March 2019

4

14



Cryo Optical Components —

Filters, HWP, Polarizer: Cardiff

- s

30cm diameter hot-pressed and AR-coated mesh HWP — To be cut
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Back to Back Horn Array

B2B platelets horn-array
Milano Statale

Switches and electronics
Milano Bicocca + APC
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QUBIC HWP Rotator
Roma La Saplenza

QUBIC — Steve Torchinsky
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QUBIC as seen from
the_wallbratlon Source

‘ reflection of window in flat mirror

| QUBIC cryostat
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Calibration Setup
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QUBIC TES array

Array P87 ASIC1 bla k a from 2019-01-29 13:21, Tpath=376.113mK
Array P87 ASIC2 blue d t from 2019-01-29 13:21, Tpa 376 113mK
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Scanning in Azimuth =

first sidelobe

scan in azimuth

centre of focal plane |

0.0 2.5 5.0 1.5 10.0 125 15.0
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scan of beam across one pixel
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QUBIC — Steve Torchinsky
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5.0 it 10.0 125 15.0
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i Summary

QUBIC is a novel instrumental concept

First Bolometric Interferometer
Dedicated to CMB polarimetry and inflationary physics
High sensitivity with ~2000 TES bolometers
Optimized to handle systematics:
- Self Calibration allowed by observing individual fringe patterns (Unique to QUBIC)

gpeé:tro-lmaging with two physical bands (150 / 220 GHz) and 5-10 sub-
ands:

= Foregrounds contamination control and removal with up to 10 bands (unique to QUBIC)
*  Target:
= First module (150-220 GHz): o(r)=0.01 (incl. dust)

= ?tgg(e)lV evolution of QUBIC o(r)=0.01 hopefully through a wider European collaboration + CMB-S4
ube(s

L i . D o

) o

® QUBIC deployment is on the way:

TD Integration and test ongoing at APC

Initial Calibration measurements in the lab

First light in Argentina end-2019

Upgrade to Full focal plane and 20x20 horn array in 2020

* % o
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