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Interferometer: direction 1
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Interferometer: direction 2
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Interferometer using mirrors
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EMBRACE: technology
proposed for SKA
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Interpeak distance is related to the shortest baseline D/A => function of wavelength

Multichroic synthesized beam

Frequency: 130 GHz - Data Frequency = 130 GHz - Theory

10 '/pix, 200%200 pix
10 '/pix, 200x%200 pix

]
Measurement at 130-170 GHz Simulation at 130-170 GHz
(0,0} (0.90)
EEEEESSS————— | |
438 5.66e+04 0 015

[Torchinsky et al., QUBIC 11l arXiv:2008.10056v3 ] (JCAP 2022)

Peaks distance evolution w.r.t. Frequency opens the path to Spectral Imaging !

CMB Cal Milan-Bicocca 2024-11-04 Steve Torchinsky — QUBIC Calibration


https://arxiv.org/abs/2008.10056

We scan the sky with our PSF
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_ Map-Making with B.I.
2 5 ) Weneedtosolvefors: y=H-§+71 )
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Bolometric Interferometry < Synthesized Beam Map-Making

QUBIC PSF (Bl Synthesized beam)
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@ 150 GHz
-

Forward modeling approach:
X2 in TOD space
Regularization with Planck data

Regnier et al 2023 arXiv:2309.02957
Manzan et al 2023 arXiv:2311.01814
Chanial et al 2024 arXiv:2409.18698
Regnier et al 2024 arXiv:2409.18714
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Analogy with “grism spectroscopy” (Euclid test images)
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—— Expected: vo=150 =8.0 GHz | (~3.2 GHz with FI)
(26 detectors) -
[indoor calibration

source]

%51
5

Ln
[+

=

~
Source Flux

Elevation / degrees
Ln
a

-

-5 0 baﬂds .......... T T T
Azimuth /degrees e et 130 140 150 160 170

.................. Frequency
2. nu=[152.6,160.5] nu=[160.5,168.7] *

nu=[138.0,145.1] nu=[145.1,152.6]

nu=[131.2,138.0]

. 200%200 pix
200x200 pix

. 200x200 pix
pix, 200x200 pix

]
=2F
| o
‘=]
~
e
[=]
SE
™~
§
=
=
=

— — — — —
0.01 0.03 0.01 0.03 0.01 0.03 0.01 0.03 0.01 0.03

First Spectral Imaging reconstruction with real data (Calibration Source operating at 150 GHz at APC)
[Torchinsky et al., QUBIC Il arXiv:2008.10056v3 ] (JCAP 2022)
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https://arxiv.org/abs/2008.10056

Spectral Imaging allows us to eliminate the
dichroic and half the bolometers!

Sky
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QUBIC characterization at APC
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Torchinsky et al JICAP 2022

bolometers
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Reintegration and characterization in Salta
Moon Observation 14 july 2022

Ay of Both scans o = 2569
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Next step: Self Calibration

Self calibration was developed in the
1980’s evolving from the “phase
closure” technique used in the 1970’s

Multiple apertures — large number of visibilities
Much more than the number of physical parameters

radio interferometers

Mon. Not. B, astr, Soc. (1981) 196, 1067 1086

A new method for making maps with unstable

T. J Cmee].l* &nd P N Wilkjnson University of Manchester,
Nuffield Rodio Astronomy Leborerories, Jodvell Bank, Macclesfield, Cheshire SK11 S0L

Ann. Rev. Asreon. dstrophys. %64, 27 - 07- 130
Copyright i 1984 by Anmeal Reviews Ine. Al rights reserved

IMAGE FORMATION BY
SELF-CALIBRATION IN

RADIO ASTRONOMY

T. J. Pearson and A. C. S. Readhead

AdA 550, A9 (2013)
DOI: 10,105 1/0004-6361/201220429
©ESO 2013

Self-calibration: an efficient method to control systematic effects

M.-A, Bigot-Sazy', R. Charlassier”, J.-Ch. Hamilton', J. Kaplan', and G. Zahariade'

Aaistronomy
Astrophysics

in bolometric interferometry

For self-calibration, we need a stable point source...

fringes

—

2500 - -

".. Louise Mousset
“w  Phd 2021

—7500

~10000
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QUBIC Callbratlon Tower

A

i

Callbratlon th
microwave sources

50m

Base antenna +

50m >

CMB Cal Milan-Bicocca 2024-11-04 Steve Torchinsky — QUBIC Calibration 20



JCAP special issue on QUBIC (2022)

QUBIC I: Overview and Science Program
arXiv:2011.02213

Recent QUBIC Publications

QUBIC Map Making using Spectral Imaging

QUBIC II: Spectro-Polarimetry with Bolometric Interferometry °

arXiv:2010.15119
QUBIC llI: Laboratory Characterization
arXiv:2008.10056

QUBIC IV: Performance of TES Bolometers and Readout Electronics y

(to be released soon)

QUBIC V: Cryogenic system design and performance

arXiv:2008.10659

QUBIC VI: Cryogenic half wave plate rotator, design and performance

arXiv:2008.10667

QUBIC VII: The feedhorn-switch system of the technological demonstrator

arXiv:2008.12721
QUBIC VIII: Optical design and performance
arXiv:2008.10119

Regnier et al “Frequency Decorrelated Dust...”
arXiv:2309.02957

Manzan et al “Galactic Foreground Contamination...”
arXiv:2311.01814

Chanial et al “Frequency Map Making”
arXiv:2409.18698

Regnier et al “Component Map Making”
arXiv:2409.18714

CMB Cal Milan-Bicocca 2024-11-04
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EXxtra
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Aperture Synthe5|s

Delay:

vrg:ﬁ,\-ﬁ.:ﬁ), (RU+U

Correlator response:

F =cos2nvr,

dP = A.(5)1(6)AvdS)
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For self-calibration, we need a stable point source...

Galactic Centre: First image by MeerKAT
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Colors are not visible by bolometers,
but spatially encoded !
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Colors are not visible by bolometers,
but spatially encoded !

CMB Cal Milan-Bicocca 2024-11-04

Steve Torchinsky — QUBIC Calibration

26



Techn Geek Detalls
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