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l. Cosmology: CMB and Inflation
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Cosmic Microwave Background (CMB)
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Stokes parameters

1zation

The CMB polari
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. Stokes parameters

For each position on the sky :
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Problem : |, Q, U are defined with respect to the frame of your instrument

= Using Q and U, one can build 2 scalar quantities with a global definition over the sky:
E modes B modes
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A clue for inflation
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Il. The QUBIC project
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Observation site: Puna (~5000m)

Calibration at APC

Cryostat arrival
(May 2018)




Optical part Filters
/ Cryostat

Rotating
Half wave plaM \

Polarizer

Horn array—|
_~ Secondary mirror

Primary mirror ]

Focal plane
(bolometers)
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Point source
at infinity

An interferometer




Data simulation and map-making

- Time Order Data (TOD)

Matrix containing the pointing

strategy over the sky
TOD for one bolometer
\ Noise

W M M dporo = AT + Ny

Pointing index

TOD




Data simulation and map-making

- Time Order Data (TOD)

Matrix containing the pointing

strategy over the sky
TOD for one bolometer
\ Noise

\“M\% M % dposo = AT oy

" Pointing index Covariance
noise matrix

TOD

- Map-making in temperature and polarization /

_}
_ —1
d = T=(A"-N1.4)
TOD from the
992 bolometers

—

LAt N L4

=> Not so easy !
For one day of observation, N is
already a (3e6 x 3e6 x 992) operator.

Map: Maximum-Likelihood solution



Spectro-imaging
Goal: Make sky maps in many frequency sub-bands.

Example for bolometer 93 at 130GHz:

Large band
Measurement Theory
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T
| f (GH2Z)

10 ‘fpix, 200x200 pix

14



Spectro-imaging
Goal: Make sky maps in many frequency sub-bands.

Example for bolometer 93 at 150GHz:

Large band
Measurement Theory

130 150 170
T
| f (GH2Z)

10 'fpix, 200x200 pix
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Spectro-imaging
Goal: Make sky maps in many frequency sub-bands.

Example for bolometer 93 at 170GHz:

Large band
Measurement Theory

130 150 170
T
| f (GH2Z)

10 Yfpix, 200x200 pix
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Self-calibration

Horn array (8x8) Switches

Method :
For 2 equivalent baselines, in case of a perfect instrument, you should obtain the

same interference pattern on the focal plane.

The measured differences are used to characterize systematic effects. Fringes on the focal plane

created by one baseline

2 redondant baselines
on the horn array
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Fringes measurement

A quarter of the focal plane (17x17)
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Conclusion

- The instrument is now calibrated at APC
- Will be installed in Argentina.
- Goal: learning about primordial universe (inflation)
- New possibilities:
- Self-calibration

- Spectro-imaging

- New project: QUBIC + LLAMA

~ Radio telescope APEX in Chile
similar to LLAMA
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Synthetized beam on the sky

Point source
(150 GHz)

Synthetized beam

/ for one detector

QUBIC

Scan in azimuth
and elevation

10 ‘/pix, 200x200 pix

Example for bolometer 93:
Measurement Theory

y: 150 GHz - Data Frequency = 150 GHz - Theory

Frequenc

200x200 pix

10 '/pix,

(0,0)

e+03 6.64e+04
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Spherical harmonic transform
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Power spectrum
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E and B modes
00 [

(Q@EiU)n) =) > aiom +2Yim(n)

[=2m=—1
You can form 2 scalar quantities :
- E modes
En)=3 3 af | Vin(n) with qf = — Z2mTd-2m
=2 m——1 im 2
- B modes
B(n) = Z Z al, Yim(n) with B =22

=2 m=-—I1

= A global definition over the sky

24



Primordial B modes, a clue for inflation

Inflation :

Accelerated expansion phase right after the Big-Bang (~1073% s)

Inflation

Metric

—>

Tensor
perturbations

Scalar
perturbations

Primordial
gravitational waves

} E and B modes

Density fluctuations } E modes
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Polarization measurement )
Iin = |E; cos(2wt) + E, sin(2wt)|

W y
U = I + Q cos(4wt) + U sin(4wt)
: L,
Eincident / E. Using a correct rotating speed,
tn we can reconstruct |, Q, U for
E— — —) each position on the sky.

=) 3 Sky maps

Rotating half
wave plate Polarizer
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3D model

Filters

Half Wave Plate

Polarizer

Horn array

Pulse tubes

Fridges

Primary mirror

CMB
photons

Cryostat

Secondary
mirror

Bolometers
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Bolometer : Transition-Edge Sensor

Resistance (Q)

1.2

ce®s 20 W"

i f QUBIC P41 (NbSi-Al)

& ® P41_1

. ® P41_2
. ® P41_3
0.6 — < ® P41_4
'.
0.4 P
L J
3
0.2 — :
L]
&
<
0.0 —|sacee 20’

| | I | I I I
0.46 0.48 0.50 0.52 0.54 0.56 0.58

Temperature (K)

TES superconducting phase transition

|
0.60

28



Removing foregrounds

Temperature
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Title : Exploring the primordial universe with QUBIC: The Q&U Bolometric
Interferometer for Cosmology

Abstract:

QUBIC is an experiment dedicated to the measurement of polarization B-modes of
the Cosmic Microwave Background (CMB) using the novel technology of
Bolometric Interferometry. In this talk, | will start with a brief explanation of the
underlying physics: What are primordial B-modes and why it will give us
invaluable insights on what happened during the inflation era, right after the Big
Banag.

Then, | will present the current status of the project and the instrument
architecture. The unigue design of QUBIC brings new possibilities to CMB
polarization mapping including self-calibration and spectroimaging.
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