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ESA mission
Launched in 2009
Operative until 2013
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Spherical harmanics
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Thomson scattering and polarization

Quadrupolar
anisotropy

The CMB is partially polarized because of
Thomson scattering in an anisotropic
Unpolarized environment

e.m. waves

i

In particular partial polarization is possible
only if the CMB possesses a non zero
guadrupolar anisotropy

What are the mechanisms that generate
a quadrupolar moment?

Scattered
radiation
Is polarized
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Thomson sc"atte‘ring and polarization

Quadrupolar
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The CMB is partially polarized because of
Thomson scattering in an anisotropic
Unpolarized environment

e.m. waves
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mode pattern

Temperature
Pattern Seen
by Electrons
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A quadrupolar anisotropy caused by density perturbations generates a so-called E
(polarization direction is parallel to crests and perpendicular to troughs)
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The effect of gravity (tensor) perturbations

A quadrupolar anisotropy caused by gravity waves can generate either E-modes or B-modes (in
the figure) depending on the orientation of the stretch and squeeze pattern with respect to the
line-of-sightparallel to crests and perpendicular to troughs)
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Gravitational Waves
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Angula{r power spectra
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Angulair power spectra
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Angulair power spectra
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Angula[r power spectra
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Measurements state of the art
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Measurements state of the art
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Worldwide competition

Project Country | Location | Status | Frequencies { range o(r) goal
(GHz) value Ref. |no fg. |with fg.
QUBIC France |Argentina| 2018 150,220 30-200 0.006 0.01
Bicep3/Keck |U.S.A. |Antartica | Running |95, 150, 220! 50-250 | [22]|2.5107%| 0.013
CLASS U.S.A. |Atacama | >2017 |38, 93, 148,217 2-100 | [29]|1.4 1073| 0.003
SPT3G U.S.A. |Antartica [2017 |95, 148, 223 50-3000| [23]|1.7 1073 | 0.005
AdvACT U.S.A. |Atacama | Starting |90, 150, 230 60-3000 | [24]|1.3 1073 | 0.004
Simons Array | U.S.A. | Atacama |> 2017 |90, 150, 220 30-3000 | [25]|1.6 10~ | 0.005
LSPE ltaly | ATilOnt ) 2018 |43, 90, 140, 220, 245|3-150 | [30] 0.03
EBEX10K U.S.A. |Antartica |> 2017 |150, 220, 280, 350 |20-2000| [28]|2.7 10| 0.007
SPIDER U.S.A. |Antartica | Running |90, 150 20-500 | [26]]3.1107*| 0.012
PIPER U.S.A. |Multiple | 2017? |200, 270, 350,600 |2-300 [27](3.8 10~ | 0.008

Crete, 4-12 July 2018
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Worldwide competition

Project Country | Location | Status | Frequencies { range o(r) goal
(GHz) value Ref. |no fg. |with fg.
QUBIC France |Argentina| 2018 150,220 30-200 0.006 0.01
BicepS/Kec}sr Lo A | Antactioa | DuoninalOR 480 000] Lo-nonl ool 10| 0.013
CLASS + Simons observatory, 2016 — 2021, funded (~ 40 M$) 1071 0.003
SPT3G 10| 0.005
AdvACT + CMB S4, 2020 — 2024, not funded yet 10~3| 0.004
Simons Art.
LSPE ltaly | ATielOnt ) 2018 |43, 90, 140, 220, 245|3-150 | [30] 0.03
EBEX10K U.S.A. |Antartica |> 2017 |150, 220, 280, 350 |20-2000| [28]|2.7 10| 0.007
SPIDER U.S.A. |Antartica | Running |90, 150 20-500 | [26]]3.1107*| 0.012
PIPER U.S.A. |Multiple | 2017? |200, 270, 350,600 |2-300 [27](3.8 10~ | 0.008
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Foreground control
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QUBIC In a nutshell — the instrument

Sky

~40 cm

-Half-wave plate ~4[K
.olarizing Grid ~4K

Primary horns ~4K
Switches ~4K
Secondary horns ~4K

¥ Dichroic
bolometer o< |K
array (992 TES) :
220 GHz

~IK

Cryostat

bolometer array ( 992 TES)
150 GHz
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QUBIC In a hutshell — the instrument

-Half-wave plate ~4K Switches Bloc

.olarizing Grid ~4K

Primary horns ~4K
Secondary Horns

Switches ~4K
: s _, Secondary horns ~4K S ndary] l .
Primary Mirror
Polarizing Grid

bolometer
oG __ TES Armay
~IK
Readout PCB
Cryostat

SQUIDs boxes

bolometer array ( 992 TES)
150 GHz
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QUBIC In a nutshell — the instrument

Sky

~40 cm

-Half-v;rave plate ~4K
.olarizing Grid ~4K pu lse tu bes

Primary horns ~4K e d g es
Switches ~4K
Secondary horns ~4K

bolometer
array (992 TES)
220 GHz

~IK

Cryostat

bolometer array ( 992 TES)
150 GHz
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Response to a point source In the far field
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Response to a point source In the far field
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QUBIC in a nutshell — the measurement

Response to a point source In the far field
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QUBIC in a nu'tsh‘ell — the measurement

Response to a point source In the far field
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QUBIC In a nUtsheII — the measurement

Response to a point source In the far field
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QUBIC In a nt'jtsh.ell — the measurement

Response to a point source In the far field
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QUBIC In a nt'jtsh‘ell — the measurement

Response to a point source In the far field
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Signal measured at pixel dp at time t ]
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QUBIC In a hutshell — self. calibration

The response from equal baselines
IS In principle the same
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The response from equal baselines
IS In principle the same

0.052 4
Self calibration mode:
0.017
* QObserve an artificial source
0.017
y, By * Acquire data with several baselines
0032052 0.017 0017 0.052 combinations

0.052

* Find instrumental parameters that
minimize measurement differences for
each baseline

-0.052 e
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QUBIC In a hutshell — self. calibration
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QUBIC In a hutshell — self. calibration
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QUBIC In a hutshell — self. calibration
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QUBIC In a hutshell — self. calibration
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QUBIC In a hutshell — self. calibration
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QUBIC In a nUtsheII — spectro-imaging

25 . .
amplitudes: -
g 50l — Eg }'gg gﬂ; | | ¢ The synthetized beam has depends on
g frequency (in the example the difference
£ L between two beams at 140 and 160 GHz)
3 15
: * This means that it is possible to
= 1ol reconstruct the frequency information
m o o
c within each band
2
2 0.5} e Achievable spectral resolution about 5%
|_
U'Ezu -15 -10 -5 0 5 10 15 20

A [den.]

Courtesy of J.C. Hamilton
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QUBIC in a nutshell — spectro-imaging

220 GHz data

150 GHz data

Courtesy of J.C. Hamilton
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QUBIC In a hutshell — spectro-imaging
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QUBIC site quality
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QUBIC site quality
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QUBIC cry\%tat at Rome La Saplenza
(courtesy.G. D’Alessandro) ‘
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QUBIC HWP\%tator at Rome La Sapienza -
BT N (courtesy G. D’Alessandro) ‘ J S5
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Feedhorn antennas at Milano Statale ;

3{""\ o (courtesy F. Cavaliere) " Y JE
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Switches and 'électromcs at Milano Bicocca-

‘ (courtesy M. Zannoni)
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Heﬂi\dge’ at Manchester ‘

(courtesy A. May) 3
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QUBIC mlrrors'éllgnment at Roma La Sapienza
(courtesy M. De Petris and M. Zannoni)
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QU\% detectors at APC ‘

(courtesy S. Marnieros) ‘
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AN A :
QUBIC mo&wt development in Argentina
(courtesy P. Ringegni and M. Mundo)
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AN 78
QUBIC shelfér‘deVelopment In Argentina -

(courtesy R. Ringegni and M. Mundo)
"
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" Next steps

Autumn 2018 — Technological demonstrator calibration in Paris

First half of 2019 — shipment and installation of Technological demonstrator in

Argentina, parallel development of Final Instrument components (detectors,
mirrors, switches).

Second half of 2019 —first light and data taking with Technological
Demonstrator, shipment of Final Instrument parts and integration of Final
Instrument in Salta

Aim at first light with Final Instrument during 2019
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Conclusions and perspectives

« CMB B-modes are a challenging quest. Measurements limited by systematic
effects and foregrounds

o QUBIC responds with a challenging instrument with a design that is robust
against instrumental effects.

o The TD will demonstrate the design, the first module will show the scientific
potential

o Long-term plans foresee exploitation of the Argentinean site with deployment
several modules with a wide frequency coverage
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