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Radiation emitted at 3000K → cooled by 

universe expansion to 2.77 K 
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Environmet of the detectors < TCMB

Thermometers (bolometers) cooled at 100 -300 mK

→ minimize the thermal noise (phonons)
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QUBIC

QU Bolometric Interferometer for Cosmology

J.-Ch. Hamilton

INFN, Pisa, March 2nd 2016

Many pixels = imager

Planck sky scan
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The CMB as a window to study cosmic inflation

Modes E et B

Image : BICEP/Keck 
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The CMB as a window to study cosmic inflation
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The CMB as a window to study cosmic inflation

Image : BICEP/Keck 

Linear polarization

E 

modes
B modes

The amplitude is 

parametrized by the 

tensor to scalar ratio r.

Current upper limit:

à 95% C.L.

[Tristram et al., 2022, 

BICEP/Keck]

E and B modes

E modes
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Laser interferometers LIGO and 

VIRGO detected GW from binary

Blackholes and NS, with the 

wavelength

of thousands of kilometres

But, the primordial GW affecting

the CMB has a wavelength of

billions of light-years!! How do

we find it?
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Density Field Transfer Function
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Early Universe

Primordial Density

Fluctuations

• Perturbations evolve from end of inflation to decoupling 
due to matter-radiation oscillations. 

• The transfer function depends upon « simple physics » 
and cosmological parameters

• Allows to fit both cosmology and primordial spectra 
(including inflationary physics)
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Scalar and tensor modes - E & B polarization

• Scalar perturbations:
• Density fluctuations

• Temperature

• E polarization

• No B polarization

• Tensor perturbations:
• Specific prediction from inflation!

• = Primordial gravitational waves
• Temperature

• E polarization

• B Polarization
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~ ratio between 

B and E modes
⇒ detecting primordial B-modes:

‣ Direct detection of tensor modes

‣ «smoking gun» for inflation

‣ Measurement of its energy scale

t



BICEP, Keck
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r0.05 < 0.035 at 95 CL
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BICEP/Keck collaboration arXiv:2203.16556

M. Tristram et al Phys Rev D 105, 083524 (2022)

P. Campet, E. Komatsu arXiv:2205.05617
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Problematic of foregrounds

Polarization

Credit : Planck

Sum of several 

emissions

CMB

Synchrotron

Dust

Atmosphere

Observation at distinct 

frequencies is needed



CosmoBIFE
J.-Ch. Hamilton

Galactic Foregrounds
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TemperaturePolarization Dust grains

Synchrotron

[N. Krachmalnicoff]

Many efficient foreground cleaning techniques exist. They rely on multiwavelength observations. 

But they usually assume “smoothness” of the foreground EM spectrum...

Back to Index



QUBIC, the bolometric interferometer

PSF : Response of 

the instrument on the 

focal plane for one 

direction on the sky, 

at one wavelength.

Horn array Focal plane : bolometers (TES)



Spectral imaging

Diffracting grid ⇔ Horns

Lens ⇔ mirrors

Focal plane
Point source 

at infinity

Spectrale information is spatially encoded

Superimposition of 3 

measurements at

130, 150 and 170 GHz

Bolometers integrate the signal in a wide frequency band. 

Spectral imaging allows to split the band in sub-bands 

during the post-processing.

190 240

f (GHz)

Sky maps

Wide band

[Mousset, Gamboa et al, QUBIC II, JCAP] 

https://iopscience.iop.org/article/10.1088/1475-7516/2022/04/035


A potential lever arm to control foregrounds  
Work in progress

Constrain complex Spectral Energy 

Density (SED) models

Detect monochromatic emissions 

(for example CO lines)



Mai 2021 

Installation in Argentina

Re-assembling in Salta 

San Antonio de 

los Cobres

Salta

Observation site: 

San Antonio de Los Cobres, ~5000 m

May 2022 

Observation of the 

sky from Salta in 

October



nap.edu/astro2020

US Decadal Survey
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