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Cosmic microwave background

Years after the Big Bang
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CMB temperature

Almost perfect blackbody radiation
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CMB polarization

CMB is few % (linearly) polarized by Thomson scattering
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Any linear polarization field can be decomposed into the two

scalar fields E and B.

Primordial B-modes are a specific prediction from inflation
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Instrumental challenge

galactic and extra-galactic
atmosphere  foregrounds

systematic effects
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We want to measure extremely faint signals:
- High altitude and dry observation sites (even better from space, next pres.)
- Many detectors to integrate the signal + cryogenic operation (~ 100 mK) for low noise
- Spectral measurements allow us to disentangle the CMB from the foregrounds



Instrumental challenge

RMS Polarization amplitude [pK]
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Polarized Galactic Foregrounds SED

100
Frequency [GHz]

Small polarized signal:

e high sensitivity detectors

® |ow systematics
(T>>E>>B)

Astrophysical
foregrounds:

® Gravitational lensing
e Galactic foreground
emission:

O Synclirotron & Dust



The QUBIC collaboration
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The QUBIC collaboration Il

Cryostat: Italy: Roma
1K Box / detectors (300mK TES): France: APC / CSNSM / IRAP
Fridges: UK: Manchester
Optics: Italy: Roma / Milano - Ireland: Maynooth - UK: Cardiff
Mount: Argentina: La Plata & CNEA
Site: Argentina: CNEA - Salta Province
e Calibration Mount: France: 1JCLab
Integration, Calibration and testing: France: APC - Argentina: Salta




The QUBIC instrument

Bolometric interference [Window/aperture

e High sensitivity | thermal filters
- Transition edge sensors T ~ 0.3 K [Half wave plate
- Cold optics and electronics polarizer
- Absorption fridges at 1 K and 0.3 K

e Interferometry
- Spectro-imaging
- Systematics control

e Cryostat
- Temperature stages (40 K, 4 K, 1 K)
- Window and IR filters at every stage
- Detectors stage at 0.3 K

e Dimensions
- 15mx1.42m
- 800 kg

Horn array




The QUBIC Concept: addlng mterferometry
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https://arxiv.org/abs/2008.10056

The QUBIC concept: interferometry

Colors are not visible by
bolometers, but spatially encoded !




Bolometers

- Detection of a flux of radiation with

Incident radiation power P; incident power Pi
P

- Figure of merit noise equivalent power:

Interest to work at low temperature:

G
NEP = \/AK5T?G [W/VHz]
C

T, 7= (— e Improved (fundamental) noise performances or energy resolution
I \ ___________ e Faster detectors (lower thermal time constant, to be continued...)
Toath |- ----
e For ground based CMB observation, ~300 mK is
P, = ..
(1) { Pot>t enough to be background limited



Bolometers: transition edge sensors
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The Tc of the superconducting material determines the operation temperature



Bolometers: transition edge sensors




Readout electronics

e Measure the TES current with an extremely low impedance N SQUID!
Power dissipation in the shunt
e FLL to linearize the SQUID

- Y4

TES
“+bias

circuit

DRE

_<GXVSQ>

- < FB >

@ RS<<RTES$ <Isq >
< Ilpg > FPGA

Thias >




QUBIC Detection chain

e 1 focal plane =4 TES arrays x 256
e Cold electronics:
o Time-division multiplexing 128:1
o 128SQUIDs @ 1K
o 1SiGe ASIC @ 40K
e Warm readout:
o FPGA board

Currently deployed TD:

Y4 focal plane (256 detectors) @ 150 GHz



QUBIC cryogenics: general architecture

Pulse tubes: Sumitomo RP-082B2S Vacuum chamber 16 epoxy/glass fiber struds 16 epoxy/glass fiber struds
Z M Z
e 35W@45K X
h 6 carbon
4 09W @ 4 K v X/ 1 fiber/epoxy
2 double stage \ /’,—-"' 232/30 mm
Advantages: pulse tubes L=250/270 mm
4 Kand 40 K
e Continuous cooling % ﬂ 1 K box: 3.6 m?
Window: 0.12 m?
e 4 K stage Temperature 2.6 K —
Fridge plate ]
D. d . refrigerators 1 K - " ;6 carbon
g 2™ || L+ eeiamm
° V|brat|0ns 40 K screen: 6.86 m?2 \\ / L=110/115 mm
® LOW effICIenCy 4 K screen: 5.81 m? \\\ 1 K box
The two 45 K stages in parallel




QUBIC cryogenics: general architecture

4 K stage support ==




Adsorption fridges

Operation principle:

Cooling thanks to pressure decrease of a biphasic cryogenic fluid
Pressure decrease: pumping
Pumping thanks to adsorption: cold source

. . . . r m
Material with large specific surface: active charcoal Cryopump
Adsorption capacity decreases with temperature
A
Condensator
P limite
Timite = Evaporator

J.P. Thermeau




QUBIC cryogenics: Sub-Kelvin cryogenic design

Mechanical heat switches (Entropy):

e Optimize coupling 4 K -> 1 K stage
e Openwhen 1 K stage reaches 4 K

Convective heat switches:

e Manchester university
e Thermallink 1 K stagefor T <4 K
e Used by the cryopumps 1 K and 0.3 K

Fridge plate:

e Connected to the PT2 head
e T=3K

PT14K
Cold head

4 K thermal screen

PT24K
Cold head

Copper braids

Copper braids

Pre cooling
mechanical switch

Closed: 400 mW/K

0.3 K stage

106 kg Al + 11 kg Cu and Cu alloys

Fridge plate

_I switch

1 K cold head

Convective switch

Closed: 40 mW/K
Open: 0.53 mW/K

“He cryo pump

8 struts

3He cryo pump Pre cooling

switch

—

“He cryo pump
switch

0.3 K cold head
6 struts
Copper foils drain

2 x 8 struts

0.3 K stage

10 Kg Cu and Cu alloys + 1 kg Al




QUBIC cryogenics: 1 K fridge

-z

S J Cryopump 4“He

| Screen 0.3 K
fridge

'A

Convectlve heat
1 K evaporator switches 40 mW/K

Fridges plate




QUBIC cryogenics: 0.3 K fridge

Concentric evaporators



QUBIC cryogenics: assembled fridge plate

Mechanical heat switches:
-  Closed from 300 Kto 4 K
High thermal conductivity 400 mW/K

i
1




QUBIC cryogenics: assembled fridge plate

)

CuC2 copper braids (Entropy) Jawte sy 7 Convective heat switch
[ - DR | < fridge -> 1 K box




QUBIC cryogenics: ¥ focal plane + cold stop

iy | _ K%

@ High emissivity absorber - anti reflection mm
e Eccosorb HR10 foam
e Stycast 2850FT
e 10/12 mm thick absorber




QUBIC vacuum

Simple and conventional vacuum system.

ol

ASIC flange rework by
CNEA Arg



QUBIC vacuum: 1 K box pumping buffle + absorber




QUBIC site

Porto Rico

Jaragua

Venezuela
Guyana
Colombie Suriname

Equateur

Brésil

Bolivie

. Paraguay
Chili

Uruguay
Argentine



http://drive.google.com/file/d/10KAWU-3W05nZ5wApVZjU4EPLugUTokcm/view

QUBIC commissioning



http://drive.google.com/file/d/16r8S8E9I6oQ32yVyLvTf3KTuIAs1Op5G/view

QUBIC first results




QUBIC next steps

e Installation of the calibration source
o  Synthesized beam mapping
o Time constant measurements
o Beginning of Self-Calibration (long term effort)
o Polarization calibration with HWP modulation

e Installation of the Cable Carrier
o Full scan of the synthesized beam
o Sky scans:

m  Moon
m Galactic Plane and sources
m CMB

e Early 2026 (TBC): implementation of Ultra-Wide-Band
o Filters were ordered from Celtic THz Technology (Cardiff) by APC
o UWAB validation until late 2026 (then upgrade to FI)



QUBIC integration at APC



http://www.youtube.com/watch?v=Jx-hiGD1NJI

