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★ Ligne de base :	

!

★ Lobe (PSF):	

!

★ Signal en sortie :	

!

★ Déphasage :	

!
!

★ Visibilités :

l’interférométrie en bref
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transformée de Fourier 	
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QUBIC Site: Dome C, Antarctica
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QUBIC Site: Dome C, Antarctica
Great landscape
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QUBIC Site: Dome C, Antarctica
Great landscape

Healthy weather
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Quasi Optical Combiner
• Les images de tous les cornets sont superposées sur la 

matrice de bolomètres	

!

• On forme des franges d’interférence	

!
!
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Quasi Optical Combiner
• Les images de tous les cornets sont superposées sur la 

matrice de bolomètres	

!

• On forme des franges d’interférence	

!
!
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Données MBI-4	

campagne 2009 
(PBO- Wisc.)

Cryostat MBI-4

Plan focal (bolomètres)
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«Front-horns»

«back-horns»

déphaseurs
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Also observed with DIBO@APC
80 GHz - d = 20.5 cm - Predicted Fringe freq =  54.7 +/-   0.5
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90 GHz - d = 20.5 cm - Predicted Fringe freq =  61.5 +/-   0.6
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Horns and baselines
Window: 403.0mm - Nhorns=400
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Horns and baselines
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Horns and baselines
Window: 403.0mm - Nhorns=400
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Signal in QUBIC
• Signal on bolometer dp (HWP modulation) :	


!
!
!

• where SX is the «synthesized image» : our observable	

!

- FFT of visibilities in traditional interferometry	

- Sky convolved with the «synthetic beam»	

!

• Synthetic beam formed by the set of baselines 	

!

★ (xi = locations of primary horns, Df = focal length of the combiner)

R(⇥dp, t) = SI(⇥dp)± cos(4�t)SQ(⇥dp)± sin(4�t)SU (⇥dp)

SX(�dp) =
�

X(�n)Bp
s (�n)d�n

Bp
s (�n) = Bprim(�n)

� �
Bsec(�d)�

�����
�

i

exp
�
i2�

�xi

�
·
�

d

Df
� �n

�������

2

J(��)�(�d� �dp)d�d�d
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Signal in QUBIC
• Signal on bolometer dp (HWP modulation) :	


!
!
!

• where SX is the «synthesized image» : our observable	

!

- FFT of visibilities in traditional interferometry	

- Sky convolved with the «synthetic beam»	

!

• Synthetic beam formed by the set of baselines 	

!

★ (xi = locations of primary horns, Df = focal length of the combiner)

R(⇥dp, t) = SI(⇥dp)± cos(4�t)SQ(⇥dp)± sin(4�t)SU (⇥dp)

SX(�dp) =
�

X(�n)Bp
s (�n)d�n

Bp
s (�n) = Bprim(�n)
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�����
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QUBIC is an imager where the pupil has been filled with holes in 
order to filter the sky in Fourier space 	


⇔ An imager with the synthesized beam
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Synthesized beam on the sky
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Synthesized beam on the sky
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Synthesized beam on the sky
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Synthesized beam on the sky
(including detector finite size and 30% BW)
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Synthesized beam on the sky
(including detector finite size and 30% BW)
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Synthesized beam
400 horns - 14 deg. FHWM - 150 GHz

0 2 4 6 8 10
Angle (deg.)
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No BW - No detector size : FWHM = 0.33 deg.
No BW - 3 mm detectors : FWHM = 0.54 deg.

25% BW - No detector size : FWHM = 0.33 deg.
25% BW - 3 mm detectors : FWHM = 0.54 deg.

Bandwidth smearing

Central peak

Replication

Replicated peaks are not (uncontrolled) sidelobes:	

• Extremely well known (as much as the main peak)	

• The structure of the synthesized beam gives us spatial sensitivity	

• Optimal map-making for B.I. in progress

8.5 deg.
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Optical aberrations ?
• Low aberrations required	


★ equivalent baselines need to have identical 
fringe patterns 	


• Off-Axis Gregorian	

★ C. O’Sullivan - Maynooth	

★ 300 mm equivalent focal length	

★ ~ 0.5 m mirrors

Bad

Good
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Optical aberrations ?
• Low aberrations required	


★ equivalent baselines need to have identical 
fringe patterns 	


• Off-Axis Gregorian	
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★ 300 mm equivalent focal length	

★ ~ 0.5 m mirrors

LogScale Synthesized beam

Ideal From Physical Optics
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Good
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Optical aberrations ?
• Low aberrations required	


★ equivalent baselines need to have identical 
fringe patterns 	


• Off-Axis Gregorian	

★ C. O’Sullivan - Maynooth	

★ 300 mm equivalent focal length	

★ ~ 0.5 m mirrors

Effect on sensitivity	

(Window functions ratio)

LogScale Synthesized beam

Ideal From Physical Optics

Bad

Good
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QUBIC Cryostat

• Designed in Roma	

★ P. de Bernardis / S. Masi	


!

• 40 cm window	

★ Stack (~20 cm) of zotefoam layers

• 1st stage: 4K: Pulse-Tube	

★ Filters, horns, HWP, mirrors, 

polarizing grid	


• 2nd stage: 100mK dilution 
fridge from IN Grenoble	

★ PTC pre-cooling the mixture
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Horns
• Designed by Manchester	


★ B. Maffei / G. Pisano	

★ Clover-like profiled corrugated horns	

★ 150GHz, 14 deg. FWHM, 1.2 cm diam. 

(close to diffraction limit)	

★ Excellent beam/Cross Pol. perfs	


!
★ Usual fabrication:	


- Electroforming	

- Expensive (800$ / horn)	


!
• Platelets fabrication investigated at 

APC (É. Bréelle)	

★ 271 thin copper plates	

★ Holes using chemical etching	

★ 100-200€ / horn	

★ 1st tests 10 days ago:	

➡ Good beams/cross polarization

75.465

17.4383.030 2.146

16-19/06/08

97 GHz Horn development & tests

-61,759

-46,249

-30,738

-15,228

0,282
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Maffei et al. – in preparation
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1
6

-1
9

/0
6

/0
8

9
7

 G
H

z
 H

o
rn

 d
e

v
e

lo
p

m
e

n
t 

&
 t

e
s

ts

-6
1
,7

5
9

-4
6
,2

4
9

-3
0
,7

3
8

-1
5
,2

2
8

0
,2

8
2

7
5
,0

0
0

8
1
,4

2
9

8
7
,8

5
7

9
4
,2

8
6

1
0
7
,1

4
3

1
2
0
,0

0
0

C
L

O
V

E
R

 9
7
 G

H
z
 S

P
D

 h
o

rn
s
 -

 R
e
tu

rn
 l
o

s
s

Return Loss (dB)

F
re

q
u

e
n

c
y
 (

G
H

z
)

H
1
A

H
1
C

H
1
T
K
A

T
R
C
1
B

M
o
d
e
l

-7
1
,9

6
0
0

-6
5
,4

1
8
2

-5
8
,8

7
6
4

-5
2
,3

3
4
5

-4
5
,7

9
2
7

-3
9
,2

5
0
9

-3
2
,7

0
9
1

-2
6
,1

6
7
3

-1
9
,6

2
5
5

-1
3
,0

8
3
6

-6
,5

4
1
8

-1
E

-3
6

-9
0

-6
3

-3
6

-9
9

2
7

4
5

6
3

8
1

dB

O
ff

 a
x
is

 a
n

g
le

 (
D

eg
)

-7
1

,9
6

0
0

-6
5

,4
1

8
2

-5
8

,8
7

6
4

-5
2

,3
3

4
5

-4
5

,7
9

2
7

-3
9

,2
5

0
9

-3
2

,7
0

9
1

-2
6

,1
6

7
3

-1
9

,6
2

5
5

-1
3

,0
8

3
6

-6
,5

4
1

8

-1
E

-3
6

-9
0

-6
3

-3
6

-9
9

2
7

4
5

6
3

8
1

dB

O
ff

 a
x

is
 a

n
g

le
 (

D
eg

)

M
a

ff
e

i 
e

t 
a

l.
 –

 i
n

 p
re

p
a

ra
ti

o
n

E
 a

n
d
 H

 c
u
ts

: 
M

o
d
el

 a
n
d
 d

at
a



http://www.apc.univ-paris7.fr/~hamilton/JCHweb/Cosmologie_Moderne.htmlJ.-Ch. Hamilton - Université Ouverte 2014

Horns
• Designed by Manchester	


★ B. Maffei / G. Pisano	

★ Clover-like profiled corrugated horns	

★ 150GHz, 14 deg. FWHM, 1.2 cm diam. 

(close to diffraction limit)	

★ Excellent beam/Cross Pol. perfs	


!
★ Usual fabrication:	


- Electroforming	

- Expensive (800$ / horn)	


!
• Platelets fabrication investigated at 

APC (É. Bréelle)	

★ 271 thin copper plates	

★ Holes using chemical etching	

★ 100-200€ / horn	

★ 1st tests 10 days ago:	

➡ Good beams/cross polarization
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Detection Chain 

• TES + SQUIDs + 4K SiGe ASIC Mux	

★ APC: Michel Piat	

★ CSNSM: Stefanos Marnieros	


!

• 2 arrays of 1024 NbSi TES	

★ Each array : 4x256 elements	

★ 100 mK bath (dilution)	

★ 3 mm size	

★ NEP ~ 5.10-18 W.Hz-1/2	

★ time constant ~ 10 ms	


!

• Multiplexed Readout	

★ SQUIDs pre-amplifier+mux	


- 32:1 multiplexing	


★ 4K SiGe ASIC (amp+mux)	

- 4:1 multiplexing	


★ 128 channels / ASIC	

★ Low noise: ~200 pV.Hz-1/2	
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Map Making
• Scan the sky and store TOIs for each 

detector	

• Reproject data on the sky	


!

!

• QUBIC Synthesized beam has 
multiple peaks	

★ Usual map making assumes A has a single non zero 

element in each column	

- Does not lead to good results	


★ Improved method with better beam approximation	

- Sparse matrices helps fast convergence of CG	

- First results on simulations are promising

T̂ =
�
At · N�1 · A

��1 · At · N�1 · �d

See Poster by 	

Marie-Anne Bigot-Sazy
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Self-Calibration
• Unique possibility to handle systematic errors	


★ Use horn array redundancy to calibrate systematics	

- In a perfect instrument redundant baselines should see the same signal	

- Differences due to systematics	

- Allow to fit systematics with an external source on the field	


★ Unique specificity of Bolometric Interferometry !	

!

★ Example: exact horns locations (figure exagerated !!)
Redundant baselines : 
same Fourier Mode

See Poster by 	

Marie-Anne Bigot-Sazy

[Bigot-Sazy et al., A&A 2012, arXiv:1209.4905]
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Accuracy on systematics estimations 
is only limited by statistics

See Poster by 	

Marie-Anne Bigot-Sazy

[Bigot-Sazy et al., A&A 2012, arXiv:1209.4905]
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Self-Calibration results
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[Bigot-Sazy et al., A&A 2012, arXiv:1209.4905]
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B-mode sensitivity
QUBIC : ∆l= 15 - 1.0 years 
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tensor/scalar ratio sensitivity
QUBIC: ∆l= 15 - 1.0 years - NET = 200µK.Hz-1/2
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