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Instrumental challenges 
for a future B-mode space 
instruments 
(some of them…) 
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CMB Polarised signal (simulations) 
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σB ~ 0.3 μK or less…  σT~ 100μK, σE ~ 4μK  

     Inflationary  
Gravitational  

 Wave Background 



BPol 

~50cm 
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LOI: De Bernardis, Bouchet, Kreysa, Efstathiou, Martinez 
Pour la collaboration BPol: 
Denmark, France, Germany, Ireland, Italy, Norway, Portugal, 
Romania, Spain, Sweden, and the United Kingdom 

(~ 2025?) 



Dedicated space mission 

  Mission concept studies: 
  France: SAMPAN (2006) 
  Europe: BPol (2007) 
  USA: CMBPol (2008-09) 

  Submitted proposal not selected by agencies 
  Technology not mature enough 
  Wait for Planck results 

  ESA “recommend focussed technology activities to 
enable a sufficiently mature mission concept which 
could be submitted by community in response to 
future ESA Calls for Missions. (…)” 
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Prospect for CMB polarised power 
spectra 
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BPol as a system: challenges 
are almost everywhere! 
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BPol



CMB pol space mission: 
detectors requirements 

  NEP 
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Parameter EPIC, Sampan, BPol 
λ 1mm-10mm 
λ/∆λ 3 
Angular resolution 10’-1° 
Detectors number 1000-10000 
NEP 3-5.10-18 W.Hz-0.5 
Time constant 1-10ms 

Planck feedback: Effect of cosmic ray on detectors will be an 
important driver for a futur CMB polarisation space mission 
(F. Pajot talk, Thursday morning) 



Detector possible solutions 
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Coherent detectors

Semi-conducting

Phased array Horn coupled Lens coupled
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State of the art:  
spider web bolometers  
(Caltech-JPL) 
  Performances: 

  300mK: τ=11ms, NEP=1.5 10-17 W.Hz-0.5  
  100mK: τ=1.5ms, NEP=2.5 10-18 W.Hz-0.5 

  Already BLIP for CMB observations! ~2λ 

L1 thermistor 

Dual Analyzer (PSBs) 

L2 thermistor 

No need to improve bolometer performances but rather increase of 
bolometer number: Bolometers array 

λ/Δλ=4 

λ/Δλ=100 

λ/Δλ=10000 

opt. eff. =1, AΩ=λ2 
(Adapted from J.M. Lamarre) 



Transition Edge Sensors 

  Use of normal-superconducting  
transition as thermal sensor 

  Advantages:  
  Large electrothermal  

feedback 
  Automatic biasing at Tc 
  Response depends on bias voltage 
  Speed increase wrt to passive  

bolometer 
  Less sensitive to T fluctuations 

   Multiplexing easier using SQUIDs 
  Time or frequency domain 

  Integration is the key issue 
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DCMB collab. 
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Example of complete  
detector chain 
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Kuo, Bock et al. 
Caltech-JPL 

150GHz Filter Bolometer 

Dual pol phased array antennas 
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Bolometer coupling: planar  
ortho-mode transducer (OMT) 
  Design: 

  Transmission > -0.45dB 
  Reflexion < -10dB 
  Cross-polarisation < -50dB 
  Bandwidth > 30% 

  Test are about to start… 
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(A. Ghribi,  
BSD collaboration) 



Example of PSB systematic effects 
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(Rosset et al., submitted) 



Polarisation modulation 

  Not imperative, but: 
  Q and U (and V in some cases) 

with a single detectors 
  Addresses potential 

systematics 
  Simplification of the  

scanning strategy 

  Phase switch: 
  New detection  

architecture  
(bolometric 
interferometry, 
pseudo-correlator architecture) 

15 

Single-plate

Multi-plate

Metal mesh

Half Wave Plate

Faraday rotator

Quasioptical reflectors

Delay line

Loaded guide

Digital

Ferrite

Rotating waveguide

Continuous

Waveguide

Metamaterials

Delay line

Filters

Circulators

couplers

Digital

Kinetic inductance

Ferrite

Loaded line

Continuous

Planar

Phase shifters

Polarisation modulator Only modulator 
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Example of superconducting 
switch design 
  Use of temperature or 

current to switch a 
superconducting 
bridge to normal 

  Performances depends 
on normal resistivity  
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(A. Ghribi PhD) 



Kinetic inductance phase 
shifter 
  Kinetic inductance 

variation with current: 
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NbN 200nm thickness, 
2µm width 

  An optimised 
superconducting bridge 
could be used as analog 
phase shifter 

  Prototype at 10-20GHz 
being designed 

(A. Ghribi PhD) 



Conclusions 

  Sensitivity issue:  
detector array 
  Solutions in hand: TES 
  Complex system: integration is a 

key issue 
  Interesting alternative: KIDs  

  Polarisation modulators: 
  Improve immunity to systematics 
  Could also add some… 

  Lessons to be learn from ground 
based instruments 
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Sensitivity 
Detector array 
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Novel Focal plane 

architecture 

Ground based 
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