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Sensitivity estimation 
for CMB space mission 

Trade study of 
LiteBIRD instuments

Thermal design of 
LiteBIRD satellite

Development of 
broadband CMB optical 
devices

My Recearch Topics

T.Hasebe et al, LTD ����

T.Hasebe et al, JLTP ���� T.Hasebe et al, submitted  

T.Hasebe et al, JATIS ���� 
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CMB Polarization and Cosmology

Problems behind Big Bang model 
       

Inflation Phypothesis 
       

Gravitational wave 
         

CMB B-mode (parity-odd) polarization

Planck ���� polarization data
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Space mission

CMB Polarization Observations

Ground experiment
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Why Space Mission?

Recombination bump
Reionization bump

Large anglar scale observation 
       Direct mesurement of Reionization bump

No atomospheric absorption 
       Higher observation efficiency 
       No limitation of observation frequency choice  

Stable thermal environment 
       Constant thermal radiation  from the Sun 
       Stable instrument performance 
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A key develpment for CMB space mission is... 
      How to develop a broadband and high-sensitivity  
       observation syatem with limited resources.

Foreground subtraction accuracy depens on frequency 
coverage and sensitivity of observation bands.

Foregrounds (synchrotron radiation, thermal dust emission, 
and etc... ) are fake signals of CMB.

Wide Frequency Range Observation
6



Design Constraints

credit : JAXA 

Launch vehicle → 
          Instument size 

Mechanical & Thermal →  
  Instument mass and temperature 

Electric power, Telecommunication → 
               Readout system, 
               Number of detector channnels   

and Cost is a big factor  
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L� : Integrated system requiments 
    ・The �K enclosure + instruments shall fit within the mechanical envelope of  
         �.�m x �.�m x �.�m.   

L� : Mesurement requiments 
    ・The number of observing bands shall be ��. 
    ・The observing frequency range shall be between �� GHz and ��� GHz.

L� : Sience requiments 
     ・The mission shall measure the tensor-to-scalar ratio r with a total uncertainty 
          of  δ r < � x ��−�.

Consept Design Study

Design trade study

Number of telescopes 
    ・Volume allocation  
    ・Mechanical requiements (including thermal)    

Frequency coverage 
    ・Transmittance of optical elements 
    ・Detector arrangements

Telescope Type 
          ・Reflective (mirror-type) : less gohsting but isseus of stray-light and large volume 
          ・Refractive (lens-type) : small valume but issues of optical gohsting 

Key requiments
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LiteBIRD observation frequency �� - ��� GHz 
・Low Frequency Telescope (LFT) : �� - ��� GHz 
・Middle Freqency Telescopt (MFT) :  �� - ��� GHz 
・High Freqency Telescopt (HFT) :  ��� - ��� GHz 

LiteBIRD Telescope Design

LFT M,HFTLFT

Frequency coverages are determined by 
bandwidth of transmissive optics (filter, 
window, lens).  
In the case of LiteBIRD, bandwidths of the 
HWPs are key driver for telescope design.  
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 Development of Polarization Modulation Unit at IPMU 

Related papers 

K. Komatsu et al, JATIS ���� 

Y. Sakurai et al, SPIE ���� 

S. Sugiyama et al, SPIE ���� 

R. Takaku et al, SPIE ���� 

etc... 
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Detctor Array Design

Apertute efficiency of single detector

Large D : better efficiency, less Ndet 

Small D : worse efficiency, more Ndet 

LFT-FP MFT-FP HFT-FP

Array design Sensitivity 
estimation

r-forecast
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Cryogenics

LFT MHFT

Science outcome of CMB space mission 
 
 
   

   Technical maturity of space cryogenics
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Thermal Design
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Space Cryocoolers

Y. Sato et al, Cryogenics ���� �� mK cooler test facility in Grenoble

High cost 
       cold heads, compressors, drivers 

Limited cooling capability 
       �K JAXA cooler : �� mW @ � K 

Long-term (more than a decade) R&D 
      many moving parts, lifetime-test
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T. Hasebe et al, JATIS ����

Thermal Analysis
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Other Challenges

Test campains 
       About ��� test campains for each system 
       Test items and achievment should be clealy identified in each campain 

System robustness and redundancy 
       Failure system never be recovered after launch 
    Resonable margin allocation 
       Redundancy should be well considered 
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Summary
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Key components for CMB satellite mission 
       ・Broadband and high-sensitivity instruments (optics, detector) 
       ・Cryogenic systems 

Design constrains 
      ・Instrument size        
      ・Mechanical & Thermal resorces 
      ・Electrical power 
 
 
        Challenges 
       ・Many test campains 
       ・Margin allocation 
       ・Robustness & redundancy 
    ・Cost 
 


