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Requirements from instruments
1. To provide ~4 K environment for the telescope system(s)
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Sun

must be surrounded by ~4 K shield or 
3K sky

Requirements for 
• temperature upper limit,
• temperature gradient, 
• temperature stability, 
• and emissivity of inner 
surface

4K shell



Requirements from instruments
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U.S. Participation in the LiteBIRD Cosmic Microwave Background Polarization Survey

Figure E.4: Arrangement of the focal planes, sub-Kelvin cooler and SQUID amplifiers. Left: The reflecting LFT and
the refracting HFT are set side-by-side and point in the same direction. For the LFT, the positions of the aperture
and the primary and secondary mirrors are shown. For the HFT, the refracting tube is shown. The optical paths are
indicated by the orange arrows. Right: The Low-Frequency Focal Plane Unit (LF-FPU), containing the LFA, the ADR
(to the right of the focal plane) and the SQUID cards (behind the focal plane).

E.3 Monolithic Detector Arrays The Litebird instrument is separated into two telescopes:
the Low-Frequency Telescope (LFT), which covers 34-270 GHz in 12 detection bands, and the High-
Frequency Telescope (HFT), which covers 238-460 GHz in three detection bands. This separation
relaxes the performance constraints on the HWPs as well as the detector arrays, and will allow
us to achieve high-throughput detection more than a factor of ten of bandwidth using currently
demonstrated technology.

The two telescopes employ different, yet complimentary and mature TES-based detector array
technologies, both of which achieve dual-polarization and background-limited sensitivity. The LFT
focal plane is densely populated with lenslet-coupled, sinuous antenna detector arrays [15]. The
detectors are multichroic, which makes efficient use of the focal plane area, resulting in a highly
sensitive, yet compact and light-weight design.

In contrast the HFT instrument design is able to meet the sensitivity target with single frequency
pixels, since the arrays are extremely compact (array size scales with wavelength). Thus, we will use
single frequency feedhorns in the HFT focal plane, optimized for several different frequencies. This
is a mature technology approach with strong heritage in satellite missions from COBE to Planck.

In both the arrays of sinuous antennas and feedhorns, orthogonal components of linear polar-
ization are coupled onto separate mm-wave transmission lines by use of planar, superconducting
antennas. Power in each polarization arm is sensed on transition-edge sensor bolometers, one for
each polarization in each frequency band. This similarity in approach leads to many common design
and fabrication steps.

Both detector architectures are monolithically fabricated on 150 mm silicon wafers using standard
microlithographic techniques. Antennas, transmission lines, passband filters and TES bolometers are
integrated onto a single detector wafer, which improvesmanufacturing scalability aswell as uniformity
of detector parameters. Fabrication will take place at two major CMB detector fabrication foundries:
UC, Berkeley and NIST. In these fabrication facilities, and by members on this proposal team,
detector arrays have been developed, fabricated and deployed on both ground-based and suborbital
CMB instruments including Polarbear, spt, sptpol, actpol, apex-sz, ebex, and abs.

E.3.a Mitigation of Cosmic Ray Hits The Planck HFI detector sensitivity was effectively
degraded by an unanticipated high dead time due to cosmic ray interactions with the detector
frame structures. This effect was also observed in the XRS calorimeter instrument on Astro-
E2/Suzaku[16, 17, 18]. For Astro-H, the followup to Astro-E2, the effect has been mitigated by
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2. To provide ~100m K heat sink(s) for detectors

Requirements for 
• temperature,
• temperature stability, 

• If there are intermediate 
temperature stage(s)
• temperature stability of 

them.

• Observation efficiency
• Temperature excursion in 

non-observation duration
• Magnetic moment

• during observation
• non observation



more Requirements 

• Hold time of detector stage temperature
• Time efficiency of detector stage temperature
• Maximum excursion temperature of detector and 

intermediate stages.
• Wire harnesses requirements from room temperature 

electronics to cold stage(s)
• impedance and/or length requirements 

• Total mass of 4K shell + its interior

5



Design conditions

• Launch load condition (static and dynamic)
• Orbit and attitude of spacecraft
• Uncertainties

• Material properties
• Design margins
• ….
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Requirement: Two or more detector units
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Preliminary thermal analysis



Two or more detector units
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Two or more detector units
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G1 G2

Q1 Q2

C1 C2

ADR ADR

Straightforward, thus maybe better

Preliminary thermal analysis



Radiative cooling or 
mechanical cooler?
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Baseline model cryostat
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Baseline model cooling chain
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ASTRO-H SXS cooling chain

13

2ST

2ST

2ST

2ST
4He JT LHe

ADR ADR ADR 
Radiators

H
P’

s
LH

P’
s

HS1HS2
Tank

HS3

1.2K

3rd 2nd 1st

15K 4.5K 0.5K

100K Shield290 K

Shield Cooler

dADR

Pre Cooler

20K Shield

1.2K Shield

Detector

JT Shield

0.05K

HS4

StageStageStage

multi (5)-stage cooling system

for cryogen-free operation



ASTRO-H SXS cooling chain
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Cooling chain of the model design
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Working assumptions: cold stage
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Assumptions: Spacecraft configuration
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Heat flow diagram 
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CFRP truss
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Heat load to 4K JT cooler
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Cooling chain: additional JT
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Heat load to 4K JT cooler
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Cooling chain: additional shield cooler
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Heat load to 4K JT cooler
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Cooling chain: 3SC+2x (2JT)
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Heat load to 4K JT cooler
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Phase-A1 study

• Identify and list up (all) top-level requirement items from 
instrument.

• Fill them with (TBR) values as much as possible.
• (max) mass of 4K shell and its interior

• Determine sensible interface values between cooling system 
and the instrument (all other interiors of 4K shell). 

• Perform trade-off studies among different options, and select 
a baseline design. 
• # of LSC and interface temperature

• Then perform more detailed mechanical and thermal designs.
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Summary

• We have performed a preliminary thermal analysis of the 
LiteBIRD cryogenic system, using working models for 
detector and last-stage cooler heat dissipation.
• Mechanical coolers are required to have redundancy. 

• The solution depends on the total mass supported at 4K.   
Some of the solutions may be beneficial for the last-stage 
cooler.

• If mass (≤4K) is heavier by a factor of 3 than that of the 
working model (i.e. 90kg -> 270kg),  number of cryocoolers 
increases by a factor of ~2.
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Cooling chain: my personal preference
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Reasonable number of compressors (10) and 
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High TRL from Astro-H heritage

Mechanical coolers are fully redundant (down to 4K shell)
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