
LiteBIRD
JAXA’s
strategic
L-class mission!

LiteBIRD:
Lite (light) satellite for the studies of
B-mode polarization and
Inflation from cosmic background
Radiation
Detection



Why Measure from Space?
• Superb environment !

ü No statistical/systematic uncertainty due to atmosphere
ü No limitation on the choice of observing bands (except CO lines);

important for foreground separation
ü No ground pickup

ü Rule of thumb: 1,000 detectors in space ~100,000 detectors on ground

• Only way to access lowest multipoles w/ 𝛿r ~ O(0.001)
ü Both B-mode bumps need to be observed for the firm confirmation of 

Cosmic Inflation →We need measurements from space.
• Complementarity with ground-based CMB projects

ü Foreground information from space will help foreground cleaning for 
ground CMB data

ü High multipole information from ground will help “delense” space CMB data



LiteBIRD
JAXA-led
focused
mission
s(r)<0.001
2 ≤ l ≤ 200

Ground
US-led telescopes
on ground
30 ≤ l ≤ ~8000
e.g. Simons
Observatory and
CMB-S4

Powerful Duo



LiteBIRD Overview
• JAXA’s L-class mission selected in May 2019
• Expected launch in Japanese fiscal year 2027 with JAXA’s H3 rocket.
• Observations for 3 years (baseline) around Sun-Earth Lagrangian point L2
• Millimeter-wave all sky surveys (34–448 GHz, 15 bands) at 70–20 arcmin.
• Mission: 𝛿r (total uncertainty) < 0.001 (for r=0) with CMB B-mode observation

JAXA
H3

4.5m
Service Module
(SVM)/BUS

High-gain antenna

Mass: 2.6t
Power: 3.0kW
Data: 10GB/day

Middle/High-Frequency
Telescope (MHFT) (5K)
w/ Polarization Modulators

Low-Frequency
Telescope (LFT) (5K) w/
Polarization Modulator

V-Grooves for radiative
cooling (30K/100K/200K)

Active cooling with
PT/ST/JT/ADR (not seen)

TES focal planes (not seen)
with 100mK base temperature



LiteBIRD Overview



Operation
Orbit:
Sun-Earth L2 Lissajous

Hit map after 1 year



LiteBIRD Mission Instrument
Three features

1. Two sets of telescopes w/ TES arrays
2. Polarization modulator w/ rotating half-wave plate (HWP) for 1/f noise & systematics reduction
3. Cryogenic system for 0.1K base temperature

1. Two sets of telescopes w/ TES arrays
MHFT

1800 mm

LFT
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Three features

1. Two sets of telescopes w/ TES arrays
2. Polarization modulator w/ rotating half-wave plate (HWP) for 1/f noise & systematics reduction
3. Cryogenic system for 0.1K base temperature

1. Two sets of telescopes w/ TES arrays: Radiation Coupling

Sinuous 
Antenna 
for broadband 
trichroic pixels

Silicon
lenslet
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Fig. 1 Left design of a single horn coupled multichroic polarimeter with labels on the major components.
Center a photograph of a cross-section of a broad-band ring-loaded corrugated feed horn fabricated by gold
plating a stack of etched silicon platelets. Right a photograph of a prototype 90/150 multichroic detector with
the major components labeled. A description of these components is in the text. For clarity, the path light
follows to reach the bolometer corresponding to Y polarization in the 150 GHz band has been highlighted
(Color figure online)

choke to prevent leakage of fields from the waveguide. The detector chip (see Fig. 1,
right) uses a broad-band orthomode transducer [6] (OMT) to couple the incoming light
from the waveguide onto high impedance coplanar waveguide (CPW) lines. The OMT
separates the incoming light according to linear polarization. The Y-polarized light
is split onto the two vertically oriented OMT probes and propagate through identical
electrical paths that have been highlighted in the figure. Along each path, a broad-band
CPW to micro-strip (MS) transition comprised of 7 alternating sections of CPW and
MS is used to transition the radiation onto MS lines. Next, diplexers comprised of two
separate five pole resonant stub band-pass filters separate the radiation into 75–110
and 125–170 GHz pass-bands. The signals from opposite probes within a single sub-
band are then combined onto a single MS line using the difference output of a hybrid
tee [7]. Signals appearing at the sum output of the hybrid are routed to a termination
resistor and discarded.

These detectors operate over a 2.25:1 ratio bandwidth over which round waveguide
is multimoded. However, the TE11 mode (which has desirable polarization properties)
couples to opposite fins of the OMT with a 180◦ phase shift while the higher order
modes which couple efficiently to the OMT probes have a 0◦ phase shift. This fact
allows the hybrid tee to isolate the TE11 signal at the difference port and reject the
unwanted modes at the sum port. This ensures single moded performance over our
2.25:1 bandwidth. For testing purposes, the prototype pixel (shown in Fig. 1) included
additional bolometers connected to the hybrid tee sum port. The architecture described
above offers excellent control over beam systematics of corrugated feeds, a frequency
independent polarization axis defined by the orientation of the planar OMT, and a
metal skyward aperture to minimize electrostatic buildup that is useful for future
space applications.
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1. Two sets of telescopes w/ TES arrays: Radiation Coupling

Horn array realized in Silicon
Platelet technology
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3. Cryogenic system for 0.1K base temperature

1. Two sets of telescopes w/ TES arrays: Test on MHFT TES/OMT prototype
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1. Two sets of telescopes w/ TES arrays: Readout by FDM via SQUID

TES ARRAYWARM READOUT COLD READOUT

TES

LC FILTERS
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2. Polarization modulator with a rotating
half-wave plate (HWP) for 1/f noise &
systematics reduction

Rotating a
birefringent
plate at the
most sky side

𝐼 + 𝑃 cos 4𝜃HWP

LFT HWP prototype @4K
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3. Cryogenic system for 0.1K base temperature
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