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Probing cosmic inflation

with cosmic microwave background (CMB) polarization
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Inflation models

Single field slow-roll models
with canonical kinetic terms & smooth potentials

Phys.Dark Univ. 5-6 (2014) 75-235
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Current status of CMB B-mode obs.

Y. Chinone
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Mission success criterion

𝝈𝒓 ≤ 𝟎. 𝟎𝟎𝟏

 Many models predict 𝑟 > 0.01.

– 10𝜎 discovery

 Single field models with slow roll condition gives

N: e-folding,   mpl: reduced Planck mass
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Statistical Foreground

SystematicLensing

LiteBIRD error budget
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r = 0.1

r = 0.01

r = 0.001

Observation strategy – (1) 
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All-sky scan
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r = 0.1

r = 0.01

r = 0.001

Observation strategy – (2) 
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Sensitivity better than lensing floor

Statistical

J. Low Temp. Phys. 184, (2016) 3, 824-831
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r = 0.1

r = 0.01

r = 0.001

Foreground rejection

via multi band obs.

Observation strategy – (3) 
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Frequency bands from 40GHz to 400GHz

ApJ 737, 78 (2011) 

Foreground
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Sys. bias, estimated by rule of thumb
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Pattern distortion from pointing reconstruction error

sat.

actual pointing direction

pointing error

false B-mode

E-modeB-mode



Pointing knowledge
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10arcmin static bias



Pattern distortion from pol. angle error
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orientation error

attitude, optics, antenna mis-alignment … 

false B-mode

E-mode ⇒ B-mode



Polarization angle
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∆𝜃𝑟𝑚𝑠 = 1arcmin



Some speculation about angle calibration
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simulation by H.Nishino



Pair differencing pol. measurement

How to measure

dy = (non pol.) 

dx = (non pol.) 

⇒ (dx－dy)/2 = ( pol. )

dx

dy

＋ ( pol. )

－ ( pol. )
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(non pol. X) ― (non pol. Y) ≠ 0

⇒ false polarization

Mismatch gives a residue 
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Gain mismatch

1% static mismatch



Mainbeam mismatch   - beam pointing -
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1arcmin mismatch



Mainbeam mismatch   - beam width -
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1% mismatch



Mainbeam mismatch   - beam ellipticity -

24

1% ellipticity
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Pol. Modulator （continuously rotating HWP）

opt. axis

incident light transmitted light

𝜽

𝜽

𝟐𝜽

Only pol. component is modulated.
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CMB lensing

Lensing



27

Delensing as extra success

LiteBIRD

Joint analysis is needed for delensing.

• Large CMB telescope array: e.g. Simons array data

Namikawa and Nagata, JCAP 1409 (2014) 009

• Cosmic infrared background: e.g. Herschel data

Sherwin and Schmittfull, Phys. Rev. D 92, 043005 (2015)

• Radio continuum survey: e.g. SKA data

Namikawa, Yamauchi, Sherwin, Nagata, Phys. Rev. D 93, 043527 (2016)
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Synergy with ground-based telescope array

×

Satellite for ultimate r meas.

s(r)<0.001

2 ≤ l ≤ 200

Telescope arrays on ground

30 ≤ l ≤ ~3000

e.g. Simons array, CMB-S4

Joint delensing analysis: Namikawa and Nagata, JCAP 1409 (2014) 009
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T. Namikawa et al. , Phys. Rev. D93 (2016) 043527

Delensing by use of high-z galaxy map as lensing mass tracer

LiteBIRD + 3rd generation wide CMB exp. 
(Simions Array, AdvACT)

+ SKA1 (10uJy)

+ SKA1 (5uJy)

+ SKA2 (1uJy)

+ SKA2 (0.1uJy)

Synergy with SKA
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Summary & current status

 CMB B-mode pol. is the key to the confirmation of cosmic inflation. 

LiteBIRD is a satellite designed to achieve δr < 0.001 by precise 

measurement of B-modes.  

 LiteBIRD passed JAXA’s initial down-selection and currently in phase-A1.

– The US LiteBIRD team is working for sub-Kelvin cryogenics and the 

development of focal plane detectors.

– The Japan-US JSGs are studying foreground rejection methods by 

use of multi band obs. and evaluating systematics requirements for 

designing the satellite  and mission instruments. 


