LiteBIRD SHEIZH THRFFILE
D ZE

BEE AHEMN, WFRE, NEERL,, KHE, FIUEE, BHE,
] LU EE, JAXA/ISAS,, & i, Kavli IPMU. {iLiteBIRD Working Group

¢« ATL—a ETILERIBE RN DBE—FCMBIRIL

* LiteBIRDETEIDHIE
o HIERMREZTHNIZ DHT=8 Dscan strategy®

liml

R

|-



Goal : Verification of inflation using CMB
Inflationary universe theory predicts generation of primordial gravitational

waves.
Primordial gravitational waves leave a large vortex-like patterns “inflation
fingerprint” called B-mode on the CMB polarization map.

LiteBIRD observes the CMB polarization by precisely scanning all sky in
space.
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Density Fluctuations W( E-mode ) (Dominant, discovered)
Primordial E-mod B-mode ) (Faint, undetected
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B-mode polarization makes it possible to probe primordial
gravitational waves!



LiteBIRD

Lite (Light) Satellite for the studies of B-mode
polarization and Inflation from cosmic background
Radiation Detection (nttp://litebirdjp/)

LiteBIRD is a next generation scientific satellite aiming to measure\
polarization of Comic Microwave Background (CMB) at
unprecedented sensitivity.

Mission Requirements:
 Measurement of B-mode polarization spectrum of large angular
scale ( by three-year observation of all sky.
 Measurement of the tensor-to-scaler ratio r, that represents
\ primordial gravitational waves, at precision. (w/o subtracting y

gravitational lensing effect.)
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LiteBIRD Measurement Precision (at r=0.01)
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Why the or < 0.001 goal?

« Many models predict r>0.01. - Discovery at >100.

* |In case primordial gravitational waves are not seen:
— Focus on models with less parameters (Occam’s Razor)
— Most single field slow-roll says

2 2
r ~ 0.002 @ & Lyth relation
N Myl

N: e-folding, m,: reduced Planck mass

— If LiteBIRD achieves or < 0.002 (95%C.L.), those that satisfy
A¢>m,, in the typical inflation models are rejected.

 Important milestone in the goal to identify the correct
models.

* Possible to obtain similar results in more model-
dependent analyses.



Observatlon Apparatus Overview

Mission module benefits from heritages of
other missions (e.g. Hitomi) and ground-based
experiments (e.g. POLARBEAR).
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o | Planck scan (a=7°,8=95°) ™ ’ /
Sun sidelobe ‘ : S ate I I Ite

WMAP scan (a=22.5°,8=70°)

Scan Strategy
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First important parameter :Cross-link

Vary a,  under condition a+3=95°, precession time=1.51 hrs,

o =a 5 spin revolution rate=0.3 rpm
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arXiv:1604.02290v1  concerning the cross-link.



Two current candidates of (o, [3)

Large-a (a>f) option Small-a (a<p) option :
(current LiteBIRD nominal): hitmap hitmap

Mollweide view

0 11645

a.=45°, B=50°, a+p=95°,
precession time=1.51 hrs,
spin revolution rate=0.1 rpm
Smaller hole (a~p)

 ltis also important to consider “re-visit” to remove possible
time-dependent effect

« Studies to decide the scan parameter is currently ongoing
using realistic simulation & data analysis tools.

a.=65°, B=30°, a+p3=95°,
precession time=1.51 hrs,
spin revolution rate=0.1 rpm




Summary

The LiteBIRD is next-generation satellite project aiming to
probe very early stage of the universe through measurement
of the CMB B-mode polarization.

It has sensitivity to scalar-tensor ratio of 6r<0.001 which
proves inflation scenario, and even identify right model in
many inflation models.

To eliminate systematic uncertainties, definition of certain
scan strategy to suppress cross-link is important.

There are also many factors (e.g. revisiting, satellite structure)
which are affected by the scan strategy.

Considering those factors, study for determination of scan
strategy parameters is extensively ongoing.

The scan strategy parameter will be settled soon (Sep~Oct).
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Symbol  Description Value set to in relevant simulation
P The orientation of the scan direction with respect to ~ Varies with scan strategy, position and time
North
hn The average of the complex exponential of the orien-  Varies with scan and pixel
tations for a pixel, (e?™¥)y;¢s
FWHM the full width at half the maximum of the beam 7 arcmin for all the simulations
4gi The differential gain between the two detectors in pair  0.01 for both detector pairs
7
Pi The angle between the two beam centres in pair 2 0.1 arcmin for both (1.5% of the FWHM)
Xi The orientation of the second beam from the firstina 0 and 7 /4
detector pair ¢ relative to the direction of the scan
bom The spherical harmonic decomposition of the temper- ~ That of an elliptical Gaussian — see equation
ature beam
5bf3m The spherical harmonic decomposition of the differ-  That of an elliptical Gaussian — see equation
ence of the temperature beams of pair ¢
q Ellipticity parameter for the elliptical Gaussian beam.  1.05 and 1

Note that ¢ = 1 is axisymmetric (see equation[29).
q is also the ratio of the major and minor axes of the
ellipse.

Table 1. Description of the variables used in the analysis (see Sections|2|&|3]in the main text) and the values adopted for the simulations.

Scan Boresight angle (3)  Precession angle (o)  Spin period (Tpin)  Precession period (Tprec)
Planck 85° 7.5° 1 min 6 months
WMAP 70° 22.5° 1295 1 hr

EPIC 50° 45° 1 min 3 hrs

Table 2. Observational parameters used to generate the scan strategies for the simulations described in Section|3)]

arXiv:1604.02290v1



Parameters/strategies which (may) need to be
considered for the scan optimization

All-sky scan(a+p=95°)
Cross-link - those had been dominant targets so far
Hit uniformity
How useful is it for destriping?
Stepped/continuous precession? - Revisit time optimization
Jack-knife availability
ADR cycling (30 hrs) and its dead-time (15%)
Galaxy masking (f,,~0.5)

Heat issues, mission-part structure ... need assesment from optical /
structure viewpoint

Any synchronous effect with other devices
Any others (e.g. data transfer rate)?

—_
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Scan strategy comparison

WMAP Planck Litebird (fast EPIC ESA M5
spin) (arXiv:1604.02290)
Concept& Scan a pixel with | Simplicity : Cross-link & Cross-link & Cross-link
Priority many Sun aspect angle | Hit uniformity Jack-knife test (multi-spin)
azimth angle, constant to (+Jack-knife test?)
Comparison with | minimize thermal
COBE variation
Scan a=22.5° o=7.5° o=65° o=45° o=45°
parameters B=70° [p=85° =30° [p=55° [p=50°
Prec=1 hr Prec = 6 months Prec =1.51 hrs Prec=3.2 hrs Prec =40 hrs
Spin =0.45 rpm Spin=1rpm Spin=0.3 rpm Spin=1rpm Spin=0.4 rpm
(option-?) etc.
Cross_link map ‘
T——
References/notes | http:// https:// ADR heat cycle arXiv:0805.4207 | arXiv:
map.gsfc.nasa.go | wiki.cosmos.esa.i | ~ 30 hrs 0906.1188 1604.02290
v/mission/ nt/planckpla/

observatory scan
.html

index.php/

Survey scanning

and performance

et al.
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