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Goals of the DO1 team [1]

e [o develop and provide necessary analysis tools

for the “B-teams” (experiments) of the proposal

« BO1: CMB (Simons Array, LiteBIRD)
 BO2: Weak gravitational lensing survey (HSC)

 B0O3: Galaxy redshift survey (PFS)

+ BO4: Redshift drift (TMT)



Science Goals

* The main scientific motivations for the “ultimate
ohysics analysis” are three-folds:

B02.03,04 Falsity the ACDM model by ruling out A

B01.02.03 Detect, or rule out, the inverted mass hierarchy of

the neutrino mass by measuring > my<0.1 eV
[195% CL]

BO1 Find definitive evidence for inflation by measuring
primordial gravitational waves in the CMB
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Summary of Achievements

* Over the last 4.5 years of the grant period, we have made
fundamental contributions to the progress of BO1, BO2,

BO3, and B0O4

- Many of them were not possible without this grant.
We should make sure to let the reviewers know this!

Requests to the coordinators of BOX

e In the final report, please include the description of the
D01 achievements relevant to your group

* |n this way, we can communicate efficiently to the
reviewers that the cross-experimental DO1 activities have

achieved the goal



BO1: CMIB

New microwave sky simulator “GM100”

New foreground removal method “Delta-map
Method”

New way of calibrating miscalibrated polarisation
angle of detectors

 Simultaneous determination of miscalibrated
angles and the cosmic birefringence

‘Power spectrum reconstructor” for the tensor
power spectrum from CMB B-mode polarisation



BO1: CMIB

New microwave sky simulator “GM100”

New tforeground removal method “"Delta-map

Method' Gave a talk

New way of calibrating miscalibrated polarisation
angle of detectors

 Simultaneous determination of miscalibrated
angles and the cosmic birefringence

‘Power spectrum reconstructor” for the tensor
power spectrum from CMB B-mode polarisation



PT@ Prog. Theor. Exp. Phys. 2019, 033E01 (30 pages)
DOI: 10.1093/ptep/ptz009

Delta-map method of removing CMB foregrounds
with spatially varying spectra X

Kiyotomo Ichiki!**, Hiroaki Kanai®, Nobuhiko Katayama* Eiichiro Komatsu*®
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* New foreground removal method “Delta-map Method”

* Accounting for spatially-varying SED of foregrounds
IS considered as the most important issue in the field



PT@ Prog. Theor. Exp. Phys. 2019, 033E01 (30 pages)
DOI: 10.1093/ptep/ptz009

Delta-map method of removing CMB foregrounds
with spatially varying spectra X

Kiyotomo Ichiki!**, Hiroaki Kanai®, Nobuhiko Katayama* Eiichiro Komatsu*®
FFP10

 New microwave sky simulator “GM100”

* This sky model simulation played the fundamental
role In this paper




O

GM100 in bitbucket

GM100

Source

Commils

Brarnches

Pull requests

Pipelines

Deployments

Jira Software

Down'ocads

README

README last update: 2018/03/°2 GM100 (generation 100 maps)

Descr ption: This coce genarates simulated full-sky polarization maps of LiteBIRD. By using diffarent random seeds,
100 different maps are generated for each 16 bands. So 100 * 16 bands = 1600 fits files will be generated.

Raquirement: This ccde is written by python, and needs the following packages. versions of those thatitis known to
work with are:

python 2.7.10
healpy 1.10.1
astropy 1.2.1

nunpy 1.14.2
pyfits Z.3

[gm100]

Usage: To run the code, in the directcry containing main.py rur:

> python main.py [your_config_name.ini]



pTEp Prog. Theor. Exp. Phys. 2019, 083E02 (13 pages)
DOI: 10.1093/ptep/ptz079

Simultaneous determination of the cosmic
birefringence and miscalibrated polarization
angles from CMB experiments X

Yuto Minami'*, Hiroki Ochi?, Kivotomo Ichiki**, Nobuhiko Katayama®,
Eiichiro Komatsu’®, and Tomotake Matsumura®

- Game-changing results!

* Foreground is not an issue for the
angle calibration using the EB
correlation

* We can determine simultaneously the angle
miscalibration and the intrinsic EB




PHYSICAL REVIEW D

covernng particies, fielas, gravitation, and cosmoioay

Highlights Recent Accepted Authors Referees Search Press About N

Reconstruction of primordial tensor power spectra from B-mode
polarization of the cosmic microwave background

Takashi Hiramatsu, Eiichiro Komatsu, Masashi Hazumi, and Misao Sasaki
Phys. Rev. D 97, 123511 — Published 11 June 2018

AO0TxBO1xDOT

Q: How can we distinguish between different inflation
models using the B-mode polarisation power spectrum?

A: Reconstruct the underlying tensor power
spectrum!



Web tool: Tensor Power

Spectrum Reconstructor

MAKE PLOT
10”7 Basic Drawing Built-in modcls Custom modcls
) Basic parameters
10
Error-bar type (F~1)_ k9
Tensor-to-scalar ratio  0.01
=107 Spectral index 0.0
o 3 bin type log [
k "~k Kmin 0.0001 Mpc™!
— I
107 "N Kmax 0.03 Mpc!
<=k = Number of bins 12
S G e ey ey p ee Noise level 10 uK-arcmin
ol Beam size 30 arcmin
lmax 100C Imax < 1000
Delensing factor A 1.0 denominator of I';; O AC)ens
" 07 P 102 With cosmic variance 7  yes 9

wave number [Mpc Il

NOTE : Hovering over parameter names shows pop-up information on cach parameter.

Fisher & covariance matrices

|2 | 2 | PIE

2 826e+2 4.573e+0 2.056e-53
SR 1429¢+2 8.019¢+0 1.547¢-24
1086e+2 7.099e+0 1.128¢-17
1.618e+1 5.494e-1 1.832¢-1

PTE = Probability to exceed, given as 1-F(y) with F(y) being the
cumulative chi-squared distribution function.



http://numerus.sakura.ne.jp/research/open/srec/srec.php?page=top
http://numerus.sakura.ne.jp/research/open/srec/srec.php?page=top

JAXA

4 participations from .
USA;. Cahada Ejuro_pe

3 theBIBD
- 2028-

ISSIOoN.
The D01 a 2d a major role




BO3: Galaxy Redshift Survey

 Work horse: “lognormal_galaxies” simulator

- The D01 activity has been absolutely essential
for the preparation of the cosmology program
of the PFS project

|+ Ryu Makiya, appointed by this grant, became
: one of the leaders in formulating the science
case and the observing proposal of the PFS
project




ournal of Gosmology and Astroparticle Physics

An IOP and SISSA journal

Generating log-normal mock catalog
of galaxies in redshift space

JCAP10(2017)003

Aniket Agrawal,” Ryu Makiya,*® Chi-Ting Chiang,°
Donghui Jeong,”¢ Shun Saito® and Eiichiro Komatsu®®

e Fast and reasonably accurate algorithm to generate
the distribution of galaxies

* Innovation: First time to include peculiar velocities.
We can generate galaxies in redshift space




O

Source

Commits

Branches

Pull requests

Pipelinas

Deployments

Downloads

lognormal_galaxies

lognormal_galaxies in

pDItbucket

README.md

Log-normal galaxies

Codes for generating log-normal realisatinns of ga'axias in redshift-space, and computing the monapole, quadrupols,
and hexadecapole power spectra.

Reference: A. Agrawal, R. Makiya, C.-T. Cniang, D. Jeong, S. Saite, and E. Komatsu, arXiv:1706.0€195

History

e Originaly developed by Donghu Jeong (Penn State Univ.) n 2011

e Enhanced by Chi-Ting Chiang (Stony Brook Univ.) threugh 2075 (arXiv:1308.4157 is based on this code)

e Packaged by Eiichiro Komatsu on Cecember 28, 2C15

e (VZ) ncludes a fix In "calc_pk_const_los_ngp" by Issha Kayo, Jan 1%, 2016

e (v3) Added cross-power spectrum code by Donghui Jaong, Fekruary 8, 2016

* (v4) Generate velocities frcm the matter density field, instead of the galaxy density field divided by the linear
bias, by Aniket Acrawal, March 4, 2016

e (v4.1) Naw Makef le [by Ryu Makiyal, making it egsier 1o change compilers etc, and re-packeged with cleaned
python scripts, March 30, 2016
e (v5) By Ryu Makiya, Sep 04, 201€.
o Added rew python script, run.py, enabling 10 exacute the all steps of the simuation all at once
o Includes a new option for the estimation of the pcwer spectrum, in wh ch the Pk is estimated in the cubic
pox which is large enough to encompass the whole survey regicn. (s2t calc_mode_ok = 1in .ini file to use
t)



PFS SSP: COSMOLOGY PROGRAM

A Bovir.t C.T.. BENNETT, 29 nrE LA TORRE
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T. SuNavaMAa.® N. S. SvcrvaMa.® M. Takapa,® P. Zuane,'*? C B. Zuiao'*t"®

* R. nE PUTTER.® (). DORR

CThik \("F " Y-P.Jine.”P T Kavo.!

growth of structure fiz)og(z)

S
o

o
n

o
S

o
w

S
N

.o o

Hsc-D-——l
= <o : .‘»r‘;: AN

R :
P \

e L
ny < Fl
. C R A12

) »

o

Q3
T 0
— -3

-D/VUD

C.503 0895 1594 2838 HOS4 NS00

Galactic Extincton £(B-Y)

Yl

LALS Nt — o

L .
N Al gl
e RES

=

650
600}
y Mgt 550
NG NN X
.‘0‘

o
o
T

'll"ll"l"l"'l'll'll 'l"""l"l"ll'."

.015. —

redshift z

PR SR ST SR T SR S
1.0 1.5

2.5

kPy(k) [Mpc”/h?]
B~
o

' |
350} AL \‘\-‘-_- ‘
: ———= xm, = 0.2 [eV] =sez
300| [ e W= —0.0
$ sim

10 20 30 40 250 - . : .
0.025 0.050 0.075 03100 03125 0150 0.175 02
wavenumber & [h/Mpc]
0.7 E —— Planck
= Planck+BOSS
3 m—— Planck+BOS5+HSC
E E s Planck+BOSS+HSC+PFS
3 ia
3 e PFS 0.6<z<1.6 3
PF ‘. 1.B<Cz<2.4 ;
E PFS combined 2

)]
O

. 20 75 a0 mn 90 o5 D00 008 016 024 032
Ho [km s™'Mpe™'] X, V]




PREPARED FOR SUBMISSION TO JCAP

arXiv.org > astro-ph > arXiv:1912.06583

Mitigating the impact of fiber
assignment on clustering

measurements from deep galaxy

redshift surveys X

Tomomi Sunayama,®! Masahiro Takada,” Martin Reinecke,’
Ryu Makiya,* Takahiro Nishimichi,>® Eiichiro Komatsu,”* Shun
Saito,’ Naoyuki Tamura,” Kiyoto Yabe“

L EVCEREL

| —

N
& =

Y °* ‘lognormal_galaxies” was used to generate
q many realisations of the galaxy distribution
&

to study the impact of fiber assignment




B02: Weak Grav. Lensing

 Work horse: "lognormal_lens” simulator

- Target: Synergy between HSC and PFS!

* This is essential to exploit the uniqueness of
two SSPs on Subaru

Will give a talk
after me




PREPARED FOR SUBMISSION TO JCAP

To be submitted soon...!!

Log-normal simulation for weak
gravitational lensing: application to
the cross-correlation with galaxies

Ryu Makiya,”” Issha Kayo,“ Eiichiro Komatsu®’
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lognormal_lens Iin bitbucket

<

lognormal_lens

Source

commits

Branches

Pull requesls

Pipelines

Downloacs

README.md

Log-normal lens

| ag-normal simulation of the convergence fields

To run the code users also need to install lognormal_galaxies

History

® Oniginally davelcped by Issha Kayo (Tokyo Jniversity ot Technology) in 201/

Overview

This package consists of the following steps:

1.

9
L

Gererate the matter and galaxy density field by using the external caode, lognormazl_galaxias

. Ray-trace the matter density feld to construct the convergence fields by using RAYTR X, which is included in

this packzage

Add the shape noise to the map cf convergence field

Estimate the auto power spectrum of the convergence field and the cress-power spectrum o the convergence
field and the galaxy number density field

User's Manual

1.

)
s

First you need to install GSL - GNU Scientific Library, FFTW3 and logncrmal_gzlaxies

Cdit Makefile in the directory "LensSim". The necessary information includes:



B02: Weak Grav. Lensing

- New science result: Constraints on the
hydrostatic mass bias of galaxy clusters from HSC
and the thermal Sunyaev-Zeldovich effect




B804 Redshift Drift

 Goal: To measure the expansion of space directly by

measuring a change in redshifts over many years.

“Sandage-Loeb Test”

—2.5cms™ ! forz =3

- However, the local acceleration of Solar System
contaminates the cosmological effect

 We have produced, for the first time, the full-sky
map of spurious redshift drifts due to the local
motion



Publ. Astron. Soc. Japan(2020) 72 {1), L1 {1-6)
doi: 10.1093/pasj/psz131

Advance Access Publication Date: 2019 December 23
Letter

Letter XBO4

The effect of our local motion on the

Sandage-Loeb test of the cosmic expansion

Takuya INOUE,"%** Eiichiro KomaTtsu,*** Wako Aoki,’® Takeshi CHiBA,’
Toru Misawa,® and Tomonori Usupa®-®
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We go beyond BOX!



Goals of the DO1 team [2]

* To develop hovel analysis tools that
go beyond B01-04:

* Tomography of hot gas in the Universe:
SZ-galaxy cross-correlation

- Intensity mapping

 Lyman-alpha and 21-cm lines, cross-
correlated with galaxies and CMB



Goals of the DO1 team [2]

* To develop hovel analysis tools that

go beyond B01-04:
Will give a talk later

SZ-galaxy cross-correlation

- Intensity mapping

. l- Tomography of hot gas in the Universe:

 Lyman-alpha and 21-cm lines, cross-

correlated with galaxies and CM

3



Goals of the DO1 team [2]

* To develop hovel analysis tools that
go beyond B01-04:

* Tomography of hot gas in the Universe:
SZ-galaxy cross-correlation

- Intensity mapping

!,

-

 ~

 Lyman-alpha and 21-cm lines, cross-
correlated with galaxies and CMB



Shun Saito

lognormal_im
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* The code Is basically done. The paper in preparation...




Summary: 2015-2020

« Fundamental contributions to all of B01/02/03/04

* Major contribution to the selection of LiteBIRD

e | eading roles in shaping t
program; Synergy betwee

ne PFS cosmology

n HSC and PFS

* First full-sky map of the local acceleration



Summary: 2015-2020

- New tools have been developed and made available

wwwmpa.mpa-garching.mpg.de/~komatsu/codes.html

e lognormal_galaxies, lognormal_lens, lognormal_im
e GM100, Delta-map, New angle calibration method
e [ensor spectrum reconstructor

- New science: Tomography of hot gas in the Universe


http://wwwmpa.mpa-garching.mpg.de/~komatsu/codes.html

