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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)
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Goals of the DO1 team [2]

* [o develop novel analysis tools that go
bevond 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



LSS = Large-scale Structure; CMB = Cosmic Microwave Background

DO1: The Core Team

. Kayo R.Makiya E. Komatsu S. Saito K. Takahashi
Tokyo Univ. of Tech  Kavli IPMU / MPA Missouri S&T Kumamoto Univ.

- LSS - LSS - LSS - LSS - LSS

- Lensing - Hot Gas -+ CMB -+ Ly-alpha - 21cm

Joint analysis, fully taking into account
the mutual cross-correlation



LSS = Large-scale Structure; CMB = Cosmic Microwave Background

DO1: The Core Team

Will give talks today

. Kayo R.Makiya E. Komatsu S. Saito K. Takahashi
Tokyo Univ. of Tech  Kavli IPMU / MPA Missouri S&T Kumamoto Univ.

Joint analysis, fully taking into account
the mutual cross-correlation



LSS = Large-scale Structure; CMB = Cosmic Microwave Background
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LSS = Large-scale Structure; CMB = Cosmic Microwave Background

DO1: Collaborators
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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




Fundamental Contributions
to BO1, 02, 03, 04

- BO1: Foreground removal (Ichiki)and § ¥
polarisation angle calibration (Minami) (s

* The foreground simulation code “GM100"} &
GERED

. B02: Cross-correlation science for HSC and PFS

* [esting modified gravity

* The lens simulation code
“lognormal_lens” (Kayo/Makiya)




Simulated cross-correlation power spectra of

HSC shear and PFS galaxies at z=0.7-2.2!

I 2=09 I =11

b L
Multipole {




Simulated cross-correlation power spectra of
HSC shear and PFS galaxies at z=0.7-2.2!
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Fundamental Contributions
to BO1, 02, 03, 04

- B04: Effect of our local motion on the redshift
drift measurement

* For TMT, or any other measurements (e.g., E-
ELT). See Inoue’s talk

- B03: Cosmology proposal for PFS

* Majority of the study for the cosmology proposal
of PFS was done by the members of DO =

5 ¢ The galaxy simulation code
¥\ “lognormal_galaxy’ (Makiya/Kayo/Saito)




HSC and PFS will constrain the mass of

neutrinos with unprecedented precision!
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Going beyonao
BO1, 02, 03, 04

- Tomography of Hot gas: SZ-galaxy cross-
correlation
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s * See Makiya's talk on Tuesday during the next
>~ symposium

- Intensity mapping
e Lyman-alpha: See Saito’s talk

e 21-cm: See Takahashi’s talk




summary

* Over the last 3.5 years of the grant period, we have made
fundamental contributions to the progress of BO1, BO2,
BO3, and B0O4

e \WWe should make sure to let the reviewers know this!

 We are going beyond B01-04 by extending the cross-
correlation technigues to hot gas and intensity mapping

- Many publications in refereed journals have resulted
and more are being written. Most led by junior
scientists

- It has been a wonderful, productive 3.5 years! (And
one more year to come.)



Delta-map method to remove CMB
foregrounds with spatially varying spectra

I K. ICHIKI, H. Kanai, E. Komatsu and N. Katayama
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CMB and foregrounds
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I Delta-map method

Bs(R)
stnch(y n) =g, ( > stnch<y*,ﬁ)
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Foreground modeling (gm100)

* simple python script to generate sky maps with
CMB, white noise, and foregrounds

* Foregrounds include

component base map params
sl SynchrotronPol-commander_0256 R2.00 MAMD2008, no curvature
y (30GHz)
T DustPol-commander 1024 R2.00 Meisner-Finkbeiner two
(353GHz) component model
point source PCCS_xxx_R2.xx uniform 5 % pol. fraction
° options

— de-correlation of dust pol, one component model

code available> git clone https://h _kan@bitbucket.org/h _kan/gm100.qgit



Results

Work in Nside=4 resolution
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I Results (de-correlation)  B01 EE[RIlF
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PTEP, in press arxiv:1811.03886

Methodology paper is now available

observed map signal map (CMB, dust,..)
—2In £(m|5, D) = (m)-(DF)* N~ (m — l@—l— In|27N|. (40)
mixing matrix (frequency dependence)
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PTEP, in press arxiv:1811.03886

Methodology paper is now available

observed map signal map (CMB,dust,..)
—2In £(m|5, D) = (m)-(DF)* N~ (m — l@—l— In|27N|. (40)
mixing matrix (frequency dependence)

i Marginalize over gaussian CMB

- 4§ , _ ~
-2 P(5',57,8m) = (- Dsy) (S™MB+N) ™ (i - Dsy)

+1In |27 (SMB + N)| — 21n P(8¢, SY) + constant ,
J
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PTEP, in press arxiv:1811.03886

Methodology paper is now available

observed map

—21In L(m|§, D) = (m)—

D

signal map (CMB,dust,..)

mixing matrix (frequency dependence)

YN (m — I§5)+ In |27 N . (40)
i Marginalize over gaussian CMB

- 4§ , _ ~
-2 P(5',57,8m) = (- Dsy) (S™MB+N) ™ (i - Dsy)

+1In |27 (SMB + N)| — 21n P(8¢, SY) + constant ,
J

Maximum likelihood solution (foreground)

1-1 . ‘
«}n [DT(S(\IB N)—ID] DT(S(.\IBjLN)—]m.
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PTEP, in press arxiv:1811.03886

Methodology paper is now available

observed map signal map (CMB, dust,..)

—2InL(m|5, D) = (m)-[DF)' N~ (m — l@ + In |27 N |. (40)
mixing matrix (frequency dependence) i Marginalize over gaussian CMB
—2In P(§', 5, S|m) = (m - Dgf)T (SO N (m - Dg})
+1n |[27(SMB + N)| — 21In P(5, 87) + constant,
iH i Maximum likelihood solution (foreground)
A = [DT (B + )1 D) " DT(SOMB 4 )Ly

-1
-2 P(p’, 5", S|m) =m* (SMB+ N)

- T .- | ST
B [DT(SCMB_FN)—IT%} [DT(SCMB_,_N)—ID] DT(SMB 4 N)~L;

+ In ’27r(SCMB + N)‘ —2In P(@A{L, S7) + constant . (61)

11712



PTEP, in press arxiv:1811.03886

Methodology paper is now available

observed map signal map (CMB, dust,..)

—2In £(m|3, D) = (@)-DF)* N~ (m — i§5)+ In (40)
mixing matrix (frequency dependence) i Marginalize over gaussian CMB
—2In P(p, &, Si) = (m - Dg‘f)T (SO N (m - i)g*f)
+1n |[27(SMB + N)| — 21In P(5, 87) + constant,
i% i Maximum likelihood solution (foreground)
L = | DT(SMP 1 N)~1 D] " DT(SOMB 4 N,

-1
-2 P(p’, 5", S|m) =m* (SMB+ N)

- T .- | ST
B [DT(SCMB_FN)—IT%} [DT(SCMB_*_N)—ID] DT(SMB 4 N)~L;

+In ’27r(SCMB + N)‘ —2In P({?IJ\»'"IL, S7) + constant . (61)

The above expression is exactly the same as our likelihood used when the number of observation
bands is just enough to solve for one CMB map. This formula will enable us to find the optimal
combination of multi-frequency bands of the LiteBIRD, reducing a(r) further (under investigatipzn).12



The Effect of our local motion on the
Sandage-Loeb test of the cosmic expansion

DO01: Takuya Inoue

Mechanical Engineering department
Doshisha University ([FliSfERK5EF)
ctwc0518@mail4.doshisha.ac.jp

2019 BRI R Y Y A
Kyoto University, Japan; March 4th, 2019



Introduction Objective Method & Result Conclusions

Introduction

Redshift drift & Sandage-Loeb test

The cosmic expansion rate is not constant with time
The redshift from the distant sources like quasars changes with time

« Redshift drift » Ay e.g.,z =3 Aty = 10 years
A_to = Ho1+2) = H(z) Av = —2.5cm/s
The order of this drift should be after 10 years

« Sandage-Loeb test »

Alan Sandage (1962): Direct measurement of the expansion rate of the universe
by detecting the redshift at two different times

Abraham Loeb (1998): Measurement of the spectra of absorption line

from high redshift quasars by using large telescopes with high-resolution
spectrographs )



Introduction Objective Method & Result Conclusions

Introduction

Cosmic velocity shift

Credit: Takeshi Chiba
Q,, =0.31
h = 0.67




Introduction Objective Method & Result Conclusions
Objective

Our research objective

In reality, our local motion which is determined by the proper motion
of the Solar System also contributes to the changes in redshift

Analysis of the effect of our local motion on the redshift drift by
calculating the difference in velocity of the Solar System for 10
years in any line-of-sight direction.
Our research goal
Calculation of the difference in velocity of the Solar System for 10 years

Aoun-1c * 10 years = agyn—mw(2 body) = 10 years + a,,,_1c(3 body) * 10 years

Creation of the all-sky maps as a form of the Mollweide projection



Introduction Objective _ Conclusions
Method

2-body problem (sun-mw)

Acceleration of the Solar System with respect to the GC
GM(T)
Asun-mw = D2 -
sun—-mw

From the balance between centrifugal force and gravity,

V2 GM(r) rv 2
— = M(r) =——
—=——" W) Mm)=—
In our research, Asyn-—mw(CM/S 2) AVsun—mw(cm/s)
Dgyn—mw =1 = 8.2£0.1 kpc, (Distance of sun-mw)
V =238+15 km/s (Circular velocity) (2-25 T 0-28)X10_8 7.09 £ 0.90

(Bland-Hawthon & Gerhard 2016) This is big!!



Introduction Objective Method & Result Conclusions

Method

3-body problem (MW-LG)

e Other contributions to our local motion

»The contribution of the massive galaxies in the Local Group (MW,
\YR1Y’

* According to current research finding (Pennarubia, J. et al. 2016 ),
the Large Magellanic Cloud (LMC) also has a large total mass. (1/4
mass of the MW)

* In this research, we include the LMC in the Local Group dynamics

a,w_1c(3 body) « 10 years
The dominates but we find that the contributions of the and the
are also important



Introduction Objective _ Conclusions
Results

Acceleration of each galaxy of the Local Group (3-body problem)

a,.(cm/s?) (=2.72 + 1.25)x10711  (1.40 + 0.30)x10~11 (3.88 + 4.62)x107 11
a, (cm/s?) (—1.13 + 0.40)x10™°  (—2.29 + 0.49)x10™11 (4.81+1.19)x107°
a,(cm/s?) (=7.68 + 2.65)x1071°  (1.03 + 0.22)x10~11 (3.14 + 0.78)x107°

AV, 1o (cm/s) —0.009 + 0.004 —0.355 + 0.127 —0.242 + 0.084

= Asun—mw(2 body) * 10 years + a,,,,_1c(3 body) = 10 years

Agyn—1c(cm/s?) (2.254+0.29)x1078 (—1.13 + 0.40)x10~° (—7.68 &+ 2.65)x1078

Aoy 1(cm/s) 7.08 + 0.90 -0.36 + 0.13 -0.24 + 0.08




Introduction Objective Method & Result Conclusions

RGN

I= [-pi, pil, b= [-pi/2, pi’2]  All-sky maps (Mollweide projection method)

Avsun—LG Avsun—mw A77mw—LG

Av mean max = (0.46 cm/s

Av std max = 0.51 cm/s Av std max = 0.49 cm/s Av std max = 0.20 cni/s
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Introduction Objective Method & Result Conclusions

Conclusions

* Our local motion yields the maximum redshift drift signal of 7.2
cm/s over 10 years 1n the direction of Galactic Center
» The maximum uncertainty is 0.5 cm/s

* 7.2 cm/s 1s comparable to the expected cosmological signal of order
a few cm/s; thus, correcting for the effect of local motion 1s
essential!

* Dominated by the acceleration toward Galactic Center, but the
contributions from M31 and LMC cannot be 1ignored, especially in
the direction of LMC



References

Parameters Values References

Solar mass (1.9884 + 0.0002)%x103° kg TIAU 2009/2012

Gravitational constant (6.67428 + 0.00067)x10" 11 m3 /kg/s* I1AU 2009/2012

Circular Velocity 238 + 15 km/s Bland-Hawthon & Gerhard 2016

Galaxy Mass (Msun) Dsun (kpc) L (degree) | B (degree)

MW 1.047925x1012 8.2+0.1 0 0
Jorge P. et al. 2016 Bland-Hawthon & Gerhard 2016

\% R} | 1. 33t8;§3x1012 783 + 25 121.17432 21.573311
Jorge P. et al. 2016 Jorge P. et al. 2016 simbad simbad

LMC 0.25)0gx1012 51 + 2 280.4652  32.8884

Jorge P. et al. 2016 Jorge P. et al. 2016 simbad simbad




c (xi — xj) c (xi — xk)
Xi mj e m Dik3
i —yj) (yi — yk)
yi = —G i3 — Gmk * Dil3
c (zi — zj) (zi — zk)
— — X
“t i Dij3 Dik3

Right-handed galactic coordinate system
Xi = DgynX COS(l) X COS(b) — Dsun—mw
y; = DgynX sin(l) X cos(b)

zi = DgunX sin(b) Dy = [(x—x)* + (- 3)" + (5 -20)°




Simulating Lyman-a emitting

galaxies for HETDEX

Shun Saito
MPA — Missouri S&T (since Jan 2019)
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Yukawa Institute, Kyoto, Japan MISSOURI
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Intensity Mapping is Future

Kovetz, SS+, Astro2020, coming soon

Epochs: Recombination Probes:
Dark Ages D
Cosmic Dawn

Reionization

Growth of Structure
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HETDEX as a DE survey

¢ The Hobby-Eberly Telescope Dark Energy Experiment (2019-2022)
- Collaboration

- Pl: Gary J. Hill (Univ. of Texas)

- ~B0 people: U Texas, McDonald Obs, Penn State, Texas A&M

LMU, AIP, MPE/MPA, Gottingen, Oxford, [Missouri S&T]

- Instrument

- 10m Hobby-Eberly Telescope at McDonald Observatory

- 35k spectra (448 fibers/IFU x 78 units) at one 20mins exposure

- A=350-550nm, R~700, a flux sensitivity~a few x 10-17 erg/cm?2/s

= ~0.8M Lyman Alpha Emitters (LAEs) over 400deg?2 & 1.9 <z < 3.5

+ 1M Oll-emitters at z < 0.5

First blind survey & First 10Gpcs3-class survey at high z



HETDEX as a Lya IM survey

¢ We can do better than the original plan!

- More importantly, the first blind large-scale survey with IFU
= Qriginal design: 1.7M/140M fibers, i.e., only 1.2% is used

= [ntensity Mapping: propose to extract information from 99%.
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HETDEX as a Lya IM survey

¢ We can do better than the original plan!

- More importantly, the first blind large-scale survey with IFU
= Qriginal design: 1.7M/140M fibers, i.e., only 1.2% is used

= [ntensity Mapping: propose to extract information from 99%.
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Simulating LogN LAE IM
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Simulating LogN LAE IM
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LogN LAE IM

Simulatin

intensity map at z
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Simulating LogN LAE IM

intensity map at z=2.2
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LogN LAE IM
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Simulating LogN LAE IM

» Developed P(k) estimator code
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Simulating LogN LAE IM

» Developed P(k) estimator code

IM auto P(k): completely dominated by noise
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Simulating LogN LAE IM

» Developed P(k) estimator code

IM auto P(k): completely dominated by noise
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Physical RT Simulation

Behrens, Byrohl, SS, Niemeyer, A&A (2018), Byrohl, SS, Behrens, in prep.

» Run Lyox Radiative Transfer code on the lllustris

- find a new Finger-of-God damping due to RT.
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summary

¢ HETDEX as a Lyoa IM survey

- Fully make use of its blind nature.

- First results coming soon! Hopefully pioneering IM cosmology.

& Preparing analysis & simulation pipeline
- End-to-End Log-Normal simulation

- Physical Radiative Transfer simulation

. Join our new astro group

S&T Physics opens a window to the sky

Starting in January, two new faculty, Marco Cavaglia and
Shun Saito, will work to unravel the mysteries of the
universe at S&T. Cavaglia, who joins the department
after 15 years at the University of Mississippi, is an ex-
pert on gravitational physics and multi-messenger astro-
physics. Saito, from the Max Planck-Institute for Astro-
physics in Germany, works on observational cosmology.
They will collaborate to develop a new astrophysics pro-
gram at S&T. Detailed faculty profiles for Marco
Cavaglia and Shun Saito will be published in the next
edition of the newsletter.

| if interested in working on |
. HETDEX and/or LIGO!

Multi-messenger astrophysics and precision cosmology
are research areas at the forefront of today’s physics.
Multi-messenger astrophysics studies celestial phe-
enomena  through  different  physical  carriers .

(electromagnetic waves, gravitational waves, particles S&T PhySICS N eWS Letter 201 9
and cosmic rays). Cosmology studies the origin and large

-scale structure of the Universe.

Marco Cavaglia, Shun Saito
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