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Update from AASKA 2015 and RedBook 20187
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SKAYAL IV R 7 (EFRhR)

« 2015 SKA science book (AASKA, white book)
« 18Mchapter (BAO, RSD, HI survey, weak lensing, ...)

« SKAT Redbook 2018

« 2024 November SWG meeting at Nice
> RE|FSFEDELEICHAE?
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SKAYAL IV R 7 (EFRhR)

Reviers feeback

-« —RFEH (4/1) I(ccosmology SWG

zoom meetingh¥ds o 7=

« 2026 Science book (AASKA Il, AA4)
« MeerKATA: & F T DERINE R 7= AR

« Fv TH—HE DI, 18—22(C (ex. Intensity Mappingld1— 6)

s FILWH A TV RFT—YHEM

c IEFEDRATERCPHRREANEDY FI—ICLB 7y IT—h

Moderate
22.7%

Minor
50.0%
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2015 Cosmology Chapter

« Overview * Intensity mapping

« Galaxy clusters « Topology

« Weak lensing (2) « Foreground

« Continuum « Beyond (2)

« HI simulations « Largest scales

« HI galaxies « Cross-correlation

« BAO « Real time cosmology
« RSD « Stacking
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2026 Cosmology Chapter

BRI A(BER
Haofb. 6212 ¢
« Overview —trtensity-mappirg| Cosmology from IM
Statistics beyond 2pt
« Galaxy clusters —Fepetegy
1SS R Late time with SKA-mid
« Weak lensing (2) Dipole  [-Foregreund Systematics&Foregrounds
. Continuum Gravrty - Bef‘eﬁd (2) “\/I W|th Pathﬂnders
« HI simulations | | argestseales |
AN - .
—H-gatedes RS ASRFEL) | |—Cross—cerrelation Mo e, 2721 B
- _ GW synergy, multi-IM
« BAG 2OICF L ED «Reat-time-cosmelogy EiES ALY ) |
ZUIIy-FllsheerlgaII_zl;\:(y | e b1
CENIGIOT el Tl ety Nx2pt, On-the-Fly, FRBs, particle DM
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2026 Cosmology Chapter

Haofb. 6212 ¢
« Overview —trtensity-mappirg| Cosmology from IM
Statistics beyond 2pt
« Galaxy clusters —Fepetegy
o SR B - Late time with SKA-mid
- Weak lensing (2) Dipole [~ Toregreund Systematics&Foregrounds
« Continuum Gravity  [—Beyene—{2) IM with Pathfinders
. _ Inflation IM with MeerKAT
« HI simulations | | argestseales |
: : Mo, 221 ¢
—H-gatedes +—Cross-correlation A
GW synergy, multi-IM
+BAS 2212 CED « Real time cosmology
Tully-Fisher HI galaxy = (B
Cosmology from HI galax Stag| » - =
gy 8 y Nx2pt, On-the-Fly, FRBs, particle DM
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Cosmology on the Largest Scales with the SKA

Dipole

Stefano Camera*,” Alvise Raccanelli,’*? Philip Bull,© Daniele Bertacca,” Xuelei
Chen,¢ Pedro G. Ferreira,” Martin Kunz,”/ Roy Maartens,’* Yi Mao,’ Mario G.
Santos,”™ Paul R. Shapiro,” Matteo Viel°” and Yidong Xu?

The study of the Universe on ultra-large scales is one of the major science cases for the Square

2 O -I 5 _z:\ ‘j: Fﬁ $ 7.\ % & 7(:)\‘ & 7___ I SW Kilometre Array (SKA). The SKA will be able to probe a vast volume of the cosmos, thus repre-
=] d‘ = j (= ( ] senting a unique instrument, amongst next-generation cosmological experiments, for scrutinising

the Universe’s properties on the largest cosmic scales. Probing cosmic structures on extremely

large scales will have many advantages. For instance, the growth of perturbations is well under-

re | at I VI Stl C effe Ct) stood for those modes, since it falls fully within the linear régime. Also, such scales are unaffected

by the poorly understood feedback of baryonic physics. On ultra-large cosmic scales, two key ef-

fects become significant: primordial non-Gaussianity and relativistic corrections to cosmological

. . W= =\
R e d B O O k —z:\ Ld: S l m u | atl O n 75\ E% EFFH observables. Moreover, if late-time acceleration is driven not by dark energy but by modifications

to general relativity, then such modifications should become apparent near and above the horizon
scale. As a result, the SKA is forecast to deliver transformational constraints on non-Gaussianity

AN 3 E = 7'-__ == J = II:H and to probe gravity on super-horizon scales for the first time.
SOlFIRIZ U TeED R

G= N _ =S SAL LSS _ CMB dipole . /\\ . * kinetic dipole
SEATEEDERIIC K - TEFMHVERIC el [
structure dipole \ \ /\
kinematic &
structure dipole,

wi/o local structure 800 0002 o000+ 0006 0008 0010 0012
o\ Z dipole amplitude

Camera et al. (AASKA) 2015, RedBook 2018
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Dipole

(Siewert et al. 2021)

NVSS7R & DT — X %fE - T, dipole D
WEZIT> 1=

%1072

=== d=151x10""
— d=046x10"2

___________

0.5

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

f.~k Y

# Bl Dsky fraction & . dipole amplitude
DRI TEFRZE DEIR (simulationfER)

2017 1997 2003 1998
TGSS-ADRI1 WENSS SUMSS NVSS
instrument GMRT WRST MOST VLA
latitude 19° 05" 48” N 52° 54’ 53" N 53°22'15” S 34° 04’ 43" N
central frequency 147. MHz 325. MHz 843. MHz 1.4 GHz
sky coverage DEC > -53 deg DEC > 30 deg DEC < -30deg DEC > —40 deg
sky area 11.24 sr 3.10 sr 2.47 sr 10.32 sr
[ sky fraction 0.89 0.25 0.20 0.82 |
limit flux density 25 mly 15 mly 6/10 mJy 2.5 mly
source density 5.7 x10* sr7! 7 x 10* sr7! 8.6 x 10* sr! 17.2 x 10* sr™!
resolution 257525 54" x 54"/ sin(DEC) 45" x 45"/ cos(DEC) 45" x 45"
[ number of objects 640017 229420 210412 1773484
s i TGSSXNVSS
3 +  xNVSS

dx 10%

O el 14

Bl

TGSS 150 m)y
WENSS 55 mjy
SUMSS 35 mjy
NVSS 25 mjy

v[MHz|

A=216x10"%,m = —0.51, y?/dof = 1.23
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v[MHz|

dfit(v) = A(V/l GHZ)m
A= (2.674+0.70)x1072
m=—0.47 +0.16
x?%/dof = 1.44
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2017 1997 2003 1998

- TGSS-ADRI1 WENSS SUMSS NVSS

I instrument GMRT WRST MOST VLA
latitude 19° 05" 48” N

52° 54’ 53" N 53°22' 15" S 34° 04’ 43" N
central frequency 147. MHz 325. MHz 843. MHz 1.4 GHz
sky coverage DEC > -53 deg DEC > 30 deg DEC < -30deg DEC > —40 deg
sky area 11.24 sr 3.10 sr 2.47 sr 10.32 sr
[ sky fraction 0.89 0.25 0.20 0.82 |
: limit flux density 25 mly 15 mly 6/10 mJy 2.5 mly
(Slewert e\t a|_8021) source density 5.7 x10* sr7! 7 x 10* sr7! 8.6 x 10* sr! 17.2 x 10* sr™!
NVSS7: & D5 — X %'fﬁ > C. d|po|e D) resolution 25" x 25" 54" x 54"/ sin(DEC) 45" x 45"/ cos(DEC) 45" x 45"
e — [ number of objects 640017 229420 210412 1773484 |
HEEZIT 7

ENTICAW =Y — A T — X DM - p—
- CMB dipole & XZEZICFA—3 i ’ .

[ ¢ TGSS 150 mJy 6
FHEE | SAMOHN? 1. predl B
+  NVSS 25 mly Z‘(

RFrERE. ZDMDYE?
INA TR ? ez ?

dx 10%

> cross-correlation

v[MHz|

° J&l) 0)5\ ok S dfit(v) = A(V/l GHZ)m
. v[MHz] A= (2.67+0.70)x107?2
BRI DSky fraction & | dipole amplitude = —047 + 016
DAERZEDER (simulation®R) 4 = 2.16x1072,m = —0.51, ¥2/dof = 1.23 2 /dof = 144
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Dipole

d % 10?

(Siewert et al. 2021)

TGSS 150 m)y

WENSS 55 mjy
SUMSS 35 mjy
NVSS 25 mjy

2= I S 2

Galactic coordinates

RKESLEFTRBL, FABEFOTNH?

300° 270° 240° 210°

CatWISE quasar (Dam et al. 2023)
7~ : Planck, & : Secrest 2021

5.4 sigma discrepancy from CMB!
LOFAR (LoTSS-DR2, Bohme et al. 2025)

DEC

VLA and ASKAP
(NVSS+RACS,

Probability density

0 1 2 3
D/ DCMB

MeerKAT absorption line survey

Wagenveld et al. 2023}
2026/4/3

160
RA

(MALS, Wagenveld et al. 2023)
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Quaia
CatWISE
NVSS

RACS
NVSS+RACS
MALS
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160
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\

[ NVSS+RACS-low
] LoTSS+NVSS+RACS-I¢




Hl intensity mapping

« 201 5F D Fil: single dishz AW/ IMDEIR ATEEE P RIS
B BRZ D IEFRAIRET DY HUL

« 2026%F: 6K DFHEXIC A E!
- Single dish mode / Precursors Ic &K %IM / Pathfinders [C & %M
- systematics, component separation O#fc/iRFE

« BRHETEDEF (bispectrum, I-1 norm, marked PS, 1-pt, ...)
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Hl intensity mapping
W|th MeerKAT

102 4

Py, o (k) [mK /2 —*Mpc?]

10"

T ------ Quibur=(0.86 + 0.10)x 10-3

it
H

4 4 Null test (no TF)

L LA

—4 4

[§]

k? Py, o (k) [mKh~"Mpc]

{ Un-shuffled § Shuffled

—o——

h
i

6x10-2 10-!
k[hMpc"]

7.7 sigma detection of cross-correlation.
MeerKAT IM x WiggleZ, 0.400 < z < 0.459

(Cunnington et al. 2023)
2026/4/3

2x 107!

3x107!

&
=
=102
<
£
=¥

auto-correlation MeerKLASS

cross-correlation

MeerKLASS IM x GAMA

at 0.39<z<0.46

236 deg2, 63 hours, 64 dishes

(single-dish mode)

(Barberi-Squarotti et al. 2023)
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-+ HI model (no noise)

— Noise estimate

== Model + noise
‘ MeerKAT auto

10-! 2% 107! 3% 107!
k[hMpc™']
=== Model
N
100 Feo
T
N RN
— \
= e
= 102 f‘ -i t
Q N
10-! 2% 10~
k [hMpc~']
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6 Stokes-I power spectrum
HI - - - = | ip-value:0.92 P
In enSI y mapplng = ,o| esiduals: noise-consistent— bestfitmodel
u = 30 7
B
wit £
< 10 |
70 0
2=1.16-1.01 10
60 # 2=1.34-1.16 -
— 2 10
" 50 T =7 1 ?
= =7 ofted § # s #
=40 e } ,
i %-10
o4 30 = 04 06 08 7.0 12 14
% k [h Mpc™']
£ 20
—_~ z=1.16-1.01
§ 10 — 1.0 — :=134-1.16
0
0.84 2 62 2 2\\2
—10 Ay = 10°Qg,(by; +(fu’))
= 20 = 0.6
(=N ~E
& <
=z~ " L . =
T o 4 ¢ 4 0
D:: + [}
J !
g 0.2
—=—2057 0.6 0.8 10 12 14
k [h Mpc™] 00
. . g . 0 2 4 6 8 10
Total detection significance: 12.4 sigma Ay

CHIME 94 nights (Amiri et al. 2025)
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70

- - - —— TNG100
Hl intensity mappir - @ =
y 50‘{ + TNG300
\ 3.97 x TNG300
404 % @ data

X].V > astro-ph > arXiv:2603.25680v1

Astrophysics > Cosmology and Nongalactic Astrophysics

[Submitted on 26 Mar 2026]

Interpretation of 21 cm Auto Power Spectrum Measure
Hydrogen Intensity Mapping Experiment

CHIME Collaboration, Mandana Amiri, Kevin Bandura, Arnab Chakraborty, Zhuo Yu Bi

Halpern, Gary Hinshaw, Albin Joseph, Nolan Kruger, Joshua MacEachern, Kiyoshi W. }
Pinsonneault-Marotte, Alex Reda, Shabbir Shaikh, Seth R. Siegel, Yukari Uchibori, Keith Vanderlinde, Haochen Wang, Dallas Wulf

P(k) [mK? h—3 Mpc3]

0.4 0.6 018 110 1.2 1.4
k [h Mpc™1]

Observations with the Canadian Hydrogen Intensity Mapping Experiment (CHIME) have been used to measure the 21 cm intensity mapping auto power spectrum, at
z ~ 1, over a frequency range from 608.2 MHz to 707.8 MHz at wavenumbers 0.4 & Mpc‘1 SkZS15h Mpc'1 . In this paper, we present the results of two
different approaches to interpreting this measurement. In the first approach, we use a parametric power spectrum model to constrain an amplitude parameter,
defined as AIZ{I = IOGQ%H(b%H + {fu*))?, where Qg is the cosmological density parameter for atomic hydrogen (HI), by is the linear bias for HI, and {fu?)
incorporates the dominant large-scale impact of redshift-space distortions on the angle-averaged power spectrum. Imposing an additional prior on either Q or
by, based on values in the literature, allows us to break the pairwise degeneracy between those two parameters. In the second approach, we compare CHIME's
measurement with predictions for the power spectrum of HI from the IllustrisTNG simulations, finding that the measurement disagrees with the TNG100 run at
3.16 and the TNG300 run at 4.0c. This disagreement is most likely attributable to the strength of nonlinear redshift-space clustering of HI in the simulations,
rather than the total abundance of HI, and invites further investigation of the physical processes in the simulations that determine the behavior of HI at nonlinear
scales. These results exemplify the ability of 21 cm intensity mapping to provide astrophysical information using measurements at nonlinear scales.
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Fast Radio Bursts cosmology

« 2R TIHICT000H U EFE E18E
« SKATIET1H10-1004= B A F48
- Dispersion measure M HIE
FEONY A VDT
HERDOES

Credit: ESO/M. Kornmesser
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At — DM = /nedl
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probability density

Fast Radio Bursts cosmology

h =10.676 £ 0.021

all : Hy = 62.3+9.1
gold : Hy = 62.5 +10.1

gD

FRB redshift

o all

Q,, = 0.299

+0.036
—0.045

04

C}E 0.3 [ \

0.2

(DMpost) = 88 £ 10

,

310 4'0 5'0 6’0 7'0 8|0 9‘0 1(')0 110 ‘g 100 -

Hy [kms™! Mpc™!] S‘: 80

o 6o0f

(7C) 9 identified FRBs ASKAP ~ Wl
(%) Expected constrant from 500 sample 065 00

(Hagstotz et al. 2022)
2026/4/3
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JOURNAL ARTICLE
Probing the primordial Universe with 21 cm line from cosmic
dawn/epoch of reionization @

Teppei Minoda X, Shohei Saga, Tomo Takahashi, Hiroyuki Tashiro, Daisuke Yamauchi,
Shuichiro Yokoyama, Shintaro Yoshiura

Publications of the Astronomical Society of Japan, Volume 75, Issue Supplement_1,
February 2023, Pages S154-S180, https://doi.org/10.1093/pasj/psac015
Published: 12 April 2022

PDF

Article history v

Il SplitView ¢¢ Cite A Permissions «§ Share v

Abstract

In the most distant reaches of the Universe, the 21 cm hyperfine transition in neutral hydrogen

provides one of the only available tracers of large-scale structure. A number of instruments have

Published a review article for cosmology science of
SKA-JP (Minoda+ 2023)

Topics:

* Inflation models and power spectrum

* Isocurvature perturbations

* Primordial non-Gaussianities

* Primordial magnetic fields

A new observable to test cosmological models from 21-cm

global signal in the Dark Ages (Okamatsu+ 2024)

Forecasted error bar of the cosmic

birefringence from LOFAR (Naokawa 2026)
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Cosmology Chapter — &

- Dipole - Hi galaxies (2) [ B#ESES %1 IV Z:
[REEIEH T A
« Cluster lensing - Beyond (2) F—IXILEF—FETIL
_ o FMHAINT —ZART KL
. Weak lensing (2) « Particledark nj. =5 —ry_ B2
. Fast radio burd " FREE
« Intensity mapping (6) astradiobury, =wyvo\Uty
HI/\1 7 X

« Continuum Auto-correlations

e Line intensity n
* Nx2pt cosmology Y

« On-the-fly map

. Gravitational w|

 HI simulations

(HE : HERRY1IIT VX
7w 22020)

SERHAEBEMA T
7y IF— NFE)
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