Expression of Interests
Preparing for Science with the SKAO

Dr. LI, Yichao

On behalf of joint research in NEU and NAOC

SKA Cosmology SWG Meeting
4-6 Nov. Nice, France (Remote)

£ IR A

¥ i
5 : NCTA
: : I A
-y w
& ¢ il
VU’)\ A

@,9 5

/V123

¥/ Northeastern University




Expression of Interests
Preparing for Science with the SKAO

Dr. LI, Yichao

On behalf of joint research in NEU and NAOC

SKA Cosmology SWG Meeting
4-6 Nov. Nice, France (Remote)

£ IR A

¥ i
5 : NCTA
: : I A
-y w
& ¢ il
VU’)\ A

@,9 5

/V123

¥/ Northeastern University




Expression of Interests

The 1/f noise feature analysis for the SKA HI intensity mapping survey

® YicHao Li; WENkAr Hu; ET. AL.

Hunting HI filament via galaxy pairwise stacking analysis with future HI
intensity mapping survey

® YicHao Li; Divanc Liu; ET. AL.

One-dimensional power spectrum with the SKA

® Youcanc WaANG: YicHAo Li; ET. AL.

Forging a precise probe for the late universe based on 21-cm cosmology

® XN ZHANG: YICHAO LiI; ET. AL.
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® The 1/f noise feature analysis for the SKA HI intensity mapping survey

® YicHao Li; WENkAr Hu; ET. AL.
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1/f Noise

e 1/fin the literature Harper S. E., et al., 2018, MNRAS, 478, 2416

® Mamo, D..ET AL., 2002. REMOVING 1/F NOISE STRIPES IN Temporal PS model

COSMIC MICROWAVE BACKGROUND ANISOTROPY . e\
_ S (f y V ) = — |1+ |
OBSERVATIONS. ASTRONOMY & ASTROPHYSICS 387, 356 Sv ¥
5 2D PS model
mode

® Mamo, D..kr AL, 1999. THE PLANCK-LFT INSTRUMENT: - 1_3
ANALYSIS OF THE 1/F NOISE AND IMPLICATIONS FOR THE S(f,7) = A |1+ 1 Tk (E) B
SCANNING STRATEGY. ’ Kov \ f T ’

®  SEIFFERT, M.,ET AL. A&A TIQ7, T4. T
. -
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e Investigations on 1/f Noise for HI intensity mapping:

1/f Noise

HArPER S. E., ET AL., 2018, MNRAS, 478, 2416.

L1Y., Santos M.G., ET AL, 2021, MNRAS, 501, 4344-
HuW., LiY., Er AL., 2021, MNRAS, 508, 2897.

IrrAN M.O., L1Y., SanTOs M.G., 2024, MNRAS, 527, 4717.
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1/f Noise

: : : No. | Method Specification
¢ Ellmatlon Of l/f noise 1 | Generalized COBE W = [AIMA] 1AM
2 | Bin averaging W = [AtA]71A!
®  MAP-MAKING PROCESSING. 3 | COBE W = [AN-1A]LA!N-!
4 | Wiener 1 W = SA![ASA! + N]!
® DE-STRIPING 5 | Wiener 2 W =[S+ A'N1A] AN
6 | Saskatoon W =[S+ AINTIA]TAIN"!
1 7 | TE96 W = ASA![ASA' + N|7L, (WA); =1
e For future SKA sciences LIS WA A A e WAL — 1
9 | Maximum probability | Nonlinear method if non-Gaussian
i I/ F NOISE FEATURE 10 | Maximum entropy Nonlinear method

MAX TEGMARK THE ASTROPHYSICAL
JOURNAL, 480:1L.87-1.90, 1997 May 10

® ELIMINATION METHOD

® KFFECTS ON COSMOLOGICAL PARAMETER
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Li Y.C., Wang Y.G. et al. 2023, ApJ, 954, 139



e Hunting HI filament via galaxy pairwise stacking analysis with future HI
intensity mapping survey

® YicHao Li; Divanc Liu; ET. AL.

I AN
>
: £ -, W
3 2 g&) L\ A! ;-\
) &
&y

I eye o/ Northeastern University




Hl in the filament

e HI in the IGM are highly ionized after EoR

e Simulation shows that it is still detectable with ~100 hr integration time

Universe
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HI Intensity Mapping (IM) Survey with Galaxy Pairwise-
Stacking (GPS)

e HI IM can be quickly carried
out and maps LSS within a large
cosmic volume. Dec

?_R.A Dec ; RA
e Assume filaments connect v R - y l
clusters. e - S -
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Tramonte D., Ma Y.-Z., Li Y.-C., Staveley-Smith L., 2019, MNRAS, 489, 385.




GPS with Parkes

e GPS of HI maps

N | | | M—

Stacks on 10-mode removed maps Stacks on 20-mode removed maps Filament residuals from 10-mode removed maps Filament residuals from 20-mode removed maps
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p Achieve an upper limit for filament HI
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Simulations Test

based on FAST HI Pilot survey
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) Using TNG simulation snapshot at z~0.1 Liu, Diyang and Li, Yichao et. Al. under review.
» Remove particles belonging to galaxies

p Make the HI cube with filament HI only

p Simulate the SDSS Main Galaxy Sample

p Apply the galaxy pairwise-stacking
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Simulations Test

based on FAST HI Pilot survey

Filament HI only Filament HI only (zoom in)

y[Mpc]

X

p Using TNG simul);tion snapshot at z~0.1

p Remeveparticles-belonging-to-galaxies———
p Make the HI cube with filament HI only

p Simulate the SDSS Main Galaxy Sample

p Apply the galaxy pairwise-stacking
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Simulation Forecast

Combining multiple frequency slices
Cosmic variance dominating

Large-area survey has better performance than
small-area deep survey

The next-generation HI intensity mapping survey
has great potential for filament studies.

Averaged slices

Averaged slices
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¢ One-dimensional power spectrum with the SKA

® Youcanc WaANG: YicHAo Li; ET. AL.
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One-Dimensional PS

e FKAST 1D power spectrum 10%;
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e SKA 1D power spectrum AR <
10 10-1 100
® | .ARGER BEAM SIZE ky thiMpc]
® |.OWER SHOT NOISE 1D PS estimation using FAST single pointing observations

Zhao, Boyan; Liu, Yingfeng; Wang, Yougang et. al. In prep.
® A CRUCIAL METHOD FOR FUTURE HI cosmoLoGY.
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Zhao, Boyan; Wang, Yougang et. al. In prep.



e Forging a precise probe for the late universe based on 21-cm cosmology

® XiN ZHANG; YICHAO LI; ET. AL.
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Precise Probe for Late Universe
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The synergy between current HI experiments
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recise Probe for Late Universe
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Precise Probe for Late Universe

e FRB,GW,SGL
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The synergy between future HI experiments
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Summary

The 1/f noise feature analysis for the SKA HI intensity mapping survey
® YicHao Li; WENkal Hu; ET. AL.

® One of the key systematic issues for HI intensity mapping

Hunting HI filament via galaxy pairwise stacking analysis with future HI
intensity mapping survey

® YicHao Li; Divanc Liu; ET. AL.
e The next-generation HI intensity mapping survey has great potential for filament studies.
One-dimensional power spectrum with the SKA
® Youcanc WANG; YicHao Li; ET. AL,
e 1D power spectrum is a crucial method for future HI cosmology.
Forging a precise probe for the late universe based on 21-cm cosmology

® XiN ZHANG: YICHAO LI; ET. AL.

e The synergies between HI experiments, as well as different cosmic probes, are crucial for
future precise cosmology.
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GPS on tSZ effect

e GPS of tSZ effect with Planck data

® | .0OKING FOR THE MISSING BARYONS LOCATED IN THE FILAMENTS.
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