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Outline

1. Introduction

* Why are neutral Hydrogen (HI) studies important in Cosmology?

2. Motivation and Objectives
* Improve on Cunnington et al. (2023) Qy; constraints.

 Model the HI distribution in dark matter halos from REAL DATA.

3. Data
* MeerKAT
* WiggleZ

4. Theory

* Galaxy-HI cross-power and halo occupation distribution (HOD) modeling.



Outline

5. Methodology
* Fitting cross-power and {ly; with HI HOD modelling.

6. Results (PRELIMINARY!)
 HIHOD

* Galaxy-HI cross-power

* Qup, by and Ty,

e Posterior distribution.
7. Summary

8. Future work



1.1 Neutral Hydrogen (Hl)

Abundant and universal:

—> Good tracer

— Early processes, e.g. re-ionization epoch
— Large-scale structure (LSS)

Star Formation:
— Galaxy formation and evolution

Cosmic environments and their

influence in star formation — Astronomy
at the University of California —
Riverside (ucr.edu)

https://www.nasa.gov/mission
pages/chandra/multimedia/pho
t009-062.html

Detectable:
— 21 cm line-intensity mapping (LIM)

Higher energy Spin
state flip

1420 MH?
A=2lem

http://hyperphysics.phy-
astr.gsu.edu/hbase/qua
ntum/h21.html



http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/h21.html
http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/h21.html
http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/h21.html
https://www.nasa.gov/mission_pages/chandra/multimedia/photo09-062.html
https://www.nasa.gov/mission_pages/chandra/multimedia/photo09-062.html
https://www.nasa.gov/mission_pages/chandra/multimedia/photo09-062.html
https://astro.ucr.edu/darvish17/
https://astro.ucr.edu/darvish17/
https://astro.ucr.edu/darvish17/
https://astro.ucr.edu/darvish17/
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1.3 Cleaning Approaches:

Cunnington et al. (2023):
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2. Motivation and Objectives

Cunnington et al., 2023:

1. Cross-correlated HI and galaxy data.
2. No halo occupation distribution (HOD).

3. Qy; depends on by; and 1.

Objectives:
1. Model HIHOD

2. Model Qy; independently of by; and r.

3. Derive by; and Ty;.

i

Cunnington et al., 2023:

- —-—— Quibuir =0.858 + 0.099 x 10~
103 - ""'"{-..

. f-}..iij%m

il

6x102 10~ 2% 10!
k [h/Mpc]
Hl-galaxy cross-power spectrum:

0.05 < k < 0.28 [h Mpc ~1].



3.1 HI LIM Data (MeerKAT)

MeerKAT radio telescope:

Band: South Africa, Northern Cape

Radio (L-band), between 973.2 — 1014.6
MHz (199 channels)

Redshift:

0.400 <z < 0.459, at z,¢r = 0.425
Target area:

153° < R.A. < 172°and —1° < Dec.< 8°
Survey area:

200 deg?

Observation mode:

Single dish

https://www.sarao.ac.za/gallery/meerkat/



3.2 Galaxy Data (WiggleZ)

Catologue: Anglo-Australian Telescope:
WiggleZ Dark Energy Survey (Photometric) Siding Spring Observatory, Australia
Reference:

Drinkwater et al. (2018)

Band:
UV (FUV, NUV), between 1090.2 — 2220.7 THz
Survey area:

1000 deg?

Survey Redshift:

01<z<1.3

Study Target area: https://rsaa.anu.edu.au/about/observatorie
11 h field: 170.5 degz s/telescopes/anglo-australian-telescope

153° < R.A. < 172°and —1° < Dec.< 8°



4.1 HH HOD
_ ~ dn
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4.2 Cross-power functions

P (k,z) [Mpc®.h™3] = b,(k, z) by;(k, z) Pyin(k, 2)

_ an 2h
biracer (K, 2) = ntracer(z) j dm (m z) Iracer(k, m, 2)

Itzrhacer (k,m,z) = (Niracer(m)) utracer(klm)

d
Niracer(2) = f dm% (m, z) (Niracer(m))



4.3 HI parameters

P?"(k, z) [K.Mpc3.h=3] = Ty, P24,

Ty (2) = Cy; pui(z)

34.,h,c3(1 + 2)3
Car [K. MG Mpc3] = 12hpC”( )

32mmykgvs H(2)
. Tui(2) H(z)
Qi (2) = (180 h) (H(z = 0))
7 H(z = 0)\°
0y (2) = 52) = Qo (1 + 2)° ( (5@ )>



4.4 Cross-power modifications

See Cunnington et al., 2023:

« Beam damping and redshift-space distortions:
1 2
PEEM (ke 2,1) = Py (e, 2) (1 + fu?)? @ 207 Roeam

(1 + fu?)?:RSD

_l 1 2\,2p2 .
e 2(17#*)k*Rheam - Beam damping

* Survey window functions convolution:

PSS (k, z) = Poui™(k, z) * Wy W
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6. Results
(Preliminary)

HI HOD
Galaxy-HI cross-power
Quy, by and Ty,
Posterior distribution



6.1 Explore parameter space

Py m [mMKMpc®h~]

Models: ~107
103 models with £ > 1.1 X max(£)

M, [logo] 1.290 -263.295 234.362
Mg [logo] 3.909 -281.125 272.198
a 1.021 -66.123 152.95
Y 0.427 -5017.663 26427.56
Oy, [1074] 5.392 0.000 ~102%
Ty, [mK] 1.057 0.000 ~10%%8
by, 1.169 0.592 1898.231
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0.18
Mo=1.277 ¢

6.2 Posterior parameter distributions

Parameter Lower Upper
) 14 error error

a
ME — 3_94+’U.I5 m _(ﬂ
(1 = T _{).2() — M
- e (My; (m)) [Mg] = M, M,) © 5 M, [log,] 1289 0176  0.167
L Mg [log,0]  3.912 0.164  0.181
- . a=1.018 +0.064 a 1.021  0.050  0.047
- , ¥ 0.428 0162  0.175
" Qg [107%] 5246 2107  3.170
— Thy [MK] 1.052 0413  0.622
- . by 1173 0177  0.204
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Py i [mKMpc®h—3]

Errorin Py gy (k, z) and (My; (m)):
1. Random sample 103 from posterior distribution.
2. Determine standard error for the 103 samples.
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Fitted results (Derived; z.¢r = 0.425)

This study: Cunnington et al. (2022)

Parameter m Lower error Upper error Parameter m Lower error Upper error

Qp; [107%]  5.246 2.107 (stat) + 3.170 (stat) + Qp; [1074]  8.300 1.5 (stat) + 1.5 (stat) +
1.1 (sys) 1.1 (sys) 1.1 (sys) 1.1 (sys)

Ty [mK] 0.105 0.041 (stat) + 0.062 (stat) + Ty, [mK] 0.167 0.029 (stat) + 0.029 (stat) +
0.022 (sys) 0.022 (sys) 0.022 (sys) 0.022 (sys)

by 1.173  0.177 0.204 by 0.911 - -
b 1.130 0.100 0.100
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/. Findings

HI HOD can reproduce P y;(k, z) (Cunnington et al., 2022).

HI HOD (Study) agrees well with other HOD (literature) models.
Quy, by and Ty, agrees with literature.

(i1 and by constrained independently of each other.

TN W E

HI HOD models from simulations are reliable enough.



/. Findings

6. HIl HOD prefers cut-off at low
masses to explain P, y; (k,z) data
(Cunnington et al., 2022).

7.0<5ac=s1
8. Cut-off mass: m < 10 Mo
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10. Future work

Auto-correlation HI with HI.

Cross-correlate with other survey data and compare results.
Derive Galaxy HOD.

Derive HI mass vs galaxy mass.

Al S

Investigate redshift uncertainty dependence on 21-cm signal.
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nttps://halomod.readthedocs.io/en/latest/examples/

2] EMCEE documentation: https://emcee.readthedocs.io/en/stable/
3] GetDist documentation: https://getdist.readthedocs.io/en/latest/
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