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Overview
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Simulate 3D 
distribution of

dark matter halos
(PINOCCHIO)

Assign HI to dark
matter halos

Create HI 
Brightness

Temperature
Maps

Instrument 
Simulation and 

Analysis Pipeline

• Fast and large volume simulations of neutral hydrogen (HI) distribution
• Test instrument simulation and analysis pipeline to measure the HI emission

• Half Sky
• Frequency range: 700 – 800 MHz
• Redshift: 0.77 – 1.03 

HIRAX (this talk)

SKA/MeerKAT
(Sara Safari)

Cosmological Model HI-Halo Mass Relation

…



Halo Model for Cosmological HI
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HI-halo mass relation fitted to observations:

𝑀!" 𝑀, 𝑧 = 𝛼𝑓!,$𝑀
𝑀

10%%ℎ&%M⊙

'
exp −

𝑣$,(
𝑣$(𝑀, 𝑧)

)

Padmanabhan et al. 2017

M [M⊙/h]

M
H
I
[M

⊙
/h

]

Increasing resolution
of simulation

Dark Matter
Neutral Hydrogen

• More massive halos contain
more HI

• Many more small halos than
large ones

è Do not neglect small halos.



Brightness Temperature Maps
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Frequency

800 MHz

750 MHz

700 MHz

Redshift

0.8

0.9

1.0

0.03 0.50mK
Δf = 5 MHz
Δz ~ 0.01



Instrument Simulation and Analysis Pipeline
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Number of dishes:
Operating mode:
Dish diameter:
Dish separation:
Primary Beam Type:
Telescope Latitude:

Generate 
synthetic data: 

Visibilities

36 (6 x 6 grid)
Drift-scan
6 m
6 m
Gaussian
45°

Construct
instrument model

0 mK 0.5806

Simplified HIRAX 
array configuration

Recovered Map

Map Making

Angular Power 
Spectrum

Angular Power 
Spectrum



HI Angular Power Spectrum

6

• Simulated Map:
Input sky model

• HIRAX Map: 
Output map of analysis pipeline

• PyCosmo: 
Theoretical prediction
Refregier et al. 2017

Summary:
• Simulation pipeline of HI maps for

intensity mapping
• Apply it to HIRAX and SKA
• Current developments:

- Increasing resolution
- Extend theoretical predictions
- Vary HI-Halo mass relation
- Consider foregrounds and 

noise
Hitz et al. 2022 (in prep.)



Backup Slides
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Halo Model for Cosmological HI
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Relative Loss of Total HI Mass
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Brightness Temperature Maps
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𝑇* =
3ℎ𝑐)𝐴%(
32𝜋𝑘+𝑓%,,

(1 + 𝑧),

𝐻(𝑧) 𝑛!"

Bull et al. 2015

f [MHz] ∈ [750, 755] f [MHz] ∈ [750, 755]

7.8654e+11M⊙0 1.3203mK0



Brightness Temperature Maps
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f[MHz] ∈ [700, 705]

f[MHz] ∈ [795, 800]

0.0638 0.5449mK

0.0339 0.5002mK

f[MHz] ∈ [750, 755]

0.0509 0.5263mK



HI Angular Power Spectrum
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ℓ~
2𝜋
𝜆 𝑏

ℓ!"# 720 MHz ~ 640
ℓ$%& 720 MHz ~ 450

𝑏!"#

𝑏$%&

𝑓-./ = 1/2

𝑓-./ ≈ 1/12

NSIDE = 512

NSIDE = 256

ℓ = 3 % 𝑁𝑆𝐼𝐷𝐸 − 1 = 767 ℓ = 3 % 𝑁𝑆𝐼𝐷𝐸 − 1 = 1535


