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The Motivation:

▶ We know the simulated 21cm signal can vary considerably

▶ Parameter exploration: Mesinger, Greig & Sobacchi 2016,
Cohen et al. 2016, Grieg & Mesinger 2017 Fialkov et al. 2017

▶ Exploration of a parameter space with high-resolution models

▶ Necessary for End-to-End simulations

▶ Many other things we can do with it (we will get back to this)



The goal:

Database of simulations exploring a 3D parameter space

▶ For each model: high and low (SKA-level) lightcones

▶ Choose a parameter space
▶ Derived statistical quantities for each model

▶ Power Spectra
▶ Pixel Distribution Functions

▶ Make the whole thing publicly available

▶ Make life sunnier!
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High Resolution Versions

▶ LICORICE Radiative Hydrodynamic Simulation (Baek, 2009)

▶ 10243 (200 Mpc·h−1 box)

▶ Resolves halos ≈ 1010M⊙

▶ Lightcones at z ∈ [6,15] (1024 × 1024 × 8192)



Low Resolution Versions

∆θ = 6.1′ − 7.6′

∆θ = 3.1′ − 3.8′



Noise

What we want:

∆Tb = (∆θ, z) (1)

So we made one:

▶ Full UV modelling of Thermal Noise
▶ Latest values of Station Layout, Collection Area, etc.
▶ Agrees with Santos, 2005; McQuinn, 2006; Koopmans, 2015
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Parameter Space

▶ fα - Lyman Band Emissivity
▶ Lyα energy actually emitted by the simulation vs. fiducial

▶ fα = Eeff(να,νlimit)
E(να,νlimit)

▶ fα ∈ (0.5, 1, 2)

▶ fX - X-ray Emissivity
▶ X-ray luminosity of early SFR

▶ LX = 3.4× 1040fx
(

SFR
1M⊙×yr−1

)
erg s−1

▶ fX ∈ (0.1, 0.3, 1, 3, 10)

▶ rH/S - Hard/Soft X-ray Ratio
▶ What fraction of X-ray photons originate in XRB

▶ rH/S =
f XRB
X

fX
(where fX = f AGN

X + f XRB
X )

▶ rH/S ∈ (0, 0.5, 1)

For full parameter definitions see Semelin et al. 2017
45 models × 3 directions = 135 in total.
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Power Spectra
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21SSD: 21CM SIMULATED SIGNAL DATABASE

Available at 21ssd.obspm.fr
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Applications:

Some neat things we could do with all this

▶ Parameter extraction
▶ Shimbukuro & Semelin 2017

▶ PS/Thermal noise templates

▶ End-to-End Simulations

▶ Fine tuning semi-numerical simulations

▶ Train neural networks



Distance Measures

Definition of ‘distance’ given by the standard L2 norm:

DPS
i ,j =

(∫
(PSi (k, z)− PSj(k, z))

2dkdz

) 1
2

(2)

DPDF
i ,j =

(∫
(log(PDFi (Tb, z))− log(PDFj(Tb, z)))

2dkdz

) 1
2

(3)
PSi and PDFi being the Power Spectrum and Pixel Density
Function, respectively, of the i th model.



Distance Measures



Distances Between Peruvian Cities



Parameter Extraction



Future Projects

▶ Finding an Optimal Parameter Space
▶ Create a parameter space (21cmFAST)
▶ Calculate the distances between all simulations
▶ Calculate the ‘Density Gradient’ of the database
▶ Adjust parameters and recreate database until ‘Density’ is

uniform
▶ Coming Spring 2018!

▶ Train neural networks
▶ Will require more models
▶ Hayato?



Thanks!

also my phd ends in 10 months so...


