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Thanks to Jaehong Park (KIAS), I can now run 21cmFAST with a custom Power Spectrum
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With Kenji Kadota (IBS, Daejeon) we want to see the effect of Axion particles 
on early structure formation

Pipeline

Axion 
Mass



mx=10-24 eV mx=10-22 eVmx=10-23 eV

For fixed Axion fraction 
Ωax/Ωdm = 0.02

for mx<10-24 eV neutral hydrgen intact at z=8.0 

Varying Axion Mass



Ωax/Ωdm = 0.02

for fixed axion mass  
mx=10-24 eV

Varying Axion Fraction

Ωax/Ωdm = 0.05Ωax/Ωdm = 0.005



Ωax/Ωdm = 0.02

for fixed axion mass  
mx=10-24 eV

Varying Axion Fraction

Ωax/Ωdm = 0.05Ωax/Ωdm = 0.005

Hlozek et. al 2016



mx=10-22 eV mx=10-18 eVmx=10-20 eV

For fixed Axion fraction 
Ωax/Ωdm = 1.0

Varying Axion Mass (Axion only DM component)



mx=10-22 eV mx=10-20 eV

Varying Nuisance Parameters: Ionization Efficiency

ζ,the ionizing efficiency: ζ is the 
combination of several parameters 
related to ionizing photons escaping 
from high redshift galaxies and is 
defined as ζ=fescf∗Nγ/(1+nrec). Here, 
fesc is the fraction of ionizing 
photons escaping from galaxies into 
the IGM and f∗ is the fraction of 
baryons locked into stars. These 
parameters are extremely 
uncertainat high redshift. Nγ is the 
number of ionizing photons produced 
per baryon in stars and nrecis the 
mean recombination rate per 
baryon.In our calculation, we explore 
a range of 10≤ζ≤60 following the 
work of Shimabukuro & Semelin 
(2017)
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Varying Nuisance Parameters: Tvir

Tvir,the minimum virial temperature of 
haloes producing ionizing  photons: 
Tvir parameterizes the minimum 
mass of haloes producing ionizing 
photons during the EoR. Typically, 
Tvir is chosen to be 104K, 
corresponding to the temperature 
above which atomic cooling 
becomes effective. Tvir parameterizes 
the physics of star formation in high 
redshift galaxies. In haloes with virial 
temperature>104K atomic cooling is 
sufficient to trigger gravothermal 
instability and thus star formation.

Tvir=105

Tvir=104

Tvir=103
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Varying Nuisance Parameters: Rmfp

Rmfp,the  mean  free  path  of  ionizing  
photons: The propagation of ionizing 
photons through the ionized IGM 
strongly depends on the presence of 
absorption systems and the sizes of 
ionized regions are determined by the 
balance between sinks and sources of 
ionizing photons. Physically, the mean 
free path of ionizing photons 
corresponds to the typical distance 
traveled by photons within ionized 
regions before they are abosorbed and 
is determined by the number density 
and the optical depth. In our calculation, 
we explore Rmfp=10-60 Mpc

Rmfp=10

Rmfp=30

Rmfp=60

I now changed to brightness 
temperature (observable)



mx=10-22 eV

mx=10-20 eV

Redshift Evolution of the Brightness Temperature

mx=10-21 eV

ƛobs=ƛemit(1+z)



Towards Realistic Images

Following the SKA Desgin Plan: 
https://www.skatelescope.org/wp-content/uploads/2012/07/SKA-
TEL-SKO-DD-001-1_BaselineDesign1.pdf 

and the methodology of McQuinn, etal 2007

3 < zH1< 27

Sample Variance

Detector Noise

100kpc at 
z=5

https://www.skatelescope.org/wp-content/uploads/2012/07/SKA-TEL-SKO-DD-001-1_BaselineDesign1.pdf
https://www.skatelescope.org/wp-content/uploads/2012/07/SKA-TEL-SKO-DD-001-1_BaselineDesign1.pdf

