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Small-scale perturbation

Bringmann et al. (2013)

Motivation
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Goal of this work

Bringmann et al. (2013)

Motivation

?

Free-free emission from early 
formed dark matter halos
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Internal structure in a halo

Gas density profile

individual free-free emission of halos
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Hydrostatic equilibrium

- Dark matter (NFW profile)
- Isothermal gas profile
- Collisional ionization rate
- Gas cooling 
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Schematic view: Solid angle of a halo
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Sky-averaged free-free emission of halos in a redshift shell
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Number density of halos

Press-Schechter theory

Sky-averaged free-free emission of halos in a redshift shell
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Global signal of free-free emission of early-formed halos

Excluded by the 
observation of 
free-free emission
in the high galactic 
latitude region
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Results

Planck

Gal. lati.
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Constraint of primordial power spectrum
Results

k � 102Mpc�1
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Summary & next work

• We estimate the free-free emission intensity by 
early-formed halos
• Compared the existing observation of the free-free 

emission intensity, we put the constraint for the 
primordial power spectrum as                   atP⇣ . 10�8
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We are also calculating free-free emission 
from the PBH gas accretion scenario and 
updating the abundance constraint. Prelim

inary

9https://arxiv.org/abs/2108.01916



Back-up slides...
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Question

• Gas profileの違い
• DM profile の違い
• UCMHとの違いー＞簡単にはdm profileの違い
•なんでhalo free free emission
•メリット
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Concentration parameter
Diemer & Joyce 2019

from Ishiyama et al. 2020
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Exp gas density profile
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Homogeneous gas density profile
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Sky-averaged free-free emission of halos in a redshift shell
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Solid angle of a halo & number density 
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Gas profile in a halo
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Collisional ionization fraction
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Ccoll

Ccoll +Arec
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Gas cooling
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Press schechter theory
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Relation of density and curvature perturbation
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Cutoff redshift
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Internal structure in a halo

Gas density profile

zf: formation redshift

individual free-free emission of halos
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Hydrostatic equilibrium

- Dark matter (NFW profile)
- Isothermal gas profile
- Collisional ionization rate
- Gas cooling 
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Free-free emission

Planck
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Free-free emission

~60

30GHz
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