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Motivation

Small-scale perturbation
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Motivation

Goal of this work

Free-free emission from early
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individual free-free emission of halos

Internal structure in a halo
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Sky-averaged free-free emission of halos in a redshift shell

Schematic view: Solid angle of a halo
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Sky-averaged free-free emission of halos in a redshift shell

Number density of halos
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Results

Global signal of free-free emission of early-formed halos
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Results

Constraint of primordial power spectrum

—-= CMB Lyman alpha ——= UCMH reionization
—-= CMB Lyman alpha - halo bremsstrahlung
— == UCMH reionization
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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 P <107° at

1 < E[Mpc™] <100

1077 ‘\\\ \\\\
We are also calculating free-free emission 7 s
from the PBH gas accretion scenario and =" |50, v
| i 107 T ™
updating the abundance constraint. L e N
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Concentration parameter

Diemer & Joyce 2019

APPENDIX B: ANALYTICAL MODEL OF
MASS-CONCENTRATION RELATION

Following Diemer & Joyce (2019) we model halo concentra-

tion using analytical approximation: Terms A(neg), B(neg), and C(aes) have the following
Alner) 2 form:

~ Neff 14

c=C(aeff)><G( . e ﬁ)]), (B1) A(neg) = ag (1 + ay (neg + 3))
€
N B (nefr) = bo (1 + by (nefr + 3)) (B6)

where G(x) is the inverse function of C(ef) = 1 —ca (1 — ),

X .
G(x) = W. (B2) with free parameters, ag, ay, bg, b1, and cq.

Here, f(x) = In(1 + x) — x/(1 + x) is the mass function of the
NFW profile, and v = §;/0(M) is the height of the density
peak.

Variables neg and g are defined as

dIno(R)

ne(M) = - 2—- — o -3 (B3)
and
dInD(z) .
0e(d) = ~ g (B4) from Ishiyama et al. 2020

The latter is the effective exponent of linear growth D(z).
The former reflects the effective slope of the power spectrum,
where o (R) is the rms density fluctuation in spheres with
Lagrangian radius Ry, multiplied by a free parameter x. Halo
mass M is directly related to Ry as,

4

M = ?me‘ N (B5)

where, p;,(z = 0) is the mean density at z = 0.



Exp gas density profile

— 1.02e+01
2.60e + 01
—— 6.58e+01

y group gals

—— ff high gal lati.

104
Pl
.\'\. /f \.\
\~\. /" _____ \‘\ / \'
\'\.\ /'/- .\V - K .\
— < o | | \
— 1 03 ] \.\'\. vl \ A
) Sl \\ ’, \
n 7Nl N )
\ '/' \.\. ‘ | \
> // \.\.\. l| i \
. |' } <. B \
/./ = !! \‘
A ' ~H
Q 2 /,/'/ | i\.\_\.\ \\
\O 10 1 7 l: '\.\.\.\. \\
i \
i
ff i
] \
I \
102 |
101 102 103



Homogeneous gas density profile
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Sky-averaged free-free emission of halos in a redshift shell

Solid angle of a halo & number density
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Gas profile in a halo

pe(r) = pgo exp |~ st (V2,(0) = VE2.(r)]

— 2f°o GM )d’r — 212 F(yw);ﬁgglww)

Flx)=In(14+z) —z/(1 + x)



Collisional ionization fraction

Ccoll
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a = 4.309, b = —0.6166, ¢ = 0.6703, d = 0.5300, and Ty = Thaio/104K.



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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individual free-free emission of halos

Internal structure in a halo
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Free-free emission
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Free-free emission
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