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Cosmological 21cm line observations to test
scenarios of super-Eddington accretion on to

seed BHS of high-z SMBHSs
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Introduction

e We do not know origins of Super-Massive Black Holes

1015 Mg to be PBH Dark matter
10° Mg observed at z=7.642 (PBH origins are excluded)

e We need seed (primordial) BHs before z >> 7 which
had evolved to the SMBHs through the (super-)

Eddington accretion
M. =10%2 Mg at z~30 > accretions 2>10° Mg at z=7

10 Nseed,0 Mgh ini \ [ MsmBH Mga !
“opn/Sopm ~ 10 (10—31\1pc—3) <102M@> (1091\1@) (1012M@>
e By 21cm data by EDGES, we can obtain upper bounds

on emissions from accretions on to seed BHs and
exclude the seed masses at z=17

MBH ini 2 10°Mg for ngeeq(z = 0) = 10~ 3Mpc™*

Y



Origin of seed BHs with
M. gy =102 = 10° M, at z>>7

e Astrophysical

Collapses of massive stars/gas clouds
Mergers of massive stars/ black holes

* Primordial

Formation temp. T¢,,, ~ O(10) MeV — O(0.1) MeV
Curvature pertrurbation P,~ 10>



Upper bounds on the fraction of PBH to CDM

Carr, Kohri, Sendouda, J.Yokoyama (2010)(2021)
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O 21em line

@ proton-electron's spin-spin interaction

Hyperfine structure
Total spin =1

1S 51'01'3 - ! ’rr'iple’r

Total Spin =0
singlet 2

AE = 2mv,, = 5.8 x 10~%eV




Spin temperature Ts

* Defined by the ratio of the occupation
numbers in two states

nupper _ 9 upper EXP . £

n/ower' g lower TS

AE = 2mv,, = 5.8 x 10~%eV

g. = degree of reedom for a level



Cosmological 21cm emission line emitted
at the reionization epoch

T at the reionization

10z <20

X-ray heating
(from SNR)

N\

f v R >
X-ray heating 2 T 543 H

2=20 Lyo(from stars)
Z T~0.01leV

| T
Brightness temp AT, o [1 . Tl
nearz ~ 10 S




21cm absorption by EDGES

Judd D. Bowman,et al., Nature 555 (2018) 67
Steven R. Furlanetto et al., arXiv:1903.06212

2
100 30 20 15 12

Absorption
atZ ~ 17

See also the talks by
Hiroyuki Tashiro (F10)
Ryuichi Takahashi (BO2)

| | |

0 20 40 60 80 100 120

v/MHz

Torem = —5007200 mK  (99% CL)
We can constrain any hew heating mechanism at least
such as accretions on to BHs or annihilating DMs at z~17



Impacts of new small-scale N-body simulations on dark matter

annihilations

constrained from cosmological 21cm line observations
Nagisa Hiroshima, Kazunori Kohri, Toyokazu Sekiguchi, Ryuichi Takahashi, arXiv:2103.14810
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The Eddington limit in accretions

Plasmes
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The Super-Eddington accretion

e Accretion rate in unit of the Eddington accretion

—1
' _ -1 18 1 Meg Mph
Meit =g LE = 1.4 x 107" g sec (10)(M@>

M
A‘;Icrit

m

* Mass evolutions in the Eddington accretion

t — lini
MBH(t) ~ MBH,ini EeEXP (10m )
TE

. ]\/IBHCQ . orc

TR = ~ (0.45Gyr.

Lg drpGm,,



Luminosity of accretion disks

K. Watarai, J. Fukue, M. Takeuchi, S. Mineshige, PASJ., 52, 133 (2000)
Feng Yuan, Ramesh Narayan, arXiv:1401.0586 [astro-ph.HE]
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Photon spectrum from disks
with Mg, = 10° M,

K. Watarai, J. Fukue, M. Takeuchi, S. Mineshige, PASJ., 52, 133 (2000)
Feng Yuan, Ramesh Narayan, arXiv:1401.0586 [astro-ph.HE]
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Optically thick?

Xuelei Chen, Marc Kamionkowski, arXiv:astro-ph/0310473
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lonization fraction x_ and the gas
temperature T

* |lonization fraction

dz,
dt

—C [Q'H(Tm)il?an — Bu(15)(1 - Ie)e_Ea/T’y]

dEinj 1 fion(t) 4 (1 o C)fexc(t)
dVdtng | Ep E, ’

_I_

B Anu(1 — z.) + 5= E3H (t)
- Anp(1 —z.) + s E3H (t) + Bunm(l — xe)

* Gas temperature

dT,
dt

dEin; 1 2 fheat(2)

(t) T + T (T )+ dVdt ng 3(1 + ze + fHe)

4

Ts(z) — T4 (=) o=

3me 1+ fHe + Te
T21cm ( Z) Ju
1+ =z

TQlcm(Z) —



Time evolutions of temperature

Kazunori Kohri, Toyokazu Sekiguchi, Sai Wang, arXiv:2201.05300 [astro-ph.CO]
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Upper bounds on accretion rates on seed
BHs at z=17 evolved to SMBHs until z=7

Kazunori Kohri, Toyokazu Sekiguchi, Sai Wang, arXiv:2201.05300 [astro-ph.CO]
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Upper bounds on accretion rates on seed
BHs at z=17 evolved to SMBHs until z=7

Kazunori Kohri, Toyokazu Sekiguchi, Sai Wang, arXiv:2201.05300 [astro-ph.CO]
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Conclusion

e By the EDGES data, we can obtain upper bounds on
accretion on to seed BHs, which evolved to high-z

SMBHSs

e We exclude the seed BHs with their masses

MEBH ini > 10 Mg for ngeeq(z = 0) = 10~>Mpc°

Y

Number counts of SMBHs at z=0 (the strongest assumption)

MpBH ini 2 10° My for ngeeq(z = 0) = 10~ "Mpc™*

Y

Observations of SMBHs at high-redshift at z=6 (conservative)



