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Primordial blackhole?
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PBH formation

CMB scales ???

Power spectrum of curvature perturbation

PBH formation



CMB scales
blue-tilte
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Power spectrum of curvature perturbation
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PBH formation

Single component fluctuation (inflaton)

running mass inflation, double inflation, …



CMB scales
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Power spectrum of curvature perturbation

PBH formation

Multi-field fluctuation : inflaton + curvaton
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http://www.sdss3.org/
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109M�supermassive BH with 

MPBH & 104M�PBH with

PBH as dark matter / seed of SMBH
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⌦DM
PBH fraction :



Current constraint on PBH mass & abundance

Niikura et al, 1701.02151
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PBH number fluctuation and halo mass function
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Poisson fluctuation of PBH number

PBH is a rare object, randomly & sparsely forms in space

PBH
PBH formation probability . 10�11

in each horizon patch



Poisson fluctuation of PBH number

R

PBH is a rare object, randomly & sparsely forms in space

comoving scale much larger than the horizon scale at formation
—> each region can be one realization of statistical ensemble



Poisson fluctuation of PBH number

R

—> NPBH follows the Poisson distribution function

PBH is a rare object, randomly & sparsely forms in space

NPBH(x1)

NPBH(x2)

NPBH(x3)

NPBH(x4)

NPBH(x5)



Poisson fluctuation of PBH number

P(NPBH) =
�NPBHe��

NPBH!
� = hNPBHi = h�N2

PBHiwith

⇢PBH = ⇢̄PBH(1 + �P )e
�3�N at PBH formation

�PBH = �P +
3

4
�r —> PBH density contrast :

S = �DM � 3

4
�r = fPBH�P& CDM isocurvature perturbation :

Piso(k) =
f2
PBH

nPBH
Power spectrum of isocurvature perturbation :
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Smoothed variance
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21cm fluctuations from minihaloes



21cm Cosmology –probe of the DARK AGE–

Dark age

- The universe is filled with 
   neutral hydrogen atoms 
- non-linear objects appear

small-scale power affects 
the minihalo abundance, 
21cm emission signal
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21cm emission 21cm absorption↑↑
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transition
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Density & temperature profile of minihalo (TIS model)

minihalo contribution ➢ ➢ emission signal

Spin temperature:
energy splitting:

21cm differential brightness temperature

profile
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Brightness temperature for photons coming through a single minihalo 
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Differential brightness temperature w.r.t. CMB
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SKA (-like) observation

http://www.skatelescope.org
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Summary

- PBH number fluctuates following the Poisson distribution and  
  it contributes to the matter power spectrum as an isocurvature mode,  
  which is dominant on small scales

- The Poisson fluctuation can change the halo mass function 
  The number of small haloes can be significantly enhanced

- 21cm emission signal can be enhanced  
  and SKA can put a new constraint on PBH mass/abundance
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