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We detected primordial black holes !?

2

Primordial black hole?
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Horizon scale

threshold
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5

(in the early universe)

BH which forms from collapse of the cosmic fluid in the early universe

What’s primordial black holes (PBH)?

Gaussian fluctuation

P (�)
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BTW
this fluctuation is…
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Event Horizon Telescope M87
What’s happening around a BH?
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Event Horizon Telescope M87

"This brightness comes from hot plasma"
(maximum temperature is                       )6.0⇥ 109K
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What’s happening around a BH?
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PBH is at some point Release of gravitational energy
What’s happening around a PBH?
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PBH is at some point Release of gravitational energy

Heat up and emit UV, X-ray, etc.

What’s happening around a PBH?
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What’s thermal Sunyaev-Zel’dovich (tSZ)?

distortion of 
CMB energy spectrum
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What is thermal Sunyaev-Zel’dovich (tSZ)?

distortion of 
CMB energy spectrum

In
te

ns
ity

frequency

shift

CMB
Electron

Scattering CMB photons 
and electron in hot plasma

→Compton y-parameter

y =
c�T

mec2

Z
dt nHxekBTgas
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The extent of the shift
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PBH

Anisotropy of the 
distribution of PBHs

PBH

Hot plasma

How does the anisotropy yield?

tSZ effect
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PBH

Anisotropy of the 
distribution of PBHs

PBH

Hot plasma

tSZ effect

How does the anisotropy yield?

tSZ anisotropy!
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Equations:

Time:  z=[10,200]
Initial condition : the profiles of Intergalactic 
medium at z=200
Parametrize the luminosity from (around) PBH
as a free parameter "epsilon”,

Calculation set up

dxHI

dt
= �kHI,� + ↵BnHxexHII
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Ionized rate Recombination rate
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dt
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µmp
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Heating rate

Cooling rate
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The profiles of gas around a PBH

MPBH = 10[M�]

✏ = 10�4
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The profiles of gas around a PBH
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Sunyaev & Zel’dovich 1969
Cole & Kaiser 1988
Komatsu & Kitayama 1999

x = cp/kBTe
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tSZ angular power spectrum

One-PBH term

Two-PBH term
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tSZ angular power spectrum
(MPBH[M�], ✏, fPBH) = (10, 10�4, 10�2)
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SPTCMB
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tSZ angular power spectrum
(MPBH[M�], ✏, fPBH) = (10, 10�4, 10�2)
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SPTCMB

Flat spectrum

→the suggestion of  the existence of PBHs

~10^5

c.f. tSZ anisotropy by clusters

Komatsu & Kitayama 1999



/2623

Constraint of PBH abundance from this work

fPBH < 10�3

⇣ ✏

10�2

⌘�1
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Compared this signal to the SPT data,
we can get…

However,  in the previous work 
about the CMB optical depth induced by PBHs,

fPBH < 10�9

⇣ ✏
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The unfortunate constraint of PBH abundance

Y. Ali-Ha ı̈moud and M. Kamionkowski (2017)

→This work does not give a new constraint on
the PBH abundance
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Future work (Discussion)

� In axion cosmology, 
Are there some mechanisms to
change the thermal history of Universe
like this work?

� Let’s discuss the relation
between PBH and axion.
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Summary

We calculate the tSZ angular power spectrum
of CMB temperature induced by PBHs.

In future SZ anisotropy measurements, 
the detection or non-detection of the flat spectrum
gives useful information about the existence of PBHs.

Unfortunately, tSZ anisotropy induced by PBHs
does not give a new constraint on the PBH abundance.
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Fin.


