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Primordial Black Hole
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The PBH scenario & GWs

Several GW sources "
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GWs from Poltergeist mechanism
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Prospective constraints
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Summary

GWs are induced from the curvature perturbations right after

the PBH evaporation in the PBH-dominating scenario.

-®

mechanism for gravitational wave production

Tergelst
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The resultant GWs can be so strong that DECIGO/BBO/LISA
may detect them if the PBH mass function is narrow (~1%).



Conclusion
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We have derived a qualitatively new independent
prospective constraint on the formation probability of PBHSs.
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Discussion

| Narrow width of PBH mass:"
| Narrow parametric resonance?"
| Rebned criterion for the PBH formation."

| E#ects of binary PBH merger?"
| E#ects of spin width ?"

| Compatibility with particle cosmology:"
| Massive DM is overproduced. Axion(-like) DM?"

| Leptogenesis possible in several ways.



Outline of calculations

We are interested in the strength of the scalar-induced gravitational waves (SIGWSs).

" ewl(%0K) _ 1 K
"tot(NP 24( 1 (%)

This is given by an integral of the square of the scalar power spectrum.

- ow( %K) = 0 (%K)

1 1+v 21 112\2 2
— 1+ vel I 4
0 (%k)=4  dv du (1+ v u) v
h | |
0ty ( 4uv

1%(u, v, k, %%,)0 ((uk)O ((VK)

!

This encodes the information of time evolution of the scalar perturbations.

Strategy

1. Calculate scalar perturbations in the synchronous gauge,$
iIn which the PBH decay rate is spatially uniform.$
We utilize the formalism for decaying dark matter."

2. Translate the results into the Newtonian gauge, which is$
conventionally adopted in the SIGW calculation.



Scalar perturbations

Perturbation variables

1 o
ds® = az[ | d9% + (&t Hy Sy dX'dX’] (synchronous gauge)
ds? = a2[ I (1+ 2% )d% + ( (11 22y §; + %hij) dx‘dxi] (Newtonian gauge)

1
where H; = k&3 + (kk3 §$j)6*
The relation between the gauges: 2 = *1 (6" + ))A7
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Scalar perturbations

Perturbation variables

1 o
ds® = az[ | d9% + ( Bt Hy* Shyy dx dX’] (synchronous gauge)
ds? = a2[ I (1+ 2% )d% + ( (11 22y §; + %hij) dx‘dxi] (Newtonian gauge)
1
where H; = k&3 + (k3 §$j)6*
The relation between the gauges: 2 = *1 (6*2:2))4/
Background equations of motion Perturbation equations of motion
3M3 2= a* $& %'/ +&5 6v (One can take +,, = 0.)
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cf. decaying DM: [Poulin, Serpico, Lesgourgues, 1606.02073]
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Perturbation variables
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Scalar perturbations

.......
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X & k%

[Bardeen, Bond, Kaiser, Szalay, APJ304, 15 (1986)] [Dodelson, OModern CosmologyO (2003)
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Scalar perturbations

During the decay

----- numerical result

-- fitting formula
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| The main production occurs only after the evaporation . We can
neglect the GWs contributions before evaporation.
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Finite mass width

Because the lifetime of a black hole is sensitive to its initial mass, ! ) M="
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Finite mass width

Because the lifetime of a black hole is sensitive to its initial mass, ! ) M="
the Pnite width of the mass distribution will a#ect the suddenness of evaporation.
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