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| to detect the thermal history |
{ of the universe [Kuroyanagi 0804.3249] {

( chaotic inflation: m2¢? model )
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Primordial Black Holes and
Induced Gravitational Waves
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The formation of
Primordial Black
Holes
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There 1s a peak on the primordial density
perturbation, which leaves horizon and gets
frozen at a-.

Eg. [SP, Zhang, Huang & Sasaki, 1712.09896]



The formation of
Primordial Black
Holes

Cl/kO alkx 4

Uend re-entry deq ao

;‘ The peak scale re-enters the horizon at radiation i‘
{ dominated era. If it exceeded some critical 3
{ value 0(0.1), PBH will form. Its mass is 0(Mp).
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CMB-scale
perturbations
are negligible

{ PBH formation when 0 > 0... \.
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PBH=DM requires (rammmmmmen 555 )
large perturbations | ... & _.o(-2) s |
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N G tO PBH formation when 0 > 0. '

(Positive) Non-Gaussianity can increase the

e n h a n C e PBH production. (If we fix the variance)
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PBH=DM e r—— T —
| ~1/2 "
f =4.11 x 1088(M) M 1
w/. NG it u
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| If we fix the PBH abundance (to be all
i dark matter), the variance must be
smaller if there is non-Gaussianity.
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Observational
Constraints on PBH
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The formation of

-
-
-
-
.
| ] - ’
- |
-
-
- |
-
- I
"
-
L 4 I
-
-
- I
-
-
- I
-
-
-
-
-
- I
-
-
- I
"
-
- I
‘4 )
-~ PO i
L 4 -
“ “ F & [ |
- - p
- y F |
- - ¢ & I
- - A 4
- 1
- ‘a ]
- - I
- ]
-
- I
- 1
e
- 1 1
e
- 1 ]
-
- .
- I
-
- .
- -
-
- .
- 1
-
-
- - I
-
-
e - I
- .
re-entry deq ao

i GWs will be induced at the horizon
{ reentry.




Induced GWs

e The metric is

ds* = a(n)? [—(1 —2®) dn? + (1 + 2D + hlj> dx'dx’| .

* From the nonlinear equation of motion for the tensor
perturbation

W+ 2 h + k*hy, = S(K, 1)
e where the source term Is

Sk,n) ~ Jaﬁpcbpcbk_p X (transfer functions)



Induced GWs ...

hy C Iy

* The induced (secondary) GWs are R,

hy ~ | dn X (Green function) d’p X (Transfer function) X O, Dy,

* The energy density parameter is then
2 2

- : . 9)
e |In the radiation dominated universe we have % = 5<1>



Induced GWs
Qaw ~ (hh) ~ (PODOD) ~ PL ~ P2,
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| 2 e
Gaussian: QGW ~ P o X ﬁ ~ erfc< D pli2 >

PBH as

DM with nG

R

Non-Gaussian:

R =R+ FyyRE

9) p) 3 4 4
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GWs when PBH=DM
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[Cai, SP & Sasaki, 1810.11000]



GW h ~ T PBH serves as all DM, )
S W en : the induced GWs must be |

detectable by LISA, |
\ independent of &/ or Fy_ .

[Cai, SP & Sasaki, 1810.11000]



Summary

Stochastic Background of GW is one of the important scientific
goal of the next generation GW detectors (LISA, Taiji, Tiangin, ...)

Multiple peaks in induced GW spectrum can be used as a
smoking gun of non-Gaussianity.

If PBHs can serve as all the DM, induced GWs must be
detectable by LISA/Taiji/Tianqin, no matter how small &5, or fyp.
IS.

Conversely if LISA can not detect the induced GWs, we can put
an independent constraint on the PBH abundances on mass
range 1019g to 1022g where no current experiment can explore.



