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SGWB from binaries

e QOrigin: incoherent
superposition of the GWs
emitted by compact star
binarys (BH, NS,...)

 Frequencies: 100 Hz(for 10Mo)

e Amplitude: 10-°
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SGWB from PBHB

PBH binaries

Frequency: 1000Hz
(for 1 M@)

Amplitude: 10-°

Can be used to
constrain PBH
abundances
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SGWB from 10PT

1st order phase transition
EW (extended) or beyond

Dynamics: Bubble nucleation and collision, turbulence, sound
waves, ....

Parameters: a (latent heat) and 1/ (duration of the phase

transition)
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SGWB
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e Key feature: k2
iIncreasing, k-2
decreasing.
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Bayesian reconstruction
of the primordial power
spectrum for 1<2300.
(Planck 2015)
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Bayesian reconstruction
of the primordial power
spectrum for 1<2300.
(Planck 2015)

The resolution 1s
lacking to say anything
precise about higher 1.
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i The constraints on small scales
i are mainly from PBHs. (Josan
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There 1s a peak on the primordial density
perturbation, which leaves horizon and gets
frozen at a-.

SP, Zhang, Huang & Sasaki 1712.09896



The formation of
Primordial Black
Holes

alk alk- PO |

end re-entry deq ao

i The peak scale re-enters the horizon at radiation i‘
5 dominated era. If it exceeded some critical {
t value O(0.1), PBH will form. Its mass is O(Mr). j

kx=Hax
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The Press-Schechter
Mass Function

Press and Schechter assumed the density distribution is
Gaussian:

1 03
P(5M)d5M — \/%O_M EXP ( 20% > déM
M

owm 1S the variance of the density perturbation at mass M.

The PBH only collapse when ox>0., so the total probability is

Pos (M) =2 /;O P(6y)doy = erfe (\/g(m)

C

Ad hoc factor of 2. Highly suppressed when oy <<0.. This is
the mass fraction at formation, denoted by f.



The Press-Schechter
Mass Function
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The Press-Schechter
Mass Function

The current PBH mass measured in critical mass is

Qe Aoy @
Qppy = f— = B— L ~ B (1 + 2pe(M))

Uyre Ao Are

where “eq” means equality and “re” means re-entry for the peak of the
variance of the density perturbation at mass M.

It is easy to estimate z(M) relation at horizon reentry

3 o

M p— —
GHre Gﬂqla/2(1 -+ Z)zH()

Therefore we have

OppH 3 ( M )1/2
— ~4.11 x 10°6(M) | —
/ Qo B(M) M.
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Content

e Induced GWs: A probe for non-Gaussianity



Induced GWs
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The formation of
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Induced GWs

e The metric is

1 o
ds’> = an)?* | -1 —2®)dn* + <1 + 2P + Ehi]) dx'dx’

e From the nonlinear_equation of motion for the tensor perturlSation
W+ 2% h + k*hy, = S(K, 1)

e where the source term is

d3l  1°
S(k, 77) — 36/ SiIl2 0 (COS 290) (I)lq)k—l

(2m)3/2 /2 sin 2
" [j”(“@jo@x) _iu@)jo(vr) _ pjo(ua)in(ve) | i (ue)ji(ve)



Induced GWs

The quantity we want to calculate is

Qaw(k) = 1—12 (%) %<hk(77)hk(77)>-

Then we know that Qew~<hh>~<SS>~<OPPD>~Py?2.

It is naive to believe that @ stays Gaussian when it becomes
very large on small scales.

Therefore we want to consider the local-type non-Gaussian
scalar induced GWs.

RX) = RX) + Fyy | B2 — (R20)]



Induced GWs

e Thenthe 2pt of D is
— 3¢(3) 4 2 3
(CI)kCDp) = (2nr)°o" (K + p)g Pg(k) +2F |d7l Pg(|K —1])Pg4(I) | .

* And we have to specify the power spectrum of the primordial

curvature perturbation. As we mentioned, we suppose there
IS a harrow peak at around k*.

A (k — ks)?
Pah) = (27)3220kz =P ( 202 ) .

 Narrow means o<<k*. This is for simplicity.




Induced GWs

e Then the result is the integral:

14+v
QGW_GARZT{'O’ ( )/ dv/ du uv T (u, v)
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Induced GWs

e Then the result is the integral:

14+v
QGW:6A%2WJ < ) / dv/ du uv T (u, v)
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Induced GWs

e Then the result is the integral:

14+v
QGW:6A%2WJ < ) / dv/ du uv T (u, v)

(e U 2AR 2, T ~ 02k, — vk)
K Nka 2 i
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_ U
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Induced GWs

e Then the result is the integral:

non-Gaussian
contributions

k2
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Up:Fy; > 0, and we fix the
PBH abundance to be 1.
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Summary

Induced GW is a very important source of SGWB.
LISA detection and crosscheck with PBH abundances.

Our work shows that induced GW is also a good probe of
primordial non-Gaussianity.

Our work reveals the importance of how to discriminate
different sources of SGWB.
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