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Primordial Black holes from inflation

2nd order gravitational waves
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How to enhance the small scale power spectrum?

~

Single field slow roll inflation:
o) The solution in small k limit:

adiabatic constant mode and
decaying mode.
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Ways to amplify the power spectrum (Multi-field)

-~

Contributions of the iso-curvature fields
C. Gordon, D. Wands, B. Bassett and R. Maartens. 2000, (astro-ph/0009131)
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Ways to amplify the power spectrum (Multi-field)
/

Contributions of the iso-curvature fields (sharp turn case)

XW, YL. Zhang, M. Sasaki, 2024 (2404.02492)  R? inflation + non-minimally coupling y
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Contributions of the iso-curvature fields (sharp turn case)

XW, YL. Zhang, M. Sasaki, 2024 (2404.02492)
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Ways to amplify the power spectrum (Multi-field)
/

~

Contributions of the iso-curvature fields (sharp turn case)

XW, YL. Zhang, M. Sasaki, 2024 (2404.02492)  R2 inflation + non-minimally coupling y*
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Contributions of the iso-curvature fields (sharp turn case)

XW, YL. Zhang, M. Sasaki, 2024 (2404.02492)
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Ways to amplify the power spectrum (Multi-field)
4 A

Contributions of the iso-curvature fields (sharp turn case)

XW, YL. Zha ng, M. Sasa kl, 2024 (240402492) R2 inflation + non_minimally Coupling )(4 [ Scalar induced GW ]
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Ways to amplify the power spectrum (Single field)
\

The super horizon behavior Decay modes and k* correction
S.Leach, M. Sasaki, D. Wands and A. Liddle , 2001 (astro-ph/0101406)

Given £, &£, at(shortly after) horizon crossing = 1,
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Ways to amplify the power spectrum (Single field)

/ The super horizon behavior Decay modes and k* correction \
S.Leach , M. Sasaki, D. Wands and A. Liddle , 2001 (astro-ph/0101406), Shi Pi, Jianing Wang, 2022 (2209.14183);

C. T. Byrnes, P. S. Cole, and S. P. Patil, 181111158 The “Steepest” growth: &, k* for single field inflation
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Ways to amplify the power spectrum (Single field)

Enhanced & ?

What will happen 1f we consider a quadratic piecewise potential?
New shape of spectrum?

Non—Gaussianity?
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Ways to amplify the power spectrum (Single field)

Enhanced & ?

What will happen 1f we consider a quadratic piecewise potential?
New shape of spectrum?

Non—Gaussianity?
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The Background solution
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An estimation of the sp(

Using oN formalism under small # app  Sowol

Slow-roll
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The analytical power spectrum

We solve the Sasaki-Mukhanov equation,

7 7 T_2 3 > :
M/g+ (k2 . Z_) U, = O, Z_ < ( ;/II) ¢ ¢*
< < 7_2(2 =3 ¢ < P,

and match at joint point ¢, by the continuity of £, %,
Bogoliubov Coetticients
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The analytical and numerical power spectrum
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The analytical and numerical power spectrum
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The growth rate of the power spectrum

When x = 5 < 1, expand the analytical &4 in small x limit
*

(@%)1/2 %xj—y, 1 + §1x2y,_|_ §2x2+ @(x2+21/1)
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For k < k, @%(k) oc k32

For k < k,

Which is the Next-to-leading- order (N LO) termp
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The growth rate of the power spectrum
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The growth rate of the spectrum

The steepest growth

The steepest growth appears when v; = 1(; = 5/12)

The former steepest growth for single field inflation was k* for BD init. cond.
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The non—Gaussianity

Application

Kodama & Sasaki, 1984 Sasaki & Stewart, 1995 (astro-ph/9507001)

Conclusion

ON formalism is used to calculate the full possibility distribution function of %,

*A = oN is based on separate universe approach, leading order of gradient expansion

Background solution ¢ = ¢(N)
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The IlOn-GaUSSianity For modes that exit the horizon close to n

S. Pi, M. Sasaki, 2211 (2211 o 3932) / | PDF of R for modes that cross the horizon near the joint point \

VA

Assuming a Gaussian 0¢ wes 17 ——

~

[E—

O
[
(e

] -
\\ ! P |
- ! ' ) NN

H | ‘b
: .
H b, |

| . s’ A N Y R G e .

i <

[ - 4

i L 4

‘ s/
: .

4
H
H
H T
H Vg ) VN FeE NI 4
H
I

VA

o =0.1, ny=-0.3 mm ¢ Gaussian

Pr(k)/ P10k ) X

[ [
-} (a)
(=] [V}
|
|
1
]
Il
.
L J
o)
¢ !
" L
. ® ]
.-'. N N,
..; .
N i
u B
p 4
7 <
L,;_;: Q
.
N N
) )
A\ N
s? P
¢
i

= — 03, Hi = 0.1

~05 0.0 0.5
R

[U—
(e}
dn

0.001 0.010 0.100 1 10 100 1000

k/ky j

1 Ay O + o Ay S + O

1
- R~ In |1+ —
A+ Ty + A @ 1% ) AlL+ T+ AP

The + & tail is controlled by 7;;



Motivation Details

Application(1/1)

A small trial to PBH formation

Using Press-Schechter method to calculate the PBH abundance Preu
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PDR of R for modes that cross the horizon near the joint point

~

10" -
p
- ~
107! ” ~
7 N
10—3 \
4 \
107> 7
> 7
=, /
& 1077
/
10-9 /
10~ /
10713 n=0.1, ny=-0.3 mm » Gaussian "'
Hi= —0.3, 1711:0.1
10—15 . 1 T i
-2.0 —-1.5 —-1.0 -0.5 0.0 0.5




Motivation Details Application(1/1) Conclusion

A small trial to PBH formation

Using Press-Schechter method to calculate the PBH abundance Prry
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For the same 7, , the
suppression effect is
much stronger than
enhancement effect.
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Conclusion(1/1)

1. The super-horizon growth ot the curvature power spectrum can be sourced
by isocurvature, adiabatic decaying mode and NLO term of the gradient

expansion.

2. The involvement of quadratic term (even very small) in the discussion of the
SR-USR-SR transition can lead to significant imprints on the shape ot power

spectrum:

The tilted IR(UV) end/ the amplitude of enhancement/

~

\_

Extracting n/extra tield inform.

~

from future observations...

the scaling behavior and dip feature in the near IR scale/ the peak position...

and causes_exponential tails in the PDF of & that suppress/enhance the PBH

production efficiently:.

Thank you for the attention!



