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Inflation and Primordial Black Holes (PBHSs)

Zel'dovich and Novikov, 1966; Hawking, 1971
BHs form in the early universe!

1. Large density perturbation
2. Domain Wall
3. Vacuum bubbles

4. Cosmic string loops

5. Qballs
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Inflation and Primordial Black Holes (PBHSs)
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Inflation and Primordial Black Holes (PBHSs)
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Main Target and Previous Works
Fit the CMB Observation.

Produce big Curvature Power Spectrum &, / POSITIVE Non-Gaussianity at k > k- g -

End inflation in 50-60 e-folds.
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Main Target and Previous Works
62 gravity and a non-minimally coupled scalar field ——— 2 stage slow rolls connected by a right angle turn of inflatioh

Shi Pi, Ying-li Zhang, Qing-Guo Huang and Misao Sasaki, 2017 (1712.09896)
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\ 2

Fit the CMB Observation.

Produce monochromatic PBH mass function.
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Main Target and Previous Works

62 gravity and a non-minimally coupled scalar field —— 2 stage slow rolls connected by a right angle turn of inflation
Shi Pi, Ying-li Zhang, Qing-Guo Huang and Misao Sasaki, 2017 (1712.09896) Mosnlel
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Main Target and Previous Works

62 gravity and a non-minimally coupled scalar field ——— 2 stage slow rolls connected by a right angle turn of inflatioh
Shi Pi, Ying-li Zhang, Qing-Guo Huang and Misao Sasaki, 2017 (1712.09896) Monale]
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Perturbation evolution after exit the horizon? Iso-Curvature ?
End inflation in 50-60 e-folds ?

Non Gaussianity? SIGW?
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Our model: The potential

Action in Jordan frame:
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Our model: The potential

Action in Jordan frame:

¢'s slow roll \
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Our model: Background

Application

Conclusion

3
Z (Fini_F*1>

0.2f

Inflaton rolls along ¢
direction (R2 inflation),

¥ behaves like a
damped* oscillator

around ¥y
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. 2
Our model: Background NN
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Our model: Background ;==

Application
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Our model: Perturbations

Numerical results

Co-moving Curvature 7 ¢5¢ T F_1)55)(’ A.generalized description of our model
P2 + F-132 Field vector
' v = (¢, x)
700 — PO . .
Iso-Curvature S = HF™ 1?2 ){qu gblg . Field Metric -
¢ + F X hab=< 1>, a,b=1,2.
0O F~

The Equations of motion:
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Our model: Perturbations / 1_
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Our model: Perturbations / e

5,/’/ fOrmallsm Kodama & Sasaki, 1984
Sasaki & Stewart, 1995 (astro-ph/9507001)
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Our model: Perturbations

Analytical Approximation
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CMB

y in the end first stage!
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Our model: Perturbations / -

Analytical Approximation j
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PBH formation — A brief discussion of NG at the peak)
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PBH formation
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Scalar Induced Gravitational Wave

— Our model

10-5F Narrow peak _

NANOGrav
e EPTA

\ J

Pi & Sasaki, 2020 (2005.12306) NANOGrayv, 2023 (2306.16219) EPTA, 2023 (2306.16227)
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Conclusion on the basis of fitting CMB observation & ending the inflation

We can enhance the power spectrum by 2- /
stage inflation dominated by different fields
connected by a sharp turn (Iso-curvature).

The power spectrum can be easily recognized
(or excluded) by observation of it's broken Q
power law shape especially the growing

feature of k° .

The non-Gaussianity is positive and small.

-10 -8 -6 -4 -2 0 2 4

Our model produce a nearly monochromatic \ log (k/k1) J
PBH mass function. IS

If you are interested, please see the details in our up coming paper:)
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Look a step further

1. Our model probably can lead to an interesting reheating.

2. What happens for the “I”’-Stage “J”’-field inflation?
Muti-peak power spectrum? Muti-modal distribution of PBH? Carr and Kuhnel, 2018 (1811.06532)

Will the growing behavior of power spectrum still be limited to k372

3. What if there is a USR phase in between of the two stages?
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CMB fitting

n® (kevp) = 0.947 < 0.965

(M =2x107M,,

R’ gravity

In(k;/kepg
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CMB fitting

/R3 V.S. R?
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Parameters
Case 1 2 3 4
M/M,  18x107° 1.59 x 107° 2.8 x 1075 1.8 x 107
m/My 5.4 x107° 4 x 1076 4 x 1076 5.4 x 1076
¢ 5/16 4/16 5/16 /
A 2 2.3 1.6 15/32¢ 1
B 0.1934/1/(2w2)  0.124/1/(272)  0.14/1/(272)  0.1934/1/(272)
Ot 0.45 0.45 0.45 /
Table 1: The parameters used for numerical calculation
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