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Table 1.  Model parameters and the numerical calculation results.

sl h/10% w/10°1 @p bx N ns r Fopear/ (10° Mpc ™)

S1 5.90 1.0 2.118 2.325 51.85 0.961 0.045 2.65x107

S2 5.82 1.0 2.104 2.313 51.25 0.963 0.045 1.81x10*

S3 5.83 1.0 2.095 2.308 51.16 0.968 0.043 3.55
WS1 183 1.0 2.122 2.24 66.59 0.965 0.040 3.57x107
WS2 140 1.0 2.104 2.24 60.13 0.965 0.040 9.99x10?
WS3 123 1.0 2.095 2.24 58.89 0.965 0.040 1.88
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Fig. 1. Power spectra of the different models. Implement E £ S
the model representing ¢ = 1, the dashed line represents the 103 F ’; E A
model of ¢ = 5/4. Blue, red and black respectively repres- F ! ' !
ent the model with a peak value of 10!, 10% and 10° Mpc . 10-1 I ! ': k ':
E 1 ! 1
Parameters and peak values of the model are in Table 1, B ,; ! i
and the power spectrum values corresponding to the peak 10-5 0, . ," ) '{ L L ) '{.
value are in Table 2. The light green area is the parameter 10-17 10-1 10-7 10-2 103
range excluded by the CMB observation results!'!, and the Mppu/Mo
pink, sky blue and orange areas represent the parameter N .
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Fig. 2. Primary black hole abundance of different models.

S2  0.0137 1.13x10°6 3.51x10%  3.02x10°
Model parameters are the same as Table 1, and the abund-

S3  0.0186 29.2 2.07x10%  6.22x10 10
WS1 00127 9 88%10-13 0.687 4955103 ance and quality corresponding to the peak are listed in
) i Table 2. Shaded areas represent exclusion areas for differ-
W52 0.0132 3.69x10°° 6.15x10  1.35x10°¢ ent observations: the yellow area is the result of the restric-
WS3  0.0185 104.3 9.01x10*  2.96x10 " tion of microwave background radiation!'!l (CMB); the red
area is the result of the restriction of the pnrnary black hole
3 )/?‘ %]] = H—"é"— 4’@ Bi’ evaporation observed by the extragalactic ray["”) (EG ); the

sky blue region is the result of 511 keV ray limitation at the
center of the galaxy!'® (INTEGRAL); the orange area is the
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= - - i A 1] .
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n\\

fﬁ/ﬁi SR ot Y the grey area is the result of the limitation of
5 /P 9 EROS/MACHOP (EROS/MACHO); the purple area is the
B(M) ~ ,\/T exp (_ He > ) (13) result of the limitation of NANOGrav 2011-year datal?!

T e 2P (NANOGrav).
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Fig. 3. Energy density of secondary gravitational waves, the
model parameters are the same as Table 1, and the abund-
ance and quality corresponding to the peak are listed in
Table 2. The orange dotted line represents the limit result
of EPTAl; the sky blue dotted line represents the limit
result of SKA?Z; the green dotted line represents the limit
result of Tianqinl; the purple dotted line represents the
limit result of Taijil®); the brown dotted line represents the
limit result of LISA!7; the gray dotted line represents the
limit result of aLIGO23.
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Abstract

It is discussed in this work to produce primordial black hole (PBH) dark matter (DM) and scalar induced
secondary gravitational waves by using the enhancement mechanism with a peak function in the non-canonical
kinetic term in S-dual inflation. It is shown explicitly that the power spectrum for the primordial curvature
perturbation can be enhanced at 10'2) 10% and 10° Mpc!, respectively, that the primordial black hole dark
matter with peak mass around 10! solar mass, the Earth’s mass and the stellar mass are generated,
respectively, and that the scalar induced gravitational wave with peak frequency around mHz, uHz and nHz are
created, respectively. The primordial black hole with the mass scale 10 '? solar mass can make up almost all the
dark matter and the associated scalar induced secondary gravitational waves is testable by spaced based
gravitational wave observatory.

The amplitude of primordial curvature perturbations on a small scale can become large by the
enhancement mechanism with a peak function in the non-canonical kinetic term. We apply the enhancement
mechanism to S-dual inflation to produce abundant PBHs and observable scalar induced gravitational waves
(SIGWs). The power spectrum on a large scale is consistent with observational constraint, and the power
spectrum on a small scale is enhanced to the 0.01. It is possible that either sharp peak or broad peak possesses a
different peak shape for the peak function by choosing a different value of ¢. By adjusting the peak position ¢,
in the peak function, the power spectrum is enhanced on a different scale, henceforth associated with the
generation of SIGWs with a different peak frequency, PBHs with different mass are produced. We choose three
different values of ¢, to obtain enhance power spectrum at 10'?, 10® and 10> Mpc ', respectively. The enhanced
curvature perturbation produces PBH DM with peak mass around 107 solar mass, the Earth’s mass and the
stellar mass, and SIGW with peak frequency around mHz, pHz and nHz, respectively. The stellar mass PBHs
may explain black holes observed by LIGO/Virgo collaboration, and the earth-mass PBHs may explain the
planet 9. The PBH with the mass scale 107 solar mass can make up almost all the dark matter. The SIGW
with the peak frequency around nHz is testable by pulsar timing array observations, and SIGW with the peak
frequency around mHz is testable by space based GW observatory. The results show that the enhancement

mechanism with a peak function in the non-canonical kinetic term works for S-dual inflation.
Keywords: inflation models, primordial black holes, secondary gravitational waves
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