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Slow-Roll Inflation: ciassical Mechanics

Large field model: chaotic inflation FLRW metric: ~ ds® = —dt? + a° (t) 0sj dztda’
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Perturbations: Turn on Quantum mechanics

- Almost scale-invariant
- nearly Gaussian
- adiabatic

o(t,x) = ¢(t) + 69(t, x)
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slightly red-tilted: larger amplitudes on larger scales
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Ultra-Slow-Roll (USR) model
AN
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Mont Blanc model!




Mont Blanc model!
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Ultra-Slow-Roll (USR) model

USR inflation is a setup with a flat potential (Kinney 2006)

Pe

The background equations are given by V(9)
A
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A key feature of the USR setup is that ¢ falls off exponentially:
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The setup: SR-USR-SR

The setup is a three-phase model of inflation: AN
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SR —+ USR — SR * : :
Slow-Roll :USR: Slow-Roll

The CMB modes leave the horizon in first SR phase.

The USR modes experience growth: R o a(t)® o< eV

The USR modes lead to PBHs formation.

USR modes lead to PBHs formation and SIGWs during RD era!



Exit Horizon Story

comoving scales
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Scalar Potential: SR-USR-SR

Higgs Inflation:

2 3 .
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Pr (k)

Enhanced Power spectrum

PBHs bound

X sharpness (relaxation) parameter:

. F how quickly the system reaches to

. its final attractor limit
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Axion as Inflaton
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Axion (inflaton): ¢ Chern-Simons interactions
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Axion Inflation

Instability parameter




Axion-USR Inflation

Pr(k) = Pey (5??8 ) AN
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Axion-USR Inflation
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Scalar-induced gravitational waves (SIGWs)
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f(k, K’ t): oscillating function
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Scalar-Tensor Induced GWs
R. Picard & K. A. Malik, JCAP 10 (2024) 010
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Scalar-Tensor Induced GWs

R. Picard & K. A. Malik, JCAP 10 (2024) 010
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Scalar-Vector-Tensor Induced GWs

P’(Lind) N/dk/dk:’ [/f(k, o t)dt] 2'P7g(k)737z(k‘/)

GWs _ation-dominated era

f(k, k' t): oscillating function



one-page article by Steven Weinberg in Nature

To summarize:

no one knows everything, and you don’t have to.

go for the messes — that’s where the action is.
forgive yourself for wasting time.
learn something about the history of science.

Four golden lessons

Steven Weinberg

Ben | reccived my Gndergraduate
degree — sbout 2 hundred years
ago — the physics bnesature

» me a vast, uncxplored ocean,

ich [ had 1 chart before
beginning any rescarch of my own. Hone
could 1 do amything without knowing
cverything that had already been done
Fortunatdy. in my fist year of graduate
school, I had the good luck 1o fall into tk
bands of sensor physicists wha insisted, over
my anxious objections, that | must stan
Going research, and pick up what | needed
ta know as | went along, It was sink oc
swim. To my surprise, | found that this
warks. | managed 1o get a quick PAD —
though when I goc it 1 knew almost nothing
about physic. But | did leam one big
thing. that no oae knows cverything, and
you dont have to.

Another lesson to be learned, to continue
wsing my oceanagraphic metaphor, is that
while you are swimening and not sinking you
should aim for rough water, When | was
teaching a1 the Masachusests Institute of
‘Technalogy in the late 1960, a student tokd
me that be wanted 1o go into general
relativity rather than the area | was working
on, clementary partide physics, because
the principles of the former were well
kaown, while the latter scemed ke a mess
to bim. It struck me that he had just given
a perfectly good reasan for daing the oppo
site. Particke physics was an area where
creative wark could seill be done. it really was
a mess in the 1960, but since that time the

woek of masy
physicists bas been able 10 sart 1t out, and
put cverything (well, almast everything)
together in a beautiful theory known i
the standard model, Myadvice s o go for the
messes — thatswhere the actionis.

My third picce of advice is peobably the
hardest to take It i to fargive yourself for
wasting time. Students are oly asked 1o
slve problems that their professors (unless
unusually crued) know to be salable. In
addition, it docsai't matter if he problemsare
scientifically impartant — they b be
salved ta pass the course. But in the real
woeld, itsvery bardto knaw which problems
are important, and you never knaw whether
at a given moment in history a problemn is
salvable. At the beginaing of the twenticth
century, seveal keading physacists, including
Lorentz and Abraham, were trying to work
auta theory of the electron. This was partly
in arder 1o undesstand why all atempts 10
detect effocts of Earth's motion through the
tad failed. We now know that
they were working on the wrang problem
At that time, no oae could have developed 2
successful theoey of the electron, because
quantum_mechanics had not yet been
discovered. It took the genius of Albert
Einstein in 1905 to realize that the right
problem an which t work was the effect
of motion an mexsurements of space and
time. This Jed him 1 the special theoey of
relativity. As you will never be sure which
are the right peoblenss to work on, most
of the time that you spend in the laboratory
ar at your desk will be wasted. 1f you want
10 be creative, then you will kave to get used

retical and experimental
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about his advice for young researchers, written in 2003.

concepts

Scientist

Advice 1o students st the stant of
thar scientifc careevs.

1o spending most of your time not beng
creative, 1o being becalmed o the ocean of
scientific knowledge.

Finally, kearn somethissg about the history
af science, oe ata minimum the history of your
own branch of science. The leist impoctant
reason for this is that the histocy may actually
be of some use 30 you in your own scientific
woek. For isstance, pon and then scientists
are hamgered by believieg one of the wrer
simpafied models of science that have
been proposed by philosopbers froen Frascis
Bacon to Thoenas Kuhn and Karl Poppes
Thebest antidate to the phiuophy of science
isaknowledge ofthehistory of sciesce.

More importanily, the history of science
can make your woek seem more worthwhile
10 you. As a scientist, you're probably not
going ta get rich. Your friends and relatives
probably won't understand what you're
dotng. And if you work ina men-
tary particle physics, you won't even have the
satisfaction of doing something that is
immediately useful. But you can get great
satisfaction by recognizng that your wark in
science is a partof bistoey

Lok back 100 years, to 1903, How
impostant s it now wha was Prume Minister
of Great Beitain in 1903, or President of the
United Statest What stands aut a5 really
important is that at McGl University,
Ernest Rutherford and Frederick Soddy were
working out the nature of radicactivity
This work (of course!) had practical applica.
tions, but much moee important were its
cultural inplications. The understanding of
vadioactivity allowed physicists to explain
how the Sun and Earths coces could still be
hot after millions of years. I this way, it
remaved the Lt scientific abjection 1o what
many  geologits  and  pakeontologsts
thaught was the great age of the Earth and
the Sun. After this, Chestians and Jews either
had 10 give up belief in the lteral truth of
the Bible or resign themselves 1o intellectual
irredevance. This was just one step in a
sequence of steps from Galilea through
Newton and Darwin to the present that, time
after tiee, bas weakened the hold of religioas
dogematism. Reading any newspaper sowa
duys i enough to show you that this work
is not yet complete. But it is civilizieg work,
ofwhichscientistsarebletofeclproud.
St Wenivry
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Thank You for Your Attention!


https://dictionary.goo.ne.jp/word/en/Thank+you+for+your+attention./
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Scalar-induced gravitational waves
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SIGW-USR: NanoGrav signal
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SIGW-USR: future observations
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Gravitational Waves

Double Pseudo-Scalars (model
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Primordial Black Holes

0 Black holes formed in the early Universe

(soon after the Big Bang through a non-stellar way)
%  Gravitational collapse of the overdense region of inhomogeneities During the radiation dominated era

00 1 .
B~ fr(x) dx ~ =Erfc ( L >
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M -4
feeu(MpBH) ~ 2.7 X 108( PBH) * B(Mpgh)

Mppn 30 ( kp >_2
My — 3.2 x 105 Mpc™!




PBH abundance
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