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PGWs

® The recent discovery of the evidence from Pulsar
Timing Arrays supporting the existence of a =
stochastic gravitational wave background (SGWB).

NANOGrav, Astrophys. J. Lett. (2023)




PGWs

® The SGWB arises from a multitude of random,
independent events. Many of these events trace
back to the primordial era of the universe, produced-
as primordial gravitational waves (PGWSs).




CMB B-mode

® Cosmic microwave background (CMB) polarization
B-mode could also be used to constrain or detect .
primordial gravitational waves (PGWSs). :

AN
7 o RSPl
TEMPERATURE g BT e
E-MODE POLARIZATION W MICH OF THE . Carkipide =0
B-MODE POLARIZATION IS SPACE FLAT UNIVERSE IS o
OR CURVED? \ ORDINARY MATTER? "o
1LE+04 RESE
HOW MANY |
LIGHT RELIC
1.E+02 + P i | PARTICLES
WHEN DID THE ARE THERE?
FIRST STARS

FORM?

/

b e
_ — /’(//\
s S - 3
\% WHAT IS THE
r0.01— P> MASS OF THE
1.5-04 1 T T
=" [ wnenon NEUTRINO?

Power (1K?)
g

—
g
o
~N

5™
S | INFLATION
HAPPEN?
1.E-06
1 10 100 1000

Multipole



CMB B-mode

® Cosmic microwave background (CMB) polarization
B-mode could also be used to constrain or detect .
primordial gravitational waves (PGWSs).
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CMB B-mode

® CMB itself indicates a nearly scale-invariant
primordial scalar power spectrum, while many GW.
production such as preheating, phase transition,
topological effects and usually induce extra scalar
perturbation as well.
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Non-Conventional PGWsj

®The tensor-to-scalar ratio sets a robust lower bound,
known as the Lyth bound, on the inflation field
excursion Ag.

D. H. Lyth, Phys. Rev. Lett. (1997)
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®The striking implication of this bound is that a
measurement of r at the level of its current upper bound
would imply super-Planckian field excursions, which
would pose a theoretical challenge for model building.
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Non-Conventional PGWé

®Previous study put forward a novel mechanism for
enhancing the primordial GWs compared to their
production from vacuum fluctuations, hence beating the
Lyth bound.

Yi-Fu Cai, Misao Sasaki, et al.. Phys. Rev. Lett. (2021)
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Non-Conventional PGWé

®Previous study put forward a novel mechanism for
enhancing the primordial GWs compared to their
production from vacuum fluctuations, hence beating the
Lyth bound.

Yi-Fu Cai, Misao Sasaki, et al.. Phys. Rev. Lett. (2021)
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Non-Conventional PGWé

®Previous study put forward a novel mechanism for
enhancing the primordial GWs compared to their
production from vacuum fluctuations, hence beating the
Lyth bound.

Yi-Fu Cai, Misao Sasaki, et al.. Phys. Rev. Lett. (2021)
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Goal

® Putting observational constraints on the resonance
inflation model by its stochastic gravitational wave
background (SGWB) production, from cosmic
microwave background (CMB) B-mode anisotropy.
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Zihan Zhou, Jie Jiang, Yi-Fu Cai, Misao

C hal Ienge Sasaki, and Shi Pi, Phys. Rev. D (2020)

® High degree of freedom renders it impossible to
constrain the model parameters directly.
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Why we need a new parameterization?

® Models predict similar observational signals..
Parameterizations use minimum degree of freedom
to extract model-independent information.

® Commonly used parameterizations: |
» Broken power-law: e.g. GW from phase transitions. . ::

a a+
JopL(k) = A= + alk/kn)P

« Log-normal with UV cutoff: Gaussian distribution in

logarithm axis.
sl Eowen (&) =
I, < —— (_lug (Af. ekl;Ag A.A‘) 1)))

® Both are insufficient for the resonance model.



Advantages over traditional parameterizations

® Goodness for fit
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Advantages over traditional parameterizations

® Goodness for fit
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Construction

® Ultraviolet (UV) limit: exponential cut-off

® Infrared (IR) limit; o« k3

« A universal infrared limit of SGWB spectra for a class of GW
sources. A physical understanding of it comes from- causallty.

Rong-Gen Cai, Shi Pi, Misao Sasaki, Phys. Rev. D (2020)"

« We extend it from radiation dominated era to mflatlonary ;

era.
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Construction '

(T) k is smaller compared to all the scales associated with the source term, such as k(n, —17,) < 1l and |k — p| = |- p|,
where p is a integrated wavenumber index of the source and 7,72 are two moment when source still exist.

(IT) The energy-mometum tensor should possess a comparably general form.

Tab(1,k) = va(7, K)v6(7,k) + > Baths (7,k)Bpb: (7, k)
!

(1)
I=1,2,---, as different scalar fields .

(TTT) The integral over wavenumber for computing Q2qw after taking & — 0 should be finite. Namely,
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in which 7%¢(¢) = §* — ¢2¢¢ and P, P, are respectively longitudinal and perpendicular part of the power
spectrum of (vv), while Py, represents the power spectrum of the scalar field noted by I.We have assumed the
two-point function between different scalar fields should be zero.

(IV) Modes of interest reenter the Hubble horizon during the radiation-dominated era to produce GW (or GW is

produced during inflationary cra). Rong-Gen Cai, Shi Pi, Misao Sasaki, PhyS. Rev. D (2020)



Advantages over traditional parameterizations

® Suitability for Monte Carlo Markov Chain 'pro'cess

2.5
l%
5L 1.43

0

-2.12
@ ) .
EC -2.25

-2.39

-2.27 -2.12 -1.90 1.43 2.55-2.39 -2.25 -2.12

lg k. 1/\/g9 lghg



Narrow-band parameterization: Extension to a
wider class of SGWB production

® When GW source is transient over time while spiky
in wavenumber spectrum, IR k3 scaling is easier to
achieve.

® When the GW production is narrow-band, brokén .
power-law produce unnatural spike, while .
exponential cut-off fluently transit the behavior.



Narrow-band parameterization: Extension to a
wider class of SGWB production

® Example: scalar induced gravitational waves. .
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Summary and Outlook

In the era of precision cosmology, model-independent approaches
such as parameterization method remain crucial for qualitatively
understanding the relationship between the theoretical model and its.
observational features.

In light of the non-perturbative resonance effects that may. occur
during inflation, we introduce a parametrization for the power. .
spectrum of the stochastic gravitational wave background.(SGWB) .
characterized by narrow-band amplification.

One of the extensions of the parameterization refers to a dlfferent
slope on IR scaling.

Another extension concerns amendments for cosmologlcal probes
other than CMB, such as pulsar timing array.






