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Inflationary observable

scalar power spectrum: P; ~ ({{’)

tensor power spectrum: P, ~ (yy’)
dln Pz
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spectral tilt: ng — 1 =



Restrictions on imflaton potential

 dlnP;
ne— 1= > =

 dlnk

TT,TE EE+lowE+lensing

TT,TE EE+lowE-+lensing
+BK14

TT,TE EE+lowE+lensing
+BK14+BAO

Natural inflation
Hilltop quartic model
o attractors

- Power-law inflation
R? inflation

s
0
=
[v]
-
-
Y
[
9}
n
9
|
w
0
0]
&
'_

V s B
Low scale SB SUSY
N,=5h0
N, =60




Beyond 2-pt. function: non-Gaussianity (NG)

(C3) : Bispectrum, (¢*) : trispectrum, ...




NG from self-interaction
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NG from self-interaction

* InL~0(€) for simple model  Maldacena’03
simple : single scalar + Einstein gravity + canonical kinetic term + slow-roll
* fanL > 1 for more general class of inflation models

= Observational constraints :

ocs : quil yrtho .
N =27+58, fif =-42+75, and fG™ = -25 + 39 From Shellard’s slide




NG from self-interaction

NG — strong restrictions on inflation models
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NG — strong restrictions on inflation models
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* NG can contain information of heavy (new) particle o with specific

oscillation signal
- my~H~1013(GeV) > energy scale of terrestrial experiment

- Signal can be large!!



Example: scalar

oscillation

squeezed limit (k; = k3 K ky, = k)

Can read off the mass of a new particle from frequency



Many works

On search for new physics

v' SUSY (Baumann, Green, '12)

v General interactions for a massive scalar by EFT approach
(Noumi, Yamaguchi, Yokoyama, ’13)

v Higher spin (H. Lee, D. Baumann, and G. L. Pimentel, '16)

v Standard model particles, Neutrino (Chen, Wang, Xianyu, '16)

v Leptogenesis (Cui, Xianyu '21)

v GUT (Maru, Okawa, '21)

Bootstrapping approach

Arkani-Hamed, Baumann, Lee, Pimentel 18, ...



Question

v’ single particle with a definite mass and spin

Q. What about multiple particles case?

heavy particles

Natural setup for UV theory
(e.g., soft masses ~H in

inflaton supergravity)




Multiftiled on CC

v Whole signal is governed by lightest particle
due to Boltzmann suppression ~ e =™/
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Multifiled on CC

v Whole signal is governed by lightest particle
due to Boltzmann suppression ~ e =™/

v Non-trivial signal for (almost) degenerate masses

, M. Yamaguchi, JHEP 04 (2021) 127
L. Pinol, SA, S. Renaux-Petel, M. Yamaguchi, 2112.05710

Specific signal by superposition
e.g., wavelength with



Today: what about continuous spectrum?

Motivated by some extra-dimension model

mlightest
H

inflaton

Discrete Continuous

my: gap scale



Setup

¢: inflaton
o: field with continuous spectrum



¢: inflaton
o: field with continuous spectrum

Quantization of fluctuations

¢ ('U-Aﬂ-k + UZUT_ L) E;‘,?'k'm?
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(l_’k m [_)k m + 2_1‘[\,_ m [_)_ k m ) E_':- ,

p(m?): spectral density



Interactions

By 0 o<
Loine = 0" fo 000000,

a’ APTOSE BT
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Observable:
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Result

Result in squeezed limit (k = ky/k3 > 1)

. o 12 Cdm? N
S = 1 \[plf ( 7 K -/1)')2 o P (m ) Im - J_(ip) + . '

0

coefficient (analytic expression)

yr2ot e (et — )T (ipe+ 3) (esch(mp) + sech(mp))

Ji(ip) = — (2 — )T (i + 1)

J_(ip) = Jo(—ip)e 2T




Result

LN 2
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S = —MEe (&) K52 P
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Continuous case:

Alpr) = [{Tm_(ige) + T ()} + {ReJ(ip) — Re, (i)}?]

ImJ_(ip) + ImJ (ip) )

o) = arctan - ,
©(p) = arctan (Re.]_('i/f) “Re. (ip)

Usual case

Si?gli particl)e with Floaticle = €7 A( o) sin (o log k + o (1))
efinite mass):



Result

choose a specific spectral density

E. Megias, M. Quirsos,’ 19
C. Csaki, S. Hong, G. Kurup, S. J. Lee, M. Perelstein, W. Xue, ‘22

A particle _
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v Damping amplitude = signal of continuous spectrum
v [ dm sin (mk) — 1/k factor (consequence of integration)



Summary

& Cosmological collider (CC) 1s a new attractive tool for exploring
high energy

& Multiple field signature on CC (motivated by e.g., supergravity)

v non-trivial superposition for almost degenerate masses

& Continuous spectrum on CC (motivated by some extra
dimensional models)

v’ damping effects in deep squeezed limit

@
— Strong evidence of mult1 particles & continuous spectrum

¢ Interesting to think about embedding into concrete UV setup

Thank you for your attention !!



