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Gray, Future colliders for the high-energy frontier
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Universe as a gigantic accelerator

History of the Universe

Quantum
Fluctuations

A

Dark Ages

Inflation!

‘Modern Universe -
'

Radius of the Visible Universe
« First Stars & ‘Galaxies Form
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Idea: probing new physics with inflation energy



Cosmological Collider

Chen, Wang, ‘10

Baumann, Green, ‘12

Noumi, Yamaguchi, Yokoyama, ‘13
Arkani-Hamed, Maldacena, ’15
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Cosmological Collider

» Clear signal in squeezed limit of triangle k¢ > k; ‘%\
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Cosmological Collider

» Particle physics analogy
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Baumann, Lectures on The Cosmological Bootstrap

> Mmy~Hiys ~101(GeV) »>>>> 10%°(GeV) ~ collider on earth



Several directions

Understand
structure of correlators
(= Xianyu’s talk)

Comparison with Application to BSM
Observation (model building aspects)
(= Zhong’s talk) (= My talk)



Condition for large CC signal??




Summary:
3 dominant diagram for ((3)




Summary:
3 dominant diagram for ((3)

Assume m,~H (w/o fine-tuning)

“Quasi single field inflation”
Chen, Wang, '10



Turn

d 2 : ] :
» Turnrate:n, = % X K (similar to w = v/R in Newtonian mechanics)

Large n,




Summary:
3 dominant diagram for ((3)

Assume m,~H (w/o fine-tuning)




Conditions for large signal

» Llarge turnraten,. Remembern, = Gl

= Large k = sub-Planckian scale

> Large cubic a3 (triple exchange)



Check by concrete model

> ¢ (Higgs or dilaton) + R? (Scalaron) Small CC signal ~0(€)
SA, A. Ghoshal and A. Strumia, 2408.07069

—

> Multifield a-attractor

SA, Roest, Werth, in progress
__ Large ~0(1)

» Monodromy
SA, Otsuka, Yanagita, 2509.06739




2 SA, A. Ghoshal and A. Strumia,
Scalar @ + R“  Zusomoss

» J-frame

* ¢:some scalars (specified later)
« R? gives an additional scalar z (scalaron)

> E-frame




Include two important models

> ¢ = Dilaton Zf = €¢2, V] = A(¢)¢4/4 Kannike et al, ’15,...

&Planck scale is induced by (qbz) = Mé/fs

> d) = Higgs Zf = MIZ)L == €¢2’ V] = /1(]54/4 Salvio, Mazumdar ’15, Ema ’17, ...

& Unitarizing Higgs inflation £f#~0(1)

Only scale ~ Mp; for natural parameter choice
=k X 1/Mp; = ny * +/€ : Small turn !!



CC signal from dilaton+R*

Gravi-scalar + Planckion, & = 0.01

Dilaton-lik

Planckion

Scalaron-like
Starobinsky
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Multifield a-attractor

» Two field generalization of a-attractor (a, R,,, = m)z(/mé)

T LAy — & o 2 %3 72 .. ’2
V(o \) ) (m.. pP” +mi X ) ,

» ¢p=rcosb,y =rsinf

* radial (r) inflation for & > 1 (~single a-attractor)
Kallosh, Linde, Roest, 1311.0472
* Angular (0) inflation fora < 1
Christodoulidis, Roest, Sfakianakis, 1803.09841



Multifield a-attractor

Trajectory (attractor)

Parameter space

angular
phase

radial phase



Multifield a-attractor

» Largeturnrate:n; ~1 for a~€e < 1 (curvature of trajectory k o< 1/aMp)

SA, Roest, Werth, in progress

» isocurvature mass




Monodromy

SA, Otsuka, Yanagita, 2509.06739

Flat target space G;; = diag (1,7%)

Axionic Chaotic Inflation (n=2)

curvature k «< 1/r
= large n, = large CC

-0.06 —0.04 -0.02 000 002 004 006
rcos[6]




Monodromy

SA, Otsuka, Yanagita, 2509.06739

Flat target space G;; = diag (1,7%)

Axionic Chaotic Inflation (n=2)
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Summary

» Model building aspects of CC with tree scalar exchange (conditions for
large signal, explicit models)

> Need big turn rate and/or big a2 for large signal

}

N, =V2eMpy X kK = Large k

» Three models

e« d+R?>Kx1/Mp
* Multifield a-attractor = k < 1/aMp;
* Monodromy => k < 1/r

Thank you!!



Why oscillation??

resonantdecay: k;/a; ~m
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resonant production: k,/a, ~m

Oscillation

From Yi Wang’'s slide



Target & Assumption

AU
* Inflation scenario
* Tree>>Loop

e Scalar exchange without chemical potential

Many interesting possibilities if relax assumptions

Modulated reheating (Lu, Wang, Xianyu, 1907.07390)
Curvaton (Kumar, Sundrum, 1908.11378)

Chemical potential (Bodas, Kumar, Sundrum, 2010.04727)
Non-BD vacuum (Yin, 2309.05244)



From J to E-frame

» J-frame

6f 0
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