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Heavy particles during inflation



Standard single-field inflation with Einstein gravity
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Standard single-field inflation with Einstein gravity

0.20

Tensor-to-scalar ratio (r.002)
0.10

0.05

0.00

y

No evidence beyond slow-roll

TT,TE,EE+lowE+lensing

TT,TE,EE+lowE+lensing
+BK14

[ |

|
TT,TE,EE+lowE+lensing

B | BK141BAO

Il Natural inflation

[0 Hilltop quartic model

« attractors

i I,

'=1 inflation
5n

V x ¢p/3

Vo

V x ¢2/3

Low scale SB SUSY
N,=50

N,=60

0.94 0.96 0.98 1.00

Primordial tilt (ns)

PLANCK (2018) ‘n, = 0.9649 + 0.0042 at 68 % CL!




UV completion of single-field inflation
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The origin of heavy particles

© SUSY breaking / SUGRA ?

Baumann & Green [1109.0292]
Yamaguchi [1101.2488]

o heavy-lifted SM particles ?

Chen, Wang & Xianyu [1610.06597]
Kumar & Sundrum [1711.03988]

© GUT / extra-dim ?

Kumar & Sundrum [1811.11200]
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Particle production
& non-Gaussianity



The resonance peaks

Particle Data Group 2018

— ! L ! ! ! L | ! ! ! L | —
N T i
10% - Jjp (V29) Z .
10° ¢ E
R - w 3
10 E_ )‘ d / ;. =
— ? \ ? p B+ o ]
n ([ an N
e o E
E }f — L E
*’: L1 1 | | | | | | N T | | | | | | |
1 10 100

Vs [GeV]



The Z resonance Arkani-Hamed et al. 1811.00024
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EFT at low energy Resonance at higher energy

contact interactions exchange interactions
2 2
s <K< my S — my

c.f. the 4-Fermi theory



Analogy in cosmology



The simplest non-Gaussian observable (¢°)
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The simplest non-Gaussian observable (¢°)
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I ——— contact process
m > H
¢ G ¢
= eXChange pI‘OCGSS
my ~ H



wave interference

The source
Uy (7, 1) = Ay (7F)elwt—ea ()]
Uy (7, 1) = Ag(7)e1wt=o2(m)]

The intensity
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~ A% + A% +2A1 A5 COS[Oél — CUQ]

credit: physics@TutorVista.com
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cosmological quantum interference

Two sources in de Sitter space

C(k, 77) ~ O(k) 773/2 analytic waves

O'(k, 77) ~ O+ (k) 77A+ + O_ (k) 77A_ analytic + non-analytic waves

fixed by isometries of dS: AT = ; +1

‘3
QN

non-analytic effects

The correlation function

<Q[C ¢, o0, ('7]> = (non-oscillatory) + (oscillatory)



Assassi, Baumann & Green (2012)
Arkani-Hamed & Maldacena (2015)

Br(k1, k2, k)

Oﬁfldd 0.4
ks/k1

From Baumann & McAllister



The simplest non-Gaussian observable (¢°)
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size = particle couplings
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angular dependence = particle spin



Standard Model signals (Higgs)



Cosmological collider

— probing signals of massive fields during inflation

Steps towards new discovery:

1. To work out the background signals during inflation.

2. To figure out how new particles enter the bispectrum.
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Cosmological collider

— probing new physics during inflation

Chen, Wang & Xianyu PRL118 (2017)

Steps towards new dlscovery: Chen, Wang & Xianyu JHEPO4 (2017)

1. To work out the background signals during inflation.
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The SM mass spectrum during inflation



Cosmological collider

— probing new physics during inflation

Chen, Wang & Xianyu PRL118 (2017)

Steps towards new dlscovery: Chen, Wang & Xianyu JHEPO4 (2017)

1. To work out the background signals during inflation.

103 L
t

Z
w

102}

10

=

N

M/H

1

oS

N>

10-1}

=N
Y

1072} -

103+

My=0.05H M,=0.5H M,=5H Higgs Inf.

The SM mass spectrum during inflation



Chen, Wang & Xianyu [1610.06597]
Chen, Wang & Xianyu [1612.08122]

Kumar & Sundrum [1711.03988]

h = larger fnL



Spontaneous symmetry breaking during inflation

A
Zpt
4

tachyonic mass

Kumar & Sundrum [1711.03988] —¢(RK? or —F(¢,8H¢)h2 or...?



Lon = %%M‘PLD“‘PH)

Heavy-lifting from EFT

(weak-mixing)

conclusion for non-Gaussianity
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Heavy-lifting from broken symmetry
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quadratic mixing
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Heavy-lifting from broken symmetry

non-trivial field space

Equilibrium state: (h) = +6,/v/\

mi = 298

R= (A1), 6= o/A,



eavy-lifting from broken symmetry

I strong-mixing p=H

weak-mixing




(energy)
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» strong-mixing does not necessarily violate perturbativity.



dispersion relations
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Power spectrum

AP, : Higgs contribution to power spectrum
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Bispectrum (equilateral limit)

k1

ko = k3




Bispectrum (from equilateral to squeezed) k1 = k2 = cks
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Non-analytic scaling YPW [1812.10654]
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REMARKS

and outlook

Signals of heavy particle production are encoded as non-analytic
momentum scaling in primordial non-Gaussianities.

Heavy-lifting improves the observability of SM signals.

The observability of Higgs signatures is further enhanced by a
strong-mixing.

Challenge for cosmological collider: SM signals or new physics?




The Euclid probe

credit: CERNCOURIER



