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Standard single-field inflation with Einstein gravity
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» We know quantum fluctuations much better than the

classical motion.




The single-field consistency relation with slow-roll

Maldacena (2003) ds? — —dt? 1+ g2 (t)62Cs(X)+2CL dx>

P I — —dt? + a’ (t)62<3(i)d}22

de Putter et al. [1610.00785]
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The dilatation transformation (C(k1)C (k)Y e, = e M7 (¢ (k1) ¢ (K2)o

The squeezed bispectrum 1im (C(k1)C(k2)C(k3)) = —(ns — 1)(C(ks)C(ks)) (C(kL)C (kL))
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> The squeezed limit of bispectrum is suppressed by slow-roll conditions.



squeezed

10.0
8.0

equilateral E- 6.0
1.0 ‘ BR(k17k27k3)
" N

. 4.0
WEa
ko /kq

ks/k1

From Baumann & McAllister

Assassi, Baumann & Green (2012)

Arkani-Hamed & Maldacena (2015)




Characteristic signals of heavy particles

Example |. quasi-single field inflation e RN R o

» Signals from a strong coupling
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wave interference

The source
U, (7, 1) = Al(rf’)e_i[Wt_al(F)]
Wy (7, 1) = Ag(F)e ™ Hwt—az ()]
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cosmological quantum interference

The two sources

C(k, 77) ~ e_ikn analytic waves 1= m_2 B %

—/ﬂ? 2ndiu
O-(k7 77) ~ < 9 ) analytic + non-analytic waves

must come from o !
The correlation function

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



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.
Reviewed by Yi Wang
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Cosmological collider

— probing signals of massive fields during inflation

Steps towards new discovery:

1. To work out the background signals during intlation.

v/ 2. To figure out how new particles enter the bispectrum.

From Yi Wang's talk

INL ~ PC_ /2y couplings X suppression factors



Cosmological collider

— probing signals of massive fields during inflation
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Cosmological collider

— probing signals of massive fields during inflation

Steps towards new discovery:

1. To work out the background signals during inflation.

v/ 2. To figure out how new particles enter the bispectrum.

Example II. hybrid inflation (watertall transition)
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Mass spectrum of hybrid inflation
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hybrid inflation with a turn




hybrid inflation with a turn




hybrid inflation with a turn




The domain wall problem

Linde (1993)

p1 : one-point probability distribution function



The domain wall problem

The DW formation rate is
controlled by model parameters.




Characteristic signals of heavy particles

Example |. quasi-single field inflation

Reviewed in Baumann’s talk U= - %
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Example |. quasi-single field inflation
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Characteristic signals of heavy particles
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Characteristic signals of hybrid inflation

Wang, YPW, Yokoyama & Zhou (2018)
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Characteristic signals of hybrid inflation

L3=—=a"R’V, 007 (601, (2)001cy (2)061cy (2)) = (27)%6° (kg + Ko + ks ) B(k1, Ko, Ks).

40
— u=1.5
— u=3.0
| ., ; ; o ee N T o m=4.0 ]
20F-------- e R o R R LR 5 -~ equilat.
¢ | '.1 ‘ | ] 5: b N
o P S I T N U S S S
ﬁ . * | o,
Q MY Al
= 0 N o s e
CED *~°.° ‘) 3 g 02 i i i i i i
%, ¢ .o 101 10° 10! 102 103 10* 10° 10°
- \r ki /ks
P S S
3'.,,...' l l |
_40—4 o 0.001 o 0.010 o 0.100 o 1
10 ' ' ' Wang, YPW, Yokoyama & Zhou (2018)
C

squeezed < - equilateral
c=k/k.



Characteristic signals of hybrid inflation

1
L3 = _gai’) RV __dc° (561, (2)801, (2)56, (2)) = (27)*6%(kq + ko + k3) By (k1. ka2, ks).
40
— u=1.5
7 — 4=3.0
e, | | | — n=4.0 |
20t -------- P A P S S = ! N - eauilat
.' ‘ ’ "\ ‘ ] f; .................................................................................................
o B S I T N N S SO S
~ v N | o,
Q Y A
= 0‘. * * o« | & T
o ’s'o' ‘) 3 g —0.2L _ il _ o L _ .
mb & . ..":... 10 10 10 10 kl/k310 10 10 10
)| B N SRR S
v | | ]
| - particle production become more efficient!
_41%—4 o 0001 0010 0.100 1
' ' ' Wang, YPW, Yokoyama & Zhou (2018)

© |

squeezed < - equilateral
c=k/k.



quantum fluctuations with waterfall

YPW & Yokoyama JCAP 05(2018) 009

| /,,“kl_ < k < kf,’/

analytic mode functions are enhanced
due to tachyonic instability

non-analytic contributions are converted
from enhanced analytic functions in the
new (true) vacuum state



* Particles with m > 3H/2 generate oscillatory features in the
squeezed bispectrum (a main target for the cosmological
collider research).

* Qscillatory signals are non-analytic (non-local) effects, which are
not captured by single-field EFT (integrating out heavy modes).

* A watertall phase transition can break the scale-invariance, and
leads to enhanced non-analytic (oscillatory) signals with arbitrary
peaks in between the equilateral and squeezed limits (signature
of hybrid inflation).



