
Zhong-Zhi Xianyu ( 鲜于中之 )

Cosmological Collider 
Phenomenology: SM & Beyond

Harvard University | CHEP2018

Xingang Chen, Yi Wang, ZZX, JHEP 1608 (2016) 051
PRL 118 (2017) 261302
JHEP 1704 (2017) 058
JCAP 1712 (2017) 006

(w/ Wan Zhen Chua, Yuxun Guo, Tianyou Xie) JCAP 1805 (2018) 049
1805.02656



June 14 2018 Zhong-Zhi Xianyu 2

ATLAS detector

Large Hadron Collider



June 14 2018 Zhong-Zhi Xianyu 3

Universe the detector
Inflation the accelerator

Cosmological Collider



non-Gaussianity: the collision

Interactions of the scalar/tensor modes during inflation

A long-lived, weakly-coupled scalar mode
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squeezed bispectrum: a discovery channel
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squeezed bispectrum: a discovery channel
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and in H3 are
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)

h2α̇I . (A.29)

As long as δL2/L2 ! 1, these new terms will not be more important than the original ones.

B Details of terms in various forms

In this appendix we give the details of the terms in the factorized, commutator and mixed
forms.

B.1 All 10 terms in the factorized form

The three-point function is the sum of the following ten terms,
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(

H

θ̇0

)3 10
∑

i=1

(i) . (B.1)

For simplicity, we only indicate the conformal time variables, such as τ1 or τ̃1, once in each
integrand. It applies to each factor before it.
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B.2 All 3 terms in the commutator form

For convenience, we also list all three terms in the commutator form here.
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B.3 All terms in the mixed form

We introduce a cutoff τc to separate the IR and UV region. A quartic integral becomes

∫ 0

−∞

dτ1

∫ τ1

−∞

dτ2

∫ τ2

−∞

dτ3

∫ τ3

−∞

dτ4 f(τ1, τ2, τ3, τ4)

=

∫ 0

τc

dτ1

∫ τ1

τc

dτ2

∫ τ2

τc

dτ3

∫ τ3

τc

dτ4 f(τ1, τ2, τ3, τ4)

+

∫ 0

τc

dτ1

∫ τ1

τc

dτ2

∫ τ2

τc

dτ3

[
∫ τc

−∞

dτ4

]

f(τ1, τ2, τ3, τ4)

+

∫ 0

τc

dτ1

∫ τ1

τc

dτ2

[
∫ τc

−∞
dτ3

∫ τ3

−∞
dτ4

]

f(τ1, τ2, τ3, τ4)

+

∫ 0

τc

dτ1

[
∫ τc

−∞
dτ2

∫ τ2

−∞
dτ3

∫ τ3

−∞
dτ4

]

f(τ1, τ2, τ3, τ4)

+

∫ τc

−∞
dτ1

∫ τ1

−∞
dτ2

∫ τ2

−∞
dτ3

∫ τ3

−∞
dτ4 f(τ1, τ2, τ3, τ4) . (B.16)

We label the above five terms as (a), (b), (c), (d) and (e), respectively.
We now write the three-point function in a mixed form. In the IR region, we write them

in terms of the commutator form, so that the cancellation of the leading terms, especially the
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“Decorated” Feynman diagrams
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“Schwinger-Keldysh diagrammatics”

— A path-integral-based, particle-physicist-friendly review
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SM spectrum
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SM signatures
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inflaton background as a chemical potential
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more possibilities
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SYMMETRY BREAKING

HIGHER SPINS

CP violation?

EWSBVery low scale inflation
Higgs inflation

“Heavy-lifting senario”

Chen, Wang, ZZX, 1612.08122 
Kumar, Sundrum, 1711.03988 

Tensor mode / gravitational wave

Supersymmetry?

& MANY MORE
An et al., 1706.09971, 1711.02667

Delacretaz et al., 1610.04227

Lee et al., 1607.03735
Baumann et al., 1712.06624

Strongly coupled theory

Iyer et al., 1710.03054

Maldacena, Pimentel, 1104.2846
scale-dependent features

GUT?

String excitations?
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“thermal” background
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IR-enhanced loop mass
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fun with spherical harmonics
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Loop expansion breaks down

The zero-mode path integral to all orders 

Rajaraman, 1008.1271

M
2
H

=

r
6�

⇡3
H

2

non-vanishing in the classically massless limit

Chen, Wang, ZZX, 1612.08122


