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A Hybrid Cosmological Collider
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Modes beyond inflaton

c @_“ perturbations in the play
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Testing physics principles/symmetries during inflation ;



Isocurvature from Axion(like) DM

J Spontaneous symmetry breaking during inflation: massless goldstone boson
& the unbroke global symmetry

dGlobal symmetry broken only in the late universe, creating non-relativistic
particle in coherent oscillations (misalignment mechanism)

(JCDM isocurvature from the goldstone mode fluctuations.

The U(1) example:
axion and ALP
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Scenario 1: Primordial Feature
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Hybrid Three Point Correlator
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Double-isocurvature hybrid pattern , e

due to the unbroken Z, symmetry R



Scenario 2: Fermion Loops

Heavy fermions are common in () 2 ¢7 75¢
1

axion theories, e.g. KSVZ axion  2f
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Boson loop is also an option:
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Mixture and Chemical Potential
Axion & inflaton kinetic mixing
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M. Braglias. X. Chena J- Fana LL-
What,s NeXt? L - Pin211 P. Singha Y. Wu. 1n progress
JExtends the discussion to other types of
Isocurvature

**Not limited to DM production

C.C. / feature with explicit symmetry breaking
***Only massive modes in the isocurvature sector

JCMB implications
**What about LSS?



BAKCUPS &
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Wouldn’t happen if everythin
behave as free fields!

Planck limit on f,: O(10) for pure curvature.
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kdecadeecay ~ m/ H SkEtCh Of a
Cosmological Collider
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Sketch of a
Cosmological Collider
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At One Loop
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Beyond Boltzmann
Suppression

_Classical Feature

The non-flatness in the potential excites the heavy
field background classically

X. Chen-. 20113 X. Chena R. Ebadia S. Kumara. 20223 A.
Bodas. R. Sundruma. 2022 ..

JChemical potential

A rolling field creates uneven chemical potential

in a sector, greatly enhancing occupation
number
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In-in Formalism
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Sizable | Analytic -
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Numerical Benchmark
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Observational Hints
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Misalignment Details

Q /\ For sizeable isocurvature
hybrid signals, need small DM
faction y of 0(103) or smaller A\

 May be a good way to pin down
the inflationary scale

axion DM, we
are here

> Size of f_ inferred from DM direct detection
(mass-coupling relation, etc.)
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