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short summary of Cosmo-Collider

➢ Specific feature: oscillation = “CC signal”

➢ Target: 𝑚𝜎~𝐻~1013(GeV) ≫ ground experiment

➢ Hubble mass appears naturally in BSM (SUSY, non-
minimal coupling to gravity, …)  



Question

➢ What are the conditions for a large CC signal?
      (Obviously, the mass should be ~𝐻, but is that enough?)
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Focus

➢ inflation scenario (alternatives: curvaton, modulated reheating, …)

➢ Scalar exchange (forget fermion & gauge bosons)

➢ Tree >> Loop (exception: chemical potential) 

➢ 3pt. correlator = Bispectrum (𝑓𝑁𝐿)
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Turn rate

➢ Other expression:

(analogous to 𝜔 = v/𝑅 in Newtonian mechanics)

➢ Second SR parameter 𝜂𝑎

Turn rate

➢ 𝜂𝑁 can be large only if 1/𝑅 (curvature of trajectory) is sub-Planckian 
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Fluctuations 

➢ decompose

𝜑 (adiabatic)
~𝜁 (curvature)

𝜎 (iso-curvature)

➢ Expand

fluctuations
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Quadratic action

Turn rate converts 𝜑 𝜎

free ~massless free massive

➢ Transfer vertex

➢ Quadratic action



Understanding so far

need big turn rate??
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Cubic interactions 

➢ Many cubic interactions, dominated by potential couplings 

Maldacena ’03

➢ Dominant diagrams
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𝑚𝜎~𝐻 for CC

➢ 𝑉𝑁𝑁𝑁 is not constrained (free parameter) in general

remember



Turn rate 𝜂𝑁 controls almost everything

free
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Gauge choice

➢ So far φ ≠ 0, 𝜁 = 0 (flat gauge), 
      but we can take φ = 0, 𝜁 ≠ 0 (comoving gauge) instead 

➢ We confirmed the result is same in both gauge

L. Pinol, SA, S. Renaux-Petel, M. Yamaguchi

𝜁 𝜁 𝜁 
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Summary

➢ Single & double 𝜎-exchange ⇒ 𝑓NL ~ 𝜂𝑁
2 (× oscillation)

➢ Triple 𝜎-exchange ⇒ 𝑓NL ~ 𝜂𝑁
3 ×

𝑉𝑁𝑁𝑁

𝐻
× 105(× oscillation)

➢ Big turn rate 𝜂𝑁~ 2𝜖𝑀pl/𝑅 ⇒ sub-Plankian physics 

(otherwise 𝑓NL~𝑂(𝜖) like gravitational floor)
➢ Big 𝑉𝑁𝑁𝑁 

For large CC signal, we need
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➢ J-frame

➢ E-frame

• 𝜙: some scalars (specified later)
• 𝑅2 gives an additional scalar 𝑧 (gravi-scalar or scalaron)
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Interpolate two inflation scenarios 

➢ 𝑉𝐽 ≫ 𝑓0
2: Starobinsky-like inflation. Potential is minimized by 𝜙 = const.

→ vanishing turn rate

➢ 𝑉𝐽 ≪ 𝑓0
2: 𝜙-like inflation. Potential is minimized by 𝑓 𝜙 = −𝜁𝑧𝑧2

      → 𝑧 = 𝑧(𝜙) → non-zero turn rate
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K. Kannike, G. Hutsi, L. Pizza, A. Racioppi, M. Raidal, A. Salvio, A. Strumia, 1502.01334.

➢ Corresponds to a choice (dimensionless theory): 

➢ 𝑠: Plankion, dynamically induce the Planck scale: 𝑠2 = 𝑤2 = Τ𝑀pl
2 𝜉𝑠

➢ Three parameters (𝑓0, 𝑏, 𝜉𝑠) but constrained by 𝑃𝜁~2 × 10−9

Plankion(dilaton)-𝑅2

➢ dimensionful parameter = 𝑀pl
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CC signal

almost zero turn
𝑅~∞ ⇒ 𝜂𝑁~0

non-zero turn 
with 𝑅~𝑀pl

⇒ 𝜂𝑁~ 𝜖

Turn rate: 

𝜼𝑵 = 𝟐𝝐𝑴𝐩𝐥/𝑹 



CC signal

Small 𝑟 

quadratic potential
⇒Large 𝑟



CC signal

𝑓NL~0 

𝑓NL~𝜖
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For large turn rate

➢ Bigger 𝜖 ?? → difficult: r ≈ 16𝜖 < 0.033 … 

⚫ But sudden turn has a risk of disrupting  𝑛𝑠 

𝜼𝑵 =
d𝜙0

d𝑁
×

1

𝑅
= 2𝜖𝑀pl ×

1

𝑅
 

➢ Smaller 𝑅 (sub-Planckian physics)

⚫ Multiple constant turn   
discussed a lot in PBH context
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Large turn rate during all inflation

➢ Examples of inflationary potential

➢ Can they be derived from a well-motivated theory? (work in progress)  
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Summary

➢ Cosmological Collider ⊃ mass & spin of new particles 

➢ Model building aspects of CC with tree level scalar exchange

• For large signal, big turn rate (sub-Planckian physics) and/or big 𝑉𝑁𝑁𝑁 

• Inflation models with Planck-scale physics predict 𝑓NL ~ 𝜖

• Confirmed by motivated models: Plankion-𝑅2 & Higgs-𝑅2

Thank you!!

➢ Not clear under what condition a large signal can be obtained, 
sometimes incorrectly estimated 



Details



Model2: Higgs-𝑅2

➢ corresponds to a choice: 

Salvio, Mazumdar ’15, Ema ’17, Gorbunov, Tokareva ’18, Gundhi, Steinwachs ’18, …

➢ Motivated as a UV completion of Higgs inflation

➢ Interpolate Higgs inflation (𝜆𝑠/𝜉𝑠
2 ≪ 𝑓0

2) and Starobinsky inflation 
(𝜆𝑠/𝜉𝑠

2 ≫ 𝑓0
2)

➢ 𝑠: Higgs in unitary gauge

➢ 𝑀pl is the only scale



CC signal

• non-zero turn
• 𝑓NL~𝜖
• Large 𝑟

• almost zero turn
• 𝑓NL~0
• Small 𝑟 



CC signal

➢ Bispectrum (shape function 𝑆) in squeezed limit

➢ Size = 𝑓NL 

Scaling if 𝑚𝜎 <
3

2
𝐻. Oscillatory if 𝑚𝜎 >

3

2
𝐻. 



Background

➢ EOMs for spatially homogeneous fields 𝜙0
𝑎(𝑡)

define “total speed”



Quadratic action



Mass dependent coefficients

➢ Boltzmann suppressed for heavy mass

~𝑒−𝜋 Τ𝑚𝜎 𝐻 for 𝑚𝜎 ≫ 𝐻



Detail on Plankion-𝑅2



Detail on Higgs-𝑅2
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