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𝐻 ∼ 4 ⋅ 1013 GeV (BICEP, 2021)



5D Geometries (𝑑𝑆4-slice):

𝐴𝑑𝑆5 Bulk

𝑦 = 0 𝑦 = L

𝑑𝑠2 = 𝑛 𝑦 2𝑔𝜇𝜈𝑑𝑥𝜇𝑑𝑥𝜈 + 𝑑𝑦2

= 𝜋⟨𝜑⟩ (Kumar & Nee 2025)

𝑆 = ∫ 𝑑4𝑥 න
−𝐿

𝐿

𝑑𝑦 −𝐺 𝑀5
3𝑅5 − Λ5

 +∫ 𝑑4𝑥 න
−𝐿

𝐿

𝑑𝑦 −𝐺 −
1

2
𝐺𝑀𝑁𝜕𝑀Φ𝜕𝑁Φ − 𝑉 Φ + ∫ 𝑑4𝑥 න

−𝐿

𝐿

𝑑𝑦 −𝐺[ ℒ𝜙 − 𝑉0 Φ 𝛿 𝑦 + ℒ𝜎 − 𝑉𝐿 Φ 𝛿 𝑦 − 𝐿 ]
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Benchmark

𝑚𝜑/𝐻 1.7

𝑚𝐾𝐾/𝐻 1.7



Cosmological Collider:

End of inflation 𝜂 → 0

𝜂 → ∞

𝜎(𝑘1)

𝜎(𝑘2)

𝜎(𝑘3)

ሶ𝜎ℎℓ(𝑘3)

𝜂1
𝜂2

(Arkani-Hamed & Maldacena, 2015)

• Correlators on (semi)-de Sitter (dS) 
background.

• Bispectrum (3-point) and trispectrum (4-
point) predicts particle production that 
we can see in the CMB.

• Non-trivial angular dependence for 
spinning-exchange. 

𝛿𝜎 𝑘1 𝛿𝜎 𝑘2 𝛿𝜎 𝑘3
′ ≡ 𝐵𝜎 𝑘1, 𝑘2, 𝑘3

∝ 𝑓𝑁𝐿

𝑆(𝑘1, 𝑘2, 𝑘3)

𝑘1𝑘2𝑘3
2



Cosmological Collider:
𝜎1𝜎2𝜎3 = (𝑖𝑎)(𝑖𝑏) න

∞

0

𝑑𝜂1𝑑𝜂2𝑉𝑎[𝐺𝑎 𝑘1, 𝜂1 𝐺𝑎 𝑘2, 𝜂1 ]𝐷𝑎𝑏 𝑘𝐼 , 𝜂1, 𝜂2 𝑉𝑏[𝐺𝑏 𝑘3, 𝜂2 ]

End of inflation 𝜂 → 0

𝜂 → ∞

𝜎(𝑘1)

𝜎(𝑘2)

𝜎(𝑘3)

ሶ𝜎ℎℓ(𝑘3)
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(Arkani-Hamed & Maldacena, 2015)

𝑉 ∼ ℎ𝜇𝜈∇𝜇𝜎∇𝜈𝜎 ∼ 𝑎−4 𝜂 ℎ𝜂𝜂
0 𝑘 𝜕𝜂𝛿𝜎𝜕𝜂𝛿𝜎

𝑉 ∼ ℎ𝜇𝜈∇𝜇𝜎∇𝜈𝜎 ∼ 𝑎−2 𝜂 ሶ𝜎𝛿𝜎ℎ𝜂𝜂
0 (𝑘)



Cosmological Collider (example):

𝜎1𝜎2𝜎3 ~ 𝑖𝑎 𝑖𝑏 ሶ𝜎 න
∞

0

𝑑𝜂1𝑑𝜂2 𝜕𝜂1
𝐺𝑎 𝑘1, 𝜂1 𝜕𝜂1

𝐺𝑎 𝑘2, 𝜂2 𝐷𝑎𝑏 𝑘3; 𝜂1, 𝜂2 𝐺𝑏 𝑘3, 𝜂2 𝜂−2

(Lee, Baumann, and Pimentel, 2015)

𝑉 ∼ ℎ𝜇𝜈∇𝜇𝜎∇𝜈𝜎 ∼ 𝑎−4 𝜂 ℎ𝜂𝜂
0 𝑘 𝜕𝜂𝛿𝜎𝜕𝜂𝛿𝜎 𝑉 ∼ ℎ𝜇𝜈∇𝜇𝜎∇𝜈𝜎 ∼ 𝑎−2 𝜂 ሶ𝜎𝛿𝜎ℎ𝜂𝜂

0 (𝑘)



Results: Shape function

𝑓𝑁𝐿 ≈ −179.109 ± 102.47



Results: Squeezed limit and Angular Dependence

𝑓𝑁𝐿 ≈ −179.109 ± 102.47



Different masses?

• There is a 1.8 𝜎 (local) preference for 𝜇 ≈ 1.

• Could we generate this? 

(Kumar, Lu, Xianyu, Zhang, 2026)



Conclusions:
• We used an RS-model during inflation to make predictions

but…
• Need to use the cosmological collider to probe such predictions

Which could be seen by Planck:

• Inclusion of chemical potentials??
• (Currently) computing the trispectrum…
• Resonance at 1-loop??

Thank you.
Special thanks to the Institute of Cosmology and to those in the institute for help and support!

• Were we found mild local detection, but nothing conclusive. 

• Not shown: difference(!) between EFT of Inflation and our work and 
comments on bootstrap approach (in back-ups        ).
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Welcome to the back-up slides :D
(and extra “goodies”)



EFT of Inflation “tadpole” problem:
• We have partial overlap with the following shapes:

(Weinberg, 2008; Cheung, Creminelli, 
Fitzpatrick, Kaplan, and Senatore, 2007)

• Under EFT of Inflation:

• the scalar operator ϕ𝑔𝜇𝜈∇𝜇𝜎∇𝜈𝜎 has a 

tadpole that can be field re-defined away, and 

matches usual EFT expectations.

• But for ℎ𝜇𝜈∇𝜇𝜎∇𝜈𝜎, it drops the tadpole, but 

discards the associated Goldstone 

interactions.

• Under usual EFT considerations:

• Impose 𝑔 ሶ𝜎
2

𝛿𝜇
0𝛿𝜈

0 + 𝐽𝜇𝜈
𝑐 ∼ 0 



5D Geometries:
• Randall-Sundrum:

𝑦 = 0 𝑦 = 𝜋R

𝐴𝑑𝑆5 Bulk

𝑚𝑝ℎ𝑦𝑠~ 𝑀𝑃𝑙𝑒−𝑘𝜋𝑅

𝑑𝑠2 = 𝑒−2𝑘𝑦𝜂𝜇𝜈𝑑𝑥𝜇𝑑𝑥𝜈 + 𝑑𝑦2

𝑘𝜋𝑅 ≈ 35

(Randall, Sundrum, 1999)



5D Geometries (𝑑𝑆4-slice) Holographic dual:

5D warped AdS (orbifold) with UV/IR branes  4D large-N CFT with a UV cutoff 
and IR confinement

5D AdS Side 4D CFT Side

UV Brane UV cutoff/elementary sector

IR Brane Confinement scale Λ

IR-localized fields Composite CFT bound states

Radion Dilaton/pseudo-dilaton

KK-gravitons Spin-2 glueballs

GW stabilization Deformation triggering confinement



Cosmological Collider:
End of inflation 𝜂 → 0

𝜂 → ∞

𝜎(𝑘1)

𝜎(𝑘2)

𝜎(𝑘3)

ሶ𝜎

ℎℓ(𝑘𝐼)

𝜎1𝜎2𝜎3 =
ሶ𝜎𝑔2

𝑀4
2 𝑃 𝑘 න

∞

0

𝑑𝜂1𝑑𝜂2𝐺𝑎 𝑘1, 𝜂1 𝐺𝑎 𝑘2, 𝜂1 𝐷𝑎𝑏 𝑘𝐼 , 𝜂1, 𝜂2 𝐺𝑏 𝑘3, 𝜂2

𝜂1
𝜂2

(Arkani-Hamed & Maldacena, 2015)



Schwinger-Keldysh propagators:



Note on bootstrapping:
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