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COSMIC INFLATION:        A near exponential expansion of early Universe
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slow − roll

Cosmology

Inflationary Predictions depend 
on the shape of the Inflaton 

(scalar field)  potential. 
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The shape of the potential 
depends on the interactions of  

Inflaton  with other particles. (ϕ)

slow − roll

⇔

Cosmology Particle Physics

Inflationary Predictions depend 
on the shape of the Inflaton 

(scalar field)  potential. 

Scalar Field  

Symmetry Breaking 
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Inflaton ( ) with Non-Minimal Gravitational Coupling ( )ϕ ξ
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Model: Non-Minimal  Higgs Inflation + Conformal Symmetry U(1)X

QX = QB−L + xH QY

•    (B − L) Limit : xH → 0
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(Z′￼− Boson)
New Boson

New Fermions

New Higgs
Inflaton

   Extended SMU(1)X
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⇔

⇔
⇔

(Z′￼− Boson)
New Boson

New Fermions

New Higgs

The   symmetry is broken by Coleman 
Weinberg Mechanism.  

 breaking triggers electroweak symmetry 
breaking through  H and  mixing

U(1)X

U(1)X
Φ

Inflaton

Classical Conformal Invariance: 

m2
higgs = λmixv2

X

   Extended SMU(1)X
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Search 
for 

Inflationary  
Gravitational 

Wave

Production  
and  

Detection  
of Inflaton

Collider Inflaton Search

Cosmology Elementary Particle Physics

PLANCK

(λ ↔ ξ) (mϕ, θ)

Production  
and  

Detection  
of  Z′￼

LHC  SearchZ′￼
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Search for 
Inflationary  

Gravitational 
Wave

Production  
and  

Detection  
of Inflaton

Production  
and Detection  

of  Z′￼

Conformal 
Symmetry 

Only 3 Independent 
Parameters

⇒Conformal Symmetry 

(xH, mϕ, θ)(r, ns)

(mϕ, θ)

(mZ′￼
, gX, xH)
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V ⊃

Inflaton Production at Collider through Higgs Mixing
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FASER's Physics Reach for Long-Lived Particles 
Phys. Rev. D 99, 095011 (2019)
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Non-Minimal  Higgs Inflation  
+ 

 Conformal Symmetry 

U(1)X
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ϕ =

3
2π2
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Results for fixed xH = 10

Search Reach:  
      FASER  
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The Forward Physics Facility at the High-Luminosity LHC, arXiv 2203.05090



r > 0.064
PLANCK−2018

0.3 0.4 0.5 0.7 1.0 1.3

2.6

5.0

10

mZ′￼
[TeV]

0.1 0.2 0.5 1 2 5
5.×10-6
1.×10-5

5.×10-5
1.×10-4

5.×10-4
0.001

mϕ [GeV]

θ

FASER−2

FA
SER

−
1

Excluded

xH = 10
ATLAS

SeaQuest
LHCb

Excluded

r = 0.064
ξ = 9.8 × 10 −3

r = 0.01Palatini (ξ = 7.53 × 10−2)

r = 0.01Metric (ξ = 0.12)

 Digesh Raut

This work

15



Metric Palatini
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Inflaton Decay and Reheating
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λΦ(ϕ) ϕ4

Backup Slides

Inflation : λΦ(ϕpivot) ↔ ξ

Collider : λΦ(vϕ)
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, xH, gX, vX)

(xH, mϕ, θ)
Free Parameters :


