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Dynamical Inflection Point Inflation (1) 

● Coleman Weinberg Potential:
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Features: 
1. Potential is very flat for fields with
2. Last term adjusts cosmological constant to 0 



Dynamical Inflection Point Inflation (2)

● Typical Inflation 

Analysis: Slow Roll 

Parameters: 

○ All parameters 

must be 
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Dynamical Inflection Point Inflation (3)

● Mapping Slow Roll to 

Observables: 
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Dynamical Inflection Point Inflation (4)

6

●

●

● Coleman Weinberg predicts: 

Strategy: Study a small field potential with an inflection point!



Dynamical Inflection Point Inflation (5)

● Solution: Modify CW by 
taking Renormalization Group 
(RG) improved version

●   Multiple β=0 => slow 
rolling from boundary 
ensured
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Dynamical Inflection Point Inflation (6)

● Possible realizations:

○ Scalar Quartic Coupling - Planck-scale masses

○ U(1) - Abelian

■ Such realizations exist (e.g. [1610.09362])

● Planck Mass-scale fields required

○ SU(N_c) - Non-Abelian 

■ This work
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Dynamical Inflection Point Inflation (7)

1) Heuristics for Achieving Dynamical Inflection Point Inflation

a) Must have at least one massless fermion below scale M

b) Must have        for fields at scale 

c) Must have                  to have two parametrically separated zeros of 
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Choose              and                . Then a VL SM copy would 
require                   .



Dynamical Inflection Point Inflation (8)

1) Prescription for determining the potential:

a) Fix mass scale M

b) Fix slow roll constraints from observables

c) Iteratively solve: 

d) Ensure that there are inflection points below scale M
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Model Realization: Inputs

● Input: 
○ Mass Scale M
○ Number of new fields
○ Observables from 

CMB
● Output:

○ Coupling gD
○ Quartic Inflaton 

Coupling
○ Inflaton VeV 11



Model Realization: Fields

● Add 2 additional 

generations of 

Vector-like fermions 

and the scalar inflaton 

fields
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Model Constraint: SM Mass Mixing (1)
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Model Constraints: SM Mass Mixing (2) 

● Perturbation results: 

● Assuming y_L = y_R:

○ Top left diagonalized entry 

● Result:
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Constraints on Testable Phase Space

● Important Contributions:

○ Mass mixing

○ Oblique Parameters 

○ Reheating Temperature 

○ Upper Bound on Left-handed Top 

quark decay

○ Collider Bounds on Vector like 

Fermions
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Collider Search - Model Implementation

1.) Model file written with SARAH

i) Generate SPheno to compute all relevant masses/couplings 
after mixing

ii) Generate Universal Feynrules Output (UFO) files for 
Madgraph

2.) Generate Events with Madgraph

i) Use UFO files
ii) Use SPheno cards as input parameter cards
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Collider Search - Current Targeted Signals

● Pair Production Signals: 

○
○  (muon beam)

○                                (muon beam)

○                                 (LHC)

● Note: Singlet and Doublet cases are analyzed separately

● Background analysis is forthcoming
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Preliminary Signal Scan Cross Sections - Singlets 
Muon Collider
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Preliminary Signal Scan Cross Sections - Doublets 
Muon Collider
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Preliminary Signal Scan Cross Sections: LHC
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Conclusions and Next Steps:

● Heavy fermions coupling to an inflation field facilitate dynamical inflection point 
inflation

● This study creates a link between early universe cosmology and particle 
searches with collider physics. 
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SM Coupling Running
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Dynamical Inflection Point Inflation (6)

Model Realization:
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Vector-Like 
Fermions

● Non-Abelian                  dark sector added 



SM vs. Singlet vs. Doublet Comparison
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Dynamical Inflection Point Inflation - General

● Definitions:

● Integrate beta functions:
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Dynamical Inflection Point Inflation (11)
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Dynamical Inflection Point Inflation (10)
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Dynamical Inflection Point Inflation (8)

● Non-Abelian Beta Functions:

● Solve for 
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Model Constraints: SM Mass Mixing (2)

● Squaring matrix elements yields:

● Perturbation Theory:
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Model Constraints: Oblique Parameters

● New fields should appear in gauge boson loops.

● Explore corrections to S, T, U, V, W, X parameters. 

● For now, assume no mixing with the SM fields.
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Model Constraints: Oblique Parameters (3)

● Solve in terms of Passarino-Veltman Functions

● Expand in the high mass limit to get approximate forms:
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Model Constraints: Oblique 
Parameters (4)
Oblique Bounds Source: [1110.3812]
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Model Constraints: Oblique Parameters (5)

● Takeaway: Mass >~ 200 GeV to make 

sure the oblique parameters are not 

violated. 

○ Fix M > 500 GeV for this reason
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Model Constraints: Oblique Parameters (2)
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Model Constraints: Right-Handed W Decay

● k_R <= 1.3

● 1 + k_L <= 1.55

● k_L constraint is 

more restrictive
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Model Constraints: Reheating Temperature

● Lower Bound From Reheating
○ Inflaton decay width corresponds to reheating 

temperature
○ Take  
○ Result: 

■ Dark yukawa range bounded below at 
around y ~ 10^(-12)

■ Coupling ~ y*vev/M ~ O(10)/M
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Reheating Temperature Constraints
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Model Constraints: Branching Fractions
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