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Why Small Field Polynomial Model?
● Monomial: V (φ) ∼ φn, tensor-to-scalar ratio

r ∝ (V
′

V
)
2

∼ 4n

NCMB

● Planck 18:r < 0.061; ruled out n > 1⇒ less steep potentials favored:
● fraction power e.g. V ∼ φ2/3

● non-minimal coupling V ∼ φn/(1 + ξφ2R)2
● ...

● Alternatively

V (φ) =
4

∑
n=0

αnφ
n

● Avoid trans-Planckian ⇒ φ <Mp ⇒ Small Field

● Reasonable to insist on renormalizability (especially φ in UV
complete theory)

● V (φ) ∶ most general renormalizable inflaton potential

.
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Polynomial Inflation Analysis

● Potential V (φ) =��7
negligible

C + d φ4 + c φ3 + b φ2 + e�
�7

shifted away

φ1 .

1. Large φ: V ∼ φ4 ⇒ Too steep /
2. Small φ: V ∼ φ2 ⇒ Too steep /
3. Intermediate regime: V can be flat due to negative φ3 term ,

● If b = 9c2

32d
⇒ inflection-point φ0 = − 3c

8d

● 3 parameters (d ,A, β):

V (φ) = d [φ4 + c

d
(1 − β)φ3 + 9

32
( c
d
)
2

φ2] ≡ d [φ4 +A (1 − β)φ3 + 9

32
A2φ2]

1. A ≡ −8/3φ0 ←→ Location of inflection-point
2. β > 0: ←→ Flatness V (φ0)
3. d : ←→ Amplitude (power spectrum)
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Slow-Roll Predictions

ϕCMB ϕ0ϕend

V = d ϕ4 + A (1 - β) ϕ3 + 9 /32A2 ϕ2

Slope : V ' (ϕ0)~β

Location : ϕ0 = -
3

8
A

Amplitude : V(ϕ0)~dϕ04

δCMB = 1 -
ϕCMB
ϕ0

ϕ

V
(ϕ

)

● SR parameters (Mp ≡ 1)

εV =
1

2
(V ′/V)2 ;ηV = V

′′/V ;ξ
2
V = V

′
V
′′′/V 2

● Need φCMB ⇒ introduce

δ: φ = φ0(1 − δ)⇒ δCMB =

1 −φCMB/φ0

● Predictions:

● ns ≃ 1 − 48δCMB/φ
2
0

● NCMB ∝ (π
2
− arctan(

δCMB√
2β

))

● r ∝ (2β + δ2)2 /φ20

● α ≃ − 576(2β+δ2)
φ4
0

● Pζ ≃
dφ60

5184π2(δ2+2β)2

● ns = 0.9649, NCMB = 65,
Pζ = 2.1 ⋅ 10−9 ⇒ fix:

δCMB = 7.31 × 10
−4
φ
2
0

β = 9.73 × 10
−7
φ
4
0

d = 6.61 × 10
−16

φ
2
0

● Predictions for r and α?
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Predictions for r and α

● r not detectable /
r

7.09 × 10−9φ6
0

= 1 − 3.9 ⋅ 10−2(65 − NCMB)

+ 15.0 (0.9649 − ns ) + 175 (0.9649 − ns )
2

● α hopefully testable [S4 CMB]

α = −1.43 ⋅ 10−3 − 5.56 ⋅ 10−5 (65 − NCMB)

+ 0.02 (0.9649 − ns ) − 0.25 (0.9649 − ns )
2

● Model parameters for
central value

δCMB = 7.31 × 10
−4
φ
2
0;β = 9.73 × 10

−7
φ
4
0;

d = 6.61 × 10
−16

φ
2
0

0.6

0.8

1.

1.2

1.4

1.6

1.8

2.

2.2

0.9607 0.962 0.963 0.964 0.9649 0.966 0.967 0.968 0.9691

50

55

60

65

70

75

80

0.9607 0.962 0.963 0.964 0.9649 0.966 0.967 0.968 0.9691

ns

N
C
M
B

-α 10
3

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

● Inflaton mass: m2
φ = ∂2V

∂φ2 ∣
φ=0

≃ 4dφ2
0;

Inflationary scale:

Hinf =
√

V (φ0)

3
≃ 8.6 ⋅ 10−9φ3

0

● Question: What’s the lower bound for φ0?
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Reheating ⇒ Lower Bound

ϕOscillate & Transfer energy

via Decay

ϕ

V
~
m
ϕ 2

ϕ 2

ϕ→χχϕ→ϕ′ϕ′

● Decays to Bosons (e.g.
SM Higgs) or Fermions

L ⊃ −gφ∣φ′∣2 − yφχ̄χ

● Decay rate:

Γφ ≃ g2

8πmφ
; y2

8π
mφ with

mφ ∼ φ2
0

● Reheating Temperature:

Tre ≃ 1.41g−1/4⋆ Γ1/2
φ

● BBN requires Tre ≳ 4 MeV ⇒ Lower
bounds

yφ0 ≳ 4.7 × 10−17;
g

φ0
≳ 2.4 × 10−24

● Remarks:

1. Ignored Preheating totally!

2. Though m2
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Radiative Stability ⇒ Upper Bound
● Require:

∆V1−loop(φ0) ≪ V (φ0) ; ∆V ′(φ0) ≪ V ′(φ0) ; ∆V ′′(φ0) ≪ V ′′(φ0), with

∆V1−loop =
1

64π2 ∑
ψ=φ′,χ

(−1)2sψgψm̃ψ(φ)4 (ln( m̃ψ(φ)2
Q2

0

) − 3

2
)

● Upper bounds for y
(coupling yφχ̄χ):
∣ y

4−3y4 ln(y2)
4π2 ∣ < 16dβ

InflatonPotential

Radiatively Unstable

Tre < 4MeV
Excluded by BBN

Parameter Space

Allowed
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y

● Upper bounds for g
(coupling gφ∣φ′∣2):
g2

8π2 ∣ln(
g
φ0
) − 1∣ < 8dβφ20

InflatonPotential

Radiatively Unstable

Parameter Space

Allowed

Tre < 4MeV
Excluded by BBN
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g
[M

p
]

● Radiative Stability + Reheating ⇒ Lower bound φ0 > 3 ⋅ 10−5Mp



Summary
● A simple polynomial model fits data very well:

V ≡ d [φ4 +A (1 − β)φ3 + 9

32
A2φ2]

with A = −8/3φ0 ;β = 9.73 × 10−7φ4
0/M4

p ;d = 6.61 × 10−16φ2
0/M2

p .

● Predictions:
1. r ≃ 7.1 ⋅ 10−9φ60/M

6
p /

2. α ≃ −1.43 ⋅ 10−3 ⇒ testable in future [S4 CMB] ,
● Full parameter space: Reheating +Radiative Stability ⇒
φ0 > 3 ⋅ 10−5Mp

● Implications:
1. mφ ≃ 5.1 × 10−8φ2

0/Mp ⇒ as light as O(100) GeV (EW scale);
For comparison: monomial m2φ2 model, m ∼ O(1013) GeV

2. Hinf ≃ 8.6 ⋅ 10−9φ30/M
2
p ⇒ Hinf as low as 1 MeV!

● Easy to use and extend ⇒ DM [2106.03950], Baryogenesis [in progress]

Thank you for your attention!

https://arxiv.org/abs/2106.03950
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