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Introduction Our model Study of the potential and the kinetic function Inflationary computations Conclusions

● SBI: Overview ●

● sombrero hat potential: V (ϕ) = λ(ϕ2 − v2)2
● among first proposals for new inflation (i.e. slow-roll)

- Albrecht et al., PRD 31 (1985) 1225
- Moss, PLB 154 (1985) 120-124

● also used as a completion of hilltop models
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● two regions available for inflation

∎ ϕ < v : small field
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● sombrero hat potential: V (ϕ) = λ(ϕ2 − v2)2
● two regions available for inflation
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Introduction Our model Study of the potential and the kinetic function Inflationary computations Conclusions

● Gravity preliminaries ●

MAG: spacetime described by (e.g. Koivisto & al 0509422,1903.06830):

● the metric tensor: gµν

→ distance

● the affine connection: Aλ
αβ

→ parallel transport
If non-minimal theory of gravity:

{αµν} =
1

2
gαλ(gλν,µ + gµλ,ν − gµν,λ) (Levi-Civita)

Γαµν = {αµν} +Kα
µν + Lαµνxxx→ R̃ = gαµϵµβγδRα

βγδxxx

curvature non-metricity torsion
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● MAG SBI action ●

● starting Jordan frame action with Qαµν ,T
α
µν ≠ 0

SSBI = ∫ d4x
√−gJ [α(ϕ)RJ + β(ϕ)R̃J −

∂µϕ∂
µϕ

2
−V (ϕ)]

V (ϕ) = λ

4
(ϕ2 − v2)2

β(ϕ) = M2
P

2
(δ2β + ξ̃

ϕ2

M2
P

)

α(ϕ) = M2
P

2
(1 + ξ ϕ2

M2
P

)

Rα
βγδ = ∂γΓ

α
δβ − ∂δΓ

α
γβ + Γα

γµΓ
µ
δβ − Γ

α
δµΓ

µ
γβ

R = Rαβ
αβ: curvature scalar

R̃ = gαµϵµβγδRα
βγδ: Holst-invariant

● no other terms → most general minimal setup without
- new physical dof’s in addition to hµν , ϕ
- (∂ϕ)4 terms
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● MAG SBI action ●

1. integrate out the R̃ term

2. move to the Einstein frame so that Qαµν = Tα
µν = 0 and

minimally coupled gravity

SSBI = ∫ d4x
√−gE [

M2
P

2
RE −

∂µχ∂µχ

2
−U(χ)]

today onlyÐÐÐÐÐ→
ξ=δβ=0

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

dχ
dϕ =MP

√
1
2α [1 +

12(α′β+αβ′)2

α(α2+4β2)
]
√

1 + 24ξ̃2ϕ2M2
P

M4
P
+4ξ̃2ϕ4

U(χ) =M4
P

V (ϕ(χ))
4α2(ϕ(χ))

● the former effects of Qαµν ,T
α
µν ≠ 0 are now moved to (∂χ)2

● N.B. symmetry: ξ̃ → −ξ̃ ⇒ ξ̃ ≥ 0
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● MAG SBI potential ●

→

U(χ) = λ

4
(ϕ(χ)2 − v2)2

→ 1

4
λv4 (1 − e−

√
2
3
χ/MP)

2

→

(dχ
dϕ
)
2

= k(ϕ) = 1 + 24ξ̃2ϕ2M2
P

M4
P + 4ξ̃2ϕ4

ξ̃→∞ÐÐÐÐÐÐ→
0<ϕ<v≪MP

6M2
P

4ϕ2

1

ϕ/MP

k(ϕ)

● ϕ→ 0⇒ k → 1

● ϕ→∞⇒ k → 1

● k(ϕ) peaked
● ϕmax, k = v ⇒ ξ̃v =

M2
P

2v2

ϕ2
max, k =

M2
P

2ξ̃
k(ϕmax, k) = 1 + 6ξ̃
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⇒ ∼ pole inflation ≈ R2 inflation
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● Inflationary computations ●

● numerical computations: HSR approximation

ϵ1 = −d lnH/dN , ϵ2 = d ln ϵ1/dN , ϵ3 = d ln ϵ2/dN ,

● Observables (at k⋆ = 0.05 Mpc−1) :

A⋆s = H2
⋆/(8π2M2

Pϵ
⋆
1) ≃ 2.1 × 10−9 scalar amplitude

r = 16ϵ⋆1 tensor-to-scalar ratio

ns = 1 − 2ϵ⋆1 − ϵ⋆2 scalar spectral index

αs = −2ϵ⋆1ϵ⋆2 − ϵ⋆2ϵ⋆3 running of ns

● instantaneous reheating

N⋆ = 66.5 − ln [k⋆/(a0H0)] +
1

4
ln [9H4

⋆/(ρend)]
- 0 → today
- end → end of inflation
- ρend = 3U(Hend)/2: energy density at the end of inflation
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● Inflationary computations ●

● interpretation: PSR approximation

ϵU = M2
P

2
(U
′(χ)

U(χ) )
2

= M2
P

2k(ϕ) (
U ′(ϕ)
U(ϕ) )

2

ηU = M2
P

U ′′(χ)
U(χ) =M

2
P

(k−1/2(ϕ)U ′(ϕ))′

k1/2(ϕ)U(ϕ)

Ne = 1

M2
P
∫

χN

χend

dχ
U(χ)
U ′(χ)

r = 16ϵU(χN)
ns = 1 + 2ηU(χN) − 6ϵU(χN)

As =
1

24π2M4
P

U(χN)
ϵU(χN)
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● small field, δβ = 0: zoom in ●
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● small field, δβ = 0: zoom out ●
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∎ ξ̃ = 0
∎ v = 0.1MP

∎ v = 6MP

∎ v = 15MP

∎ ξ̃ →∞

ηU(ϕ≪MP) = −4
M2

P

v 2
[1 − (1 + 48ξ̃2 v 2

M2
P

) ϕ
2

v 2
] +O(ϕ4)

● η-problem at small v ’s for small field SBI

● when ξ̃ → 0, we have ∣ηU(0)∣ ∼ 4
M2

P

v2 > 1 when v < 2MP ⇐ the

line for ξ̃ = 0 for v = 0.1MP not visible because out of SR
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ηU(ϕ≪MP) = −4
M2

P

v 2
[1 − (1 + 48ξ̃2 v 2

M2
P

) ϕ
2

v 2
] +O(ϕ4)

● validity of SR by increasing ξ̃

● ∣ηU(0)∣ ≫ 1 ⇒ ∣ηU ∣ decreases very fast ⇒ αs too large

● OK with data with v <MP when ξ̃ ∼ 103
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Introduction Our model Study of the potential and the kinetic function Inflationary computations Conclusions

● Summary & Conclusions ●

● SBI strongly disfavored after Planck+BICEP 2018 data

● MAG & allow for torsion

- new nmc: β(ϕ)R̃
- inflection point inflation setup
- (small field) predictions compatible with data at 1σ

⋆ δβ = 0, v <MP , ξ̃ ≳ 103
⋆ v ≪MP , ∣ξ̃∣ → ∞ ⇒ R2 inflation

● More combinations available:

- δβ ≠ 0, ξ̃ ⪌ 0 (ξ = 0)
- large field inflation
- more info in arXiv:2412.17738 or Q & A

● More studies coming for ξ ≠ 0
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Grazie! - Thank you! - Aitäh!
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BACKUP SLIDES
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● Levi-Civita ●

● Levi-Civita tensor: ϵαβγδ =
√−g ε̊αβγδ

● Levi-Civita symbol: ε̊αβγδ with ε̊0123 = 1

● ε̊αβγδ = sign(g)ε̊αβγδ = −ε̊αβγδ
(eq. for the components, not tensorial!!!)
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● MAG ●

● non-metricity: Qαµν ≡ ∇αgµν
● torsion: Tα

µν ≡ 2Γα[µν]
● Levi-Civita connection: { α

µν} = 1
2g

αλ(gλν,µ + gµλ,ν − gµν,λ)
● generic connection: Γαµν = { α

µν} +Kα
µν + Lαµν

● contortion: Kα
µν = 1

2T
α
µν +T

α
(µ ν)

● disformation: Lαµν = 1
2Q

α
µν −Q

α
(µ ν)

● distortion: Kα
µν + Lαµν
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● MAG SBI action ●

● starting Jordan frame action with Qαµν ,T
α
µν ≠ 0

SSBI = ∫ d4x
√−gJ [α(ϕ)RJ + β(ϕ)R̃J −

∂µϕ∂
µϕ

2
−V (ϕ)]

● it is possible to integrate out the R̃ term

● obtain an equivalent theory with Qαµν ≠ 0, Tα
µν = 0

SSBI = ∫ d4x
√−gJ [αRJ − [1 +

12(α′β + αβ′)2
α(α2 + 4β2) ]

∂µϕ∂
µϕ

2
−V ]

● the effect of Tα
µν ≠ 0 is moved to the inflaton kinetic term
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● MAG SBI action ●

● starting Jordan frame action with Qαµν ≠ 0, Tα
µν = 0

SSBI = ∫ d4x
√−gJ [αRJ − [1 +

12(α′β + αβ′)2
α(α2 + 4β2) ]

∂µϕ∂
µϕ

2
−V ]

● move to the Einstein frame so that Qαµν = Tα
µν = 0

SSBI = ∫ d4x
√−gE [

M2
P

2
RE −

∂µχ∂µχ

2
−U(χ)]

today onlyÐÐÐÐÐ→
with ξ=0

⎧⎪⎪⎪⎨⎪⎪⎪⎩

dχ
dϕ =MP

√
1
2α [1 +

12(α′β+αβ′)2

α(α2+4β2)
]

U(χ) =M4
P

V (ϕ(χ))
4α2(ϕ(χ))

● the former effects of Qαµν ,T
α
µν ≠ 0 are now moved to (∂χ)2

● N.B. symmetry: β → −β ⇒ δ2β ≥ 0, ξ̃ ⪌ 0
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√−gE [

M2
P

2
RE −

∂µχ∂µχ

2
−U(χ)]

today onlyÐÐÐÐÐ→
with ξ=0

⎧⎪⎪⎪⎨⎪⎪⎪⎩

dχ
dϕ =

√
1 + 24M2

P
(β′)2

(M4
P
+16β2)

xxxxx

U(χ) = V (ϕ(χ)) V (ϕ(χ))
4α2(ϕ(χ))

● the former effects of Qαµν ,T
α
µν ≠ 0 are now moved to (∂χ)2

● N.B. symmetry: β → −β ⇒ δ2β ≥ 0, ξ̃ ⪌ 0
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● MAG SBI potential ●

→

U(χ) = λ

4
(ϕ(χ)2 − v2)2

→

(dχ
dϕ
)
2

= k(ϕ) = 1 + 24ξ̃2ϕ2M2
P

M4
P + 4 (δ2βM2

P + ξ̃ϕ2)
2

1

ϕ/MP

k(ϕ)

● ϕ→ 0⇒ k → 1

● ϕ→∞⇒ k → 1

● k(ϕ) peaked

● ϕmax, k = v ⇒ ξ̃v =
M2

P

v2

√
1+4δ4

β

2

ϕ2
max, k =M2

P

√
1 + 4δ4β
2 ∣ξ̃∣

k(ϕmax, k) = 1+6∣ξ̃∣ (
√

4δ4β + 1 − sign(ξ̃)2δ
2
β)
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● ϕmax, k = v ⇒ ξ̃v =
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β

2

● ∣ξ̃∣ > ξ̃v ⇒ small field

● ϕmax, k ⇒ ϕflex

small field SBI saved by MAG induced inflection point!!!

ϕ2
max, k =M2

P

√
1 + 4δ4β
2 ∣ξ̃∣

k(ϕmax, k) = 1+6∣ξ̃∣ (
√

4δ4β + 1 − sign(ξ̃)2δ
2
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● Inflationary observables ●

● PSR parameters
ϵU(χ) = M2

P

2
(U

′(χ)
U(χ) )

2

ηU(χ) = M2
P
U ′′(χ)
U(χ)

ξ2U(χ) = M4
P
U ′(χ)U ′′′(χ)

U(χ)2

● observables

Ne = 1

M2
P
∫

χN

χend

dχ
U(χ)
U ′(χ)

r = 16ϵU(χN)
ns = 1 + 2ηU(χN) − 6ϵU(χN)

αs ≡ dns/d ln k = 16ϵU(χN)ηU(χN) − 24ϵ2U(χN) − 2ξ2U(χN)

As = 1

24π2M4
P

U(χN)
ϵU(χN)
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● small field, δβ = 16, ξ̃ > 0: zoom in ●
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● small field, δβ = 16, ξ̃ > 0: zoom out ●
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10-1
— large

- - small

∎ ξ̃ = 0
∎ v = 0.1MP

∎ v = 6MP

∎ v = 15MP

∎ ξ̃ →∞

● η-problem at small v ’s for small field SBI

● the smaller v , the smaller is ϕ∗

ηU(ϕ≪MP) = −4
M2

P

v 2

⎡⎢⎢⎢⎢⎣
1 −
⎛
⎝
1 + 48ξ̃2

(1 + 4δ4β)
v 2

M2
P

⎞
⎠
ϕ2

v 2

⎤⎥⎥⎥⎥⎦
+O(ϕ4)

● when ξ̃ → 0, we have ∣ηU(0)∣ ∼ 4M2
P

v2
> 1 when v < 2MP ⇐ the line for

ξ̃ = 0 for v = 0.1MP not visible because out of SR
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● small field, δβ = 16, ξ̃ < 0: zoom in ●
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● small field, δβ = 16, ξ̃ < 0: zoom in ●

Figure: ϵU vs. ϕ for β(ϕ) ≠ 0 with ∣ξ̃∣ > ξ̃v (blue) and ∣ξ̃∣ < ξ̃v (red).
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● large field, δβ = 0: zoom in ●
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● large field, δβ = 0: zoom in ●
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● large field, δβ = 16, ξ̃ > 0: zoom in ●

0.94 0.95 0.96 0.97 0.98

10-2

10-1

10-2 100 102 104

10-2

10-1

0.94 0.95 0.96 0.97 0.98

10-2

100

102

104

0.94 0.95 0.96 0.97 0.98
55

56

57

58

59

60

Antonio Racioppi Helsinki, March 13th, 2025 SB inflation in non-minimal MAG 12 / 13



● large field, δβ = 16, ξ̃ > 0: zoom in ●
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● large field, δβ = 0, ξ̃ < 0: zoom in ●
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● large field, δβ = 0, ξ̃ < 0: zoom in ●
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