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Introduction
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Ef = E0 − γ (1)

γ = N

∫
DφeiS(φ)/~, ~→ 0

(2)

γ = Ae−B (3)
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A =

∫
Dδφe−S

(2)(δφ)|φ=φb∫
Dδφe−S

(2)(δφ)|φ=φf
(4)

B = SE(φ)− SE(φf ). SE =
∫
d4x

[
1
2∂µφ∂

µφ+ V (φ)

]
is

Euclidean Action SE(φf ) is Euclidean action calculated at
false vacuum and S(2) is quadratic action[1], [2],[3].

S
(2)
E = π2

∫
dηδφ

(
− d

dη
η3

d

dη
+ η3V ′′(φ)

)
δφ (5)



S
(2)
E = π2

∫
dηΦ

(
− d

dη

(
ρ3(η)

Q(η)

d

dη

)
+ρ3(η)V [φ(η), ρ(η)]

)
Φ (6)

where Φ is small perturbation V [φ(η), ρ(η)] is potential, expressed
in terms of field equation solutions. For Q coefficient we have: [4]

[5], [6],[7], [8].

QKLT ≡ Q = 1− κρ2φ′2

6
(7)
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Is the negative mode problem related to physics at Planck
scale?

SE =

∫
d4x
√
g

(
− 1

2κ
R+

1

2
∇µφ∇µφ+ V (φ)

)
(8)

ds2 = N2(η)dη2 + ρ2(η)dΩ2
3 (9)

where ρ(η) is scale factor. N(η) is Lapse function and dΩ2
3 is

metric of the unit three-sphere

dΩ2
3 = dχ2 + sin2χ(dθ2 + sin2(θ)dφ2) (10)
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φ′′ +
3ρ′

ρ
φ′ =

∂V (φ)

∂φ
(11)

ρ′′ = −κρ
3

(φ′2 + V ) (12)

φ(0) = φ0, φ′(0) = 0, ρ(0) = 0, ρ′(0) = 1 [9]
(13)
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V = V0+
ε

2µ
(φ+µ)+Vt (14)

where V0 = λ
8 (φ2 − µ2

λ )2



parameters: λ, µ, Vt, ε. Vtop << m4
p
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Figure: Vt = 10−9, µ = 0.4, λ = 0.000001,ε = 10−10.
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Figure: Bounce profile Vt = 10−9, µ = 0.4, λ = 0.000001
ε = 10−10 ρ(η)× 10−5 φ(η)
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Figure: Vt = 10−9, µ = 0.4, λ = 0.000001 ε = 10−10.
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Figure: Vt = 10−8, µ = 0.32, λ = 0.00001,ε = 10−10.
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Figure: Vt = 10−8, µ = 0.32, λ = 0.00001 ε = 10−10 ρ(η)× 10−4

φ(η).
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Figure: Vt = 10−8, µ = 0.32, λ = 0.00001, ε = 10−10.



Conclusion and future plans

I Study of pre-exponential factor A shows that in quadratic
action before the kinetic term appears factor Q, which
becomes negative along some instantons.

I It is shown that for some parameter combinations Q becomes
negative far from Planck’s scale.
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Thank you for your attention!



φ(η) = φ0 +
V ′(φ0)

8
η2 +

V ′(φ0)

192

[
V ′′(φ0) +

2κV (φ0)

3

]
η4

+
V ′(φ0)

829440

[
135V ′(φ0)V

′′′(φ0) + 90V ′′(φ0)
2 + 162κV ′(φ0)

2

+ 180κV (φ0)V
′′(φ0) + 112κ2V (φ0)

2

]
η6 +O(η8) (15)

ρ(η) = η − κ

18
V (φ0)η

3 − κ

120

[
3

8
V ′(φ0)

2 − κ

9
V (φ0)

2

]
η5

− κ

2177280
[405V ′(φ0)

2V ′′(φ0)− 54κV (φ0)V
′(φ0)

2

+ 16κ2V (φ0)
3]η7 +O(η9) (16)
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