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1. The Festina Lente Bound (Montero et al. ’20)

Semiclassical decay of large U(1) charged RNdS black holes:

S =

∫
d4x

√
−g

(
1

16πGN
(R − 2Λ)− 1

4g2
FµνF

µν

)

ds2 = −U(r)dt2+U(r)−1dr2+r2dΩ2,

U(r) = 1− 2GM

r
+

Gg2Q2

4πr2
− Λr2

3

Schwinger pair production

Γ ∼ e−πm2

qE
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1. The Festina Lente Bound

Figure: RNdS Phase Space (Montero et al. ’20)

Semiclassical Nariai BHs

qE ≫ Λ = 3H2 > 0

Tb = Tc = 0

Quasistatic decay

m2 ≫ qE

Adiabatic decay

m2 ≪ qE
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1. The Festina Lente Bound

Adiabatic decay: m2 ≪ qE (Montero et al. ’20)

Assuming traceless, perfect fluid Tmatter
µν and R2 × S2 Ansatz

ds2 = e−ϕ(−dτ2 + a2dx2) + e2ϕdΩ2,

with s = r2 ≡ e2ϕ we get equations of motion

s̈ = 3
√
s − 1√

s

(
1 +

ρ0

a4/3

)
,

ä

a
=

1

2s3/2

(
1− ρ0

a4/3
+ 3s

)
→ Crunch of spacetime
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1. The Festina Lente Bound

Figure: Crunch: S2-sphere volume s(τ) and scale factor a(τ) for H = 1,
s0 = 0.2, ρ0 = 0.5 and ṡ0 = −0.5

FL bound on all U(1) charged particles (Montero et al. ’20)

m2 ≥
√
6gqMpH = qE |UC ,Nariai
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2. FL in Gauß-Bonnet Gravity

Consider 5d Gauß-Bonnet-dS model (Cai, Li, Sun ’22)

S =

∫
d5x

√
−g

(
1

16πG

(
R − 2Λ + αLGB

)
− 1

4g2
FµνF

µν

)
,

LGB = RµνρσR
µνρσ − 4RµνR

µν + R2

with analytic U(1) charged black hole solution

ds2 = −W (r)dt2 +W (r)−1dr2 + r2dΩ2
3,

W (r) = 1 +
r2

4α

(
1−

√
1 + 8α

(2M
r4

− Q2

r6
+ H2

))
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2. FL in Gauß-Bonnet Gravity

Figure: RNdS phase space (left) and GB-RNdS phase space (right) for α = 0.01
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2. FL in Gauß-Bonnet Gravity

Adiabatic decay

Assuming traceless, perfect fluid Tmatter
µν and R2 × S3 Ansatz

ds2 = e−2ϕ(−dτ2 + a2dx2) + e2ϕdΩ2
3,

S =

∫
d5x

√
−g

(
1

16πG

(
R − 2Λ + αLGB

)
+ Lm

)
with s = r3 ≡ e3ϕ we get equations of motion

s̈ = f (a, s, ṡ, s̈;α),

ä = g(a, ȧ, s, ṡ, s̈;α)

→ Crunch of spacetime
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2. FL in Gauß-Bonnet Gravity

Figure: Generic crunch: S3 volume s(τ) in blue and scale factor a(τ) in orange
for H = 1, α = 0.01, s0 = 1/

√
15, ρ0 = 0.5 and ṡ0 = −0.5
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2. FL in Gauß-Bonnet Gravity

Figure: No crunch scenario: S3 volume s(τ) and scale factor a(τ) for H = 1,
α = −0.051, s0 = 1/

√
15, ρ0 = 0.5 and ṡ0 = −0.5
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3. Summary and Outlook

Summary

Avoid Nariai crunches by FL bound on all U(1) charged particles:

m2 ≥ cdgq
√
V

FL bound holds for Gauß-Bonnet-RNdS models

Outlook

Test FL bound for general higher derivative theories and string theory
related models
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