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exponen0al	drop-off	of	the	QG	cut-off

	
original	naive	cut-off

Λ0 ≤ MPΛQG = Λ0e−γΔ
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a δs)
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λ → λeff = λ
a

1 + a2

a → ∞ a → 0
λeff ∼ λ λeff ≪ λ

axionsaxion

ℒ =
n2

s2 ( ·s2 + ·ϕ2)
trajectory

(s, ϕ) = (s0 + δs, 1
a δs)
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Devia0on	from	geodesics Scalar	poten0al
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Trajectories	in	moduli	space	and	scalar	poten0als

ℒ =
1
2

gij(φ) ·φi ·φ j ··φi + Γi
jk

·φ j ·φk = 0

Γi
jk =

1
2

gil (
∂gjl

∂φk
+

∂gkl

∂φ j
−

∂gjk

∂φl )Lagrangian	of	n	free	homogeneous	scalar	fields

EoM	
=	

geodesic	equa0on

scalar	fields	will	move	along	geodesics
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Trajectories	in	moduli	space	and	scalar	poten0als

ℒ =
1
2

gij(φ) ·φi ·φ j

ℒ =
1
2

gij(φ) ·φi ·φ j−V(φ)

··φi + Γi
jk

·φ j ·φk = 0

Γi
jk =

1
2

gil (
∂gjl

∂φk
+

∂gkl

∂φ j
−

∂gjk

∂φl )

··φi + Γi
jk

·φ j ·φk = −gil ∂V
∂φl

Lagrangian	of	n	free	homogeneous	scalar	fields

Lagrangian	of	n	scalar	fields	with	a	poten0al

EoM	
=	

geodesic	equa0on

scalar	fields	will	move	along	geodesics

scalar	fields	will	move	under	an	external	
conservaXve	force	along	non-geodesics
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Hyperbolic	space	-	setup

dΔ2 =
n2

s2 (ds2 + dϕ2) metric

hyperbolic	upper	half	plane
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Hyperbolic	space	-	setup

dΔ2 =
n2

s2 (ds2 + dϕ2) metric

hyperbolic	upper	half	plane

T = ·s ̂es + ·ϕ ̂eϕ

tan θ =
·ϕ
·s

δ →
π
2

we	demonstrate	that	at	infinity		

tangent	vector

Tj ∇jT accelera0on	vector	
(parallel	transport	of	 	along	itself)T

s

ϕ

TTj ∇jT δ

θ

γ
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Hyperbolic	space	-	bound	on	∇V

dΔ2 =
n2

s2 (ds2 + dϕ2) metric

hyperbolic	upper	half	plane

s

ϕ

TTj ∇jT δ

θ

γ
|∇V | =

sin θ
n

=
λ2

g − λ2

nλg
≤

λ2
g − λ2

0

nλg

Tj ∇jT = − ∇V EoM	(vector	form)

+		scalar	poten0al		V(s, ϕ)
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SDC-constraint	on		 	supergravity	𝒩 = 1

K = − α ln (Φ + Φ)
Hyperbolic	Kähler	geometry
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SDC-constraint	on		 	supergravity	𝒩 = 1

K = − α ln (Φ + Φ)
Hyperbolic	Kähler	geometry

V =
1

(Φ + Φ)α

(Φ + Φ)2

α (∂W −
αW

Φ + Φ ) (∂W −
αW

Φ + Φ ) − 3 |W |2

Scalar	poten0al	(in	terms	of	superpoten3al	 )W
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SDC-constraint	on		 	supergravity	𝒩 = 1

K = − α ln (Φ + Φ)
Hyperbolic	Kähler	geometry

V =
1

(Φ + Φ)α

(Φ + Φ)2

α (∂W −
αW

Φ + Φ ) (∂W −
αW

Φ + Φ ) − 3 |W |2

|∇V | =
2
α (Φ + Φ)1−α |W |2 |A |

Scalar	poten0al	(in	terms	of	superpoten3al	 )W

Gradient	of	the	poten0al A ≡ A1(Φ + Φ̄)2 + A2(Φ + Φ̄) + A3 + A4(Φ + Φ̄)−1

A1 =
1
α

∂W
W

∂2W
W

A3 = 2(α − 2)
∂W
W

+ (α − 1)
∂W
W

A2 = 2 ( 1
α

− 1) ∂W
W

2

−
∂2W
W

A4 = α(3 − α)
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SDC-constraint	on		 	supergravity	𝒩 = 1
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SDC-constraint	on		 	supergravity	𝒩 = 1

W = W0

|∇V | → 0
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SDC-constraint	on		 	supergravity	𝒩 = 1

W = W0

b = b1 + ib2

W(Φ) = a ebΦ

b1 − b2 tan θ < 0

|∇V | → 0

b1 − b2 tan θ > 0 |∇V | → ∞

|∇V | → 0
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SDC-constraint	on		 	supergravity	𝒩 = 1

W = W0

b = b1 + ib2

W(Φ) = a ebΦ

b1 − b2 tan θ < 0

|∇V | → 0

b1 − b2 tan θ > 0 |∇V | → ∞

|∇V | → 0

W(Φ) = c ln(Φ)

|∇V | → 0
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SDC-constraint	on		 	supergravity	𝒩 = 1

W = W0

b = b1 + ib2

W(Φ) = a ebΦ

b1 − b2 tan θ < 0

|∇V | → 0

b1 − b2 tan θ > 0 |∇V | → ∞

|∇V | → 0

W(Φ) = c ln(Φ)

|∇V | → 0

W(Φ) = lΦm

|∇V | =
2
α

| l |2 (2 cos θ)−2m(2s0ekt)2m−α | Ã |

2m − α < 0 |∇V | → 0

2m − α > 0

2m − α = 0

|∇V | → ∞

|∇V | → const

compa0ble	with	SDC		
and	devia0on	from	geodesic
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SDC-constraint	on		 	supergravity	𝒩 = 1

∂sV < 0

∂sV =
| l |2

2αs0ekt
(cos θ)4−αtan2 θ (1 − (α − 3)tan2 θ) < 0

s

ϕ

T
Tj ∇jT δ

θ

γ
∇V = − Tj ∇jT

α > 3 K = − α ln (Φ + Φ) bound	on	Kähler	curvature
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Conclusions

We	have	shown	that	

the	decay	rate	 	of	the	SDC	

depends	on	the	trajectory	

in	moduli	space

λ(Δ)

λ = − |∂ log m |cos θ = λg cos θ
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|∇V | =
sin θ

n
=

λ2
g − λ2

nλg
≤

λ2
g − λ2

0

nλg
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λ → λeff = λ
a

1 + a2

effec0ve	reduc0on	of	λ
W = Φm (asympto3c	form	)

α > 3 (Kähler	curvature)

thanks!

λ = − |∂ log m |cos θ = λg cos θ

In	 	SUGRA	(hyperbolic	geometry)	

we	have	shown	that	the	only	setups	consistent	

with	the	SDC	and	devia0on	from	geodesics	are

𝒩 = 1


