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exponential	drop-off	of	the	QG	cut-of



original	naive	cut-of
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Marco	Scalisi	|	MPPScalar	Potentials	and	the	Swampland

Calderòn-Infante,	Uranga,	Valenzuela	2020Decay	rate	of	the	SDC



λ(Δ) = −
d log m

dΔ
= − Ti∂i log m

Marco	Scalisi	|	MPPScalar	Potentials	and	the	Swampland

Calderòn-Infante,	Uranga,	Valenzuela	2020

	=	normalized	tangent	vectorTi

		=	gradient	of	the	tower	mass∂i log m

Decay	rate	of	the	SDC



λ(Δ) = −
d log m

dΔ
= − Ti∂i log m

Marco	Scalisi	|	MPPScalar	Potentials	and	the	Swampland

Calderòn-Infante,	Uranga,	Valenzuela	2020

if	the	gradient	of	the	mass	is	aligned	along	
geodesics	(most	of	string	theory	examples)

	=	normalized	tangent	vectorTi

		=	gradient	of	the	tower	mass∂i log m

λ = − |∂ log m |cos θ = λg cos θ
	=	angle	between	the	trajectory	and	the	geodesicθ

		=	decay	rate	for	geodesics=	highest	value	of	λg λ

Decay	rate	of	the	SDC



λ(Δ) = −
d log m

dΔ
= − Ti∂i log m

Marco	Scalisi	|	MPPScalar	Potentials	and	the	Swampland

Calderòn-Infante,	Uranga,	Valenzuela	2020

if	the	gradient	of	the	mass	is	aligned	along	
geodesics	(most	of	string	theory	examples)

	=	normalized	tangent	vectorTi

		=	gradient	of	the	tower	mass∂i log m

λ = − |∂ log m |cos θ = λg cos θ
it	quantifies	the	non-geodicity	of	the	trajectory	

	=	angle	between	the	trajectory	and	the	geodesicθ

		=	decay	rate	for	geodesics=	highest	value	of	λg λ

Decay	rate	of	the	SDC



λ(Δ) = −
d log m

dΔ
= − Ti∂i log m

Marco	Scalisi	|	MPPScalar	Potentials	and	the	Swampland

if	the	gradient	of	the	mass	is	aligned	along	
geodesics	(most	of	string	theory	examples)

	=	normalized	tangent	vectorTi

		=	gradient	of	the	tower	mass∂i log m

λ = − |∂ log m |cos θ = λg cos θ
it	quantifies	the	non-geodicity	of	the	trajectory	

	=	angle	between	the	trajectory	and	the	geodesicθ

		=	decay	rate	for	geodesics=	highest	value	of	λg λ

λ ≥ λ0 cos θ ≥ −
λ0

|∂ log m |
=

λ0

λg

Andriot,	Cribiori,	Erkinger	2020

Glender,	Valenzuela	2020

Castellano	et	al	2021

Etheredge	et	al	2022 LOWER	BOUND

MAXIMUM	DEVIATION	ANGLE

Decay	rate	of	the	SDC

see	Etheredge's	talk



Marco	Scalisi	|	MPPScalar	Potentials	and	the	Swampland

λ ≥ λ0 cos θ ≥ −
λ0

|∂ log m |
=

λ0

λg
LOWER	BOUND

MAXIMUM	DEVIATION	ANGLE

θ

λ = λg cos θ

∞ ∞ ∞ ∞ ∞∞∞∞∞

γ

Decay	rate	of	the	SDC

Andriot,	Cribiori,	Erkinger	2020

Glender,	Valenzuela	2020

Castellano	et	al	2021

Etheredge	et	al	2022

see	Etheredge's	talk



Marco	Scalisi	|	MPPScalar	Potentials	and	the	Swampland

λ ≥ λ0 cos θ ≥ −
λ0

|∂ log m |
=

λ0

λg
LOWER	BOUND

MAXIMUM	DEVIATION	ANGLE

θ

∞ ∞ ∞ ∞ ∞∞∞∞∞

λ = λg cos θ

γ

Decay	rate	of	the	SDC

Andriot,	Cribiori,	Erkinger	2020

Glender,	Valenzuela	2020

Castellano	et	al	2021

Etheredge	et	al	2022

see	Etheredge's	talk



Decay	rate	of	the	SDC

Marco	Scalisi	|	MPPScalar	Potentials	and	the	Swampland

λ ≥ λ0 cos θ ≥ −
λ0

|∂ log m |
=

λ0

λg
LOWER	BOUND

MAXIMUM	DEVIATION	ANGLE

θ =
π
2

∞ ∞ ∞ ∞ ∞∞∞∞∞

λ = 0

γ

Andriot,	Cribiori,	Erkinger	2020

Glender,	Valenzuela	2020

Castellano	et	al	2021

Etheredge	et	al	2022

see	Etheredge's	talk



Marco	Scalisi	|	MPPScalar	Potentials	and	the	Swampland

λ ≥ λ0 cos θ ≥ −
λ0

|∂ log m |
=

λ0

λg
LOWER	BOUND

MAXIMUM	DEVIATION	ANGLE

θmax

∞ ∞ ∞ ∞ ∞∞∞∞∞

λ0 = λg cos θmax

γ

Decay	rate	of	the	SDC

Andriot,	Cribiori,	Erkinger	2020

Glender,	Valenzuela	2020

Castellano	et	al	2021

Etheredge	et	al	2022

see	Etheredge's	talk



Marco	Scalisi	|	MPP

axionsaxion

Valenzuela	&	MS	2018

Cosmology	and	the	Swampland

Decay	rate	in	the	axion-saxion	model

ℒ =
n2

s2 ( ·s2 + ·ϕ2)
trajectory

(s, ϕ) = (s0 + δs, 1
a δs)



Marco	Scalisi	|	MPP

axionsaxion

Valenzuela	&	MS	2018

Cosmology	and	the	Swampland

Decay	rate	in	the	axion-saxion	model

ℒ =
n2

s2 ( ·s2 + ·ϕ2)
trajectory

(s, ϕ) = (s0 + δs, 1
a δs)

(axion-saxion	backreaction	in	String	Theory)


Blumenhagen,	Font,	Fuchs,	Herschmann,	Plauschinn	2015

Baume,	Palti	2016

Valenzuela	2016


Blumenhagen	2018



Marco	Scalisi	|	MPP

Valenzuela	&	MS	2018

Cosmology	and	the	Swampland

axionsaxion

ℒ =
n2

s2 ( ·s2 + ·ϕ2)
trajectory

(s, ϕ) = (s0 + δs, 1
a δs)

Decay	rate	in	the	axion-saxion	model

(axion-saxion	backreaction	in	String	Theory)


Blumenhagen,	Font,	Fuchs,	Herschmann,	Plauschinn	2015

Baume,	Palti	2016

Valenzuela	2016


Blumenhagen	2018



Marco	Scalisi	|	MPP

Valenzuela	&	MS	2018

Cosmology	and	the	Swampland

axionsaxion

ℒ =
n2

s2 ( ·s2 + ·ϕ2)
trajectory

(s, ϕ) = (s0 + δs, 1
a δs)

Decay	rate	in	the	axion-saxion	model

(axion-saxion	backreaction	in	String	Theory)


Blumenhagen,	Font,	Fuchs,	Herschmann,	Plauschinn	2015

Baume,	Palti	2016

Valenzuela	2016


Blumenhagen	2018



Marco	Scalisi	|	MPP

Valenzuela	&	MS	2018

Cosmology	and	the	Swampland

λ → λeff = λ
a

1 + a2

axionsaxion

ℒ =
n2

s2 ( ·s2 + ·ϕ2)
trajectory

(s, ϕ) = (s0 + δs, 1
a δs)

Decay	rate	in	the	axion-saxion	model



trajectory	mainly	saxionic trajectory	mainly	axionic

Marco	Scalisi	|	MPP

Valenzuela	&	MS	2018

Cosmology	and	the	Swampland

λ → λeff = λ
a

1 + a2

a → ∞ a → 0
λeff ∼ λ λeff ≪ λ

axionsaxion
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Deviation	from	geodesics Scalar	potential
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Trajectories	in	moduli	space	and	scalar	potentials

ℒ =
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jk
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+
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−

∂gjk

∂φl )Lagrangian	of	n	free	homogeneous	scalar	fields

EoM

=


geodesic	equation

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

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	potential

EoM

=


geodesic	equation

scalar	fields	will	move	along	geodesics

scalar	fields	will	move	under	an	external

conservative	force	along	non-geodesics
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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 acceleration	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	potential		V(s, ϕ)
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𝒩 = 1

K = − α ln (Φ + Φ)
Hyperbolic	Kähler	geometry
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Scalar	potential	(in	terms	of	superpotential	 )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	potential	(in	terms	of	superpotential	 )W

Gradient	of	the	potential 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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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

compatible	with	SDC	

and	deviation	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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sin θ

n
=

λ2
g − λ2

nλg
≤

λ2
g − λ2

0

nλg
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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	
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𝒩 = 1


