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Distance Conjecture and Scalar Weak Gravity Conjecture History and Background

Ooguri and Vafa released their seminal paper,’

On the Geometry of the String Landscape and the Swampland

This paper contains conjectures about the moduli spaces that
parametrize the string landscape.

Today, | will focus on their “Conjecture Number 2".

“The Distance Conjecture”

'[Ooguri and Vafa, 2007]
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Distance Conjecture and Scalar Weak Gravity Conjecture History and Background

Prerequisites

Conjectures 0 and 1 pertain to

e Moduli space
e Metric on moduli space
e Infinite distances
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Conjecture 0

Let M denote the moduli space of a consistent quantum gravity.
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Let M denote the moduli space of a consistent quantum gravity.
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Points on M are given by the expectation values of scalar fields, gb".}
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Distance Conjecture and Scalar Weak Gravity Conjecture History and Background

Conjecture 0

Let M denote the moduli space of a consistent quantum gravity.

Conjecture 0
Points on M are given by the expectation values of scalar fields, gb".}

I'll refer to these scalar fields ¢? as the moduli.
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Metric on moduli space
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Metric on moduli space

Definition

The metric on moduli space is given by gu,(¢), where g,,(¢) is the
kinetic term of the scalar fields,

1
igab(ﬁb)aufbaa“d’b'
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Distance Conjecture and Scalar Weak Gravity Conjecture History and Background

Metric on moduli space

Definition
The metric on moduli space is given by gu,(¢), where g,,(¢) is the
kinetic term of the scalar fields,

1
igab(ﬁb)aufbaa“d’b'

Definition
We can use the metric to define a distance function d,

dZMXMHRzo

_ length of shortest path
d:(p1,p2) = connecting p; and p-
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Conjecture 1
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Conjecture 1

Conjecture 1

For any point pp € M and any T € R, there is another point
p € M such that

d(p,po) > T.
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Conjecture 2
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Distance Conjecture and Scalar Weak Gravity Conjecture History and Background

Conjecture 2

Conjecture 2

Compared to the theory at point py € M, the theory at a point p,
with d(p, po) sufficiently large, has a tower of exponentially light
particles with

m ~ exp (—rgAd(p,po)) ,
for some A > 0. This is the Distance Conjecture.
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Distance Conjecture and Scalar Weak Gravity Conjecture History and Background

Conjecture 2

Conjecture 2

Compared to the theory at point py € M, the theory at a point p,
with d(p, po) sufficiently large, has a tower of exponentially light
particles with

m ~ exp (—rgAd(p, po)) ,
for some A > 0. This is the Distance Conjecture.

Many papers? have been written about ), yet there has heretofore
not been a consensus on which values of X are allowed.

2For example, see [Blumenhagen et al., 2018, Grimm et al., 2018,
Andriot et al., 2020, Gendler and Valenzuela, 2021, Lanza et al., 2021a,
Bedroya, 2020, Lanza et al., 2021b]
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Distance Conjecture and Scalar Weak Gravity Conjecture Sharpened Distance Conjecture

The Sharpened Distance Conjecture

The Sharpened Distance Conjecture

We propose that, for a theory with d spacetime dimensions, the
lightest tower in any infinite-distance limit has

)‘Iightest 2 1/\/ d-2.
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Why we propose Ajightest > 1/vd — 2

Muldrow Etheredge (UMass Amherst) Sharpening DC and SWGC July 5,2022 10/33
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Why we propose Ajightest > 1/vd — 2

e This bound behaves nicely under dimensional reduction.

e In all of the examples we have checked, this bound has always
been true.

¢ In naive counterexamples, heavier towers with A < 1/vd — 2
are always accompanied by lighter towers satisfying our
bound.
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Why we propose Ajightest > 1/vd — 2

This bound behaves nicely under dimensional reduction.

In all of the examples we have checked, this bound has always
been true.

In naive counterexamples, heavier towers with A < 1/vd — 2
are always accompanied by lighter towers satisfying our
bound.

This bound is saturated in many examples.
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The Scalar Weak Gravity Conjecture
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Distance Conjecture and Scalar Weak Gravity Conjecture Sharpened Scalar Weak Gravity Conjecture

The Scalar Weak Gravity Conjecture

The Distance Conjecture has a close relative, the Scalar Weak
Gravity Conjecture (SWGC).
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The Scalar Weak Gravity Conjecture

The Distance Conjecture has a close relative, the Scalar Weak
Gravity Conjecture (SWGCQC).

[t comes in two manifestations.
e Inequality SWGC3

3[Palti, 2017, Lee et al., 2019, Andriot et al., 2020]
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Sharpened Scalar Weak Gravity Conjecture
The Scalar Weak Gravity Conjecture

The Distance Conjecture has a close relative, the Scalar Weak
Gravity Conjecture (SWGC).

[t comes in two manifestations.
e Inequality SWGC3
e Convex Hull SWGC#

I'll first introduce the notion of scalar charge to mass ratio vectors.

3[Palti, 2017, Lee et al., 2019, Andriot et al., 2020]
4[Calderén-Infante et al., 2021]
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Distance Conjecture and Scalar Weak Gravity Conjecture Sharpened Scalar Weak Gravity Conjecture

Scalar charge to mass ratio vectors, “(-vectors”
Definition
The scalar charge g of a particle with mass m(¢) is

1 0
Ha = @%mm)
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Distance Conjecture and Scalar Weak Gravity Conjecture Sharpened Scalar Weak Gravity Conjecture

Scalar charge to mass ratio vectors, “(-vectors”

Definition
The scalar charge g of a particle with mass m(¢) is

1 0
Ha = @%mm)

Definition
For a particle with mass m(¢), the scalar charge to mass ratio
vector at a point in the moduli space is

o Ha L 9
(o= 10 = = 2 Togm(o).

where we have canonically normalized the moduli ¢¢ so that
gab(¢) = dgp- )
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Distance Conjecture and Scalar Weak Gravity Conjecture Sharpened Scalar Weak Gravity Conjecture

Scalar charge to mass ratio vectors, “¢-vectors”

Example
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Distance Conjecture and Scalar Weak Gravity Conjecture Sharpened Scalar Weak Gravity Conjecture

Scalar charge to mass ratio vectors, “(-vectors”

Example
Given a single canonically-normalized modulus ¢ and a particle
with mass scaling like

m(¢) ~ exp(rgA¢),

then the (-vector is
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Scalar Weak Gravity Conjecture (SWGC)

Inequality SWGC

Muldrow Etheredge (UMass Amherst) Sharpening DC and SWGC July 5,2022 14/33



Sharpened Scalar Weak Gravity Conjecture
Scalar Weak Gravity Conjecture (SWGC)

Inequality SWGC

Definition
The Inequality SWGCY states that there exists a particle with a
¢-vector satisfying

-

‘ ‘ > )\mim

where |] is the length of C.

9[Palti, 2017, Lee et al., 2019, Andriot et al., 2020]
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Sharpened Scalar Weak Gravity Conjecture
Scalar Weak Gravity Conjecture (SWGC)

Convex Hull SWGC
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Distance Conjecture and Scalar Weak Gravity Conjecture Sharpened Scalar Weak Gravity Conjecture

Scalar Weak Gravity Conjecture (SWGCQ)

Convex Hull SWGC

Definition
The Convex Hull SWGCY states the convex hull generated by the set
of ¢-vectors contains a ball of radius A\, centered at the origin.

9[Calderon-Infante et al., 2021]

v
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Sharpened Scalar Weak Gravity Conjecture (SWGC)
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Sharpened Scalar Weak Gravity Conjecture
Sharpened Scalar Weak Gravity Conjecture (SWGC)

The Sharpened SWGC

We propose that, in a theory with d-spacetime dimensions, the A\in
appearing in the Inequality SWGC and Convex Hull SWGC satisfies

Amin > 1/V/d — 2.
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Sharpened Scalar Weak Gravity Conjecture
Sharpened Scalar Weak Gravity Conjecture (SWGC)

The Sharpened SWGC

We propose that, in a theory with d-spacetime dimensions, the A\in
appearing in the Inequality SWGC and Convex Hull SWGC satisfies

Amin > 1/V/d — 2.

Why 1/vd — 2?
e This bound behaves nicely under dimensional reduction.

e This bound is satisfied in all of the examples we have checked.
e This bound is saturated in examples.
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Dimensional Reduction

e Dimensional reduction is a good way to sharpen Swampland
conjectures.
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Dimensional Reduction

e Dimensional reduction is a good way to sharpen Swampland
conjectures.
e Other rigorously tested Swampland conjectures, such as the

e Absence of global symmetries
e Weak Gravity Conjecture (WGC)
e Repulsive Force Conjecture (RFC)

are exactly preserved under dimensional reduction.”

>[Hawking, 1975, Banks and Seiberg, 2011, Arkani-Hamed et al., 2007,
Heidenreich et al., 2016, Palti, 2017, Heidenreich et al., 2019]
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e Dimensional reduction is a good way to sharpen Swampland
conjectures.
e Other rigorously tested Swampland conjectures, such as the

e Absence of global symmetries
e Weak Gravity Conjecture (WGC)
e Repulsive Force Conjecture (RFC)

are exactly preserved under dimensional reduction.”

e The Inequality SWGC is exactly preserved under dimensional
reduction when A\nin = 1/vVd — 2.

>[Hawking, 1975, Banks and Seiberg, 2011, Arkani-Hamed et al., 2007,
Heidenreich et al., 2016, Palti, 2017, Heidenreich et al., 2019]
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Dimensional Reduction

e Dimensional reduction is a good way to sharpen Swampland
conjectures.
e Other rigorously tested Swampland conjectures, such as the

e Absence of global symmetries
e Weak Gravity Conjecture (WGC)
e Repulsive Force Conjecture (RFC)

are exactly preserved under dimensional reduction.”
e The Inequality SWGC is exactly preserved under dimensional
reduction when A\nin = 1/vVd — 2.

e Many examples of the Distance Conjecture and Convex Hull
SWGC are exactly preserved under dimensional reduction
when >\Iightest = Amin = 1/\/ d—2.

[Hawking, 1975, Banks and Seiberg, 2011, Arkani-Hamed et al., 2007,
Heidenreich et al., 2016, Palti, 2017, Heidenreich et al., 2019]
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Dimensional Reduction
Inequality SWGC preservation
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Dimensional Reduction
Inequality SWGC preservation

Start with a tower in D-dimensions with masses

m(¢) ~ exp(rpApd).
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Dimensional Reduction
Inequality SWGC preservation

Start with a tower in D-dimensions with masses

m(¢) ~ exp(rpApd).

The (-vectors associated with this tower are

1 0
P = 5 108M(9) = do.
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Dimensional Reduction
Inequality SWGC preservation

Start with a tower in D-dimensions with masses

m(¢) ~ exp(rpApd).

The (-vectors associated with this tower are

Let's reduce this on a circle to a (d = D — 1)-dimensional theory

using A\p = 1/vD — 2.
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Dimensional Reduction
Inequality SWGC preservation
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Dimensional Reduction
Inequality SWGC preservation

Ap=1/VD=2=Ag=1//d -2
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Dimensional Reduction
Inequality SWGC preservation

A =1/VD=2= ) =1/Vd - 2!

Ckk

%

%

0 _1
d Vd—
5( ) = ( d—1> ) Cpart < 1 1 ) .
\V a2 d—1)(d—2)
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Dimensional Reduction
CH SWGC and DC preservation example
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Dimensional Reduction
CH SWGC and DC preservation example

Start in D-dimensions with two strings with tensions

Ty ~ exp(£2kpApo)
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Dimensional Reduction
CH SWGC and DC preservation example

Start in D-dimensions with two strings with tensions
T+ ~ exp (£2kpApd)

There are towers of particles from string oscillations,

My ~\/T1 ~ exp (£rpAp¢),
P =+ 0.
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Dimensional Reduction
CH SWGC and DC preservation example

Start in D-dimensions with two strings with tensions
T+ ~ exp (£2kpApd)

There are towers of particles from string oscillations,

My ~\/T1 ~ exp (£rpAp¢),
P =+ 0.

Let's reduce this on a circle to a (d = D — 1)-dimensional theory

using \p = 1/vD — 2.
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Dimensional Reduction
CH SWGC and DC preservation example
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Dimensional Reduction
CH SWGC and DC preservation example

2
) _ 0 B + 7
CKK d—1 Cwmd_ . _d-3
d—2 NCENCE))
0
Cmon str. — | __2
V4x3

%
d>>5 d=>5
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M-theory toroidal compactification
T
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M-theory toroidal compactification
T

Consider M-theory on T': Type IIA supergravity.

Muldrow Etheredge (UMass Amherst) Sharpening DC and SWGC July 5,2022 22/33



M-theory toroidal compactification
T

Consider M-theory on T': Type IIA supergravity. For the radion

(dilaton) ¢, we have

9 1
CKK = \/; Cstr = —ﬁ
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M-theory toroidal compactification
T

Consider M-theory on T': Type IIA supergravity. For the radion

(dilaton) ¢, we have

9 1
CKK = \/; Cstr = —ﬁ

The Distance Conjecture and Convex Hull SWGC are satisfied with

Amin = 1/Vd — 2.
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M-theory toroidal compactification
T

Consider M-theory on T': Type IIA supergravity. For the radion

(dilaton) ¢, we have

9 1
CKK = \/; Cstr = _ﬁ

The Distance Conjecture and Convex Hull SWGC are satisfied with
Amin = 1/V/d — 2. The Distance Conjecture and Convex Hull SWGC
also for type | and IIB string theory.
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M-theory toroidal compactification
T2
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Evidence Top-Down Evidence

M-theory toroidal compactification
T2

1
dS% = Hg”fd%zglwdxﬂdxl/ —l—gmndymdy" Emn = eV — <1 T )
yazrs < P o hu et N 1y
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M-theory toroidal compactification

Tke{3,4,5,6,7}
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M-theory toroidal compactification

TkE{34,5,6,7}

For M-theory on Tk€{3:45.6.7} the Convex Hull SWGC and Distance
Conjecture continue to hold with Amin = 1/Vd — 2.
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This is nontrivial!
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M-theory toroidal compactification

Tke{3,4,5,6,7}

For M-theory on Tk€{3:45.6.7} the Convex Hull SWGC and Distance
Conjecture continue to hold with Amin = 1/Vd — 2.

This is nontrivial! For T3, T4, T°, T®, T, there are respectively 7, 14,
25, 42, and 70 moduli, and many sources of particles. See our 22
page appendix for details.
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Other Evidence

We have found evidence in minimal supergravity in
d e {5,6,7,8,9} dimensions.
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Future work and sharpening

We would like to to further sharpen the Distance Conjecture and
Convex Hull SWGC using dimensional reduction.
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Future work and sharpening

We would like to to further sharpen the Distance Conjecture and
Convex Hull SWGC using dimensional reduction. When gauge fields
and axions are involved, this will likely involve the Weak Gravity
Conjecture.
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Future work and sharpening

We would like to to further sharpen the Distance Conjecture and
Convex Hull SWGC using dimensional reduction. When gauge fields

and axions are involved, this will likely involve the Weak Gravity
Conjecture.

We would like to extend our results to scalar fields with potentials.
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summary

Summary

e We propose that, in any infinite distance limit, the lightest
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e We propose that, in any infinite distance limit, the lightest
tower implied by the Distance Conjecture has

)\Iightest > 1/\/ d-2

o We also propose that the A\, in the Inequality SWGC and
Convex Hull SWGC satisfies

>\min21/vd_2

e These bounds behave nicely under dimensional reduction.

e There are many examples where these bounds are satisfied
and saturated.

e We know of no examples where our proposal is violated.
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