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Review: Some Swampland 
Conjectures




The Distance Conjecture

Ooguri, Vafa ‘06

Massless scalar fields parametrize a “moduli space” of 
vacua.

At large distances in moduli space, a tower of particles 
becomes light exponentially quickly with increasing 
distance:

m(�) ⇠ e�↵�
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The Sharpened Distance Conjecture

In a given infinite-distance limit, at least one tower 
satisfies the Distance Conjecture with a coefficient  that 
satisfies

α

↵ � 1/
p
d� 2
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Etheredge, Heidenreich, Kaya, Qiu, TR ’22



The Emergent String Conjecture

Lee, Lerche, Weigand ‘19

Any infinite-distance limit in moduli space is either a 
decompactification limit (accompanied by a tower of 
Kaluza-Klein modes) or an emergent string limit 
(accompanied by a tower of string oscillator modes)


In known examples, decompactification limits strictly satisfy the 
Sharpened Distance Conjecture ( ), emergent string 
limits saturate it ( )

α > 1/ d − 2
α = 1/ d − 2



Scalar Weak Gravity Conjecture 
(SWGC)

Etheredge, Heidenreich, Kaya, Qiu, TR ’22

building on Palti ’17, Calderon-Infante, Uranga, Valenzuela ‘20

Given a (canonically normalized) massless scalar field, 
there exists a particle of mass m that satisfies

�@� logm � 1/
p
d� 2
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SWGC: A Reformulation

Given a collection of canonically normalized scalar fields 
 and a particle of mass m, define the scalar charge-to-

mass vector
ϕi

SWGC  
Convex hull 

condition

⇔

⇣i = �@�i logm
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Example: IIB in 9d



Example: IIB in 9d



Example: IIB in 9d

Convex hull determines                  !↵max(✓)
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CHC  Sharpened DC (typically)⇒
Etheredge ‘23



Example: IIB in 9d

Related to 
dualities: 

each facet* 
represents a 
different phase



Classification of Infinite-Distance 
Polytopes




Assumptions

• The main ingredient that goes into this taxonomy is the 
Emergent String Conjecture.


• The taxonomy applies only in “generic” asymptotic 
limits of moduli space, which means that there are not 
multiple towers becoming light at the same exponential 
rate.


• Soon, I will show you an example where this 
classification does not apply in certain limits or in the 
interior of moduli space.



Classification of Vertices

• Fundamental string oscillation modes:


• KK modes for n-dimensional decompactification:

mstring ⇠ exp(��/
p
d� 2)
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mKK ⇠ exp(�

s
n+ d� 2

n(d� 2)
⇢)

<latexit sha1_base64="pQ2WxeXQPgUElU5+F7MC8EnsHfo="></latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

||~⇣|| = 1p
d� 2

<latexit sha1_base64="XLqGxVVu2jY1o3mYIksaTAllnnU=">AAACD3icbVA9SwNBEN2LXzF+nVraLAbFxnAXItoIoo1lBKOBXAh7mzldsvfh7pwQL/cPbPwrNhaK2Nra+W/cxBQafTDweG+GmXl+IoVGx/m0ClPTM7NzxfnSwuLS8oq9unah41RxaPBYxqrpMw1SRNBAgRKaiQIW+hIu/d7J0L+8BaVFHJ1jP4F2yK4iEQjO0Egde3sw8G6BZ94dIMsHA3pIvUAxnrl55ukbhVl3t5rnHbvsVJwR6F/ijkmZjFHv2B9eN+ZpCBFyybRuuU6C7YwpFFxCXvJSDQnjPXYFLUMjFoJuZ6N/crpllC4NYmUqQjpSf05kLNS6H/qmM2R4rSe9ofif10oxOGhnIkpShIh/LwpSSTGmw3BoVyjgKPuGMK6EuZXya2biQBNhyYTgTr78l1xUK26tsndWKx8dj+Mokg2ySXaIS/bJETklddIgnNyTR/JMXqwH68l6td6+WwvWeGad/IL1/gXt9Z04</latexit>

||~⇣|| =

s
n+ d� 2

n(d� 2)

<latexit sha1_base64="DUxRkbD5ZYl14WuhVIQHtKdCATM=">AAACFnicbVBNSwMxEM36bf2qevQSLIIilt1S0YsgevGoYGuhW0o2ndVgNrsms4W63V/hxb/ixYMiXsWb/8a09uDXg2Ee782QzAsSKQy67oczNj4xOTU9M1uYm19YXCour9RNnGoONR7LWDcCZkAKBTUUKKGRaGBRIOEiuD4e+Bdd0EbE6hx7CbQidqlEKDhDK7WLO/2+3wWe+beALO/36QH1zY3GzA8145na7uxU8kxt2raV5+1iyS27Q9C/xBuREhnhtF189zsxTyNQyCUzpum5CbYyplFwCXnBTw0kjF+zS2haqlgEppUNz8rphlU6NIy1LYV0qH7fyFhkTC8K7GTE8Mr89gbif14zxXC/lQmVpAiKfz0UppJiTAcZ0Y7QwFH2LGFcC/tXyq+YzQNtkgUbgvf75L+kXil71fLuWbV0eDSKY4askXWySTyyRw7JCTklNcLJHXkgT+TZuXcenRfn9Wt0zBntrJIfcN4+AUiBn2g=</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

That’s it!
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Classification of Edges

Etheredge, Heidenreich, TR, Ruiz, 
Valenzuela, to appear


• Two possibilities: (a) KK modes and KK modes, (b) 
KK modes and string oscillation modes


(a)



Classification of Edges

• Two possibilities: (a) KK modes and KK modes, (b) 
KK modes and string oscillation modes


(b)

Etheredge, Heidenreich, TR, Ruiz, 
Valenzuela, to appear




Classification of Edges

• Example: IIB in 9d

Etheredge, Heidenreich, TR, Ruiz, 
Valenzuela, to appear
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Classification of Facets

• Facets of the polytope represent weakly-coupled 
phases of the theory


• They fall into two categories:

• String theory phases (one stringy vertex, rest KK 

vertices)

• Geometric phases (no stringy vertices, all KK 

vertices)

• These two types of phases are distinguished by the 

nature of the species scale (string scale vs. higher-
dimensional Planck scale, respectively)


• Similar quantization conditions apply to such facets



Sliding

A non-example: sliding in SO(32) heterotic string theory on a circle:

Polytope rules 
violated at generic 
point in Type I’ 
phases (green)

But—in generic 
asymptotic 
regions of moduli 
space, rules are 
satisfied (yellow, 
blue)!

Etheredge, Heidenreich, McNamara, TR, Ruiz, Valenzuela ’23




Evidence from Supergravity




Aside: Strong Forms of the Weak 
Gravity Conjecture

Arkani-Hamed, Motl, Nicolis, Vafa ’06

Heidenreich, Reece, TR ’15, ’16,


Andriolo, Junghans, Noumi, Shiu ’18

The Tower WGC implies that any time a gauge 
coupling  vanishes in some infinite-distance limit, there 
is a tower of particles beginning at the mass scale


The WGC for strings implies that any time a 2-form 
gauge coupling  vanishes in some infinite-distance 
limit, there is a tower of string oscillator modes 
beginning at the mass scale

g

g

m ⇠ p
gM (d�2)/4

Pl;d
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Bottom-Up Evidence:

Minimal Supergravity in d = 5

• Supergravity in 5d controlled largely by cubic 
prepotential:


• Here,  are homogenous coordinates on vector 
multiplet moduli space, identified under simultaneous 
rescaling 


• Consider “straight-line” path in the space of these 
homogenous coordinates:

YI

YI ∼ λYI

F =
1

6
CIJKY IY JY K
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Y I = Y I
0 + sY I

1 , s 2 [0, 1]
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Bottom-Up Evidence:

Minimal Supergravity in d = 5

• Assume  is at infinite distance  two cases to consider:s = 0 ⇒

 gauge couplings scale as




Tower WGC 




WGC for strings 




Expected scaling for decompactification limit!

⇒
gmin ∼ exp(−

2

3
ρ), 1/gmax ∼ exp(−

1

3
ρ)

⇒
mKK ≲ gmin ∼ exp(−

2

3
ρ) ∼ exp(−

d − 1
d − 2

ρ)

⇒
mstring ∼ Tstring ≲ 1/ gmax ∼ exp(−

1

2 3
ρ) ∼ exp(−

1
(d − 1)(d − 2)

ρ)

Case 1: ℱ ∼ s

Etheredge, Heidenreich, 
Kaya, Qiu, TR ’22

||~⇣KK|| =
r

d� 1

d� 2
, ~⇣KK · ~⇣string =

1

d� 2
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Bottom-Up Evidence:

Minimal Supergravity in d = 5

• Assume  is at infinite distance  two cases to consider:s = 0 ⇒

 gauge couplings scale as




Tower WGC 




WGC for strings 




Expected scaling for emergent string limit!

⇒
gmin ∼ exp(−

1

3
ϕ), 1/gmax ∼ exp(−

2

3
ϕ)

⇒
m ≲ gmin ∼ exp(−

1

3
ϕ) ∼ exp(−

1

d − 2
ϕ)

⇒
Mstring ∼ Tstring ≲ 1/ gmax ∼ exp(−

1

3
ϕ) ∼ exp(−

1

d − 2
ϕ)

Case 2: ℱ ∼ s2

Etheredge, Heidenreich, 
Kaya, Qiu, TR ’22

||~⇣string|| =
1p
d� 2

, ~⇣string · ~⇣KK =
1

d� 2
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Bottom-Up Evidence:

Minimal Supergravity in d > 5

• Similar results apply to tensor multiplet moduli space in , moduli 
space in 


• In all cases, find (assuming tower/string WGC) that infinite distance are 
characterized by either:

• Charged tensionless strings with 





• Towers of charged particles and charged strings  




• Some intermediate regime between the two TR ’23


• Fits perfectly with the classification of vertices and angles

d = 6
d > 7

Mstring ∼ Tstring ≲ exp(−
1

d − 2
ϕ)

mKK ≲ exp(−
d − 1
d − 2

ρ) , Mstring ≲ exp(−
1

(d − 1)(d − 2)
ρ)



Applications




Sharpened Distance Conjecture/SWGC

• String theory facet:


• Geometric facet:


• Sharpened Distance Conjecture, SWGC satisfied!

min ||~⇣|| = ||~⇣string|| =
1p
d� 2
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min ||~⇣|| = ||~⇣D|| = 1p
D � 2

, D = d+
X

i

ni
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>
1p
d� 2
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min||~⇣|| = ||~⇣D|| =

s
D � 2

(D � d)(d� 2)
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Species Scale Relations
• Any vertex on a stringy facet satisfies


• For any point on the facet, can write


• With this, can prove previously discussed relations:


• Similar argument for geometric facet

~⇣ =
X

i

xi
~⇣i ,

X

i

xi = 1 , xi � 0.
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) ~⇣ · ~⇣str =
1

d� 2
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Calderon-Infante, Castellaano, 
Herraez, Ibanez ’23

van de Heisteeg, Vafa, Weisner ’23

Castellano, Ruiz, Valenzuela ‘23


||~⇣||�QG(⇣̂) =
1

d� 2
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) �QG(⇣̂) 
1p
d� 2
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~⇣v · ~⇣str =
1

d� 2
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Classification of 2d Slices

• Assume  for every 
decompactification limits


• Assume  for decompactification limits 
adjacent to strings (no 11d strings)


   Finite list of possible 2d slices!

D = d + k ≤ 11

D ≤ 10

)
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Classification of 2d Slices: 9d Results



Classification of 2d Slices: 8d Results



Classification of 2d Slices: 8d Results

Both are slices of the 8d maximal SUGRA polytope!



Classification of 2d Slices: 7d Results



Classification of 2d Slices: 6d Results



Assessment

• In , these are all orthogonal slices of the 
maximal SUGRA polytope (could also be 
realized by other theories)


• Have some results for  slices; see 
forthcoming paper


• Answer for  seems to be unique 
(except for ): matches maximal 
SUGRA!

d ≥ 7

n > 2

n = 11 − d
d = 10



Conclusions




Summary

• Used Emergent String Conjecture + other 
assumptions to derive rules for the geometry of the 
convex hull generated by the scalar charge-to-mass 
vectors


• Sharpened Distance Conjecture, species scale 
relations follow from these rules


• Used these results to classify convex hull 
polytopes, found match with maximal SUGRA


• Results are quite general, but not completely 
general (ignored sliding, etc.)



To Do

• Understand cases with sliding, interior of 
moduli spaces


• Check in more sophisticated examples (esp. 4d, 
5d)


• Prove the Emergent String Conjecture



Bonus: Persistence of the Pattern 
in 5d Moduli Spaces




The Species Scale “Pattern”

• Earlier, I mentioned a remarkable pattern observed 
by Castellano, Ruiz, and Valenzuela


• This relation can be proven in generic asymptotic 
limits, where our taxonomic rules apply


• However, in the context of 5d supergravity, a 
version of it can be proven in full generality

~↵max · ~�QG =
~rm

m
·
~r⇤QG

⇤QG
=

1

d� 2
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~⇣max · ~�QG =
1

d� 2
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5d supergravity

• Recall that 5d supergravity is controlled by a cubic 
prepotential:


• The vector multiplet moduli space is the  
slice


• Helpful to define:

ℱ = 1

F =
1

6
CIJKY IY JY K
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Gauge and Scalar Couplings
• Gauge kinetic matrix is then


• Metric on moduli space is pullback to  
slice:


• Satisfies an important identity: Alim, Heidenreich, TR '21

ℱ = 1

aIJ = FIFJ � FIJ

<latexit sha1_base64="FaEmtIlBIcD+lOocVhe5EGmxhaI=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0VwY0mkUjdCURDbVQX7gDaEyXTSDp1MwsxEKKGf4sZfceNCEd3p1zhps7CtBwbOPfce5t7jRYxKZVnfRm5ldW19I79Z2Nre2d0z9w9aMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vZGN2m//UiEpCF/UOOIOAEacOpTjJSWXLOC3KRWn8Ar2AuQGmLEktuJW5ur6vBsrk4Nrlm0StYUcJnYGSmCDA3X/Or1QxwHhCvMkJRd24qUkyChKGZkUujFkkQIj9CAdDXlKCDSSaYHTuCJVvrQD4V+XMGp+teRoEDKceDpyXRPudhLxf963Vj5l05CeRQrwvHsIz9mUIUwTQv2qSBYsbEmCAuqd4V4iATCSmda0CHYiycvk9Z5yS6XLu7Lxep1FkceHIFjcApsUAFVcAcaoAkweAIv4A28G8/Gq/FhfM5Gc0bmOQRzMH5+AcdvosU=</latexit>

gij =
1

2
aIJ@iY

I@jY
J

<latexit sha1_base64="17WvLqqnRkDP2AfVWn8T3CBh690=">AAACInicbVDLSgMxFM34rPU16tJNsAiuykypqAuh6MZ2VcE+pDMOmTTTps08SDJCGeZb3Pgrblwo6krwY8y0BbX1QODcc+5Nco8bMSqkYXxqC4tLyyurubX8+sbm1ra+s9sUYcwxaeCQhbztIkEYDUhDUslIO+IE+S4jLXd4mfmte8IFDYMbOYqI7aNeQD2KkVSSo5/1nIQOUngOLY8jnJhpUkohcpJqLYVWhLikiDkU3t5Vf8qBKmuOXjCKxhhwnphTUgBT1B393eqGOPZJIDFDQnRMI5J2kt2JGUnzVixIhPAQ9UhH0QD5RNjJeMUUHiqlC72QqxNIOFZ/TyTIF2Lku6rTR7IvZr1M/M/rxNI7tRMaRLEkAZ485MUMyhBmecEu5QRLNlIEYU7VXyHuIxWVVKnmVQjm7MrzpFkqmuXi8XW5ULmYxpED++AAHAETnIAKuAJ10AAYPIAn8AJetUftWXvTPiatC9p0Zg/8gfb1Df1Eo1U=</latexit>

aIJ =
1

2
gij@iY

I@jY
J +

1

3
Y IY J

<latexit sha1_base64="IN6ZGDmhZ1XM3V8m9b0z3iXhNGo="></latexit>



BPS Bound in 5d

• BPS particles saturate the bound:


• BPS strings saturate the bound:

m(qI) � (2⇡2)1/6|qIY I |
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The Pattern

• Setting , using identity, can prove that 
for any BPS particle and BPS string,


• If string and particle become light in asymptotic limit, 
their Dirac pairing vanishes, 


• Setting , we find the pattern:

Ms = 2πT(q̃I)

qIq̃I = 0
ΛQG = Ms

gij
@im

m

@jMs

Ms
=

1

3
� qI q̃I

(qKY K)(q̃LFL)
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