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The Landscape and the 
Swampland



The Big Picture

Vafa ’06, Ooguri, Vafa ‘06

Swampland

Landscape



Some Swampland Criteria

• For gravitational theories: 
• “No global symmetries” 
• The Weak Gravity Conjecture  
• Moduli spaces infinite in length 
• Gauge group rank bounded  
• No super-Planckian spatial field variations  
!

• Non-gravitational theories less constrained 

Arkani-Hamed et al., 2006

Ooguri, Vafa ’06

Vafa ’05

c.f. Eran Palti’s talk



Classification of  
6D Gauge Theories





Curves in base ) strings (D3 / P1)



n

(which must be integer > 0 for SCFTs,

� 0 for LSTs)



Intersection Matrix  ! Dirac Pairing

4 41

Dirac Pairing for String Charge Lattice



SCFTs vs. LSTs vs. SUGRA

Dirac pairing on string charge lattice  
!

    6D SCFT      LST                 6D SUGRA 
!
         

!

⌦IJ

⌦IJ < 0
⌦IJ  0

Nullity(⌦IJ) = 1
⌦IJ : 1 +
eigenvalue



Classification of 6D Theories

• Looks like chemistry

“Atoms” “Radicals” 

2

22

2 2

3

3

3

n



4 63

su3

2

Minimal Gauge Algebras

1 8 125

e8f4

0



Fiber Enhancements

+ 2 fundamentals

+ 2 fundamentals
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Classification of 6D SCFTs

• 6D SCFTs can be classified via F-theory 
• Nearly all F-theory conditions can be phrased 

in field theory terms 
• 6D SCFTs = Generalized Quivers

Heckman, Morrison, Vafa ’13
Heckman, Morrison, TR, Vafa ’15





c.f. Alessandro Tomasiello’s talk



Classification of LSTs

LSTs are UV complete, non-local 6D theories with 
gravity decoupled and an intrinsic string scale 

!
They are characterized by the presence of a non-

dynamical tensor



Classification of LSTs

LSTs are simply “affinizations” of 6D SCFTs in 
which a single node is added to the quiver!  

Bhardwaj et al. ’15



Example: (2,0) LSTs

SCFTs LSTs



A (1,0) Example

SCFT

LST



Classification of 6D SUGRAs
Morrison, Taylor ’12

Grimm, Taylor ’12

Martini, Taylor ’14

Johnson, Taylor ’14

Taylor, Wang ’15
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Blow-down operations:

n� 1

m

m� 1

n

Aspinwall, Morrison ’97

Kumar, Morrison, Taylor ’09, ’10



Classification of 6D SUGRAs

n

�n
0 0

P2 Fn

All 6D SUGRAs blow down to P2
or Fn!

⇤

⇤
except the Enriques surface

�1 �1
�1

Grassi ’91



Unpaired Tensors in 6D
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1 8 125

e8f4

Unpaired tensors
| {z }

Tensors paired with vectors

0
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Mixed Anomalies and Adjacencies

1

2
(8, 2)

(3, 2)
su3



Unpaired Tensors and Adjacencies

) gL � gR ⇢ su2nL nR

gL gR

2

1nL nR

gL gR

) gL � gR ⇢ e8

nL nR

gL gR

0 ) rk gL + rk gR  16
Johnson, Taylor ’16



Unpaired Tensors and Adjacencies

⌃ = {z = 0}

Ord(f, g,�) = (a, b, d)

f̃ :=
f

za
2 O(�4KB � a⌃)

g̃ :=
g

zb
2 O(�6KB � b⌃)

�̃ :=
�

zd
2 O(�12KB � d⌃)

c.f. Bertolini, Merkx, Morrison ’15



Unpaired Tensors and Adjacencies

ã = (�4KB � a⌃) · ⌃ = �4(m� 2) +ma

b̃ = (�6KB � b⌃) · ⌃ = �6(m� 2) +mb

d̃ = (�12KB � d⌃) · ⌃ = �12(m� 2) +md

Define residual vanishings

(⌃2 = �m)



Unpaired Tensors and Adjacencies

⌃ = {z = 0}

ãPk = ordPk
˜f

˜bPk = ordPk g̃

˜dPk = ordPk
˜

�

P1

P2

P3

Define

ã �
X

k

ãPk , b̃ �
X

k

b̃Pk , d̃ �
X

k

d̃Pk



Maximal Intersections for -1 Curves

Type I0

Type IIType I1

Persson ’90

Miranda ’90



Maximal Intersections for -2 Curves

Type I0: ; Type I1: su2 Type II: su2

But…



Open Questions



Do all 6D SCFTs admit a tensor 
branch description?

c.f. Antonella Grassi’s talk, perhaps?



4 6321 5

What about ⌃

2  �3 unpaired tensors?

13

c.f. Timo Weigand’s talk



2

What about lattices that don’t 
admit a geometric realization?

2

�1



Can we bound h1,1  491, T  193?

Aspinwall Morrison ’97
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L � 1

2
a tr R ^ ⇤R+

2

�A
(bA) tr F

A ^ ⇤FA

a > 0

12a+
X

A

⌫AbA > 0

Can we prove positivity of 
SUGRA couplings?

Kumar, Morrison, Taylor ’10

Cheung, Remmen ’16
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What about 4� 2 intersections?

su8so16

c.f. Hanany, Za↵aroni ’97, Tachikawa ’15
+ work in progress by Bhardwaj, Morrison, Tachikawa, Tomasiello



What about “exotic” matter?
c.f. Wati Taylor’s talk

1

suN

nF = N � 8
nsym = 1

SCFTs/LSTs

n⇤2 = 1
nF = N + 8

1

suN

LSTs/SUGRAs
suN

nadj = 1

suN

nsym = 1
n⇤2 = 1



Conclusions

• There seems to be an F-theory swampland in 6D 
• But, it seems to be be small 
• Future top-down work or bottom-up work could 

eradicate it entirely 
• We have made some progress, via understanding 

unpaired tensors in F-theory 
• (Finite) work still to be done!


