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32 SUSY



Low-energy effective field theories (EFTs) coupled to gravity preserving 
maximal supersymmetry (32 SUSYs) are strongly constrained.


• Massless supermultiplet is only gravity multiplet containing         + superpartners.


• In 11-dimensions, a unique supergravity of gravity multiplet with 


• In 10-dimensions, only two supergravities :
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+   Fermions
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Fµ⌫�⇢ = (dC)µ⌫�⇢

3-form gauge field

Gravity with 32 SUSY
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Low-energy effective field theories (EFTs) coupled to gravity preserving 
maximal supersymmetry (32 SUSYs) are strongly constrained.


• In each lower dimension                 , a unique supergravity (SUGRA) obtained by 
compactification of Type II SUGRA on            .


Finiteness conjecture 

- Set of consistent QG vacua (with fixed cutoff) is finite.

- Number of massless fields has upper bound.
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Gravity with 32 SUSY
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Finiteness conjecture holds!

[Vafa ’05], [Douglas ’05], [Acharya, Douglas ’06]



All SUGRAs with 32 SUSYs are related to String theories or M-theory.


• UV completions of these maximal SUGRAs are M-theory, Type IIA/B string theories 
and their toroidal compactifications.


String Lamppost Principle (or String Universality) 

 All consistent quantum gravity theories arise from string theory.
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String theory with 32 SUSY

11D M-theory Type IIA string

Type IIB string

9D string D-dim string vacuum
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S1 String Lamppost principle (SLP) holds!
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[Kumar, Taylor ’09],[Adams, De Wolfe, Taylor ’10],
[HCK, Tarazi, Vafa ’19], [Montero, Vafa ’20], ….

QG Landscape    =   String Landscape



Swampland program aims to find conditions that can distinguish QFTs in the 
landscape from those in the Swampland, based on Black hole physics, unitarity, etc. 
   •  Weak gravity conjecture, No-global symmetry conjecture, Completeness conjecture,  
       Distance conjecture, Emergent string conjecture, …..


Two conjectures we shall focus on in this talk are

• Finiteness conjecture           • String Lamppost Principle


As shown, these conjectures hold for gravitational theories with 32 SUSYs.


What about gravity theories with SUSY < 32 ?  Two conjectures still hold ?
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Swampland Program



16 SUSY



10D SUGRAs preserving 16 SUSYs are chiral theories.

• Two kinds of massless supermultiplets


• Low-energy EFT action


• Chiral fields lead to 1-loop gauge and gravitational anomalies which can be 
cancelled by Green-Schwarz mechanism “only if ”

5/27

10D EFT with 16 SUSY
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G = E8 ⇥ E8, SO(32), E8 ⇥ U(1)248, U(1)496Gauge algebra :

[Green, Schwarz 1984]

Finiteness conjecture holds!



In 10D, three types of string theories preserving 16 SUSYs:


• Low-energy EFTs of 10D string theories can have only two gauge algebras


10D SUGRAs with                                            cannot be realized in String theory.


Does this show that SLP is broken? Or these EFTs are inconsistent?
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10D string theory with 16 SUSY

Heterotic
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SUGRAs with 16 SUSY in D<10 are non-chiral (except 6d N=(2,0)). 

• No constraint from local anomalies.

• EFTs can have arbitrary gauge algebras and arbitrary large rank       is allowed.


Moreover, string compactification  
can realize only EFTs with
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Lower dim. gravity with 16 SUSY
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d rg Compactifications

9 17 Heterotic on S1

9 CHL string

1 M-theory on Klein bottle, Type IIB on DP bg

8 18 Heterotic on T 2

10 CHL on S1

2 9d, rg = 1 on S1

7 19 Heterotic on T 3

11 CHL on T 2

7 F-theory on K3⇥ S1/Z3

5 F-theory on K3⇥ S1/Z4

3 F-theory on K3⇥ S1/Z5,6 or T 4 ⇥ S1/Z3,4,5
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Finiteness conjecture is violated?

SLP is also broken?

[Chaudhuri, Hockney, Lykken 95], [Dabholkar, Park 96],
[de Boer, Dijkgraaf, Hori, Keurentjes, Morgan, Morrison,Sethi 01],
[Aharony, Komargodski, Patir 07], ….
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Coupling non-perturbative objects to gravity can lead to additional 
constraints on EFTs.

 

We shall couple string probes preserving 1/2 SUSY (1/2 BPS strings) to 
EFTs, and investigate consistency requirements.


• Strings are charge sources for 2-form gauge fields      .

• EFT action for these strings:


          What are additional constraints in the presence of BPS strings?
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BPS string probes

B2
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Q : string charge



2-form       transforms under gauge and local Lorentz transformation as


Thus, the classical action is no longer invariant under these transformations


Such non-invariant terms must be cancelled by  
anomalies of 2D degrees of freedom on those strings:
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Anomaly inflow
B2
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Anomaly inflow
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Anomaly inflow from the bulk gravity allows us to compute the ’t Hooft 
anomalies of 2D worldsheet CFT on BPS string with unit charge          .


• Central charges of 2D worldsheet CFT can be computed from         as


• Worldsheet CFT has a current algebra of level                with
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Anomalies of 2D worldsheet CFT

<latexit sha1_base64="L+H4+QjXG1iApGyfWA5OCKj30ic="></latexit>

�⇤,⇥I2D = ��⇤,⇥S
str

<latexit sha1_base64="R82wE/JL1Co0lNm2Do6BrmkZ7C8="></latexit>

p1(T2) : 1st Pontrygin class, c2 : 2nd Chern class

<latexit sha1_base64="vbhoM7T9ZVQYaR8ch9CBoDMeykE="></latexit>

I2D
<latexit sha1_base64="wj4NZAY73guBrNF0QJLQEl9xr8c="></latexit>

cL = 24 , cR = 12
<latexit sha1_base64="90ePO8dwElJHrBa1SYWjDVvPi2U="></latexit>

(ccomL , ccomR ) = (D � 2, 12)including center-of-mass contribution

<latexit sha1_base64="CIqFy74ifEEn/x/HAy4hAxeIo3s="></latexit>

sig(k) = (rG, 10�D)

<latexit sha1_base64="9AyqPaLcdKUlciF8sq29JrH2UZw="></latexit>

Q = 1

Current algebra for bulk gauge group is realized in the left-moving sector

<latexit sha1_base64="2TxJ/03TwVe4Zot83ufjLoLZizM="></latexit>

I2D =
1

2
p1(T2)� c2(SO(D � 2)) +

1

4
kijTrFiFj

=
cL � cR

24
p1(T2)�

cR

12
c2(SO(D � 2)) +

1

4
⌦ijTrFiFj

<latexit sha1_base64="923jswR+tRy9AEHgRCABHOtWIbU="></latexit>

kij = ⌦ij



Unitarity of 2D CFT on BPS string provides non-perturbative constraints on  
the bulk D-dim. SUGRA.


• Level       with                                implies that 2D CFT contains current algebra 
for bulk gauge algebra in the left-moving sector. 


• Central charges contribution from a level ‘k’ current algebra for group    .


Thus, with central charge                                    , we find the rank constraint:
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Constraint on gauge algebra

cG =
k · dimG

k + h∨
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h_ : dual Coxeter
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SUGRA with 16 SUSY has a non-perturbative constraint on rank of gauge 
algebra induced from BPS strings.


• In 10D, allowed gauge algebras are


• D-sim. SUGRAs with gauge algebras of large rank                     are all 
inconsistent and belong to “Swampland”.


• This rank bound                     agrees with the known string compactifications!

12/27

SUGRAs with 16 SUSY and Swampland
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G = E8 ⇥ E8, SO(32), E8 ⇥ U(1)248, U(1)496 String Lamppost Principle holds!
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Finiteness conjecture holds!

[HCK, Tarazi, Vafa 19]

[Adams, DeWolfe, Taylor 10], [HCK, Shiu, Vafa 19]
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8 SUSY
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EFTs with 32 or 16 SUSY may be too special.


Can we argue that both finiteness conjecture and SLP continue to hold 
in EFTs with less SUSYs?


I will now provide strong evidences supporting both conjectures for 6D 
supergravity preserving 8 SUSYs, called 6D N=(1,0) SUGRA.
- 6d is the highest dimension with 8 supercharges.

- As these are chiral, anomaly cancellation imposes severe restrictions.


- There is a math proof that the number of elliptic CY 3-folds is finite.


- However, there are infinite families of anomaly-free supergravities.

[M. Gross ’93]=)
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4 Types of massless supermultiplets

- Gravity multiplet

- Tensor (T) multiplet

- Vector (V) multiplet

- Hyper (H) multiplet

6d N=(1,0) Supergravity
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12D F-theory compactified on 

elliptic Calabi-Yau threefolds.

I will present a bottom-up argument showing that 

                are finite 
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•                           are self-dual and anti-self-dual 3-form field strengths                        


•                          are scalars in tensor multiplets satisfying                    
whose vacuum expectation values parametrize tensor moduli space.


•        is the signature (1,T) intersection matrix of the tensor charges:

Tensor multiplets
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Anomaly cancellation in 6D SUGRA
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1-loop anomalies arising from chiral fields can be cancelled by Green-
Schwarz-Sagnotti mechanism if these conditions are satisfied:
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BPS strings and generators
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Again, EFTs contain 2D strings preserving 1/2 SUSY (1/2 BPS strings)

• Strings are charge sources for 2-form tensor gauge fields        .

• Every BPS charge is a non-negative integral sum of generators     with


BPS generators      are all classified through the classification of 6d SCFTs and little 
string theories (LSTs) in                                                               .
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Constraints from BPS strings
Unitarity requires that tensions of BPS strings must be non-negative:


When           , these conditions allow us to prove that 6D EFT must contain 
‘H-string’ of charge    .


                       Critical heterotic string  
                       Little strings in little string theories

f
<latexit sha1_base64="AM23awNhDeoSfA3k/xryEQPpNCY="></latexit>

f2 = 0 , b0 · f = 2
<latexit sha1_base64="S3YtAV2P0R3GrYsAMVgBlhTVOEI="></latexit>

18/27

<latexit sha1_base64="IkGfzBCa9hPT63KXY8Zw6WdjCbA="></latexit>

T � 1

<latexit sha1_base64="Kqq6tAlZMJwLWGiAZpDxdUPNyco="></latexit>

Ti ⇠ J ·Qi � 0 for every BPS charge
<latexit sha1_base64="Oy/EJcA4GQdrr5Nu4ZEnBIRaeQ4="></latexit>

Qi

f
<latexit sha1_base64="AM23awNhDeoSfA3k/xryEQPpNCY="></latexit>

<latexit sha1_base64="/oKn32r4kgBzraYt93Yt4igT3HM="></latexit>

cL(f) = 20 , cR(f) = 6with

<latexit sha1_base64="/mu/tdn+iKJK3dCcxwV2TdNNAYE="></latexit>�

<latexit sha1_base64="/mu/tdn+iKJK3dCcxwV2TdNNAYE="></latexit>�
H-string = 



H-string and containment relation
H-strings intersect all generators non-negatively,                , and we can 
prove the following containment relation:
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Finiteness of Tensors
• Gravitational anomaly cancellation condition


• Only components having             are SCFT ‘atoms’ of charge


     Note) Gauge anomaly cancellation
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Finiteness of Tensors
• Gravitational anomaly cancellation condition


• Only components having             are SCFT ‘atoms’ of charge


     Note) Gauge anomaly cancellation


• To achieve             , EFT must contain infinite number of these atoms.
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Finiteness of Tensors
Classification in                                                           tells us that


• Atoms with               are subject to the gauge rank constraint                             . 

• Atoms with              are always accompanied by additional matters, and 

eventually total gravitational anomaly becomes positive             .
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LST(f)
<latexit sha1_base64="juUKysyKqWEEyx/P3RNgLUX6Ikc="></latexit>

<latexit sha1_base64="DK9Tk/N7o6CqDH50036fKGd8ytY="></latexit>

f · C3 > 0

<latexit sha1_base64="LcEnHHn75DPRUN5WQjowjVEhrCE="></latexit>

f · C4 > 0

f2 = 0 , b0 · f = 2
<latexit sha1_base64="S3YtAV2P0R3GrYsAMVgBlhTVOEI="></latexit>

<latexit sha1_base64="/oKn32r4kgBzraYt93Yt4igT3HM="></latexit>

cL(f) = 20 , cR(f) = 6with

[Morrison, Taylor ’12], [Heckman, Morrison, Rudelius, Vafa ’15], 
[Bhardwaj, Del Zotto, Heckman, Morrison, Rudelius, Vafa ’15], 
[Bhardwaj ’15, ’19], [Hamada, Loges '23, ’24]….
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i
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T is ÞniteNumber of             ‘atoms’ is finite [HCK, Vafa, Xu ’24]

<latexit sha1_base64="zN6+DoaJTlHQso3ZN0Iw3n69YY0="></latexit>

g4 = f4, e6,7,8

! i < 0
<latexit sha1_base64="xbf32LhNRiIwQEe1/OLCShp+JPs="></latexit>



•          theory :


•             theory :


• Therefore, we find the bounds:
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1
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!
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4
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so80
4

sp24
1

so32
(4)
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<latexit sha1_base64="6zSX7Lpfb/sXBqmE96w/9jg67QA="></latexit>
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(This implies      is also finite.)
<latexit sha1_base64="h+kyD2Qcke76GmrTccHj/rgYD7A="></latexit>

H

Tensor and Vector Bound

T ! 193, r (G) ! 480
<latexit sha1_base64="7v1MkTCcI189L3VSXZIohLVSos0="></latexit>

[HCK, Vafa, Xu ’24]



•          theory :


•             theory :


• Therefore, we find the sharp bounds:


• These theories are realized by 24 instantons in              and          
heterotic strings, respectively, on K3 with an      singularity.
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E8
[Aspinwal, Morrison ’97], [Candelas, Perevalov, Rajesh ’97], [Morrison, Taylor ’12]

Evidence for Finiteness conjecture and String lamppost principle

Tensor and Vector Bound



•          theory :


•             theory :


• Therefore, we find the sharp bounds:
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Tensor and Vector Bound

Geometric analysis

From global anomalies and SCFT classification
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T ! 567 [Birkar, Lee ’25]

[Hamada, Loges ’25]



Discrete Symmetry



Bounds on discrete symmetries
In 6D SUGRA, 4-types of discrete symmetries act on massless fields:


1. Symmetries on string charge lattice

2. Outer automorphism of gauge algebra

3. Permutation of hypermultiplets with identical charge

4. Discrete hypermultiplet charges
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Bounds on discrete symmetries
In 6D SUGRA, 4-types of discrete symmetries act on massless fields:


1. Symmetries on string charge lattice

2. Outer automorphism of gauge algebra

3. Permutation of hypermultiplets with identical charge

4. Discrete hypermultiplet charges


First three symmetries are bounded essentially because the number of 
massless fields is bounded.
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<latexit sha1_base64="bMhM24Ls/IkGLHZCp2vaLthxHC4="></latexit>

T ! 193, rank(G) ! 480, H " #



Symmetry on string charge lattice
String charge lattice is T+1 dimensional with bound              , and thus any 
discrete symmetry should be a subgroup of 


Maximal cyclic subgroups                         are 


General upper bounds on the string charge lattice (from T=193) :
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<latexit sha1_base64="WJy2AFDuegBNu+Mcpaj+6+kYKRc="></latexit>

T ! 193
<latexit sha1_base64="Fed8hAF20h9U1qfN+gEwUqxPBwg="></latexit>

GL(T + 1 , Z)

<latexit sha1_base64="G2SdNvXxMdsJoQAbtt8IEno1y4A="></latexit>

ZN ! GL(n, Z)

<latexit sha1_base64="5bcf9FnebP4qJP7LRx5aYWVL0kY="></latexit>

(p : prime order)



Improved bound on string charge lattice
All blocks of tensor multiplets in 6D SUGRA that can have large 
degeneracies in string charge lattice are of conformal matter type, and they 
contribute positively to gravitational anomaly              .


Gravitational anomaly constraint implies that the maximal number of 
identical blocks is 26, and thus maximal group is a permutation      .


Thus, the upper bounds of cyclic groups on the string charge lattice are
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<latexit sha1_base64="B4xHHMi9q2ExtjN0yV2zU1xEYds="></latexit>

! i ! 29

<latexit sha1_base64="ePFhTIHReu5CvEnZFKe8quOT9mE="></latexit>

S26

<latexit sha1_base64="jD9vdaw/qUp8viQUQ2ZRSgmngkQ="></latexit>

Zp, ZN ! S26

[Baykara, Dierigl, HCK, Vafa, Xu ’24]



Symmetry on hypermultiplets
Lastly, we consider permutation symmetries acting on hypermultiplets 
carrying identical charges.


• Bound on number of neutral hypermultiplets :

• Bound on number of hypermultiplets with identical charge : 

• Gauge algebra (with bounded rank) with a large multiplicity of charged hypermultiplets 

can always be Higgsed and leave some neutral hypermultiplets.

• Bound 493 can be achieved for a U(1) gauge algebra with 493 charge q hypers.


• Thus, discrete symmetry should be a subgroup of permutation group 
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[Baykara, Dierigl, HCK, Vafa, Xu ’24]
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(p : prime order)



Conclusion
• We presented compelling evidences that support both the finiteness 

conjecture and the string lamppost principles in gravitational theories with 
large SUSYs.


• Non-perturbative objects can provide new constraints on supergravity 
theories.


• Can these arguments be generalized to lower-dimensional theories 
preserving fewer supercharges?


• Can we show these conjectures beyond massless sectors?
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