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• F-theory compactified on elliptic CY 3-folds

• Non-geometric constructions  :  asymmetric or quasicrystalline orbifolds 

• Number of 6d N=1 supergravities is finite when T < 9

• T=0 theories with SU(N) gauge algebra

• Systematic classifications for generic gauge algebra and matter 
representations

• Bounds on rank of gauge algebra

• Matter representations
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[Baykara, Hamada, Tarazi, Vafa  23], [Baykara, Tarazi, Vafa 24], …

Classifications of anomaly free 6d theories
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[Kumar, Park, Taylor 10]

[Hamada, Loges 23, 24]
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Non-perturbative constraints from string probes
[HCK, Shiu, Vafa 19], [Lee, Weigand19]

[Tarazi, Vafa 21]



5d Compactification

Higgsing
Unitarity of BPS strings

Classification of 5d SCFTs

All together give new constraints and predictions of QG

I will talk about new constraints on 6d supergravities, based on



Consider 6d                supergravity theories (preserving 8 SUSY)

Matter content :
• Gravity multiplet

• T  tensor multiplets                

• V  vector multiplets

• H  hypermultiplets

• Matter representations are constrained by anomaly cancellations.

6d Supergravity

N = (1, 0)
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Consider 6d                supergravity theories (preserving 8 SUSY)

Matter content :  gravity + tensor (T) + vector (V) + hyper (H)
• Matters are constrained by anomaly cancellations.

6d Supergravity

N = (1, 0)
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Circle compactification leads to 5d N=1 supergravity :
• 6d gravity multiplet                           gravity               + vector
• tensor         + vector                   vector multiplets
• hypermultiplets              hypermultiplets

Effective Chern-Simons (CS) Lagrangian on Coulomb branch (parametrized 
by real scalar VEVs in 5d vector multiplets) : 
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Circle compactification leads to 5d N=1 supergravity :
• 6d gravity multiplet                           gravity               + vector
• tensor         + vector                   vector multiplets
• hypermultiplets              hypermultiplets

Effective Chern-Simons (CS) Lagrangian on Coulomb branch (parametrized 
by real scalar VEVs in 5d vector multiplets) : 
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Circle compactification

KK 1-loop
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Circle compactification leads to 5d N=1 supergravity :
• 6d gravity multiplet                           gravity               + vector
• tensor         + vector                   vector multiplets
• hypermultiplets              hypermultiplets

Effective Chern-Simons (CS) Lagrangian on Coulomb branch (parametrized 
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Circle compactification leads to 5d N=1 supergravity :
• 6d gravity multiplet                           gravity               + vector
• tensor         + vector                   vector multiplets
• hypermultiplets              hypermultiplets

Effective Chern-Simons (CS) Lagrangian on Coulomb branch (parametrized 
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Circle compactification

KK zero modes
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Generic cubic prepotential on rank-1 Coulomb branch (or Kahler cone)

•          are called Kahler cone generators with
• Massless BPS particle states at each boundary           and 
• Constraints on CS coefficients

- Monopole string tension positivity :
- Metric positivity :

Coulomb branch of rank-1 supergravity

with

(same conditions from unitarity of worldsheet CFT on monopole strings                                )[Katz, HCK, Tarazi, Vafa 20]
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Near             boundary

1.                              :                     ,  light string oscillator modes

2.                           :                     ,  light Kaluza-Klein modes

3.                           :                     ,  5d CFT fixed point

4.                           :                     ,  flop transition or Weyl reflection

Coulomb branch of rank-1 supergravity
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Near             boundary

1.                              :                     ,  light string oscillator modes

2.                           :                     ,  light Kaluza-Klein modes

3.                           :                     ,  5d CFT fixed point
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6d supergravity with T=0 and V=0 (geometrically, F-theory on elliptic P2)

•            limit : KK states become light

•            limit : ground states of 6d BPS strings become light
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6d supergravity with T=0 and V=0 (geometrically, F-theory on elliptic P2)

•           limit corresponds to 5d SCFT limit (with           )

- Coulomb branch metric has zero eigenvalue w.r.t vector 
  Prepotential can be rewritten in terms of CFT Kahler parameter    .

- CS Coefficient of      tells us that the 5d CFT is       theory !

Note) 5d rank-1 SCFTs are classified, and CS coefficients are 
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6d SU(2) gauge theory with T=0, adjoint & fundamental hypers

• F-theory construction for

• Automatic symmetry enhancement in F-theory

6d SU(2) theories
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5d effective prepotential

        -              : Kahler parameters for three primitive BPS states

5d compactification
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5d effective prepotential

        -              : Kahler parameters for three primitive BPS states

1) Higgsing             :   VEV to (0,1,0) hyper 

- Results in 6d theory with T=0 and V=0 (on a circle).

2) Higgsing             :   VEV to KK adj. hyper state of (1,-2,0)

Higgsings to rank-1 theory
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Negative CS coefficient implies
   - Kahler cone is non-simplicial  =  more than 3 Kahler cone generators.

 - Actual Kahler cone is smaller than cone generated by             .
   - Extra primitive BPS states from primary fields in 2d CFT on 6d strings.

Kahler cone generators from worldsheet chiral primaries
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Negative CS coefficient implies
   - Kahler cone is non-simplicial  =  more than 3 Kahler cone generators.

 - Actual Kahler cone is smaller than cone generated by             .
   - Extra primitive BPS states from primary fields in 2d CFT on 6d strings.

• WZW model for worldsheet SU(2) current algebra at level            can 
have primary fields with conformal weights

Kahler cone generators from worldsheet chiral primaries
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Negative CS coefficient implies
   - Kahler cone is non-simplicial  =  more than 3 Kahler cone generators.

 - Actual Kahler cone is smaller than cone generated by             .
   - Extra primitive BPS states from primary fields in 2d CFT on 6d strings.

Ex) GV-invariants for

Kahler cone generators from worldsheet chiral primaries
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Kahler cone of 5d Higgsed theory is parametrized by               where  
    is additional Kahler cone generator dual to the worldsheet primary,

•  

•    

- Theories for                  could satisfy positivity constraints on 5d CS     
  coefficients provided that there exists a worldsheet primary field having      
  small enough conformal dimension.
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6d SU(2) theory with T=0 and 55 adjoint hypermultiplets

-      1-form symmetry in massless spectrum

- F-theory construction has                             gauge symmetry

Constraints                   on 5d prepotential after (2nd) Higgsing can be 
satisfied only if 2d CFT on 6d BPS strings has a chiral primary field with charge

Assuming this and using Kahler parameter     for this primary state, the Higgsed 
prepotential is given by

b=12 theory and Swampland
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[Morrison, Taylor 21]
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Higgsed prepotential 

• Zero eigenvalue of metric with vector                  at           . 
This implies 5d rank-1 SCFT at the boundary. 

• Prepotential can be rewritten by CFT Coulomb parameter  

• Coefficient 72 of      term exceeds the bound ‘9’ for CS coefficient of 
any rank-1 SCFT 
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Inconsistent and falls into Swampland
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b=12 theory and Swampland
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Higgsed prepotential 

• Zero eigenvalue of metric with vector                  at           . 
This implies 5d rank-1 SCFT at the boundary. 

• Prepotential can be rewritten by CFT Coulomb parameter  

• Coefficient 72 of      term exceeds the bound ‘9’ for CS coefficient of 
any rank-1 SCFT 

<latexit sha1_base64="cuxJHlT3FX4QUN5S3N+BTOh/myM="></latexit>

6Fb=12 = 6t21t2 + 36t1t
2
2 + 72t32
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b=12 theory and Swampland
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6Fb=12

t1=�6t̃1,
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Higgsed prepotential 

- If      1-form symmetry in massless spectrum is promoted to  
  symmetry of the full theory and gauged, we need rescaling
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b=12 theory and Swampland



Higgsed prepotential 

- If      1-form symmetry in massless spectrum is promoted to  
  symmetry of the full theory and gauged, we need rescaling

- SO(3) gauge group is consistent, whereas SU(2) is inconsistent.

- Massless Charge Sufficiency Conjecture 

<latexit sha1_base64="cuxJHlT3FX4QUN5S3N+BTOh/myM="></latexit>
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Massless states generates the full charge lattice of gauge group with <latexit sha1_base64="wAEdWExSE/jOVAjxkRw+HpDjpTY="></latexit>

a · b < 0

[Morrison, Taylor 21]
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b=12 theory and Swampland



6d theories with T=0 and rank-1 gauge group

• SU(2) theories with integral SU(2) spin rep. hypers having      1-form symm.

Ex) 

• Infinite family of U(1) gauge theories having       1-form symm.

Constraints on 5d Higgsed prepotentials of these theories show 
      - 1-form symm. is gauge symmetry of the full theory 
      - Massless Charge Sufficiency Conjecture (and also No Global Symmetry 
Conjecture) holds

6d SUGRA with 1-form symmetry
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b = 32 : n7 = 1, n5 = 13, n3 = 66

b = 56 : n9 = 1, n7 = 2, n5 = 36, n3 = 15
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• Constraints on CS coefficients on Coulomb branch of 5d supergravity.

• Kahler cone generators from primary fields on BPS strings as well as 6d 
massless states.

• 1-form symmetries of massless spectrum in 6d supergravity with rank-1 
gauge algebra must be promoted to a gauge symmetry of the full theory.

• Higher rank generalization ?

• More constraints from worldsheet CFTs on BPS strings ?

• Prove Massless Charge Sufficiency Conjecture ?

Summary and Outlooks



Thank you !


