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Based on:
• [2307.13745] [BF, M. Graña, H. Parra de Freitas,  S. Sethi]
• Upcoming work: [BF, H. Parra de Freitas]

Some things being worked on:
• [BF, M. Graña, H. Parra de Freitas]
• [BF, I. Ruiz, I. Valenzuela]
• [S. Baines, V. Collazuol, BF, M. Graña, D. Waldram]
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Why non-SUSY?

String theory supersymmetric landscape has been heavily studied  (most of it still unknown)

Underlying structure for large number of space-time dimensions and supercharges.

Swampland program: what is not allowed by this structure should be in the swampland*

*assuming String Universality

Most top-down evidence has been obtained from the supersymmetric landscape:
 
Could these nice structures and properties be just a SUSY lamppost effect?

Let’s break SUSY and find out!



Why non-SUSY?
It is possible to break SUSY at the string scale

Recent resurgence in interest:

Most of the structure of SUSY landscape can be generalized under certain SUSY breakings!
More compactifications, richer spectra

[Abel, Acharya, Aldazabal, Angelantonj, Basile, Baykara, Condeescu, Cribiori, Debray, 
Delgado, Diaz Avalos, Dudas, Faraggi, Florakis, Font, BF, Graña, Itoyama, Kaidi, Koga, 
Lanza, Leone, Matyas, Montero, Nakajima, Narain, Parameswaran, Parra de Freitas, 

Percival, Raucci, Robbins, Sagnotti, Sethi, Tarazi, Tonioni, Vafa, Wrase, etc.]
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Why non-SUSY?

Possible ISSUES? OPPORTUNITIES!
• Tachyons 
Not always! 

• Runaway quantum potential for the dilaton
Can be stabilized by fluxes, giving rise to non-SUSY AdS solutions

• Global Anomalies?
They were shown to vanish non-trivially

• Many extrema of this potential found for non-SUSY heterotics but yet no minima 
Why is this? Try to identify general patterns!

[Baykara, Robbins, Sethi ‘22]

[Basile, Debray, Delgado, Montero ‘23]

[BF, Graña, Parra de Freitas, Sethi ’23,
BF, Graña, Parra de Freitas WIP]
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adjoint of the corresponding gauge group

Massless fermions:   (e.g. O(16) x O(16))
Half of them transform in the spinor rep. of only 
one SO(16), or the other.
and the rest transform in the bi-fundamental 
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%𝑑!"𝑥 −𝑔	 𝚲

Non-SUSY theories include a quantum potential:

𝚲!#$%%& = %
𝑑'𝜏
𝜏''

𝒁(𝜏)	
𝚲 > 0 for known non-tachyonic rigid theories 
             [Baykara, Tarazi, Vafa ’24]    
𝚲 → −∞ when tachyons 
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States separated in sectors:

• Untwisted:   𝚪𝐯 (gauge bosons, appear at boundaries)
   𝚪𝐬 (fermions)

• Twisted:   𝚪𝐜 (fermions)
   𝚪𝟎 (scalars or tachyons)

O(16) x O(16) on 𝑺𝟏 

Classical moduli space: 
Radius R 
16-dimensional Wilson line 𝑨𝒊

9D
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Enhancement to non-abelian symmetry. 
Classification from embeddings in ΓBC5D47
Full rank: [BF, Graña, Parra de Freitas, Sethi ‘23]

Rank reduced by 8: [BF, Parra de Freitas WIP]
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Enhancement to non-abelian symmetry at 
Classification from embeddings in ΓBC5D47
Full rank: [BF, Graña, Parra de Freitas, Sethi ‘23]

Rank reduced by 8: [BF, Parra de Freitas WIP]

Gauge bosons

𝑀!

𝑅
𝑆𝑈(2)

fixed point of T-duality

𝑀!

𝑅

Affine symmetry
[Collazuol, Graña, Herráez ‘22]  

Part of an infinite tower of states 
(distance conjecture [Ooguri, Vafa, ’07] )
Related swampland conjectures in 
non-SUSY setup? [BF, Ruiz, Valenzuela WIP]

   𝑀45647	8%9%:
' ≥ 0

𝑀45647	8%9%:
' = 0 could happen in the bulk or in the boundary of parameter space



What about the tachyons?

Fermions: 
very similar* to gauge bosons

*they do not necessarily become massless at fixed points of T-duality
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Part of an infinite tower of tachyons becoming 
extremal.
They signal a tachyonic higher dim. theory!

fixed point of T-duality

𝑀' ∝ 𝑝G' − 1

Tachyons if 𝑝G' < 1
massless scalars if 𝑝G' = 1

Tachyon for  𝑅 > 𝑅I

  𝑀9B5$5D
' ?    Can be negative at some regions

𝑀9B5$5D
' = 𝑀EF:

' < 0 could happen in the bulk or in the boundary of parameter space

Tachyons



What happens to the quantum 
potential after compactifying?

Is it still positive? 
Is there some minimum?
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One-loop potential

Quantum potential now depends on compact geometry (R,A)

Bosons, fermions and scalars give finite contributions, tachyons make it diverge.
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𝐴 = (𝑎, 0., 𝑎, 0.)
𝚲!#$%%& > 0 everywhere? 
  
No, it can be negative close to SUSY restoration 
decomp limits! (𝚲 → 0)

It is extremized at maximal enhancement 
points

All extrema found to be unstable

Satisfy dS conjecture 
EF: ∇$	∇%	M

M ≤ −	𝑂(1)

D < 9:   more extrema… still not minima?

[Ginsparg, Vafa ‘87]

Extremum (saddle point)

[BF, Graña, Parra de Freitas WIP]

[Andriot ‘18] [Ooguri, Palti, Shiu , Vafa ‘18]

[BF, Graña, Parra de Freitas, Sethi ‘23]



How many theories appear as decompactification limits?



How many theories appear as decompactification limits?

8 (all rank 16 theories in 10D)

Affine subdiagrams of EDD:



How many theories appear as decompactification limits?

8 (all rank 16 theories in 10D)

Affine subdiagrams of EDD:

SUSY restoration! Tachyonic U(16) theory!



How many theories appear as decompactification limits?

8 (all rank 16 theories in 10D)

Affine subdiagrams of EDD:

SUSY restoration! Tachyonic U(16) theory!

Geodesics
(interpolating models) 

[BF, Ruiz, Valenzuela WIP]

Classification and 
description will 

appear in



How many theories appear as decompactification limits?

8 (all rank 16 theories in 10D)

Affine subdiagrams of EDD:

SUSY restoration! Tachyonic U(16) theory!

Geodesics
(interpolating models) 

Equivalence classes of geodesics --> points at infinity
[Baines, Collazuol, BF, Graña, Waldram]

[BF, Ruiz, Valenzuela WIP]

Classification and 
description will 

appear in

Veronica Collazuol’s talk on Thursday



Rank reduced non-SUSY theories



Rank reduced non-SUSY theories
Compactifying on torus gives more and more parameters
      

e.g. CHL string [Chaudhuri, Hockney, Lykken ‘95]

Compactifying on orbifolds gives less parameters (compared to full rank)

àmore likely for stable points to exist!



Rank reduced non-SUSY theories
Compactifying on torus gives more and more parameters
      

e.g. CHL string [Chaudhuri, Hockney, Lykken ‘95]

Systematic SUSY vacua construction carried out long ago [de Boer et al ‘01]

New non-SUSY theory with reduced rank found [Nakajima ‘23] 
        (without generic tachyons)

Can the SUSY structures and properties be generalized to non-SUSY string compactifications?

Compactifying on orbifolds gives less parameters (compared to full rank)

àmore likely for stable points to exist!

Systematic approach for non-SUSY theories
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SS reduction:
−1 ( holonomy along some cycle

(breaks SUSY)     [Scherk, Schwarz ‘79]
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10D 𝑬𝟖×𝑬𝟖 SUSY string
9D 𝑶(𝟏𝟔)×𝑶(𝟏𝟔) non-SUSY string

9D CHL SUSY rank reduced string

SS reduction:
−1 ( holonomy along some cycle

(breaks SUSY)

Rank reduction orbifold:
Holonomy (e.g. ℤ') along some cycle, acting on 
internal CFT (e.g. 𝐸N×𝐸N → 𝐸N)
(reduces rank of gauge symmetries, reduces 
number of parameters)

     [Scherk, Schwarz ‘79]

     [Chaudhuri, Polchinski ‘95]

We combine the two:     SUSY breaking and rank reduction

Many possibilities already in 9D, even more for lower dimensions!
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• 𝐸N	 string D ≤ 10 →  Generic tachyons
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Non-SUSY theories where the rank is reduced by 8:

• 𝐸N	 string D ≤ 10 →  Generic tachyons
• 𝐵OOP	string D ≤ 9 	→ Some tachyon-free regions, some tachyonic regions 
• 𝐵OOQ	 string D ≤ 9 	→ Generic tachyons 
• 𝐵O	 string D ≤ 8 	→ Some tachyon-free regions, some tachyonic regions  

Parameter space:     R NST,T
U V &'(,( 	×	U NST ×U(T) ,  with Γ NST,T  depending on the theory

For 9D we can get all maximal enhancement points and their symmetries constructing 
their Extended Dynkin Diagrams:

For 𝑫 ≤ 𝟖 it is done by finding embeddings in the charge lattice and respecting the 
conditions for the charges imposed by the holonomies.



Is the matter content similar to the 
O(16)xO(16) case?

(Fermions transforming in the spinor or bi-fundamental representatons of the gauge group).



Matter content
𝑬𝟖 theory on a circle (9D)       Gauge bosons with maximal enhancement 𝐸N#Y	×	𝑆𝑝 𝑛 + 1 ,  
        Fermions in the adjoint of 𝐸N#Y
              Fermions in the antisymmetric traceless rep. of	𝑆𝑝(𝑛 + 1)
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𝑬𝟖 theory on a circle (9D)       Gauge bosons with maximal enhancement 𝐸N#Y	×	𝑆𝑝 𝑛 + 1 ,  
        Fermions in the adjoint of 𝐸N#Y
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BIIb theory  (9D)    Gauge bosons with maximal enhancement 𝐸N#Y×𝑆𝑂 2𝑛 + 2 ,  
        Fermions in the adjoint of 𝐸N#Y
        Fermions in the symmetric traceless rep. of	𝑆𝑂(2𝑛 + 2)
        For 𝑛 odd, there are spinors in some (bi)fundamental rep.



𝑩𝑰𝑰𝒃	string in 9D:

3 points at infinity. Are the two points with \𝐸N equivalent? 

7 maximal enhancements

V 
ccc
v
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ccc
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𝑩𝑰𝑰𝒃	string in 9D:

3 points at infinity. Are the two points with \𝐸N equivalent? à No!

7 maximal enhancements 10D decomp.:
• O(16)xO(16) string
• 𝑬𝟖×𝑬𝟖 string
• 𝑬𝟖 string

V 
ccc
v

V 
ccc
v



𝑩𝑰𝑰𝒃: One-loop potential 

Only 2 tachyon-free maximal enhancements:

•  SO(16) x SU(2)   with Λ	~	312        (massless scalars à knife-edge)

•  SO(18)         with Λ	~	308        (no massless scalars)
             

No minima, but could be used to construct stable vacua. 
         

Many more possibilities when compactifying to lower dimensions.

Same order of magnitude as in 9D O(16)xO(16) string.



By analyzing infinite distance limits, we discover connections between new and 
old theories:

a

• T-dual descriptions of same theory.
• Interpolating models connecting higher-dimensional theories

(for D>8)



Conclusions and Outlook

• Novel corners in the non-SUSY landscape can be reached using known and simple 
techniques

• Subset of theories with rank reduced by 8: interesting features:
  à symplectic groups at 10D, fermions transforming in sym and anti-sym traceless rep. 
  à interpolating models, new constructions
  à freezing relations between full rank SUSY and some of the reduced rank non-SUSY 
theories [WIP]

• One-loop potential behaves similar to the full-rank cases: could be stabilized

• Structure of SUSY landscape à non-SUSY counterparts
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O(16)xO(16) on ℤ'-orbifold ≡	 HE on asym. orbifold ≡ 𝐸N on asym. orbifold

𝑶(𝟏𝟔) string

Decomp. limits to 10D:
 

• O(16)xO(16) string
• 𝑬𝟖×𝑬𝟖 string
• 𝑬𝟖 string

(take limit on partition function)









8 points at infinity (decompactification limits to all the rank 16 10D strings)

SUSY restoration!

Infinite distance limits

Tachyonic U(16) theory!
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Group R
2 Wilson line ⇤ �(H⇤)⇥R
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Maximal enhancements


