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Context, goals and tools

• The AdS/CFT correspondence is a remarkable duality which in its 
original form relates type IIB string theory on                   to N=4 
SU(N) SYM in 4d, which is a SCFT. 

• Since the early days, generalizations were constructed to 
describe gauge theories with non-trivial RG-flows.
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AdS5 ⇥ S5

[maldacena ’97]

Sasaki-Einstein   

Calabi-Yau  

D3-branes  +  
frac. D3-branes 

Regular branes: low 
energy effective 
dynamics is a SCFT

Fractional branes break 
conformal invariance 
and induce an RG-flow. 

Quiver Gauge Theories : SU groups, matter in bifundamental/adjoint reps  
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[many, including paolo!]
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• Different phases that supersymmetric gauge theories can enjoy 
have been described in terms of gravity/geometric duals:  

• Confinement, generation of a chiral condensate, (local) N = 2 
Coulomb-like dynamics, large N version of SW curve.  

• Deformation fractional branes        confinement via complex 
structure deformation 

• N=2 fractional branes        Coulomb-like branch due to (local) 
line singularity

[klebanov-strassler ’00]

[mb et al ’00]

However, these were unstable or, at best, metastable. 

• Models where vacua dynamically break supersymmetry (DSB) 
were also constructed. 

• DSB fractional branes        obstruction to complex structure 
deformation                                                            

[berenstein et al, franco et al,  
mb-bigazzi-cotrone ’05]



Question: is stable DSB in the swampland?
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• All (known) DSB models have properties that an ordinary QGT 
cannot reproduce. For instance: 
  

• One needs matter in reps other than bifundamental/adjoint, e.g.  
symmetric and antisymmetric reps. 

• The superpotential is not alternate in sign with each matter field 
appearing twice, as it happens in ordinary QGT.

• A key ingredient for potentially promising set-ups are 
Orientifolds  

• Reps other than bifundamental/adjoint are possible. 
• The superpotential does not need to respect the +/- rule. 
• They provide non-generic contributions which can, e.g.  

• cure runaways  
• change the nature of fractional branes= +X37X75X53 [Argurio-mb ‘17]

[franco et al ’07]



• Tool: dimer models. Powerful and efficient way to describe 
gauge theories on D-branes at CY singularities. 

[hanany-feng-franco-he-kennaway-uranga-vegh-… ’02-’10]
= +X37X75X53

Toric  
Calabi-Yau

Toric  
Diagram

Dimer  
model

Fast forward algorithmGeometry Gauge theory

Fast inverse algorithms
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Ex: Pseudo 
del Pezzo 4 
singularity

Dimer model: bipartite 
graph on a torus.

Orientifolds:      involutions of the 
graph, either point or line reflections.     

Z2Toric diagram: convex 
lattice polygon in 2d. 

Kasteleyn matrix

Zig-Zag paths



 D-brane models of dsb (and their  
large-N instability) 
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• Question: can one find D-brane configurations at CY orientifolds 
whose dimers reproduce DSB models? 

the SU(5) and 3-2 models 
Yes! Remarkably, some of the most famous ones!

[argurio et al ’19]• Later, in                              we showed that a large class of toric CY 
admit consistent fractional D-brane bound states giving the SU(5) 
and the 3-2 models.              

• First instance of the SU(5) model was shown to be realized by 
fractional brane configurations at            and             (orientifold) 
singularities.                  
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PdP4
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C3/Z6

[franco et al ’07]

[affleck-dine-seiberg ’84-‘85,  
meurice-veneziano ’84]
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Large ranks of  
gauge group factors

Effective # of regular 
branes N diminishes 

along the RG

• In the decoupling limit the addition of a large number N of 
regular D3-branes is required.  

• Gauge theory is richer and with a larger moduli space. 
• A duality cascade is generated which interpolates btw an 

(almost) UV-fixed point down to the DSB vacuum. 
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• It turns out that there exists an instability on the mesonic branch. 

N=2 branch: it exists whenever a CY displays, 
locally, a non-isolated            singularity. 
Parametrised by mobile N=2 fractional branes. 
Vacuum energy depends on VEVs 

Mes
on

ic 
bran

ch

Upshot: DSB vacua at best metastable!
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C2/Zn
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C⇥ C2/Z2SPP

pq-web

toric 
diagramNon-isolated singularity:  

points inside the edges  
along the boundary of  
toric diagram

Conifold

<latexit sha1_base64="kRZgVuAgji0Awj31Evq2MEdU8ao=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0YtQ9OKxgv2AJpTNdtMu3eyG3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WcaeN5387K6tr6xmZpq7y9s7tXcfcPWlpmitAmkVyqToQ15UzQpmGG006qKE4iTtvR6Hbqtx+p0kyKBzNOaZjggWAxI9hYqedWAszTIUaBkAZdI6/nVr2aNwNaJn5BqlCg0XO/gr4kWUKFIRxr3fW91IQ5VoYRTiflINM0xWSEB7RrqcAJ1WE+O3yCTqzSR7FUtoRBM/X3RI4TrcdJZDsTbIZ60ZuK/3ndzMRXYc5EmhkqyHxRnHFkJJqmgPpMUWL42BJMFLO3IjLEChNjsyrbEPzFl5dJ66zmX9S8+/Nq/aaIowRHcAyn4MMl1OEOGtAEAhk8wyu8OU/Oi/PufMxbV5xi5hD+wPn8ATLvkiE=</latexit>

↵ 6= 0,              



Stable dsb: the rise of the Octagon
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• Question: Is the existence of line singularities a necessary 
condition for a CY to host DSB models? If not, do CY of this sort 
(being also free of any other kind of instabilities) exist?

We were expecting a NO and therefore completely exclude DSB 
in D-brane models altogether… but the answer turns out to be a 

YES!    [Argurio et al  ‘20]
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• The simplest CY which meets all criteria is an Octagon.

toric diagram dimer

The dual gauge theory has 14 gauge groups which, after 
orientifolding, become 8 which include a SO and a USp factor, 
matter in diverse reps and a non-trivial superpotential.  

+ -+ -

dimer w/ frac branes



<latexit sha1_base64="LJXk8vFpYuEq8rJU2HnpdLRfFVU="></latexit>

SU(N +M + 4)1 ⇥ SU(N +M)2 ⇥ SU(N +M + 4)3⇥
SU(N)4 ⇥ SU(N)5 ⇥ SU(N)6 ⇥ SO(N +M + 4)7 ⇥ USp(N)8

isolated  
SYM factor 
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1
X = (⇤1,⇤2) Y = (⇤ 2,⇤3) A1 = A3 =

3
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W = A1X Y A3Y
tXt

(described by a duality cascade)
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SU(M + 4)1 ⇥ SU(M)2 ⇥ SU(M + 4)3 ⇥ SO(M + 4)7

• The orientifold gauge theory, with N regular and M fractional D3-
branes reads

RG flow

SU(5)1 ⇥ SU(1)2 ⇥ SU(5)3

         two decoupled DSB SU(5) models: twin SU(5)!

• Taking M=1 one gets the following theory in the IR

and
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W = 0

flavour index1
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Stability 

• Mesonic branch stable. No N=2 instability: there are no points 
inside the edges along the boundary of the toric diagram.
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• Any other decay channel is obstructed: 
• Baryonic branch: fusion of adjacent faces in the dimer. These 

correspond to partial resolutions of the CY. For the Octagon, this 
gives CYs admitting local non-isolated singularities! These 
resolutions are obstructed, because M=0 or due to the 
orientifold.  

• Stringy instantons. They may provide (potentially dangerous) 
extra terms to the  superpotential. All ingredients are there: 
orientifold + USp(0) and SU(1) nodes coupled to the SU(5) 
groups. Not there: chiral gauge invariants cannot be written.
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• Question: is there anything special about M=1? 

1
X = (⇤1,⇤2) Y = (⇤ 2,⇤3) A1 = A3 =

3
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SU(M + 4)1 ⇥ SU(M)2 ⇥ SU(M + 4)3

• If                were not gauged this is essentially a double copy of 
large M generalisations of SU(5) model: stable for M odd and 
runaway for M even.  
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SU(M)2

[affleck-dine-sieberg ’85]

• In                              we showed that the same conclusion holds in 
the actual model, where                is gauged! 
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SU(M)2

[argurio et al ’22]

• For generic M the IR effective dynamics reduces to                     

<latexit sha1_base64="1JltBs3LEgW/9btDyQHYjxYyvQ4=">AAACEnicbZDLSgMxFIYzXmu9jbp0EyyCgpQZL+hGqLpxWaFXehkyaaYNzVxIzohl6DO48VXcuFDErSt3vo2ZtgttPRDy8f/nkJzfjQRXYFnfxtz8wuLScmYlu7q2vrFpbm1XVBhLyso0FKGsuUQxwQNWBg6C1SLJiO8KVnX7N6lfvWdS8TAowSBiLZ90A+5xSkBLjnlYxZe4h5tHuOm74UNSkkPNV46Na7iu7xNcbwOutSHrmDkrb40Kz4I9gRyaVNExv5qdkMY+C4AKolTDtiJoJUQCp4INs81YsYjQPumyhsaA+Ey1ktFKQ7yvlQ72QqlPAHik/p5IiK/UwHd1p0+gp6a9VPzPa8TgXbQSHkQxsICOH/JigSHEaT64wyWjIAYaCJVc/xXTHpGEgk4xDcGeXnkWKsd5+yxv3Z3mCteTODJoF+2hA2Sjc1RAt6iIyoiiR/SMXtGb8WS8GO/Gx7h1zpjM7KA/ZXz+AE0Kmhk=</latexit>

W = hTrA1XY A3Y
tXt

Having M large paves the way to a weakly coupled gravity dual 
along the whole RG-flow, hence a geometric description of DSB!  



Towards the gravity dual of DSB
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• Confinement corresponds to complex structure deformation of 
the CY geometry (a 3-cycle blows up).  

• DSB into runaway vacua is due to geometric obstruction to such 
deformation: RR 3-form flux does not have a 3-cycle where to 
stabilize. 

[argurio-closset ’07]

• Octagon: for M=0 the gauge theory is a SCFT. Adding the  
orientifold it becomes runaway (orientifold ~ DSB frac brane). 
Adding deformation frac branes runaway cured: a deformation is 
induced and the orientifold flux has where to stabilize!

• As far as fluxes, orientifolds behave as fractional branes.     

F-eqs imply

Note: blown-up 3-cycle and orientifold flux misaligned!

<latexit sha1_base64="xStH9Q+4AXnBiUzTNOSRF1nqygA=">AAACGHicbVDLSsNAFJ3UV62vqks3g0VwITXxgS6LblxWsA9oSplMJ+3QySTM3CglpH/hxl9x40IRt935N07bLLT1wIXDOfdy7z1eJLgG2/62ckvLK6tr+fXCxubW9k5xd6+uw1hRVqOhCFXTI5oJLlkNOAjWjBQjgSdYwxvcTvzGI1Oah/IBhhFrB6Qnuc8pASN1iqf1zjl2NQ+w6ytCEydNmikejU5GI9zEruK9PhClwifscunDsFMs2WV7CrxInIyUUIZqpzh2uyGNAyaBCqJ1y7EjaCdEAaeCpQU31iwidEB6rGWoJAHT7WT6WIqPjNLFfqhMScBT9fdEQgKth4FnOgMCfT3vTcT/vFYM/nU74TKKgUk6W+THAkOIJynhLleMghgaQqji5lZM+8QEBCbLggnBmX95kdTPys5l2b6/KFVusjjy6AAdomPkoCtUQXeoimqIomf0it7Rh/VivVmf1tesNWdlM/voD6zxDzYnn+o=</latexit>

V3 ⇠ 1

X
, X ! 1
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• Question: how does the difference between M even and M odd 
enter, from geometric dual p.o.v.?   

The one brane at the origin obstructs the resolution: no runaway!

M odd
<latexit sha1_base64="klABnP1Ft+/rQOEIBqn6IaRfMuk="></latexit>

SU(M + 4)1⇥SU(M)2 ⇥ SU(M + 4)3

# v ⇠ ⇤

SU(5)1⇥SU(5)3 ⇥ USp(M � 1)

# of branes must be even!

M even
<latexit sha1_base64="rlNXtSUDlJ/Jc05RFWN8v0KGulU="></latexit>

SU(M + 4)1⇥SU(M)2 ⇥ SU(M + 4)3

# v ⇠ ⇤

SU(4)1⇥SU(4)3 ⇥ USp(M)

In LEET exist baryonic operators whose VEVs                              : the 
dual blown-up 2-cycle diverges and makes the geometry singular.

  Note: M has to be even.

quantum effect: in undeformed  
geometry branes are stuck!

~

<latexit sha1_base64="4gW1Bv4rw/Mo38kZK8sfjMz0bwQ=">AAACGnicbVDLSgMxFM3UV62vqks3wSK4kDLjA11W3bisYB/QKSWTZtrQTDIkd9Qy9Dvc+CtuXCjiTtz4N6aPRW09cOHknHvJvSeIBTfguj9OZmFxaXklu5pbW9/Y3Mpv71SNSjRlFaqE0vWAGCa4ZBXgIFg91oxEgWC1oHc99Gv3TBuu5B30Y9aMSEfykFMCVmrlPT8K1GNaDgf4suXhIzz9PsHY17zTBaK1esA+lyH0W/mCW3RHwPPEm5ACmqDcyn/5bUWTiEmgghjT8NwYminRwKlgg5yfGBYT2iMd1rBUkoiZZjo6bYAPrNLGodK2JOCROj2RksiYfhTYzohA18x6Q/E/r5FAeNFMuYwTYJKOPwoTgUHhYU64zTWjIPqWEKq53RXTLtGEgk0zZ0PwZk+eJ9XjondWdG9PC6WrSRxZtIf20SHy0DkqoRtURhVE0RN6QW/o3Xl2Xp0P53PcmnEmM7voD5zvX4aEn/Q=</latexit>

PfA1,PfA3 ! 1
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Warped throat with log-corrections  
wrt asymptotically AdS spacetime 5-form flux increasing 

towards the boundarySUSY broken at the tip due 
to 3-form flux misalignment

<latexit sha1_base64="dG9vj0KuzREGWVepSPCAJJ/CEOY=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhaxbmoiii6LbtwIVewDmhBuppN26OTBzEQooUs3/oobF4q49RPc+TdO2yy0euDC4Zx7ufceP+FMKsv6Mgpz8wuLS8Xl0srq2vqGubnVlHEqCG2QmMei7YOknEW0oZjitJ0ICqHPacsfXI791j0VksXRnRom1A2hF7GAEVBa8szdzCHA8e0IO5KF2D6qOMCTPhzgnifx9aFnlq2qNQH+S+yclFGOumd+Ot2YpCGNFOEgZce2EuVmIBQjnI5KTippAmQAPdrRNIKQSjebPDLC+1rp4iAWuiKFJ+rPiQxCKYehrztDUH05643F/7xOqoJzN2NRkioakemiIOVYxXicCu4yQYniQ02ACKZvxaQPAojS2ZV0CPbsy39J87hqn1atm5Ny7SKPo4h20B6qIBudoRq6QnXUQAQ9oCf0gl6NR+PZeDPep60FI5/ZRr9gfHwDjm6XwA==</latexit>

R ⇠ 1/(↵0gsM)• Note: geometric obstruction is a         effect, but                            , 
which is small for large enough M!

<latexit sha1_base64="yBDBbY/jmSaxcGxHAzc3s8SCEhI=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0WPRizcr2A9IQ9lst+3SzSbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6SGS6F4AwVK3k40p1EoeSsc3U791hPXRsTqEccJDyI6UKIvGEUr+VmHUUnuJxXvrFsqu1V3BrJMvJyUIUe9W/rq9GKWRlwhk9QY33MTDDKqUTDJJ8VOanhC2YgOuG+pohE3QTY7eUJOrdIj/VjbUkhm6u+JjEbGjKPQdkYUh2bRm4r/eX6K/esgEypJkSs2X9RPJcGYTP8nPaE5Qzm2hDIt7K2EDammDG1KRRuCt/jyMmmeV73LqvtwUa7d5HEU4BhOoAIeXEEN7qAODWAQwzO8wpuDzovz7nzMW1ecfOYI/sD5/AH0wJBh</latexit>

O(1)

• To get a gravity dual we need the (deformed) metric of the 
Octagon        toric technology can be used to extract a metric or 
(less ambitiously) its topology.   

warped throat

5-form
 fluxSUSY   

3-form flux 
O3/D3



18

• This could also have an impact on the swampland program:Conclusions & Relation w/ string 
landscape and swampland program  

• We have shown that stable DSB is possible in D-branes at CY 
singularities.  

• By the very meaning of gauge/string duality, if SUSY is broken in 
a stable vacuum on the gauge theory side, then it is so on the 
dual side         our results imply the existence of a stable SUSY 
breaking background of type IIB in 10d. 

• This means that warped throats w/ stable DSB D-brane sectors at 
their bottom, i.e. stable non-supersymmetric locally AdS warped 
throats are in the landscape.  
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• If embedded in a compact CY (a la GKP) the Octagon could be 
used as an ingredient to construct de Sitter vacua in 4d à la KKLT 
or LVS. [kachru et al ’03, balasubramanian et al. ’05]

[lust et al. ’22]

An alternative to antiD3, with possibly some advantages:  
• stable vs metastable, it avoids e.g. antiD3 decay channels; 
• no need to add external sources (antiD3): it is the dynamics of 

the supersymmetric brane system which spontaneously breaks 
SUSY         more control. 

• one step vs two steps construction of dS vacua; could this 
challenge some recent criticism raised in                           ?



Thank you!
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