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• Alternative tools (weakly coupled dual description, 
geometry) to understand QFT strong coupling regimes 

• Extra dimension model building 
• Key ingredients within string compactifications (à la GKP)

Framework & goal

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

• Since the early days, generalizations were constructed to 
describe gauge theories with non-trivial RG-flows and a 
variety of low energy effective dynamics. These have many 
applications, the most obvious ones being:
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AdS5 ⇥ S5
[maldacena ’97]

[giddings-kachru-polchisnki ’01]
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D3-branes  
Sasaki-Einstein   

Calabi-Yau  

D3-branes  + 
frac. D3-branes 

Fractional branes 
break conformal 
invariance and 
induce an RG-flow 

SCFT w/ product 
gauge groups + bi-
fundamental matter 
+ tree-level W   A plethora of N=1 

SUSY gauge theories!  
Note: Full control for toric CYs only.



• This way, different IR dynamics of 4D N=1 supersymmetric 
gauge theories has been described:  

• Confinement, generation of a mass gap and of a chiral 
condensate, local N = 2 Coulomb-like dynamics. Finally, 
models where vacua dynamically break supersymmetry 
(DSB) were also constructed. However, these were 
either metastable or runaway.  

• All efforts to find DSB models into stable vacua turned 
out not to work so far! 

Question: Is stable DSB in the swampland?
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• Hint: on top of orientifolds, fractional D-branes can change 
their nature! [argurio-MB ’17]

• A key ingredient for potentially promising set-ups are 
Orientifolds. Orientifolds allow for a variety of non-generic 
dynamical effects in D-brane models, including the 
possibility of curing runaways. 

• Tool: dimer techniques. Powerful 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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• Every face is a SU gauge group. 
• Every edge is a bi-fundamental        in the              . 
• Every vertex is a superpotential term, obtained 

contracting all fields ending on the node, e.g. 

Xij (⇤i,⇤j)

= +X37X75X53

= +X37X75X53 = �X37X76X64X43
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Orientifolds:      involutions of the graph, either point or line reflections.     

• Every face reflected into itself becomes a USp or 
SO group. All other faces get identified with 
their reflection and remain SU. 
  

• Every edge on top of point or line becomes a     
or        , all other remain bifundamentals. 

• O-planes carry a charge; the sign is arbitrary for 
line reflections and depends on number of white 
vertices in the unit cell for point reflections.

Z2

Dimer model (aka brane tiling): bipartite graph on a 2-torus.



A prototype and its many fellows 
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 Complex cone on PdP4
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W = X1543 +X375 +X1642 +X5276

�X152 �X7643 �X5427 �X5316

Xlmn ⌘ XlmXmnXnl Xlmwhere  2 (⇤l,⇤m)

• Orientifold projection: 1 () 3 2 () 7 4 () 6 5 () 5

Gauge group:
7Y

i=1

SU(Ni)

Superpotential:
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• SU(5) Model  
N1 = 5, N2 = N4 = 0, N5 = 1

SU(5)⇥ SO(1)

Taking                                                    gives

w/                SU(5) matter content and⇤

flavour index
Exactly the SU(5) DSB model! [franco et al. ’07]

W = 0

[affleck-dine-seiberg ’84]

�

Anomaly cancellation condition: 

Matter content: 

N1 +N2 �N4 �N5 � 4 = 0

X1 = (⇤1,⇤5) X2 = (⇤ 5,⇤2) X4 = (⇤ 5,⇤ 4) Y1 = (⇤4,⇤1)

Y2 = (⇤ 4,⇤2) Z = (⇤2,⇤1) A1 = A2 = S4 =
1 2 4

SU(N1)⇥ SU(N2)⇥ SU(N4)⇥ SO(N5)Gauge group: 



• 3-2 Model 
Taking                                                        givesN1 = 3, N2 = 2, N4 = 0, N5 = 1

SU(3)⇥ SU(2)⇥ SO(1)

w/ matter 

Exactly the 3-2 DSB model!

9

and

W = DQL

Q = (3, 2)�D = (3̄, 1)� Ū = (3̄, 1)� L = (1, 2)

[affleck-dine-seiberg ’85]

flavour index

[argurio-MB-Meynet-pasternak ’19]• Remarkably, in                                                          we showed 
that a large class of toric CY admit anomaly-free rank 
assignments (i.e. consistent D-brane bound states) giving 
exactly the SU(5) and/or the 3-2 models.              

• Upshot: using Orientifolds one can construct  many D-brane 
models with DSB into stable vacua!
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 Duality cascades and a  
large-N instability 

• Q: What happens in the decoupling limit?               

SU(N + 5)⇥ SU(N)⇥ SU(N)⇥ SO(N + 1)

       a duality cascade is generated which interpolates btw an 
(almost) UV-fixed point down to a DSB vacuum!

 PdP4 :

• Q: Do things change at generic points on the moduli space?               

SU(N + 5)⇥ SU(N)⇥ SU(N)⇥ SO(N + 1)

SU(5)⇥ SO(1)

IR

UV

DSB:

. . .

. . .

>

>

>

>

<latexit sha1_base64="5+H2KPPUGzLR6X4cAvJKaM4lggs=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GjI+sN0VRXDhooJ9QGcsmUzahiaZIckoZeh/uHGhiFv/xZ1/Y/oQfB4IHM65h3tzwoQzbRB6d3Jz8wuLS/nlwsrq2vpGcXOroeNUEVonMY9VK8SaciZp3TDDaStRFIuQ02Y4OBv7zVuqNIvltRkmNBC4J1mXEWysdHMOfc0E9C9tIsKdYgm5qFJGhxX4m3gumqAEZqh1im9+FJNUUGkIx1q3PZSYIMPKMMLpqOCnmiaYDHCPti2VWFAdZJOrR3DPKhHsxso+aeBE/ZrIsNB6KEI7KbDp65/eWPzLa6emWw4yJpPUUEmmi7ophyaG4wpgxBQlhg8twUQxeyskfawwMbaogi3h86fwf9I4cL1jF10dlaqnszryYAfsgn3ggRNQBRegBuqAAAXuwSN4cu6cB+fZeZmO5pxZZht8g/P6AerOkig=</latexit>

E ⇠ ⇤
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• N=2-like Coulomb branch: There are other directions in the 
moduli space, parametrized by N=2 fractional branes

v

v0
SU(5)⇥ SU(N)⇥ SU(N)⇥ SO(1) �! SU(5)⇥ SO(1)

SU(N + 5)⇥ SU(N)⇥ SU(N)⇥ SO(N + 1) �!

The vacuum energy depends on the VEV’s now:

• N=4-like Coulomb branch: Moving the N D3’s away 
corresponds to maximally Higgsing 

By scale matching one can see that the vacuum energy does 
not depend on the VEV

DSB vacuum stable!

DSB vacuum relaxes to  
SUSY vacuum, E=0! 

SU(N + 5)⇥ SU(N)⇥ SU(N)⇥ SO(N + 1) �! SU(5)⇥ SO(1)
v

  [buratti-garcia valdecasas-uranga ’18]

<latexit sha1_base64="Ld4GDA/fxBbZNgR3rGP913vNm7g=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiCC5cVLAP6Iwlk8m0oUlmSDJKGfofblwo4tZ/ceffmD4W2nogcDjnHu7NCVPOtHHdb6ewtLyyulZcL21sbm3vlHf3mjrJFKENkvBEtUOsKWeSNgwznLZTRbEIOW2Fg6ux33qkSrNE3pthSgOBe5LFjGBjpYdr5GsmkH9rExHulitu1Z0ALRJvRiowQ71b/vKjhGSCSkM41rrjuakJcqwMI5yOSn6maYrJAPdox1KJBdVBPrl6hI6sEqE4UfZJgybq70SOhdZDEdpJgU1fz3tj8T+vk5n4IsiZTDNDJZkuijOOTILGFaCIKUoMH1qCiWL2VkT6WGFibFElW4I3/+VF0jypemdV9+60Uruc1VGEAziEY/DgHGpwA3VoAAEFz/AKb86T8+K8Ox/T0YIzy+zDHzifP20BkdE=</latexit>

E ⇠ ⇤

<latexit sha1_base64="JPjCXZM7zLy/jn0SWt94rMLFfT4="></latexit>

E ⇠
✓
v0

v

◆ 3
20N

⇤
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• Exactly the same story holds for all other models!            All 
corresponding CYs admit a N=2 Coulomb branch and along 
such branch the vacuum energy goes as  

where     is a model-dependent # proportional to N. ↵

N=4 branch is stable, N=2 branch displays an instability,  
associated to N=2 fractional branes dynamics       

DSB vacua at most metastable!

• In order for this not to happen, one needs             . Using pure 
geometric, model-independent arguments we proved that: 

↵ = 0

[argurio-MB-Meynet-pasternak ’19]

<latexit sha1_base64="UfD3dq4Xsfje0cukULqLswAtBys="></latexit>
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✓
v0
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⇤

<latexit sha1_base64="GyvtS1eeaJXTSdz8Ssd0FWe/wtY=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjxWsB/QxDLZbtulm03Y3Sgl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5YSK4Nq777Swtr6yurRc2iptb2zu7pb39ho5TRVmdxiJWrRA1E1yyuuFGsFaiGEahYM1weDPxm49MaR7LezNKWBBhX/Iep2is9OCjSAZIfBkbcuV2SmW34k5BFomXkzLkqHVKX343pmnEpKECtW57bmKCDJXhVLBx0U81S5AOsc/alkqMmA6y6dVjcmyVLunFypY0ZKr+nsgw0noUhbYzQjPQ895E/M9rp6Z3GWRcJqlhks4W9VJBTEwmEZAuV4waMbIEqeL2VkIHqJAaG1TRhuDNv7xIGqcV77zi3p2Vq9d5HAU4hCM4AQ8uoAq3UIM6UFDwDK/w5jw5L8678zFrXXLymQP4A+fzB2EBkcY=</latexit>

↵ 6= 0
          the presence of N=2 fractional branes implies the  
instability: no-go theorem!



The rise of the Octagon

• Q: Do CY orientifolds free of local             singularities exist 
which admit stable DSB configurations?   

• While we were looking for a NO and finally exclude DSB in 
D-brane models altogether… the answer happens to be a 
YES! [argurio et al ’20]

• Strategy: 
• Look for a sub-dimer which can host a DSB model (after 

orientifolding) and does not involve N=2 fractional branes. 
• Try to embed it in a consistent dimer (i.e., a CY singularity). 
• Check that the full theory is anomaly-free and the moduli 

space free of instabilities.
13
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C2/Zn



• One can show that the 3-2 model cannot be embedded in a 
sub-dimer without N=2 fractional branes directions          we 
should focus on the SU(5) model (and generalizations).

• One should look for line orientifolds since point reflection 
orientifolds admitting DSB models always have local              
singularities (hence ruled out by our no-go theorem). 
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• Simplest example which meets all criteria is the Octagon

+ -
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<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 node  
which confines
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1
X = (⇤1,⇤2) Y = (⇤ 2,⇤3) A1 = A3 =

3

<latexit sha1_base64="eS/xLfXIhgNaFu4eElK/1Lhx6z0=">AAACA3icbZC7SgNBFIZnvcZ4W7XTZjAIFhJ2vaCNELWxjGCSDclmmZ3MJkNmL8ycFUII2PgqNhaK2PoSdr6Nk2QLTfxh4OM/53Dm/H4iuALL+jbm5hcWl5ZzK/nVtfWNTXNru6riVFJWobGIpeMTxQSPWAU4COYkkpHQF6zm925G9doDk4rH0T30E+aGpBPxgFMC2vLM3Rq+xFeejR3cPMJ1jSe43gLstMAzC1bRGgvPgp1BAWUqe+ZXsx3TNGQRUEGUathWAu6ASOBUsGG+mSqWENojHdbQGJGQKXcwvmGID7TTxkEs9YsAj93fEwMSKtUPfd0ZEuiq6drI/K/WSCG4cAc8SlJgEZ0sClKBIcajQHCbS0ZB9DUQKrn+K6ZdIgkFHVteh2BPnzwL1eOifVa07k4LpessjhzaQ/voENnoHJXQLSqjCqLoET2jV/RmPBkvxrvxMWmdM7KZHfRHxucP2OyUeQ==</latexit>

W = A1X Y A3Y
tXt

(… at the bottom of a duality cascade)
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SU(M + 4)1 ⇥ SU(M)2 ⇥ SU(M + 4)3 ⇥ SO(M + 4)7

SU(5)1 ⇥ SU(1)2 ⇥ SU(5)3

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

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

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

and
<latexit sha1_base64="DDJ7Ky11dTm6/RQPxcVKotaG9CI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9NC6dnvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL5PmWdW7qLr355XaTR5HEY7gGE7Bg0uowR3UoQEMBvAMr/DmSOfFeXc+5q0FJ585hD9wPn8ApX+NYA==</latexit>

W = 0

flavour index

RG flow



Stability

• Stringy instantons may provide extra contributions to the 
superpotential and spoil the stability of the vacuum (USp(0) 
and SU(1) nodes coupled to the SU(5) groups can host 
them). No: chiral gauge invariants cannot be written.

• No N = 2 instabilities. By construction, the singularity does 
not host local non-isolated singularities (no points inside the 
edges along the boundary of toric diagram)
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SPP pq-webtoric diagram



• No N = 4 instabilities. Moving away regular D3-branes does 
not affect the twin SU(5) vacuum. N=4 branch stable. 
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• The Octagon has partial resolutions generating CYs which 
admit non-isolated singularities and hence make the DSB 
vacuum potentially unstable towards N=2-like decay.  
Partial resolutions corresponds to give VEV to di-baryons 
operators (fusion of adjacent faces in the dimer).  

In present case they cannot occur due to rank unbalance of 
corresponding adjacent faces,  either because of M = 0 or 
due to the orientifold. 

       Resolutions are obstructed. No instability!



Summary 

• We have shown that a large class of CY Orientifold  
singularities exist which can host DSB theories via suitable 
D-brane configurations. However, in decoupling limit they 
become unstable towards SUSY vacua, due to a model-
independent decay channel.   

• We showed how to overcome this instability and provided 
the first instance of a stable DSB model in D-brane 
constructions. The answer to our original question:  

‘Is stable SUSY breaking possible in D-brane models?’   
 is hence (and finally) Yes!

18

Summary and comments 
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Comments 

• By the very meaning of gauge/string duality, if SUSY is 
broken dynamically in a stable vacuum on the gauge theory 
side, then it is so on the dual side. Hence, the Yes to previous 
question implies the existence of a stable SUSY breaking 
background of type IIB string theory in 10d.

• Stability comes from non-trivial interplay btw geometry, 
branes probing it, and orientifold acting on it. What is the 
picture from the dual string theory side?

• What about a gravity dual? We discussed low-rank models. 
To get a gravity dual valid all the way to the deep IR we need 
to get larger rank realizations (i.e. generic M).

[work in progress]



20

• Having a gravity dual would provide a dual geometric 
description of DSB.… and the nearest to a gravity dual of 
non-supersymmetric confining theories, as QCD! 

• Our model could have an impact on the swampland 
program, in at least two ways:  

- It could be used as an ingredient to construct de Sitter 
vacua in 4d à la KKLT, similarly to antiD3 in warped 
throats… but possibly with more control! 
- If a gravity dual is found, it would mean that warped 
throats with stable DSB D-brane sectors at their bottom, 
that is stable non-supersymmetric locally AdS warped 
throats are in the landscape (unlike pure AdS, which has 
been conjectured not to).



Thank you!
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