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Introduction
• A lot of progress in supersymmetric solutions, especially with geometric methods

It would be nice to use this wisdom for supersymmetry breaking as well

• In fact most non-susy AdS solutions are unstable or metastable

it would be useful to have non-susy holography

We don’t live in AdS, but learning to control these effects seems a useful exercise;

• This talk: geometrical ideas to look for non-susy AdS vacua 

that are promising from a stability point of view



Plan

• Review: supersymmetry and stability

• ‘Calibrated’ non-supersymmetric vacua

• Old and new examples: Kähler–Einstein, homogeneous



Susy & stability
Recall: supersymmetry can be reformulated in terms of forms

<latexit sha1_base64="r2iqZpZTRBujyR6IRYohnHpd/64="></latexit>

• M10 =$G64 ⇥M6

<latexit sha1_base64="v8mXCkncqthR06Zmn41sB9E0abA="></latexit>

✏1 = ⇣1+ ⌦ ⌘1+ + FRQM.
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internal RR

supersymmetry {[Graña, Minasian, 
Petrini, AT ’05]

<latexit sha1_base64="ZqRZljiVKKRM9dPtvpfV44DyWnE="></latexit>

• ⇤ = 0� M6 LV JHQHUDOL]HG FRPSOH[ ĬQRW LPSRUWDQW WRGD\ĭ

<latexit sha1_base64="RMMyUxGypJviFFARS1/NG302PXU="></latexit>

�(↵k) ⌘ (�)bk/2c↵k

• each equation has a 4d interpretation [Koerber, Martucci ’07]
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D-term

• calibrated subspaces are now energy minimizers for brane probes [Martucci, Smyth ’05]

• Quick argument to see stability under brane bubbles [Giri, Martucci, AT ’22]

NSNS
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AdS radius

pure spinor equations:



An unstable vacuum can decay via a bubble of true vacuum

time

bubble creation: 
evolution in Eucl. time

AdS radial coord.

bubble evolution: real time

true vacuum
false vacuum

[Coleman, De Luccia ’80]
[Maldacena, Michelson, Strominger ’98]
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the bubble:

{
[Ooguri, Vafa ’16,

Freivogel, Kleban ‘16]
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• same condition for the bubble to nucleate in the first place.

• Indeed an expanding bubble has been found for most AdS vacua. 
Often it’s in fact a D-brane

• Some exceptions have already been proposed [Córdova, De Luca, AT ’18; Giambrone, Guarino,
 Malek, Samtleben, Sterckx, Trigiante '21]



• Susy vacua are stable: positivity theorems [Witten ’81; Abbott, Deser ’82, Gibbons, Hull, Warner ’83, Hull ’83]

adapted to d=10,11 in [Kowalski-Glikman ’85, Giri, Martucci, AT ’21]

<latexit sha1_base64="nQlYute5zbKqINV8FG1aKNNFH6M="></latexit>

G(H2A��H�B,P�1) = 0
<latexit sha1_base64="cN5ipcKXvY2WhLOw1BkkziSdlzk="></latexit>

H = GB

[Giri, Martucci, AT ’21]• A quicker argument to show protection from D-brane bubbles: 
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calibration property

• Can this protection be replicated for some non-susy vacua?
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Stable susy breaking?

For this kind of stability, we don’t need susy…
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We really just need:

Can we find vacua with these properties?



There exist fake pure spinor equations: [Lüst, Marchesano, Martucci, Tsimpis ’08;
Legramandi, AT ’19, Menet ‘23]

• modification that breaks susy, still implies equations of motion

• generalization of GKP susy breaking [Giddings, Kachru, Polchinski ’01]

However, so far this works best

• for Minkowski
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[Menet ‘23]

So we decided to look ‘by hand’ [Menet, AT WIP]



Algebraic vacua
In several geometries, equations of motion become algebraic.

We found new classes, and analyzed stability for some known ones.
Preliminary analysis
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today

[Menet, AT WIP]

generalizations of old sol.

old & new

old & new
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with positive curvature
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• more subtle discussion for bound states [Menet, AT WIP]
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[in our partial defense, we were mostly interested in the CFT dual]
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protection from tachyons near these endpoints.
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• WZLVWRU ¿EUDWLRQV S2 ,! M6 ! M4 = S4� CP2

• also admit susy vacua [AT ’07, Koerber, Lüst, Tsimpis ’08]
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• CP3� VROXWLRQV DOUHDG\ IRXQG� [Koerber, Körs ’10]

we find that 
most solutions

are stable:

red = we cannot conclude instabilityred = instability
black = stability black = stability

susy sol.
KE branch
opens up
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•F(1, 2; 3) : WZR PHWULF SDUDPHWHUV

reflection symmetries

susy solutions inside here

new solutions:
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red= some solutions can be unstable
green= all solutions are stable

red = we cannot conclude instabilityred = instability
black = stability black = stability
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It’s much harder to protect against more general vacuum decay!

• Positivity theorems with fake susy?
[Giri, Martucci, AT ’21]didn’t quite work in M-theory, much more open in type II.

• Bubble of nothing is a worrisome prospect whenever there are circles… 
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RU PRUH JHQHUDOO\ VSKHUHV� SRWHQWLDOO\ UHOHYDQW IRU CP3 [Ooguri, Spodyneiko ’17]

A generic KE appears safe from this point of view.

Summary: many solutions are stable against brane bubbles. [Menet, AT WIP]



Conclusions
• Finding all non-susy vacua might not be a very fruitful endeavor;

 focusing on potentially/partially stable ones might be sensible
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• Relatively easy to find solutions that are stable under brane bubbles

• It will be a lot harder to provide full stability! 
We might fail, but learn something useful in the process
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[Boucher ’84;… Freedman, Nunez, Schnabl, Skenderis ’03;
Lüst, Marchesano, Martucci, Tsimpis ’08;

Legramandi, AT ’19, Menet ‘23]

A modified pure spinor equation that still implies equations of motion:
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For example, dilaton EoM: 

internal Einstein eq:
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• Implications on stability? [Boucher ’84; Giri, Martucci, AT ’21]

• The same strategy might become more effective in terms of exceptional geometry
[Menet, Petrini, Waldram WIP]

Fake susy



Details of KE solution
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