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The Swampland Program [Ooguri, Vafa ’06]

• Criteria for effective theories (low 
energy) to have completion in 
quantum gravity (high energy)


• Mostly: Universal behavior of 
consistent theory of quantum gravity 
in certain limits (here: string theory 
compactifications)
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• Prediction of quantum gravity 

• Test of quantum gravity

Swampland
Landscape

Quantum Gravity

Effective gravitational theories

the dream



The Swampland Distance Conjecture [Ooguri, Vafa ’06]
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Probing infinite (possibly large is enough, [Klaewer, Palti ’17]) distances 

in moduli space, one encounters a tower of states with masses  

that are exponentially suppressed in the field distance (with respect


to the Planck scale).

Break-down of EFT after traveling large distances
m
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QG cut-off
species scale  

[Dvali ’07]



Tests of Conjecture

• Weak coupling, decompactification [Ooguri, Vafa ’06],…


• Complex structure of Calabi-Yau 3-folds [Grimm, Palti, Valenzuela ’18], 
[Grimm, Li, Palti ’18],… 

• Kahler moduli for F-theory base [Lee, Lerche, Weigand ’18 + ’19],… 

• Kahler moduli for Calabi-Yau 3-folds [Corvilain, Grimm, Valenzuela ’18],… 

• Extended objects in string compactifications [Lee, Lerche, Weigand 
’19], [Font, Herraez, Ibanez, ’19], [Grimm, van de Heisteeg ’19], [Marchesano, Wiesner ’19],…
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Conjecture has passed several tests in string theory:

Today: Type IIB string theory on K3⇥ T 2
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Outline of strategy
• Classify infinite distance points in moduli space


• Identify and construct tower of light states 

• Ensure stability of states in limit
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We consider complex structure moduli for  
see also [Grimm, Palti, Valenzuela ’18], [Grimm, Li, Palti ’18]

• Mathematical classification using limiting mixed Hodge structures 

•             allows a lot of control in identifying the states 

• Towers of 1/2-BPS and 1/4-BPS states; explicit treatment of stability 
via walls of marginal stability

K3⇥ T 2
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Infinite distance
• Complex structure moduli space of Calabi-Yau 3-fold is 

a Kahler manifold with Kahler potential
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K = � log
⇣
i

Z
⌦ ^ ⌦̄

⌘
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• For                the (3,0)-form is composed of (2,0)-form 
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complex structure parameter

Technical aside:
• Geometric interpretation demands certain embedding into full moduli space


• Identification of complex structure demands restriction to polarized K3s
O(⇤

6,22
)\O(6, 22)/O(6)⇥O(22) ! O(⇤

3,19
)\O(3, 19)/O(3)⇥O(19)
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2,19

)\O(2, 19)/O(2)⇥O(19)
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Infinite distance
• Torus simple enough         completely explicit (infinite 

distance at                          )


•               allows to restrict to the degeneration 


• Approximate complex structure of K3 close to singularity 
by nilpotent orbit theorem [Schmid ’76],[Cattani, Kaplan, Schmid ’86],…
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• log-monodromy      
specified by degeneration


•      does not depend on t

N
<latexit sha1_base64="PUReiMaXyOC9SJxO9qz1CN5Hl/4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGwRwDXjxJAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp377SdUmsfywUwS9CM6lDzkjBorNe77xZJbdhcg68TLSAky1PvFr94gZmmE0jBBte56bmL8KVWGM4GzQi/VmFA2pkPsWipphNqfLg6dkQurDEgYK1vSkIX6e2JKI60nUWA7I2pGetWbi/953dSEVX/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpFUpe1flSuO6VKtmceThDM7hEjy4gRrcQR2awADhGV7hzXl0Xpx352PZmnOymVP4A+fzB6TdjMw=</latexit>

t ! i1
<latexit sha1_base64="ppLRagby94iPk02EOym8oFOkiGM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInkpSBXssePFYwX5AE8pmu2mXbjZhd6KE2IN/xYsHRbz6N7z5b9y2OWjrg4HHezPMzAsSwTU4zre1srq2vrFZ2ipv7+zu7dsHh20dp4qyFo1FrLoB0UxwyVrAQbBuohiJAsE6wfh66nfumdI8lneQJcyPyFDykFMCRurbx4A9xYcjIErFD5hjj8sQsr5dcarODHiZuAWpoALNvv3lDWKaRkwCFUTrnusk4OdEAaeCTcpeqllC6JgMWc9QSSKm/Xx2/wSfGWWAw1iZkoBn6u+JnERaZ1FgOiMCI73oTcX/vF4KYd3PuUxSYJLOF4WpwBDjaRh4wBWjIDJDCFXc3IrpiChCwURWNiG4iy8vk3at6l5Ua7eXlUa9iKOETtApOkcuukINdIOaqIUoekTP6BW9WU/Wi/VufcxbV6xi5gj9gfX5A8UZlek=</latexit>

a0
<latexit sha1_base64="KO9UAFQhAiqqibEa5GZBFFvoLOI=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQKdllw47KCfUBTymQ6aYdOJmHmRiihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTJFIYdN1vZ2Nza3tnt7RX3j84PDqunJx2TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbTu9zvPnFtRKwecZbwQUTHSoSCUbSS70cUJ0GY0fnQHVaqbs1dgKwTryBVKNAaVr78UczSiCtkkhrT99wEBxnVKJjk87KfGp5QNqVj3rdU0YibQbbIPCeXVhmRMNb2KSQL9fdGRiNjZlFgJ/OMZtXLxf+8fophY5AJlaTIFVseClNJMCZ5AWQkNGcoZ5ZQpoXNStiEasrQ1lS2JXirX14nnXrNu67VH26qzUZRRwnO4QKuwINbaMI9tKANDBJ4hld4c1LnxXl3PpajG06xcwZ/4Hz+AAQHkaI=</latexit>

Infinite distance for Na0 6= 0
<latexit sha1_base64="ylJJipGRO6s9OwIFb78FemVIjzc=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkpSBV0W3LiSCvYBTSiT6aQdOpnEmYlQQsFfceNCEbd+hzv/xkmbhbYeGDiccy/3zAkSzpR2nG+rtLK6tr5R3qxsbe/s7tn7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBOPr3O88UqlYLO71JKF+hIeChYxgbaS+fXSLvAjrURBmeNp3kCfoA3L6dtWpOTOgZeIWpAoFmn37yxvEJI2o0IRjpXquk2g/w1Izwum04qWKJpiM8ZD2DBU4osrPZvGn6NQoAxTG0jyh0Uz9vZHhSKlJFJjJPKpa9HLxP6+X6vDKz5hIUk0FmR8KU450jPIu0IBJSjSfGIKJZCYrIiMsMdGmsYopwV388jJp12vuea1+d1FtNIo6ynAMJ3AGLlxCA26gCS0gkMEzvMKb9WS9WO/Wx3y0ZBU7h/AH1ucPwxqUsw==</latexit>



Mutual degeneration
• We restrict to the case of type III degenerations of K3 

• Simultaneously we let the torus degenerate: type IV 
enhancement [Grimm, Palti, Valenzuela ’18], [Grimm, Li, Palti ’18],… 

• “Maximal degeneration” and only case for which tower 
contains 1/4-BPS states         potential instability 

• Monodromy generated tower is 1/4-BPS
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q0
<latexit sha1_base64="tcRYeDTORN4cBihuwNi5vWxcv94=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQ2Y6tHVXcOOygn1AZyiZNNOGZjJjkhHK0N9w40IRt/6MO//GTFtBRQ8EDufcyz05YcqZ0gh9WGvrG5tb26Wd8u7e/sFh5ei4q5JMEtohCU9kP8SKciZoRzPNaT+VFMchp71welX4vXsqFUvErZ6lNIjxWLCIEayN5Psx1pMwyu/mQzSsVJF92ay7Xh0iG6GG4zoFcRtezYOOUQpUwQrtYeXdHyUki6nQhGOlBg5KdZBjqRnhdF72M0VTTKZ4TAeGChxTFeSLzHN4bpQRjBJpntBwoX7fyHGs1CwOzWSRUf32CvEvb5DpqBnkTKSZpoIsD0UZhzqBRQFwxCQlms8MwUQykxWSCZaYaFNT2ZTw9VP4P+m6tlOz3Ruv2mqu6iiBU3AGLoADGqAFrkEbdAABKXgAT+DZyqxH68V6XY6uWaudE/AD1tsnfIaR9A==</latexit>

q1
<latexit sha1_base64="3wdM5+/9VKU4m0cL0blGfE4qSpg=">AAAB83icdVBNSwMxFHxbv2r9qnr0EiyCp7KpYre3ghePFWwtdEvJptk2NJtdk6xQlv4NLx4U8eqf8ea/MdtWUNGBwDDzHm8yQSK4Nq774RRWVtfWN4qbpa3tnd298v5BR8epoqxNYxGrbkA0E1yytuFGsG6iGIkCwW6DyWXu394zpXksb8w0Yf2IjCQPOSXGSr4fETMOwuxuNsCDcsWtuq6LMUY5wfUL15JGw6thD+HcsqjAEq1B+d0fxjSNmDRUEK172E1MPyPKcCrYrOSnmiWETsiI9SyVJGK6n80zz9CJVYYojJV90qC5+n0jI5HW0yiwk3lG/dvLxb+8XmpCr59xmaSGSbo4FKYCmRjlBaAhV4waMbWEUMVtVkTHRBFqbE0lW8LXT9H/pFOr4rNq7fq80vSWdRThCI7hFDDUoQlX0II2UEjgAZ7g2UmdR+fFeV2MFpzlziH8gPP2CWrxkek=</latexit>

qm
<latexit sha1_base64="PNl10MdsxC8sPggG2jRP+6yLmGk=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgqSRV7PZW8OKxgq2FbinZNNuGJtk1yQpl6Wt48aCIV1/Gm29jtq2gogOBYeb7+CYTJoIbi9CHV1hZXVvfKG6WtrZ3dvfK+wcdE6easjaNRay7ITFMcMXallvBuolmRIaC3YaTy9y/vWfa8Fjd2GnC+pKMFI84JdZJQSCJHYdRdjcbyEG5gqoIIYwxzAmuXyBHGg2/hn2Ic8uhApZoDcrvwTCmqWTKUkGM6WGU2H5GtOVUsFkpSA1LCJ2QEes5qohkpp/NM8/giVOGMIq1e8rCufp9IyPSmKkM3WSe0fz2cvEvr5fayO9nXCWpZYouDkWpgDaGeQFwyDWjVkwdIVRzlxXSMdGEWldTyZXw9VP4P+nUqvisWrs+rzT9ZR1FcASOwSnAoA6a4Aq0QBtQkIAH8ASevdR79F6818VowVvuHIIf8N4+AcXhkiU=</latexit>

q2
<latexit sha1_base64="jtDql4NmWVbUAsH7te+6tGPmq2A=">AAAB83icdVDNSgMxGMzWv1r/qh69BIvgqSSr2O2t4MVjBVsL3aVk02wbms2uSVYoS1/DiwdFvPoy3nwbs20FFR0IDDPfxzeZMBVcG4Q+nNLK6tr6RnmzsrW9s7tX3T/o6iRTlHVoIhLVC4lmgkvWMdwI1ksVI3Eo2G04uSz823umNE/kjZmmLIjJSPKIU2Ks5PsxMeMwyu9mA3dQraE6QghjDAuCGxfIkmbTc7EHcWFZ1MAS7UH13R8mNIuZNFQQrfsYpSbIiTKcCjar+JlmKaETMmJ9SyWJmQ7yeeYZPLHKEEaJsk8aOFe/b+Qk1noah3ayyKh/e4X4l9fPTOQFOZdpZpiki0NRJqBJYFEAHHLFqBFTSwhV3GaFdEwUocbWVLElfP0U/k+6bh2f1d3r81rLW9ZRBkfgGJwCDBqgBa5AG3QABSl4AE/g2cmcR+fFeV2MlpzlziH4AeftE2x1keo=</latexit>

T = TT 2 ⌦ eN
<latexit sha1_base64="tM1qrFCwDUomyzoGiCITqIm8XsQ=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokVbAboeDGlVRIH9CmYTKdtkMnM2FmIpSQjb/ixoUibv0Md/6N0zYLbT1w4XDOvdx7TxgzqrTjfFuFtfWNza3idmlnd2//wD48aimRSEyaWDAhOyFShFFOmppqRjqxJCgKGWmHk9uZ334kUlHBPT2NiR+hEadDipE2UmCfePAGekHq9asZ7AlNI6Ig6d8HdtmpOHPAVeLmpAxyNAL7qzcQOIkI15ghpbquE2s/RVJTzEhW6iWKxAhP0Ih0DeXILPLT+QMZPDfKAA6FNMU1nKu/J1IUKTWNQtMZIT1Wy95M/M/rJnpY81PK40QTjheLhgmDWsBZGnBAJcGaTQ1BWFJzK8RjJBHWJrOSCcFdfnmVtKoV97JSfbgq12t5HEVwCs7ABXDBNaiDO9AATYBBBp7BK3iznqwX6936WLQWrHzmGPyB9fkDr6OVKQ==</latexit>

T
<latexit sha1_base64="UmxdNEo8KzcJ+lTkqHY1TesHE98=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGwRwDXjwmkBckS5iddJIxs7PLzKwQlnyBFw+KePWTvPk3TpI9aGJBQ1HVTXdXEAuujet+O7mt7Z3dvfx+4eDw6PikeHrW1lGiGLZYJCLVDahGwSW2DDcCu7FCGgYCO8H0fuF3nlBpHsmmmcXoh3Qs+YgzaqzUaA6KJbfsLkE2iZeREmSoD4pf/WHEkhClYYJq3fPc2PgpVYYzgfNCP9EYUzalY+xZKmmI2k+Xh87JlVWGZBQpW9KQpfp7IqWh1rMwsJ0hNRO97i3E/7xeYkZVP+UyTgxKtlo0SgQxEVl8TYZcITNiZgllittbCZtQRZmx2RRsCN76y5ukXSl7N+VK47ZUq2Zx5OECLuEaPLiDGjxAHVrAAOEZXuHNeXRenHfnY9Wac7KZc/gD5/MHrfWM0g==</latexit>

T
<latexit sha1_base64="UmxdNEo8KzcJ+lTkqHY1TesHE98=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGwRwDXjwmkBckS5iddJIxs7PLzKwQlnyBFw+KePWTvPk3TpI9aGJBQ1HVTXdXEAuujet+O7mt7Z3dvfx+4eDw6PikeHrW1lGiGLZYJCLVDahGwSW2DDcCu7FCGgYCO8H0fuF3nlBpHsmmmcXoh3Qs+YgzaqzUaA6KJbfsLkE2iZeREmSoD4pf/WHEkhClYYJq3fPc2PgpVYYzgfNCP9EYUzalY+xZKmmI2k+Xh87JlVWGZBQpW9KQpfp7IqWh1rMwsJ0hNRO97i3E/7xeYkZVP+UyTgxKtlo0SgQxEVl8TYZcITNiZgllittbCZtQRZmx2RRsCN76y5ukXSl7N+VK47ZUq2Zx5OECLuEaPLiDGjxAHVrAAOEZXuHNeXRenHfnY9Wac7KZc/gD5/MHrfWM0g==</latexit>

M
<latexit sha1_base64="RXjTeAawjOxPGRhv9AgF6pnOX84=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGwRwDXrwICZgHJEuYnfQmY2Znl5lZIYR8gRcPinj1k7z5N06SPWhiQUNR1U13V5AIro3rfju5jc2t7Z38bmFv/+DwqHh80tJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbut59QaR7LBzNJ0I/oUPKQM2qs1LjvF0tu2V2ArBMvIyXIUO8Xv3qDmKURSsME1brruYnxp1QZzgTOCr1UY0LZmA6xa6mkEWp/ujh0Ri6sMiBhrGxJQxbq74kpjbSeRIHtjKgZ6VVvLv7ndVMTVv0pl0lqULLlojAVxMRk/jUZcIXMiIkllClubyVsRBVlxmZTsCF4qy+vk1al7F2VK43rUq2axZGHMziHS/DgBmpwB3VoAgOEZ3iFN+fReXHenY9la87JZk7hD5zPH6NZjMs=</latexit>

…
T

<latexit sha1_base64="UmxdNEo8KzcJ+lTkqHY1TesHE98=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGwRwDXjwmkBckS5iddJIxs7PLzKwQlnyBFw+KePWTvPk3TpI9aGJBQ1HVTXdXEAuujet+O7mt7Z3dvfx+4eDw6PikeHrW1lGiGLZYJCLVDahGwSW2DDcCu7FCGgYCO8H0fuF3nlBpHsmmmcXoh3Qs+YgzaqzUaA6KJbfsLkE2iZeREmSoD4pf/WHEkhClYYJq3fPc2PgpVYYzgfNCP9EYUzalY+xZKmmI2k+Xh87JlVWGZBQpW9KQpfp7IqWh1rMwsJ0hNRO97i3E/7xeYkZVP+UyTgxKtlo0SgQxEVl8TYZcITNiZgllittbCZtQRZmx2RRsCN76y5ukXSl7N+VK47ZUq2Zx5OECLuEaPLiDGjxAHVrAAOEZXuHNeXRenHfnY9Wac7KZc/gD5/MHrfWM0g==</latexit>

T
<latexit sha1_base64="UmxdNEo8KzcJ+lTkqHY1TesHE98=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGwRwDXjwmkBckS5iddJIxs7PLzKwQlnyBFw+KePWTvPk3TpI9aGJBQ1HVTXdXEAuujet+O7mt7Z3dvfx+4eDw6PikeHrW1lGiGLZYJCLVDahGwSW2DDcCu7FCGgYCO8H0fuF3nlBpHsmmmcXoh3Qs+YgzaqzUaA6KJbfsLkE2iZeREmSoD4pf/WHEkhClYYJq3fPc2PgpVYYzgfNCP9EYUzalY+xZKmmI2k+Xh87JlVWGZBQpW9KQpfp7IqWh1rMwsJ0hNRO97i3E/7xeYkZVP+UyTgxKtlo0SgQxEVl8TYZcITNiZgllittbCZtQRZmx2RRsCN76y5ukXSl7N+VK47ZUq2Zx5OECLuEaPLiDGjxAHVrAAOEZXuHNeXRenHfnY9Wac7KZc/gD5/MHrfWM0g==</latexit>



Tower of states
• Complex structure degeneration for  K3 and       

• Natural candidate: D3-branes on 3-cycles  
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T2
<latexit sha1_base64="Asu6qLSKAN5ROpFVszpU6uCTZAc=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuCG5cV+oLOWDJppg3NZIYkI5Shv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skJEsG1cZxvVNrY3NreKe9W9vYPDo+qxyddHaeKsg6NRaz6AdFMcMk6hhvB+oliJAoE6wXTu9zvPTGleSzbZpYwPyJjyUNOibGS50XETIIwaz825sNqzak7C+B14hakBgVaw+qXN4ppGjFpqCBaD1wnMX5GlOFUsHnFSzVLCJ2SMRtYKknEtJ8tMs/xhVVGOIyVfdLghfp7IyOR1rMosJN5Rr3q5eJ/3iA14a2fcZmkhkm6PBSmApsY5wXgEVeMGjGzhFDFbVZMJ0QRamxNFVuCu/rlddJt1N2reuPhutZsFnWU4QzO4RJcuIEm3EMLOkAhgWd4hTeUohf0jj6WoyVU7JzCH6DPH/OekZ4=</latexit>

�
<latexit sha1_base64="ly0/jgKzwuQXdVvK8ljjy/Cu3KE=">AAAB7nicbVDLSsNAFL3xWeur6tLNYBFclaQKdllw47KCfUAbys1k0g6dTMLMRCihH+HGhSJu/R53/o3TNgttPTBwOOdc5t4TpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTlLVpIhLVC1AzwSVrG24E66WKYRwI1g0md3O/+8SU5ol8NNOU+TGOJI84RWOl7kDYaIjDStWtuQuQdeIVpAoFWsPK1yBMaBYzaahArfuemxo/R2U4FWxWHmSapUgnOGJ9SyXGTPv5Yt0ZubRKSKJE2ScNWai/J3KMtZ7GgU3GaMZ61ZuL/3n9zEQNP+cyzQyTdPlRlAliEjK/nYRcMWrE1BKkittdCR2jQmpsQ2Vbgrd68jrp1Gveda3+cFNtNoo6SnAOF3AFHtxCE+6hBW2gMIFneIU3J3VenHfnYxndcIqZM/gD5/MHOxGPdw==</latexit>

t
<latexit sha1_base64="0iumNtECVzyw+TLVKInewBD4uW4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV7LHgxWML9gPaUDbbTbt2swm7E6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmd3O/88S1EbF6wGnC/YiOlAgFo2ilJg5KZbfiLkDWiZeTMuRoDEpf/WHM0ogrZJIa0/PcBP2MahRM8lmxnxqeUDahI96zVNGIGz9bHDojl1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxbDmZ0IlKXLFlovCVBKMyfxrMhSaM5RTSyjTwt5K2JhqytBmU7QheKsvr5N2teJdV6rNm3K9lsdRgHO4gCvw4BbqcA8NaAEDDs/wCm/Oo/PivDsfy9YNJ585gz9wPn8A3nWM8g==</latexit>

Type III degeneration 
singles out two 2-cycles  

controlled by t

Limit on torus singles out 
 1-cycle controlled by   

3-cycle defining electric  
and magnetic charges

�
<latexit sha1_base64="ly0/jgKzwuQXdVvK8ljjy/Cu3KE=">AAAB7nicbVDLSsNAFL3xWeur6tLNYBFclaQKdllw47KCfUAbys1k0g6dTMLMRCihH+HGhSJu/R53/o3TNgttPTBwOOdc5t4TpIJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTlLVpIhLVC1AzwSVrG24E66WKYRwI1g0md3O/+8SU5ol8NNOU+TGOJI84RWOl7kDYaIjDStWtuQuQdeIVpAoFWsPK1yBMaBYzaahArfuemxo/R2U4FWxWHmSapUgnOGJ9SyXGTPv5Yt0ZubRKSKJE2ScNWai/J3KMtZ7GgU3GaMZ61ZuL/3n9zEQNP+cyzQyTdPlRlAliEjK/nYRcMWrE1BKkittdCR2jQmpsQ2Vbgrd68jrp1Gveda3+cFNtNoo6SnAOF3AFHtxCE+6hBW2gMIFneIU3J3VenHfnYxndcIqZM/gD5/MHOxGPdw==</latexit>

✓
P
Q

◆
=

✓
P � + p�

q�

◆

<latexit sha1_base64="CX9ZhXSTE9Raaies7Y/pTkDCe58="></latexit>

P, p, q 2 Z
<latexit sha1_base64="QZXHqs3VbvGrNBEj/ikG9WIKAjY=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEF6UkVdBlwY3LCvaBTSiT6aQdOpnEmYlQYhf+ihsXirj1N9z5N07aLrT1wMDhnHu5Z06QcKa043xbS8srq2vrhY3i5tb2zq69t99UcSoJbZCYx7IdYEU5E7Shmea0nUiKo4DTVjC8yv3WA5WKxeJWjxLqR7gvWMgI1kbq2of1MkrK6B55TCAvwnoQBNnduGuXnIozAVok7oyUYIZ61/7yejFJIyo04Vipjusk2s+w1IxwOi56qaIJJkPcpx1DBY6o8rNJ/jE6MUoPhbE0T2g0UX9vZDhSahQFZjJPqOa9XPzP66Q6vPQzJpJUU0Gmh8KUIx2jvAzUY5ISzUeGYCKZyYrIAEtMtKmsaEpw57+8SJrVintWqd6cl2q1WR0FOIJjOAUXLqAG11CHBhB4hGd4hTfryXqx3q2P6eiSNds5gD+wPn8AF1qU4Q==</latexit>



Tower of states
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Masses can be explicitly evaluated in terms of charges:

M2 = 1
�2
(PL � �QL)(PL � �̄QL) + 2|PL ^QL|

|PL ^QL|2 = P2
LQ

2
L � (PL ·QL)

2
<latexit sha1_base64="qfdGERaPht0aR5QgJrk0+1uw+ac="></latexit>

• Projection on          only (no mass contribution from Kahler sector) 

• Goes to zero with expected asymptotic behavior 

For states under consideration:

⌦K3
<latexit sha1_base64="sxtNg9dwVXh+ry7t/J3/p4Dqsms=">AAAB+3icbVBNS8NAEN3Ur1q/aj16CRbBU0laQQ8eCl4ED1awtdCEstlO26WbTdidSEvIX/HiQRGv/hFv/hu3HwdtfTDweG+GmXlBLLhGx/m2cmvrG5tb+e3Czu7e/kHxsNTSUaIYNFkkItUOqAbBJTSRo4B2rICGgYDHYHQ99R+fQGkeyQecxOCHdCB5nzOKRuoWS95dCAPaTT2EMaa3tSzrFstOxZnBXiXugpTJAo1u8cvrRSwJQSITVOuO68Top1QhZwKygpdoiCkb0QF0DJU0BO2ns9sz+9QoPbsfKVMS7Zn6eyKlodaTMDCdIcWhXvam4n9eJ8H+pZ9yGScIks0X9RNhY2RPg7B7XAFDMTGEMsXNrTYbUkUZmrgKJgR3+eVV0qpW3Fqlen9erl8t4siTY3JCzohLLkid3JAGaRJGxuSZvJI3K7NerHfrY96asxYzR+QPrM8fQj+UkA==</latexit>

Towers of 1/2-BPS states Towers of 1/4-BPS states
P k Q

<latexit sha1_base64="QZeG2qUj3Qi2fbgDFxIzszrGZPs=">AAACCXicbVBNS8NAEN34WetX1KOXxSJ4KkkV7LHgxWML9gOaUjbbSbt0swm7G6GEXL34V7x4UMSr/8Cb/8ZNG0RbHww83pthZp4fc6a043xZa+sbm1vbpZ3y7t7+waF9dNxRUSIptGnEI9nziQLOBLQ10xx6sQQS+hy6/vQm97v3IBWLxJ2exTAIyViwgFGijTS0sRcSPfGDtJlhLyaScA78R2xleGhXnKozB14lbkEqqEBzaH96o4gmIQhNOVGq7zqxHqREakY5ZGUvURATOiVj6BsqSAhqkM4/yfC5UUY4iKQpofFc/T2RklCpWeibzvxEtezl4n9eP9FBfZAyEScaBF0sChKOdYTzWPCISaCazwwhVDJzK6YTEwfVJryyCcFdfnmVdGpV97Jaa11VGvUijhI6RWfoArnoGjXQLWqiNqLoAT2hF/RqPVrP1pv1vmhds4qZE/QH1sc3Z1qaGw==</latexit>

P , Q
<latexit sha1_base64="KxSlnalbHrTf6LYeXU+T3Ht2RSI=">AAACCnicbVBNS8NAEJ3Ur1q/qh69rBbBU0mqYI8FLx5bsB/QhLLZbtqlm03Y3Qgl5OzFv+LFgyJe/QXe/Ddu2gra+mDg8d4MM/P8mDOlbfvLKqytb2xuFbdLO7t7+wflw6OOihJJaJtEPJI9HyvKmaBtzTSnvVhSHPqcdv3JTe5376lULBJ3ehpTL8QjwQJGsDbSoHzqhliP/SBtZsgVMZaYc8rRj9rK0KBcsav2DGiVOAtSgQWag/KnO4xIElKhCcdK9R071l6KpWaE06zkJorGmEzwiPYNFTikyktnr2To3ChDFETSlNBopv6eSHGo1DT0TWd+olr2cvE/r5/ooO6lTMSJpoLMFwUJRzpCeS5oyCQlmk8NwUQycysiYxMH0Sa9kgnBWX55lXRqVeeyWmtdVRr1RRxFOIEzuAAHrqEBt9CENhB4gCd4gVfr0Xq23qz3eWvBWswcwx9YH99AjJqT</latexit>

M2 / P 2

�2
+

q2�2

t22
<latexit sha1_base64="/IdpNPIvGwaer0l5JfN1PagqOtQ=">AAACKHicbVBbS8MwGE3nbc5b1UdfgkMQhNFWQR8EB774IkxwF1i7kmbpFpZeTFJhlP4cX/wrvogosld/ielWRDcPBA7nnC/Jd7yYUSENY6KVlpZXVtfK65WNza3tHX13ryWihGPSxBGLeMdDgjAakqakkpFOzAkKPEba3ug699uPhAsahfdyHBMnQIOQ+hQjqSRXv7rtWdCOeRTLCNo+Rzht9KwstZm6o49cK4Mnhf6QJ3/kVLqWCrp61agZU8BFYhakCgo0XP3N7kc4CUgoMUNCdE0jlk6KuKSYkaxiJ4LECI/QgHQVDVFAhJNOF83gkVL60I+4OqGEU/X3RIoCIcaBp5IBkkMx7+Xif143kf6Fk9IwTiQJ8ewhP2FQlZK3BvuUEyzZWBGEOVV/hXiIVCtSdVtRJZjzKy+SllUzT2vW3Vm1flnUUQYH4BAcAxOcgzq4AQ3QBBg8gRfwDj60Z+1V+9Qms2hJK2b2wR9oX9+ROaWp</latexit>

M2 / p2

t22�2
,M2 / P 2

�2
,M2 / q2�2

t22
<latexit sha1_base64="4iqUVtW+oJrDorDnsNuAWoYsDRs="></latexit>



Walls of marginal stability [Sen ’07], [Cheng, Verlinde ’08],… 
• 1/4-BPS states generically decay into 1/2-BPS states
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✓
P
Q

◆
!

✓
P1

Q1

◆
+

✓
P2

Q2

◆

<latexit sha1_base64="Onlne7wlnOPrCpoKYoq96fMyHoo="></latexit>

�1
<latexit sha1_base64="3Vsm9Un2nteCJ56/eQWlm3r6fSk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQXFVcOOygn1IO5RMJtOGJpkhyQhl6Fe4caGIWz/HnX9jOp2Fth4IHM45l9x7goQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvQBrypmkbcMMp71EUSwCTrvB5Hbud5+o0iyWD2aaUF/gkWQRI9hY6XHAbTTEQ29Yrbl1NwdaJV5BalCgNax+DcKYpIJKQzjWuu+5ifEzrAwjnM4qg1TTBJMJHtG+pRILqv0sX3iGzqwSoihW9kmDcvX3RIaF1lMR2KTAZqyXvbn4n9dPTXTtZ0wmqaGSLD6KUo5MjObXo5ApSgyfWoKJYnZXRMZYYWJsRxVbgrd88irpNOreRb1xf1lr3hR1lOEETuEcPLiCJtxBC9pAQMAzvMKbo5wX5935WERLTjFzDH/gfP4AZbWQHQ==</latexit>

�2
<latexit sha1_base64="ntQT3utNJE1dCwGkOgaxeakbu3E=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQXFVcOOygn1IO5RMJtOGJpkhyQhl6Fe4caGIWz/HnX9jOp2Fth4IHM45l9x7goQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvQBrypmkbcMMp71EUSwCTrvB5Hbud5+o0iyWD2aaUF/gkWQRI9hY6XHAbTTEw8awWnPrbg60SryC1KBAa1j9GoQxSQWVhnCsdd9zE+NnWBlGOJ1VBqmmCSYTPKJ9SyUWVPtZvvAMnVklRFGs7JMG5erviQwLracisEmBzVgve3PxP6+fmujaz5hMUkMlWXwUpRyZGM2vRyFTlBg+tQQTxeyuiIyxwsTYjiq2BG/55FXSadS9i3rj/rLWvCnqKMMJnMI5eHAFTbiDFrSBgIBneIU3RzkvzrvzsYiWnGLmGP7A+fwBZzmQHg==</latexit>

1/4-BPS in lattice:

• red walls        split into 
mutually local charges: no 
bound state 

• blue walls        do not extend 
into bulk in limit: no 
associated instability

Shape 
depends 

on t



Exotic walls [Sen ’07]

• The specific degeneration allows the states in the tower 
to decay into each other: exotic decays into 1/4-BPS 

• Decays happen for:                             (            decays)
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M = M1 +M2
<latexit sha1_base64="3Qc7nP2Iwhc0fW5chUUnI3qVwjo=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkUQhDJTBd0IBTduChXsA9qhZNJMG5rJjEmmUIZ+hxsXirj1Y9z5N6btLLT1wL0czrmX3Bw/Flwbx/lGubX1jc2t/HZhZ3dv/6B4eNTUUaIoa9BIRKrtE80El6xhuBGsHStGQl+wlj+6m/mtMVOaR/LRTGLmhWQgecApMVbyavgW13ouvrC90iuWnLIzB14lbkZKkKHeK351+xFNQiYNFUTrjuvExkuJMpwKNi10E81iQkdkwDqWShIy7aXzo6f4zCp9HETKljR4rv7eSEmo9ST07WRIzFAvezPxP6+TmODGS7mME8MkXTwUJAKbCM8SwH2uGDViYgmhittbMR0SRaixORVsCO7yl1dJs1J2L8uVh6tStZrFkYcTOIVzcOEaqnAPdWgAhSd4hld4Q2P0gt7Rx2I0h7KdY/gD9PkDcaWP7g==</latexit>

• Mutual non-locality demands presence of heavy 
charge in decay products, specifically Q 6= 0 ! M2 / �2Q

2
<latexit sha1_base64="rFQSBovdoOACSVMj1rUCO572oMk=">AAACF3icbVBLSwMxGMzWV62vVY9egkXwtOyugh4LXrwILdgHdNuSzaZtaDaJSVYppf/Ci3/FiwdFvOrNf2P6OGjrQGCY+b4kM7FkVBvf/3ZyK6tr6xv5zcLW9s7unrt/UNMiU5hUsWBCNWKkCaOcVA01jDSkIiiNGanHg6uJX78nSlPBb81QklaKepx2KUbGSh3Xq8CIkzvow0jRXt8gpcQDvGmHMJJKSCNgxOxtCeqEsNIOO27R9/wp4DIJ5qQI5ih33K8oEThLCTeYIa2bgS9Na4SUoZiRcSHKNJEID1CPNC3lKCW6NZrmGsMTqySwK5Q93MCp+ntjhFKth2lsJ1Nk+nrRm4j/ec3MdC9bI8plZgjHs4e6GYM27qQkmFBFsGFDSxBW1P4V4j5SCBtbZcGWECxGXia10AvOvLByXiyV5nXkwRE4BqcgABegBK5BGVQBBo/gGbyCN+fJeXHenY/ZaM6Z7xyCP3A+fwBdwp4r</latexit>

N = 2
<latexit sha1_base64="iLr/0xPEl9FdzXMSNx0tegdlkSo=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQTdCwY0rqWAf0I4lk2ba0EwyJBmlDP0PNy4Uceu/uPNvzLSz0NYDgcM593JPThBzpo3rfjuFldW19Y3iZmlre2d3r7x/0NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxteZ336kSjMp7s0kpn6Eh4KFjGBjpYdehM2IYJ7eTtFVrV+uuFV3BrRMvJxUIEejX/7qDSRJIioM4VjrrufGxk+xMoxwOi31Ek1jTMZ4SLuWChxR7aez1FN0YpUBCqWyTxg0U39vpDjSehIFdjJLqRe9TPzP6yYmvPRTJuLEUEHmh8KEIyNRVgEaMEWJ4RNLMFHMZkVkhBUmxhZVsiV4i19eJq1a1Tur1u7OK/V6XkcRjuAYTsGDC6jDDTSgCQQUPMMrvDlPzovz7nzMRwtOvnMIf+B8/gDabZIT</latexit>

N = 2
<latexit sha1_base64="iLr/0xPEl9FdzXMSNx0tegdlkSo=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQTdCwY0rqWAf0I4lk2ba0EwyJBmlDP0PNy4Uceu/uPNvzLSz0NYDgcM593JPThBzpo3rfjuFldW19Y3iZmlre2d3r7x/0NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxteZ336kSjMp7s0kpn6Eh4KFjGBjpYdehM2IYJ7eTtFVrV+uuFV3BrRMvJxUIEejX/7qDSRJIioM4VjrrufGxk+xMoxwOi31Ek1jTMZ4SLuWChxR7aez1FN0YpUBCqWyTxg0U39vpDjSehIFdjJLqRe9TPzP6yYmvPRTJuLEUEHmh8KEIyNRVgEaMEWJ4RNLMFHMZkVkhBUmxhZVsiV4i19eJq1a1Tur1u7OK/V6XkcRjuAYTsGDC6jDDTSgCQQUPMMrvDlPzovz7nzMRwtOvnMIf+B8/gDabZIT</latexit>

N = 4
<latexit sha1_base64="NH5aDviibHSLzfDaB88cnf2LIqg=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWphboRCm5cSQX7gDaUyXTSDp1MwsxEqKFf4saFIm79FHf+jZM2C209MHA4517umePHnCntON9WYWNza3unuFva2z84LNtHxx0VJZLQNol4JHs+VpQzQduaaU57saQ49Dnt+tObzO8+UqlYJB70LKZeiMeCBYxgbaShXR6EWE8I5undHF2j+tCuOFVnAbRO3JxUIEdraH8NRhFJQio04VipvuvE2kux1IxwOi8NEkVjTKZ4TPuGChxS5aWL4HN0bpQRCiJpntBoof7eSHGo1Cz0zWQWU616mfif1090cOWlTMSJpoIsDwUJRzpCWQtoxCQlms8MwUQykxWRCZaYaNNVyZTgrn55nXRqVfeyWruvV5rNvI4inMIZXIALDWjCLbSgDQQSeIZXeLOerBfr3fpYjhasfOcE/sD6/AGvsJJw</latexit>

Cancellation with  
parametrically large charges

Possible decays at large 
moduli values

No cancellation (mass  
dictated by larger central charge)

Decays seem to be absent 
in limit (present status)

Stability (work in progress)



Conclusion and Outlook
• Full explicit control in complex structure 

degenerations of type IIB on 
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K3⇥ T 2
<latexit sha1_base64="+b3WfSRlV4kKG5LQF4w+dniSyg0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5K0gi4LbgQ3FfqCNpbJdNIOnUzCzI1YQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77/FjwTU4zreVW1ldW9/Ibxa2tnd29+z9g6aOEkVZg0YiUm2faCa4ZA3gIFg7VoyEvmAtf3Q19Vv3TGkeyTqMY+aFZCB5wCkBI/Xsoy6wB0hvKhPcBR4yjet35Z5ddErODHiZuBkpogy1nv3V7Uc0CZkEKojWHdeJwUuJAk4FmxS6iWYxoSMyYB1DJTGLvHR2/QSfGqWPg0iZkoBn6u+JlIRaj0PfdIYEhnrRm4r/eZ0Egksv5TJOgEk6XxQkAkOEp1HgPleMghgbQqji5lZMh0QRCiawggnBXXx5mTTLJbdSKt+eF6vVLI48OkYn6Ay56AJV0TWqoQai6BE9o1f0Zj1ZL9a79TFvzVnZzCH6A+vzB6PSlK4=</latexit>

• Classification of infinite distance 

• Explicit analysis of lattice of light states 

• Control over stability

• Decays in                (unfortunately hard to compare)


• Emergence? 

• Black Holes and Indices?

N = 2
<latexit sha1_base64="/q1PNHc5zqqrcIzOD6UL51W0us0=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWpgm6EghtXUsE+oA1lMp20QyeTMDMRauiXuHGhiFs/xZ1/4yTNQlsPDBzOuZd75vgxZ0o7zrdVWlvf2Nwqb1d2dvf2q/bBYUdFiSS0TSIeyZ6PFeVM0LZmmtNeLCkOfU67/vQm87uPVCoWiQc9i6kX4rFgASNYG2loVwch1hOCeXo3R9eoMbRrTt3JgVaJW5AaFGgN7a/BKCJJSIUmHCvVd51YeymWmhFO55VBomiMyRSPad9QgUOqvDQPPkenRhmhIJLmCY1y9fdGikOlZqFvJrOYatnLxP+8fqKDKy9lIk40FWRxKEg40hHKWkAjJinRfGYIJpKZrIhMsMREm64qpgR3+curpNOou+f1xv1Frdks6ijDMZzAGbhwCU24hRa0gUACz/AKb9aT9WK9Wx+L0ZJV7BzBH1ifP6yokm4=</latexit>


