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Vacuum stability is one of  the most important aspects of  any theory

Motivation

The semiclassical formalism of  
Coleman et al. has been the standard 
tool to study vacuum decay in QFT
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Theories with compact extra dimensions can decay via an exotic type of  
gravitational instability that “destroys the spacetime” — a bubble of  nothing

Witten (1982)
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• Could play role in vacuum selection

Why should we care about bubbles of  nothing?

• Extra dimensions an ingredient of  many well-motivated BSM theories
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• Metastability of  de Sitter space?!

Motivation



Motivation

• What is “nothing” in a UV-complete theory of  quantum gravity?!
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• Implications for supersymmetry breaking?!

e.g. Blanco-Pillado, et al.; 1606.03095 
Garcia-Etxebarria, et al.;  2005.06494

e.g. Vilenkin (1982) 
Hawking, Turok (1998)

Blanco-Pillado, et al.; 1104.5229 
Brown, Dahlen; 1111.0301
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• Universe        “nothing”        “nothing”        Universe)
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e.g. Witten, PLB 206 (1988) 
Silverstein, McGreevy; hep-th/0506130 
Agrawal et al.; 2009.10077

Witten (1982) 
Dine, Fox, Gorbatov; hep-th/0405190



P Draper, IGG, B Lillard; 2105.08068 & 2105.10507

In this talk…
What are the necessary conditions for bubbles 
of  nothing to be possible realistic theories?
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• What are the conditions on the radion potential for a BON to exist?

• Intermediate object between Witten’s bubble and CDL bounce

• Effect on the decay rate: what happens in the limit                 ?⇤CC ! 0
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Semiclassical treatment of  vacuum decay centered on finding the bounce

|x| ! 1

<latexit sha1_base64="o+/s0q6R4i+J12GOiVNBk4BFGQU=">AAACBXicbVDLSsNAFJ3UV62vqktdDBbBVUmkoOKm4MZlBfuAJpTJdNIOnUzCzI0a0m7c+CtuXCji1n9w5984fSy09cCFwzn3cu89fiy4Btv+tnJLyyura/n1wsbm1vZOcXevoaNEUVankYhUyyeaCS5ZHTgI1ooVI6EvWNMfXI395h1TmkfyFtKYeSHpSR5wSsBIneLhMHP9AD+MhthVvNcHolR0j10uA0g7xZJdtifAi8SZkRKaodYpfrndiCYhk0AF0brt2DF4GVHAqWCjgptoFhM6ID3WNlSSkGkvm3wxwsdG6eIgUqYk4In6eyIjodZp6JvOkEBfz3tj8T+vnUBw7mVcxgkwSaeLgkRgiPA4EtzlilEQqSGEKm5uxbRPFKFggiuYEJz5lxdJ47TsVMoXN5VS9XIWRx4doCN0ghx0hqroGtVQHVH0iJ7RK3qznqwX6936mLbmrNnMPvoD6/MH9tCY3w==</latexit>

tE ! ±1

<latexit sha1_base64="eabvP0wH23bHL1TkQPnIOAVxS90=">AAACA3icbVBNSwMxEM3Wr1q/qt70EiyCp7IrBRUvBRE8VrAf0C0lm2bb0GyyJLPKUgpe/CtePCji1T/hzX9j2u5BWx8MPN6bYWZeEAtuwHW/ndzS8srqWn69sLG5tb1T3N1rGJVoyupUCaVbATFMcMnqwEGwVqwZiQLBmsHwauI375k2XMk7SGPWiUhf8pBTAlbqFg+ge419zfsDIFqrB+zHEfa5DCHtFktu2Z0CLxIvIyWUodYtfvk9RZOISaCCGNP23Bg6I6KBU8HGBT8xLCZ0SPqsbakkETOd0fSHMT62Sg+HStuSgKfq74kRiYxJo8B2RgQGZt6biP957QTC886IyzgBJulsUZgIDApPAsE9rhkFkVpCqOb2VkwHRBMKNraCDcGbf3mRNE7LXqV8cVspVS+zOPLoEB2hE+ShM1RFN6iG6oiiR/SMXtGb8+S8OO/Ox6w152Qz++gPnM8fstyXkA==</latexit>

�SE [�]

��

����
�b

= 0

<latexit sha1_base64="sULUI1A6zGV74vc+4q8KplqK1S4="></latexit>

�b(tE ,x) ! �fv

<latexit sha1_base64="iL3RMgIxZXQXAdfW14VtroTqMdo=">AAACHnicbVDJSgNBEO1xjXGLevTSGAIRJMxIRMVLQASPEcwCmTD0dHqSJj0L3TXRMMyXePFXvHhQRPCkf2NnATXxQcHjvSqq6rmR4ApM88tYWFxaXlnNrGXXNza3tnM7u3UVxpKyGg1FKJsuUUzwgNWAg2DNSDLiu4I13P7lyG8MmFQ8DG5hGLG2T7oB9zgloCUnd2JHPe4ktvSxm+IiOFdHOLFdD9+nh9iWvNsDImV4h3/6vEHq5PJmyRwDzxNrSvJoiqqT+7A7IY19FgAVRKmWZUbQTogETgVLs3asWERon3RZS9OA+Ey1k/F7KS5opYO9UOoKAI/V3xMJ8ZUa+vr+gk+gp2a9kfif14rBO2snPIhiYAGdLPJigSHEo6xwh0tGQQw1IVRyfSumPSIJBZ1oVodgzb48T+rHJatcOr8p5ysX0zgyaB8doCKy0CmqoGtURTVE0QN6Qi/o1Xg0no03433SumBMZ/bQHxif316wogw=</latexit>

with as

Coleman; Callan, Coleman (1977)

The bounce is          -symmetric, i.e.            with O(4)
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�
⇠!1���! �fv

<latexit sha1_base64="AOXsQZYOtg1nS8dH00JM/aO9Rps=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4KjMiVHFTcOOygn1ApwyZNNOGZjJDcqe2DPMpbvwVNy4U0Z1+jekD1NYDgZNzziW5x48F12Dbn1ZuZXVtfSO/Wdja3tndK+4fNHSUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6g+uJ3xwypXkk72Acs05IepIHnBIwklesuHGfY3ekeK8PRKnoPnVHRvi5Y5fLAMYZniS91FUhDoaZVyzZZXsKvEycOSmhOWpe8cPtRjQJmQQqiNZtx46hkxIFnAqWFdxEs5jQAemxtqGShEx30umCGT4xShcHkTJHAp6qvydSEmo9Dn2TDAn09aI3Ef/z2gkEF52UyzgBJunsoSARGCI8aQt3uWIUxNgQQhU3f8W0TxShYDotmBKcxZWXSeOs7JyXL2/PS9WreR15dISO0SlyUAVV0Q2qoTqi6AE9oRf0aj1az9ab9T6L5qz5zCH6A+vrG8+mpJs=</latexit>

and

Vacuum decay in QFT

�(����,$("& �( "�-$/ � $" (/�&. �



Analytic continuation of  the bounce gives evolution of  bubbles post nucleation

-+. �/��..'

tE

<latexit sha1_base64="4NCQ83+8EXTGLBYiCwaalzf+clM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUPFSEMFjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewsrq2vlHcLG1t7+zulfcPmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0c3Ubz1xbUSsHnGccD+iAyVCwSha6QF7t71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbz0M6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOqdV6/uzyu16zyOIhzBMZyCBxdQgzuoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4AJa2NtQ==</latexit>

x

<latexit sha1_base64="1PqqEUBOjTw+IS8N0/VRn7Aw930=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQMVLwIvHBMwDkiXMTnqTMbOzy8ysGEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW4+oNI/lvRkn6Ed0IHnIGTVWqj/1iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/wJl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUr+uVUvUmiyMPJ3AK5+DBJVThDmrQAAYIz/AKb86D8+K8Ox+L1pyTzRzDHzifP+f+jQE=</latexit>

R2
b < x2 + t2E

<latexit sha1_base64="uXJYsl3pyU0gKMThmMHvHhdR0aA=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWQRDKTCmo6KIggssq9gLtdMikmTY0cyE5I5ahuPFV3LhQxK1P4c63Mb0stPWHwMd/zuHk/F4suALL+jYyC4tLyyvZ1dza+sbmlrm9U1NRIimr0khEsuERxQQPWRU4CNaIJSOBJ1jd61+O6vV7JhWPwjsYxMwJSDfkPqcEtOWae7eu1y7iC5y2PB8/DDUfY3Cv2kXXzFsFayw8D/YU8miqimt+tToRTQIWAhVEqaZtxeCkRAKngg1zrUSxmNA+6bKmxpAETDnp+IQhPtROB/uR1C8EPHZ/T6QkUGoQeLozINBTs7WR+V+tmYB/6qQ8jBNgIZ0s8hOBIcKjPHCHS0ZBDDQQKrn+K6Y9IgkFnVpOh2DPnjwPtWLBLhXObkr58vk0jizaRwfoCNnoBJXRNaqgKqLoET2jV/RmPBkvxrvxMWnNGNOZXfRHxucPzaKVIA==</latexit>

R2
b < x2 � t2

<latexit sha1_base64="r8QZsqPXKwz3Q/USSkjkNisxLdA=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEGwMuyGgokXAxjKKuUCyWWYns8mQ2QszZ8WwbOOr2FgoYutj2Pk2Ti6FJv4w8PGfczhzfi8WXIFlfRu5peWV1bX8emFjc2t7x9zda6gokZTVaSQi2fKIYoKHrA4cBGvFkpHAE6zpDa/H9eYDk4pH4T2MYuYEpB9yn1MC2nLNgzvX65bxFU47no8fM82nGLpl1yxaJWsivAj2DIpoppprfnV6EU0CFgIVRKm2bcXgpEQCp4JlhU6iWEzokPRZW2NIAqacdHJAho+108N+JPULAU/c3xMpCZQaBZ7uDAgM1HxtbP5XayfgnzspD+MEWEini/xEYIjwOA3c45JRECMNhEqu/4rpgEhCQWdW0CHY8ycvQqNcsiuli9tKsXo5iyOPDtEROkE2OkNVdINqqI4oytAzekVvxpPxYrwbH9PWnDGb2Ud/ZHz+AH+IlGo=</latexit>

tE ! it

<latexit sha1_base64="i/xODwe1XaZU0Q1Ms5RIkAW0GFw=">AAAB+3icbVBNSwMxEM3Wr1q/1nr0EiyCp7IrgoqXgggeK9gPaJclm2bb0GyyJLNqKf0rXjwo4tU/4s1/Y9ruQVsfDDzem2FmXpQKbsDzvp3Cyura+kZxs7S1vbO75+6Xm0ZlmrIGVULpdkQME1yyBnAQrJ1qRpJIsFY0vJ76rQemDVfyHkYpCxLSlzzmlICVQrcM4Q3uat4fANFaPWIOoVvxqt4MeJn4OamgHPXQ/er2FM0SJoEKYkzH91IIxkQDp4JNSt3MsJTQIemzjqWSJMwE49ntE3xslR6OlbYlAc/U3xNjkhgzSiLbmRAYmEVvKv7ndTKIL4Ixl2kGTNL5ojgTGBSeBoF7XDMKYmQJoZrbWzEdEE0o2LhKNgR/8eVl0jyt+mfVy7uzSu0qj6OIDtEROkE+Okc1dIvqqIEoekLP6BW9ORPnxXl3PuatBSefOUB/4Hz+ALoqlD4=</latexit>

t

<latexit sha1_base64="Oh//kdA6I3AKHbbFQGL69Qlmwuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoOKl4MVjC7YW2lA22027drMJuxOhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etU2casZbLJax7gTUcCkUb6FAyTuJ5jQKJH8Ixrcz/+GJayNidY+ThPsRHSoRCkbRSk3slytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj90Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazr8lAaM5QTiyhTAt7K2EjqilDm03JhuAtv7xK2hdVr1a9btYq9Zs8jiKcwCmcgweXUIc7aEALGHB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AeHujP0=</latexit>

tE

<latexit sha1_base64="4NCQ83+8EXTGLBYiCwaalzf+clM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUPFSEMFjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewsrq2vlHcLG1t7+zulfcPmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0c3Ubz1xbUSsHnGccD+iAyVCwSha6QF7t71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbz0M6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOqdV6/uzyu16zyOIhzBMZyCBxdQgzuoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4AJa2NtQ==</latexit>

x

<latexit sha1_base64="1PqqEUBOjTw+IS8N0/VRn7Aw930=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQMVLwIvHBMwDkiXMTnqTMbOzy8ysGEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW4+oNI/lvRkn6Ed0IHnIGTVWqj/1iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/wJl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUr+uVUvUmiyMPJ3AK5+DBJVThDmrQAAYIz/AKb86D8+K8Ox+L1pyTzRzDHzifP+f+jQE=</latexit>

-+. �/��..'

Bounce action determines the decay rate of  the false vacuum

�SE = SE [�b]� SE [�fv]

<latexit sha1_base64="NTfLgWc+w5+Km3uG2zAG8ENKN00=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkoiJCQQWXFe0DkhAm00k7dPJgZlIoIV/ixl9x40IRwZX+jdM0C209cC+Hc+5l5h4vZlRIw/jWSguLS8sr5dXK2vrG5pa+vdMWUcIxaeGIRbzrIUEYDUlLUslIN+YEBR4jHW94NfE7I8IFjcIHOY6JE6B+SH2KkVSSq5/Y14RJBO/dG3iZd8uOB9RNbR5AL3Pg0azojzLH1atGzcgB54lZkCoo0HT1T7sX4SQgocQMCWGZRiydFHFJMSNZxU4EiREeoj6xFA1RQIST5udl8EApPehHXFUoYa7+3khRIMQ48NRkgORAzHoT8T/PSqR/5qQ0jBNJQjx9yE8YlBGcZAV7lBMs2VgRhDlVf4V4gDjCUiVaUSGYsyfPk/ZxzazXzu/q1cZFEUcZ7IF9cAhMcAoa4BY0QQtg8AiewSt40560F+1d+5iOlrRiZxf8gfb1A93noIM=</latexit>

� = m4e��SE

<latexit sha1_base64="HngrYYh8qYTzVYU+cv8Bt73jMcM=">AAACBXicbVDLSgNBEJyNrxhfUY96GAyCF8OuBFREEFT0qGhUyGPpnfQmQ2Z2l5lZISy5ePFXvHhQxKv/4M2/cRJz8FXQUFR1090VJIJr47ofTm5sfGJyKj9dmJmdm18oLi5d6ThVDKssFrG6CUCj4BFWDTcCbxKFIAOB10H3cOBf36LSPI4uTS/BhoR2xEPOwFjJL67WT0BKoPtUNisUm9lm/QiFAXrhH/f9Ysktu0PQv8QbkRIZ4cwvvtdbMUslRoYJ0LrmuYlpZKAMZwL7hXqqMQHWhTbWLI1Aom5kwy/6dN0qLRrGylZk6FD9PpGB1LonA9spwXT0b28g/ufVUhPuNDIeJanBiH0tClNBTUwHkdAWV8iM6FkCTHF7K2UdUMCMDa5gQ/B+v/yXXG2VvUp597xSOtgbxZEnK2SNbBCPbJMDckrOSJUwckceyBN5du6dR+fFef1qzTmjmWXyA87bJ+B2lug=</latexit>

with



Tunneling in the presence of gravity
Coleman, De Luccia (1980)

ds = d⇠2 + ⇢(⇠)2d⌦3

<latexit sha1_base64="9HShvAolOaiZfACHVjgOGScIfiA=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCWpBRURCm7cWcE+oIlhMpm2Q2eSMDMRS+gfuPFX3LhQxK1bd/6N0zYLrR4YOPece7lzjx8zKpVlfRm5ufmFxaX8cmFldW19w9zcasooEZg0cMQi0faRJIyGpKGoYqQdC4K4z0jLH1yM/dYdEZJG4Y0axsTlqBfSLsVIackz9wMo4TkMoHNPbyvwEDqiH5V0caArrV5x0kPekWcWrbI1AfxL7IwUQYa6Z346QYQTTkKFGZKyY1uxclMkFMWMjApOIkmM8AD1SEfTEHEi3XRyzwjuaSWA3UjoFyo4UX9OpIhLOeS+7uRI9eWsNxb/8zqJ6p64KQ3jRJEQTxd1EwZVBMfhwIAKghUbaoKwoPqvEPeRQFjpCAs6BHv25L+kWSnb1fLpdbVYO8viyIMdsAtKwAbHoAYuQR00AAYP4Am8gFfj0Xg23oz3aWvOyGa2wS8YH98mLJma</latexit>

d⌦3 = d 2 + sin2  d⌦2

<latexit sha1_base64="/bUORBL78KIMr856Bw3nfORWKN0=">AAACGnicbVDLSsNAFJ34rPUVdelmsAiCUpJaUBGh4MadFewDmhgmk2k7dDIJMxOhhH6HG3/FjQtF3Ikb/8ZJG0RbDwyce8693LnHjxmVyrK+jLn5hcWl5cJKcXVtfWPT3NpuyigRmDRwxCLR9pEkjHLSUFQx0o4FQaHPSMsfXGZ+654ISSN+q4YxcUPU47RLMVJa8kw7gM51SHrIO4YXUBexpHcVeAgdSbkmWQ2dI/jTVvHMklW2xoCzxM5JCeSoe+aHE0Q4CQlXmCEpO7YVKzdFQlHMyKjoJJLECA9Qj3Q05Sgk0k3Hp43gvlYC2I2EflzBsfp7IkWhlMPQ150hUn057WXif14nUd1TN6U8ThTheLKomzCoIpjlBAMqCFZsqAnCguq/QtxHAmGl0yzqEOzpk2dJs1K2q+Wzm2qpdp7HUQC7YA8cABucgBq4AnXQABg8gCfwAl6NR+PZeDPeJ61zRj6zA/7A+PwG9w+duQ==</latexit>

Now metric dof: Assumed         -symmetry restricts attention to metrics of  formO(4)

<latexit sha1_base64="DePgUvKyI+f6XEtgnRCcXtzM0es=">AAAB9XicbVDLSsNAFL2pr1pfVZduBotQNyWRgIqbght3VrAPaGOZTCft0MkkzEyUEvofblwo4tZ/ceffOGmz0NYDA4dz7uWeOX7MmdK2/W0VVlbX1jeKm6Wt7Z3dvfL+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vg689uPVCoWiXs9iakX4qFgASNYG+mhF2I9Ipint9Oqe9ovV+yaPQNaJk5OKpCj0S9/9QYRSUIqNOFYqa5jx9pLsdSMcDot9RJFY0zGeEi7hgocUuWls9RTdGKUAQoiaZ7QaKb+3khxqNQk9M1kllItepn4n9dNdHDhpUzEiaaCzA8FCUc6QlkFaMAkJZpPDMFEMpMVkRGWmGhTVMmU4Cx+eZm0zmqOW7u8cyv1q7yOIhzBMVTBgXOoww00oAkEJDzDK7xZT9aL9W59zEcLVr5zCH9gff4AzeWSDQ==</latexit>

�.+/�-.+ �+��$.,�)!�
-# �.($-���,*# + 

e.g. for a de Sitter false vacuum:

Scalar + Einstein equations
�00 +

3⇢0

⇢
�0 =

dV (�)

d�

<latexit sha1_base64="MN5JwyqRTYjrlY7JVmqD5XEkYAk=">AAACJ3icbVDLSsNAFJ34rPUVdelmsEgqQkm0oCJKwY3LCvYBTSiTyaQdOnkwMxFKyN+48VfcCCqiS//ESZuFth4Y7uGce7lzjxszKqRpfmkLi0vLK6ultfL6xubWtr6z2xZRwjFp4YhFvOsiQRgNSUtSyUg35gQFLiMdd3ST+50HwgWNwns5jokToEFIfYqRVFJfv7bjIYWGAY+h7XOE01No82FkZGleMpjbBrwqTA+2q7lylKVeXrO+XjFr5gRwnlgFqYACzb7+ansRTgISSsyQED3LjKWTIi4pZiQr24kgMcIjNCA9RUMUEOGkkzszeKgUD/oRVy+UcKL+nkhRIMQ4cFVngORQzHq5+J/XS6R/7qQ0jBNJQjxd5CcMygjmoUGPcoIlGyuCMKfqrxAPkUpEqmjLKgRr9uR50j6pWfXaxV290rgs4iiBfXAAqsACZ6ABbkETtAAGj+AZvIF37Ul70T60z2nrglbM7IE/0L5/ABWTpFA=</latexit>

⇢02 = 1 +
⇢2

6m2
Pl

(�02 � 2V (�))

<latexit sha1_base64="jvC46bGzcfo6kqI2zdR/zX7Cil8="></latexit>

�dS = const.

<latexit sha1_base64="GtFR8nTv4QKG1RVbcLn+Zw5CQLQ=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcBUSKaiIUHDjsqK9QBPCZDJth04mYWYilJCNG1/FjQtF3PoO7nwbp2kW2vrDwMd/zuHM+YOEUals+9uoLC2vrK5V12sbm1vbO+buXkfGqcCkjWMWi16AJGGUk7aiipFeIgiKAka6wfh6Wu8+ECFpzO/VJCFehIacDihGSlu+eegmI+pnrohgeJfDK1ggjrlUVu6bdduyC8FFcEqog1It3/xywxinEeEKMyRl37ET5WVIKIoZyWtuKkmC8BgNSV8jRxGRXlZckcNj7YRwEAv9uIKF+3siQ5GUkyjQnRFSIzlfm5r/1fqpGpx7GeVJqgjHs0WDlEEVw2kkMKSCYMUmGhAWVP8V4hESCCsdXE2H4MyfvAidU8tpWBe3jXrzsoyjCg7AETgBDjgDTXADWqANMHgEz+AVvBlPxovxbnzMWitGObMP/sj4/AGG0Zfz</latexit>

with ldS =

s
3m2

Pl

Vfv

<latexit sha1_base64="26+WznriLhR8ZSujTOgXYPyWgDk=">AAACHnicbVDLSsNAFJ34rPVVdelmsAiuSlIrKiIU3LisaB/QxDCZTNqhM0mcmRRKyJe48VfcuFBEcKV/47TNQlsPXDhzzr3MvceLGZXKNL+NhcWl5ZXVwlpxfWNza7u0s9uSUSIwaeKIRaLjIUkYDUlTUcVIJxYEcY+Rtje4GvvtIRGSRuGdGsXE4agX0oBipLTklk6Ym9qCQ/82g5fQlg9CpXYgEE6PIZ9aDZbdV7O0NX0FwyzL3FLZrJgTwHli5aQMcjTc0qftRzjhJFSYISm7lhkrJ0VCUcxIVrQTSWKEB6hHupqGiBPppJPzMnioFR8GkdAVKjhRf0+kiEs54p7u5Ej15aw3Fv/zuokKzpyUhnGiSIinHwUJgyqC46ygTwXBio00QVhQvSvEfaTDUTrRog7Bmj15nrSqFatWOb+plesXeRwFsA8OwBGwwCmog2vQAE2AwSN4Bq/gzXgyXox342PaumDkM3vgD4yvH3qforw=</latexit>

⇢dS(⇠) = ldS sin

✓
⇠

ldS

◆

<latexit sha1_base64="VlmrxQ8h5HCJlBI5u5kEM4+akE8="></latexit>

and

���+��$.,



Coleman, De Luccia (1980)V (�)

<latexit sha1_base64="UhJwvi9Vsg29iOXZbvjemSnGpvI=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVgoqXghePFewHtEvJptk2NJuEJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMixRnxvr+t7e2vrG5tV3YKe7u7R8clo6OW0ammtAmkVzqToQN5UzQpmWW047SFCcRp+1ofDfz209UGybFo50oGiZ4KFjMCLZOarcqPTViF/1S2a/6c6BVEuSkDDka/dJXbyBJmlBhCcfGdANf2TDD2jLC6bTYSw1VmIzxkHYdFTihJszm507RuVMGKJbalbBorv6eyHBizCSJXGeC7cgsezPxP6+b2vg6zJhQqaWCLBbFKUdWotnvaMA0JZZPHMFEM3crIiOsMbEuoaILIVh+eZW0LqtBrXrzUCvXb/M4CnAKZ1CBAK6gDvfQgCYQGMMzvMKbp7wX7937WLSuefnMCfyB9/kDhaWPCQ==</latexit>

�

<latexit sha1_base64="D3YKAB0f9JgDbDF+N4vcFK6UCPo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUMVLwYvHCvYD2lA2202zdHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXpBwpo3rfjuljc2t7Z3ybmVv/+DwqHp80tVxqgjtkJjHqh9gTTmTtGOY4bSfKIpFwGkvmN7lfu+JKs1i+WhmCfUFnkgWMoJNLg2TiI2qNbfuLoDWiVeQGhRoj6pfw3FMUkGlIRxrPfDcxPgZVoYRTueVYappgskUT+jAUokF1X62uHWOLqwyRmGsbEmDFurviQwLrWcisJ0Cm0ivern4nzdITXjtZ0wmqaGSLBeFKUcmRvnjaMwUJYbPLMFEMXsrIhFWmBgbT8WG4K2+vE66V3WvUb95aNRat0UcZTiDc7gED5rQgntoQwcIRPAMr/DmCOfFeXc+lq0lp5g5hT9wPn8AFU2ORA==</latexit>

V (�)

<latexit sha1_base64="UhJwvi9Vsg29iOXZbvjemSnGpvI=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVgoqXghePFewHtEvJptk2NJuEJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMixRnxvr+t7e2vrG5tV3YKe7u7R8clo6OW0ammtAmkVzqToQN5UzQpmWW047SFCcRp+1ofDfz209UGybFo50oGiZ4KFjMCLZOarcqPTViF/1S2a/6c6BVEuSkDDka/dJXbyBJmlBhCcfGdANf2TDD2jLC6bTYSw1VmIzxkHYdFTihJszm507RuVMGKJbalbBorv6eyHBizCSJXGeC7cgsezPxP6+b2vg6zJhQqaWCLBbFKUdWotnvaMA0JZZPHMFEM3crIiOsMbEuoaILIVh+eZW0LqtBrXrzUCvXb/M4CnAKZ1CBAK6gDvfQgCYQGMMzvMKbp7wX7937WLSuefnMCfyB9/kDhaWPCQ==</latexit>

�

<latexit sha1_base64="D3YKAB0f9JgDbDF+N4vcFK6UCPo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUMVLwYvHCvYD2lA2202zdHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXpBwpo3rfjuljc2t7Z3ybmVv/+DwqHp80tVxqgjtkJjHqh9gTTmTtGOY4bSfKIpFwGkvmN7lfu+JKs1i+WhmCfUFnkgWMoJNLg2TiI2qNbfuLoDWiVeQGhRoj6pfw3FMUkGlIRxrPfDcxPgZVoYRTueVYappgskUT+jAUokF1X62uHWOLqwyRmGsbEmDFurviQwLrWcisJ0Cm0ivern4nzdITXjtZ0wmqaGSLBeFKUcmRvnjaMwUJYbPLMFEMXsrIhFWmBgbT8WG4K2+vE66V3WvUb95aNRat0UcZTiDc7gED5rQgntoQwcIRPAMr/DmCOfFeXc+lq0lp5g5hT9wPn8AFU2ORA==</latexit>

The changes are quantitative…

…and qualitative

�SE =
27⇡2�4/2✏3
⇣
1� 3�2

4m2
Pl✏

⌘2

<latexit sha1_base64="1NmZ8SwitdugPiVeTtWUmBkRfQY="></latexit>

�SE =
27⇡2�4/2✏3
⇣
1 + 3�2

4m2
Pl✏

⌘2

<latexit sha1_base64="QdwDVAOJgACiOx0IFL7514sKZJc="></latexit>

���)

<latexit sha1_base64="Bic1D5d9U0tvLuPoK4huYMTfhFA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUPFS8OKxiv2ANJTNdtMu3WTD7kQppT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYWV1b3yhulra2d3b3yvsHTaMyzXiDKal0O6SGS5HwBgqUvJ1qTuNQ8lY4vJn6rUeujVDJA45SHsS0n4hIMIpW8jv3oj9AqrV66pYrbtWdgSwTLycVyFHvlr86PcWymCfIJDXG99wUgzHVKJjkk1InMzylbEj73Lc0oTE3wXh28oScWKVHIqVtJUhm6u+JMY2NGcWh7YwpDsyiNxX/8/wMo8tgLJI0Q56w+aIokwQVmf5PekJzhnJkCWVa2FsJG1BNGdqUSjYEb/HlZdI8q3rn1au780rtOo+jCEdwDKfgwQXU4Bbq0AAGCp7hFd4cdF6cd+dj3lpw8plD+APn8weS4JFy</latexit>

no decay for ✏ = Vtv � Vfv  3�2

4m2
Pl

<latexit sha1_base64="7jHyC3cbVkcU5l2v0G6I18263nM="></latexit>

Coleman-De Luccia

✏ ⌘ Vtv � Vfv ⌧ Vbarrier

<latexit sha1_base64="9H6kIv5tPE0zk0bxGtJpg9m5hnU=">AAACJHicbVBJSwMxFM641rqNevQSLIIXy4wUVHopePFYwS7QGUomfdOGZjJjkimUoT/Gi3/FiwcXPHjxt5huoK0PAt/yHi/vCxLOlHacL2tldW19YzO3ld/e2d3btw8O6ypOJYUajXksmwFRwJmAmmaaQzORQKKAQyPo34z9xgCkYrG418ME/Ih0BQsZJdpIbbvsQaIYjwX24CFlA1xvZ56MsB6M8PmchIZ4nM9pQKRkIEdtu+AUnUnhZeDOQAHNqtq2371OTNMIhKacKNVynUT7GZGaUQ6jvJcqSAjtky60DBQkAuVnkyNH+NQoHRzG0jyh8UT9PZGRSKlhFJjOiOieWvTG4n9eK9XhlZ8xkaQaBJ0uClOOdYzHieEOk0A1HxpAqGTmr5j2iCRUm1zzJgR38eRlUL8ouqXi9V2pUCnP4sihY3SCzpCLLlEF3aIqqiGKHtEzekVv1pP1Yn1Yn9PWFWs2c4T+lPX9A4qVpMA=</latexit>



ds = �dt2 + dx2 + (dx5)2

<latexit sha1_base64="JFOJQIf/Hw0ikwbmWk65A+KCin8=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQEctuqaiIUPDisYL9gXZbstlsG5rNLklWWpY+gBdfxYsHRbz6AN58G9PtHrR1IDCZmY/kGydkVCrT/DYyS8srq2vZ9dzG5tb2Tn53ryGDSGBSxwELRMtBkjDKSV1RxUgrFAT5DiNNZ3gz9ZsPREga8Hs1Dontoz6nHsVIaamXL7gSXsNT6KpuGZ5AN+44HhxNkkvRHXXPjrtlnTJLZgK4SKyUFECKWi//1XEDHPmEK8yQlG3LDJUdI6EoZmSS60SShAgPUZ+0NeXIJ9KOk2Um8EgrLvQCoQ9XMFF/T8TIl3LsOzrpIzWQ895U/M9rR8q7sGPKw0gRjmcPeRGDKoDTZqBLBcGKjTVBWFD9V4gHSCCsdH85XYI1v/IiaZRLVqV0eVcpVK/SOrLgAByCIrDAOaiCW1ADdYDBI3gGr+DNeDJejHfjYxbNGOnMPvgD4/MHKS+X5Q==</latexit>

Witten’s bubble of  nothing is an instability 
of  the (purely gravitational and unstabilized) 

Kaluza-Klein vacuum              . M4 ⇥ S1

<latexit sha1_base64="4YY+D7NOc9MhgNV4/Uud/KRqJxA=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUlBxU3DjRqhoH9DEMJlO2qGTBzM3QgnZ+CtuXCji1s9w5984abvQ1gMXDufcy733+IngCizr2ygtLa+srpXXKxubW9s75u5eW8WppKxFYxHLrk8UEzxiLeAgWDeRjIS+YB1/dFX4nUcmFY+jexgnzA3JIOIBpwS05JkHTkhg6PvZTe7VsQM8ZArfPdieWbVq1gR4kdgzUkUzND3zy+nHNA1ZBFQQpXq2lYCbEQmcCpZXnFSxhNARGbCephHRi9xs8kCOj7XSx0EsdUWAJ+rviYyESo1DX3cW56p5rxD/83opBOduxqMkBRbR6aIgFRhiXKSB+1wyCmKsCaGS61sxHRJJKOjMKjoEe/7lRdI+rdn12sVtvdq4nMVRRofoCJ0gG52hBrpGTdRCFOXoGb2iN+PJeDHejY9pa8mYzeyjPzA+fwC9SpXY</latexit>

The relevant instanton is the 5-dimensional Euclidean Schwarzschild solution:

M4

<latexit sha1_base64="uPRmcia30AL7FgBNHg/d8QGDuhk=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIQcVNwY0boYJ9QGcomTTThmaSIckIZehvuHGhiFt/xp1/Y6adhbYeCBzOuZd7csKEM21c99spra1vbG6Vtys7u3v7B9XDo46WqSK0TSSXqhdiTTkTtG2Y4bSXKIrjkNNuOLnN/e4TVZpJ8WimCQ1iPBIsYgQbK/l+jM04DLP72aAxqNbcujsHWiVeQWpQoDWofvlDSdKYCkM41rrvuYkJMqwMI5zOKn6qaYLJBI9o31KBY6qDbJ55hs6sMkSRVPYJg+bq740Mx1pP49BO5hn1speL/3n91ERXQcZEkhoqyOJQlHJkJMoLQEOmKDF8agkmitmsiIyxwsTYmiq2BG/5y6ukc1H3GvXrh0ateVPUUYYTOIVz8OASmnAHLWgDgQSe4RXenNR5cd6dj8VoySl2juEPnM8f6NGRmQ==</latexit>

r 2 [R,1)

<latexit sha1_base64="pFf8AvsIeQanh1Ml0d8uHZJe0Jw=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBEUpCRSUHFTcOOyin1AW8pkOmmHTiZh5kYJsZ/ixoUibv0Sd/6NkzYLbT1wuYdz7mXuHC8SXIPjfFtLyyura+uFjeLm1vbOrl3aa+owVpQ1aChC1faIZoJL1gAOgrUjxUjgCdbyxteZ33pgSvNQ3kMSsV5AhpL7nBIwUt8uKdzlEnfuTrPuQ3LSt8tOxZkCLxI3J2WUo963v7qDkMYBk0AF0brjOhH0UqKAU8EmxW6sWUTomAxZx1BJAqZ76fT0CT4yygD7oTIlAU/V3xspCbROAs9MBgRGet7LxP+8Tgz+RS/lMoqBSTp7yI8FhhBnOeABV4yCSAwhVHFzK6YjoggFk1bRhODOf3mRNM8qbrVyeVst167yOAroAB2iY+Sic1RDN6iOGoiiR/SMXtGb9WS9WO/Wx2x0ycp39tEfWJ8/jq+S5w==</latexit>

Instability of the Kaluza-Klein vacuum

x5

<latexit sha1_base64="Z7F1+SVwnn9cEk5wXLhCzTWh1vI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKouIl4MVjRPOAZA2zk0kyZHZ2mekVw5JP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut5NbWl5ZXcuvFzY2t7Z3irt7dRMlmvEai2SkmwE1XArFayhQ8masOQ0DyRvB8HriNx65NiJS9ziKuR/SvhI9wSha6e7p4axTLLlldwqySLyMlCBDtVP8ancjloRcIZPUmJbnxuinVKNgko8L7cTwmLIh7fOWpYqG3Pjp9NQxObJKl/QibUshmaq/J1IaGjMKA9sZUhyYeW8i/ue1Euxd+KlQcYJcsdmiXiIJRmTyN+kKzRnKkSWUaWFvJWxANWVo0ynYELz5lxdJ/aTsnZYvb09LlassjjwcwCEcgwfnUIEbqEINGPThGV7hzZHOi/PufMxac042sw9/4Hz+ABIAjag=</latexit>

xµ

<latexit sha1_base64="zO6GtGsAohcSiocRAEpQ8WYBPPQ=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVQhUvBS8eK7htoV1LNs22oUl2SbJiWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVBHqk5jHqhNiTTmT1DfMcNpJFMUi5LQdjm9mfvuRKs1ieW8mCQ0EHkoWMYKNlfynh55I++WKW3XnQKvEy0kFcjT75a/eICapoNIQjrXuem5iggwrwwin01Iv1TTBZIyHtGupxILqIJsfO0VnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ua6DLImExSQyVZLIpSjkyMZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdK6qHq16tVdrdK4zuMowgmcwjl4UIcG3EITfCDA4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gDwVo7F</latexit>

Witten (1982)

dsE =

✓
1� R2

r2

◆�1

dr2 + r2d⌦3 +

✓
1� R2

r2

◆
(dx5)2

<latexit sha1_base64="X/m38HrZNZk9c+coWZB4zAYz9So="></latexit>

x5 ⇠ x5 + 2⇡R

<latexit sha1_base64="+oVQPZznvUJ2+z7QNtq0jAEGw20=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBEEoM6Wi4qbgxmUVe4HOWDJp2oYmmSHJiGXswldx40IRt76GO9/GTDsLbf0h8PGfczgnfxAxqrTjfFu5hcWl5ZX8amFtfWNzy97eaagwlpjUcchC2QqQIowKUtdUM9KKJEE8YKQZDC/TevOeSEVDcatHEfE56gvaoxhpY3XsvYe7E+gpymEKx7AMvYjCm45ddErORHAe3AyKIFOtY3953RDHnAiNGVKq7TqR9hMkNcWMjAterEiE8BD1SdugQJwoP5ncP4aHxunCXijNExpO3N8TCeJKjXhgOjnSAzVbS83/au1Y9878hIoo1kTg6aJezKAOYRoG7FJJsGYjAwhLam6FeIAkwtpEVjAhuLNfnodGueRWSufXlWL1IosjD/bBATgCLjgFVXAFaqAOMHgEz+AVvFlP1ov1bn1MW3NWNrML/sj6/AGivZPr</latexit>

x5 ⇠ x5 + 2⇡R

<latexit sha1_base64="+oVQPZznvUJ2+z7QNtq0jAEGw20=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBEEoM6Wi4qbgxmUVe4HOWDJp2oYmmSHJiGXswldx40IRt76GO9/GTDsLbf0h8PGfczgnfxAxqrTjfFu5hcWl5ZX8amFtfWNzy97eaagwlpjUcchC2QqQIowKUtdUM9KKJEE8YKQZDC/TevOeSEVDcatHEfE56gvaoxhpY3XsvYe7E+gpymEKx7AMvYjCm45ddErORHAe3AyKIFOtY3953RDHnAiNGVKq7TqR9hMkNcWMjAterEiE8BD1SdugQJwoP5ncP4aHxunCXijNExpO3N8TCeJKjXhgOjnSAzVbS83/au1Y9878hIoo1kTg6aJezKAOYRoG7FJJsGYjAwhLam6FeIAkwtpEVjAhuLNfnodGueRWSufXlWL1IosjD/bBATgCLjgFVXAFaqAOMHgEz+AVvFlP1ov1bn1MW3NWNrML/sj6/AGivZPr</latexit>



Witten (1982)

Euclidean black holes have neither an interior nor a singularity

5D Euclidean Schwarzschild

xµ

<latexit sha1_base64="zO6GtGsAohcSiocRAEpQ8WYBPPQ=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVQhUvBS8eK7htoV1LNs22oUl2SbJiWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVBHqk5jHqhNiTTmT1DfMcNpJFMUi5LQdjm9mfvuRKs1ieW8mCQ0EHkoWMYKNlfynh55I++WKW3XnQKvEy0kFcjT75a/eICapoNIQjrXuem5iggwrwwin01Iv1TTBZIyHtGupxILqIJsfO0VnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ua6DLImExSQyVZLIpSjkyMZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdK6qHq16tVdrdK4zuMowgmcwjl4UIcG3EITfCDA4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gDwVo7F</latexit>

x5

<latexit sha1_base64="Z7F1+SVwnn9cEk5wXLhCzTWh1vI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKouIl4MVjRPOAZA2zk0kyZHZ2mekVw5JP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut5NbWl5ZXcuvFzY2t7Z3irt7dRMlmvEai2SkmwE1XArFayhQ8masOQ0DyRvB8HriNx65NiJS9ziKuR/SvhI9wSha6e7p4axTLLlldwqySLyMlCBDtVP8ancjloRcIZPUmJbnxuinVKNgko8L7cTwmLIh7fOWpYqG3Pjp9NQxObJKl/QibUshmaq/J1IaGjMKA9sZUhyYeW8i/ue1Euxd+KlQcYJcsdmiXiIJRmTyN+kKzRnKkSWUaWFvJWxANWVo0ynYELz5lxdJ/aTsnZYvb09LlassjjwcwCEcgwfnUIEbqEINGPThGV7hzZHOi/PufMxac042sw9/4Hz+ABIAjag=</latexit>

dsE =

✓
1� R2

r2

◆�1

dr2 + r2d⌦3 +

✓
1� R2

r2

◆
(dx5)2

<latexit sha1_base64="X/m38HrZNZk9c+coWZB4zAYz9So="></latexit>

)

<latexit sha1_base64="Bic1D5d9U0tvLuPoK4huYMTfhFA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUPFS8OKxiv2ANJTNdtMu3WTD7kQppT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYWV1b3yhulra2d3b3yvsHTaMyzXiDKal0O6SGS5HwBgqUvJ1qTuNQ8lY4vJn6rUeujVDJA45SHsS0n4hIMIpW8jv3oj9AqrV66pYrbtWdgSwTLycVyFHvlr86PcWymCfIJDXG99wUgzHVKJjkk1InMzylbEj73Lc0oTE3wXh28oScWKVHIqVtJUhm6u+JMY2NGcWh7YwpDsyiNxX/8/wMo8tgLJI0Q56w+aIokwQVmf5PekJzhnJkCWVa2FsJG1BNGdqUSjYEb/HlZdI8q3rn1au780rtOo+jCEdwDKfgwQXU4Bbq0AAGCp7hFd4cdF6cd+dj3lpw8plD+APn8weS4JFy</latexit>

R2

<latexit sha1_base64="u37bG34g/SFRl4g+bLOWwz/STqk=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiSloOKm4MZlFfuAJpbJdNIOnUzCzEQoob/hxoUibv0Zd/6NkzYLbT0wcDjnXu6ZEyScKe0431ZpbX1jc6u8XdnZ3ds/sA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJje5332iUrFYPOhpQv0IjwQLGcHaSJ4XYT0Ogux+9lgf2FWn5syBVolbkCoUaA3sL28YkzSiQhOOleq7TqL9DEvNCKezipcqmmAywSPaN1TgiCo/m2eeoTOjDFEYS/OERnP190aGI6WmUWAm84xq2cvF/7x+qsNLP2MiSTUVZHEoTDnSMcoLQEMmKdF8aggmkpmsiIyxxESbmiqmBHf5y6ukU6+5jdrVXaPavC7qKMMJnMI5uHABTbiFFrSBQALP8ApvVmq9WO/Wx2K0ZBU7x/AH1ucP6+eRmw==</latexit>

S3

<latexit sha1_base64="YB87GmhAs0n4hCGOGJZW+cdwl+Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqQMVLwIvHSMwDkjXMTmaTIbOzy0yvEEI+wYsHRbz6Rd78GyfJHjRa0FBUddPdFSRSGHTdLye3srq2vpHfLGxt7+zuFfcPmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0c3Mbz1ybUSs7nGccD+iAyVCwShaqV5/OO8VS27ZnYP8JV5GSpCh1it+dvsxSyOukElqTMdzE/QnVKNgkk8L3dTwhLIRHfCOpYpG3PiT+alTcmKVPgljbUshmas/JyY0MmYcBbYzojg0y95M/M/rpBhe+hOhkhS5YotFYSoJxmT2N+kLzRnKsSWUaWFvJWxINWVo0ynYELzll/+S5lnZq5Sv7iql6nUWRx6O4BhOwYMLqMIt1KABDAbwBC/w6kjn2Xlz3hetOSebOYRfcD6+AdaLjYE=</latexit>

dsE ' d�2 + �2d↵2 +R2d⌦3

<latexit sha1_base64="aJP9auJU1jKbhnKK2w7aFGI1eB4=">AAACJnicbVDLSgMxFM34rPVVdekmWARBKDNaUBFBEMGdD2wrdOpwJ3PbhiYzY5IRSvFr3PgrblwoIu78FNMH+DwQODnnHpJ7wlRwbVz33Rkbn5icms7N5Gfn5hcWC0vLVZ1kimGFJSJRVyFoFDzGiuFG4FWqEGQosBZ2jvp+7RaV5kl8abopNiS0Yt7kDIyVgsJBpINj6msu8YZGvrDJCK636Cb94pEPIm0P1Yv+nfqnElsQbAeFoltyB6B/iTciRTLCWVB49qOEZRJjwwRoXffc1DR6oAxnAu/yfqYxBdaBFtYtjUGibvQGa97RdatEtJkoe2JDB+r3RA+k1l0Z2kkJpq1/e33xP6+emeZuo8fjNDMYs+FDzUxQk9B+ZzTiCpkRXUuAKW7/SlkbFDBjm83bErzfK/8l1a2SVy7tnZeLh/ujOnJklayRDeKRHXJITsgZqRBG7skjeSYvzoPz5Lw6b8PRMWeUWSE/4Hx8Aul9ou8=</latexit>

� ⌘
p
2R(r �R) 2 [0,1)

<latexit sha1_base64="gZs0kHDjLLDQOiLsyNWtPqqG7wg=">AAACGHicbVDNSgMxGMz6W+tf1aOXYBFa0LpbCipeCl48VrEq7JaSTbNtaDa7Tb4tLEsfw4uv4sWDIl69+TamtQdtHQgZZuYj+caPBddg21/WwuLS8spqbi2/vrG5tV3Y2b3TUaIoa9JIROrBJ5oJLlkTOAj2ECtGQl+we79/Ofbvh0xpHslbSGPWCklX8oBTAkZqF048YcIdgj02SPgQe3qgIKve4JLCx/imPMIel9i1j8wVQFpuF4p2xZ4AzxNnSopoika78Ol1IpqETAIVRGvXsWNoZUQBp4KN8l6iWUxon3SZa6gkIdOtbLLYCB8apYODSJkjAU/U3xMZCbVOQ98kQwI9PeuNxf88N4HgrJVxGSfAJP15KEgEhgiPW8IdrhgFkRpCqOLmr5j2iCIUTJd5U4Izu/I8uatWnFrl/LpWrF9M68ihfXSASshBp6iOrlADNRFFj+gZvaI368l6sd6tj5/ogjWd2UN/YH1+A30KniY=</latexit>

↵ ⌘ x5/R 2 [0, 2⇡)

<latexit sha1_base64="49kmmW8SiRyHGs7sCbnR8b1CGFY=">AAACDHicbVDLSgMxFM3UV62vqks3wSIoSJ0pFRU3BTcuq9gHzIwlk2ba0EwmJpliKf0AN/6KGxeKuPUD3Pk3pu0stHogcDjnXG7uCQSjStv2l5WZm19YXMou51ZW19Y38ptbdRUnEpMajlksmwFShFFOappqRppCEhQFjDSC3sXYb/SJVDTmN3ogiB+hDqchxUgbqZUveIiJLoIeuUtoH97fHsMjeA09yqFrH8KSJ+iBSdlFewL4lzgpKYAU1Vb+02vHOIkI15ghpVzHFtofIqkpZmSU8xJFBMI91CGuoRxFRPnDyTEjuGeUNgxjaR7XcKL+nBiiSKlBFJhkhHRXzXpj8T/PTXR46g8pF4kmHE8XhQmDOobjZmCbSoI1GxiCsKTmrxB3kURYm/5ypgRn9uS/pF4qOuXi2VW5UDlP68iCHbAL9oEDTkAFXIIqqAEMHsATeAGv1qP1bL1Z79NoxkpntsEvWB/fv1+Y3A==</latexit>

( �+�+
�

Smooth geometry,:       shrinks to zero, 
and  all curvature invariants near the tip 

of  the “cigar” set by the scale           .⇠ 1/R

<latexit sha1_base64="YvuS41fH/RtUCZXPoAbyvAt8h2I=">AAAB73icbVBNSwMxEJ2tX7V+rXr0EiyCp7orBRUvBS8eq9gPaJeSTbNtaJJdk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL0w408bzvp3Cyura+kZxs7S1vbO75+4fNHWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKRzdTv/VElWaxfDDjhAYCDySLGMHGSu2uZgL5Z/c9t+xVvBnQMvFzUoYc9Z771e3HJBVUGsKx1h3fS0yQYWUY4XRS6qaaJpiM8IB2LJVYUB1ks3sn6MQqfRTFypY0aKb+nsiw0HosQtspsBnqRW8q/ud1UhNdBhmTSWqoJPNFUcqRidH0edRnihLDx5Zgopi9FZEhVpgYG1HJhuAvvrxMmucVv1q5uquWa9d5HEU4gmM4BR8uoAa3UIcGEODwDK/w5jw6L8678zFvLTj5zCH8gfP5A/sEj0Y=</latexit>

S1

<latexit sha1_base64="O6P0g34WDIUxFwPOoDBRd6DO6QY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQMVLwIvHSMwDkjXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqtcfvV6x5JbdOcgq8TJSggy1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzU6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeGVP+EySQ1KtlgUpoKYmMz+Jn2ukBkxtoQyxe2thA2poszYdAo2BG/55VXSvCh7lfL1faVUvcniyMMJnMI5eHAJVbiDGjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucP04ONfw==</latexit>



Witten (1982)

0#�-�$,�-
#$,��

r � R

<latexit sha1_base64="GkCCsIkSO86lhc0CQd0M3ODOVfA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoOKl4MVjFfsBbSib7SZdutmE3YlQSn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mkRKhYBSt1NakF0XkoV+uuFV3DrJKvJxUIEejX/7qDRKWxVwhk9SYruem6E+oRsEkn5Z6meEpZSMa8a6lisbc+JP5uVNyZpUBCRNtSyGZq78nJjQ2ZhwHtjOmODTL3kz8z+tmGF75E6HSDLlii0VhJgkmZPY7GQjNGcqxJZRpYW8lbEg1ZWgTKtkQvOWXV0nrourVqtf3tUr9Jo+jCCdwCufgwSXU4Q4a0AQGI3iGV3hzUufFeXc+Fq0FJ585hj9wPn8AZGeO8w==</latexit>

Asymptotically, for             :

t

<latexit sha1_base64="Oh//kdA6I3AKHbbFQGL69Qlmwuc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoOKl4MVjC7YW2lA22027drMJuxOhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etU2casZbLJax7gTUcCkUb6FAyTuJ5jQKJH8Ixrcz/+GJayNidY+ThPsRHSoRCkbRSk3slytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj90Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazr8lAaM5QTiyhTAt7K2EjqilDm03JhuAtv7xK2hdVr1a9btYq9Zs8jiKcwCmcgweXUIc7aEALGHB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AeHujP0=</latexit>

x

<latexit sha1_base64="1PqqEUBOjTw+IS8N0/VRn7Aw930=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQMVLwIvHBMwDkiXMTnqTMbOzy8ysGEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW4+oNI/lvRkn6Ed0IHnIGTVWqj/1iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/wJl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUr+uVUvUmiyMPJ3AK5+DBJVThDmrQAAYIz/AKb86D8+K8Ox+L1pyTzRzDHzifP+f+jQE=</latexit>

()�,*�� -$' 

= �dt2 + dr̃2 + r̃2d⌦2 + dy2

<latexit sha1_base64="30DxI01DMoe3FRYZ47z7b/ReZVQ=">AAACHnicbVDLSgNBEJyN7/iKevQyGARBDLtBUREh4MWbEYwJJJswO9tJBmcfzPQKYfFLvPgrXjwoInjSv3Gy5hATCwaqq7rp6fJiKTTa9reVm5mdm19YXMovr6yurRc2Nm91lCgONR7JSDU8pkGKEGooUEIjVsACT0Ldu7sY+vV7UFpE4Q0OYnAD1gtFV3CGRuoUjs7pgY/tMt2nPm2hkD5QlZVjhXGuAuixTtY2aJc7haJdsjPQaeKMSJGMUO0UPlt+xJMAQuSSad107BjdlCkUXMJDvpVoiBm/Yz1oGhqyALSbZuc90F2j+LQbKfNCpJk6PpGyQOtB4JnOgGFfT3pD8T+vmWD3xE1FGCcIIf9d1E0kxYgOs6K+UMBRDgxhXAnzV8r7TDGOJtG8CcGZPHma3JZLzmHp9PqwWDkbxbFItskO2SMOOSYVckmqpEY4eSTP5JW8WU/Wi/Vuffy25qzRzBb5A+vrB6Y7noA=</latexit>

M4

<latexit sha1_base64="uPRmcia30AL7FgBNHg/d8QGDuhk=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIQcVNwY0boYJ9QGcomTTThmaSIckIZehvuHGhiFt/xp1/Y6adhbYeCBzOuZd7csKEM21c99spra1vbG6Vtys7u3v7B9XDo46WqSK0TSSXqhdiTTkTtG2Y4bSXKIrjkNNuOLnN/e4TVZpJ8WimCQ1iPBIsYgQbK/l+jM04DLP72aAxqNbcujsHWiVeQWpQoDWofvlDSdKYCkM41rrvuYkJMqwMI5zOKn6qaYLJBI9o31KBY6qDbJ55hs6sMkSRVPYJg+bq740Mx1pP49BO5hn1speL/3n91ERXQcZEkhoqyOJQlHJkJMoLQEOmKDF8agkmitmsiIyxwsTYmiq2BG/5y6ukc1H3GvXrh0ateVPUUYYTOIVz8OASmnAHLWgDgQSe4RXenNR5cd6dj8VoySl2juEPnM8f6NGRmQ==</latexit>

S1

<latexit sha1_base64="O6P0g34WDIUxFwPOoDBRd6DO6QY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQMVLwIvHSMwDkjXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqtcfvV6x5JbdOcgq8TJSggy1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzU6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeGVP+EySQ1KtlgUpoKYmMz+Jn2ukBkxtoQyxe2thA2poszYdAo2BG/55VXSvCh7lfL1faVUvcniyMMJnMI5eHAJVbiDGjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucP04ONfw==</latexit>

ds ' �r2d�2 + dr2 + r2 cosh2 � d⌦2 + dy2

<latexit sha1_base64="ObM/myJvHk1ZTI5NQJvuIKOpwKQ="></latexit>

After analytic continuation,                          (equiv.               ): ! ⇡/2 + i�

<latexit sha1_base64="T3OPD/F15ibQg2YIM3a70Na2r+E=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBEGpSCipuCm5cVrAPaEKZTCfN0MlMmJkoJXTpxl9x40IRt36CO//GaZuFth64cDjnXu69J0gYVdpxvq3C0vLK6lpxvbSxubW9Y+/utZRIJSZNLJiQnQApwignTU01I51EEhQHjLSD4fXEb98Tqajgd3qUED9GA05DipE2Us8+9BJFoSfpINJISvEAvYSeVeEpNCqOaM8uOxVnCrhI3JyUQY5Gz/7y+gKnMeEaM6RU13US7WdIaooZGZe8VJEE4SEakK6hHMVE+dn0kTE8NkofhkKa4hpO1d8TGYqVGsWB6YyRjtS8NxH/87qpDi/8jPIk1YTj2aIwZVALOEkF9qkkWLORIQhLam6FOEISYW2yK5kQ3PmXF0mrWnFrlcvbWrl+lcdRBAfgCJwAF5yDOrgBDdAEGDyCZ/AK3qwn68V6tz5mrQUrn9kHf2B9/gDSWZiN</latexit>

tE ! it

<latexit sha1_base64="48u3MAZ7gq+XCG/b397rcC46cbQ=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoOKlIILHCvYD2hA22027dLMJuxMlhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFulldW19Y3yZmVre2d3z94/aOs4VZS1aCxi1Q2IZoJL1gIOgnUTxUgUCNYJxtdTv/PAlOaxvIcsYV5EhpKHnBIwkm9Xwb/BfcWHIyBKxY+YY/DtmlN3ZsDLxC1IDRVo+vZXfxDTNGISqCBa91wnAS8nCjgVbFLpp5olhI7JkPUMlSRi2stnx0/wsVEGOIyVKQl4pv6eyEmkdRYFpjMiMNKL3lT8z+ulEF54OZdJCkzS+aIwFRhiPE0CD7hiFERmCKGKm1sxHRFFKJi8KiYEd/HlZdI+rbtn9cu7s1rjqoijjA7RETpBLjpHDXSLmqiFKMrQM3pFb9aT9WK9Wx/z1pJVzFTRH1ifPxZklGg=</latexit>

ds =

✓
1� R2

r2

◆�1

dr2 � r2d�2 + r2 cosh2 � d⌦2 +

✓
1� R2

r2

◆
dy2

<latexit sha1_base64="vm973frZABXLbC6itZEkYItSfX4="></latexit>

A bubble of… nothing

#)0 / +4 |xwall| = ±
p
R2 + t2

<latexit sha1_base64="PU3tTyZjDRi52PjaWsaW3Mas3B4=">AAACFnicbVBNS8NAEN34bf2qevQyWARBLEkRVEQQvHisYqvQ1LLZbnTpbhJ3J2qJ+RVe/CtePCjiVbz5b9zWHvx6MPB4b4aZeUEihUHX/XCGhkdGx8YnJgtT0zOzc8X5hbqJU814jcUy1qcBNVyKiNdQoOSnieZUBZKfBJ39nn9yxbURcXSM3YQ3FT2PRCgYRSu1iuu3kPlBCDd5K/O1gmsqZQ63sAt+osA3lxqzo7MKrAGeVfJWseSW3T7gL/EGpEQGqLaK7347ZqniETJJjWl4boLNjGoUTPK84KeGJ5R16DlvWBpRxU0z67+Vw4pV2hDG2laE0Fe/T2RUGdNVge1UFC/Mb68n/uc1Ugy3mpmIkhR5xL4WhakEjKGXEbSF5gxl1xLKtLC3ArugmjK0SRZsCN7vl/+SeqXsbZS3DzdKezuDOCbIElkmq8Qjm2SPHJAqqRFG7sgDeSLPzr3z6Lw4r1+tQ85gZpH8gPP2CQxTngU=</latexit>

)

<latexit sha1_base64="Bic1D5d9U0tvLuPoK4huYMTfhFA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUPFS8OKxiv2ANJTNdtMu3WTD7kQppT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYWV1b3yhulra2d3b3yvsHTaMyzXiDKal0O6SGS5HwBgqUvJ1qTuNQ8lY4vJn6rUeujVDJA45SHsS0n4hIMIpW8jv3oj9AqrV66pYrbtWdgSwTLycVyFHvlr86PcWymCfIJDXG99wUgzHVKJjkk1InMzylbEj73Lc0oTE3wXh28oScWKVHIqVtJUhm6u+JMY2NGcWh7YwpDsyiNxX/8/wMo8tgLJI0Q56w+aIokwQVmf5PekJzhnJkCWVa2FsJG1BNGdqUSjYEb/HlZdI8q3rn1au780rtOo+jCEdwDKfgwQXU4Bbq0AAGCp7hFd4cdF6cd+dj3lpw8plD+APn8weS4JFy</latexit>

r2 = x2 � t2 � R2

<latexit sha1_base64="HH61LxySRVsV0AyfCwKK2vqQuXI=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuLHMlIKKCAU3LqvYC3SmJZNm2tDMxeSMWIbu3Pgqblwo4tZXcOfbmF4W2nog4eP/zyE5vxcLrsCyvo3MwuLS8kp2Nbe2vrG5ZW7v1FSUSMqqNBKRbHhEMcFDVgUOgjViyUjgCVb3+pcjv37PpOJReAuDmLkB6Ybc55SAltrmvmwV8QVOHc/HD0PNxxj07XTZHb5pFdtm3ipY48LzYE8hj6ZVaZtfTieiScBCoIIo1bStGNyUSOBUsGHOSRSLCe2TLmtqDEnAlJuO9xjiQ610sB9JfULAY/X3REoCpQaBpzsDAj01643E/7xmAv6pm/IwToCFdPKQnwgMER6FgjtcMgpioIFQyfVfMe0RSSjo6HI6BHt25XmoFQt2qXB2XcqXz6dxZNEeOkBHyEYnqIyuUAVVEUWP6Bm9ojfjyXgx3o2PSWvGmM7soj9lfP4A6n2Wyw==</latexit>



Decay rate
Tunneling exponent given by the action of  5D Euclidean Schwarzschild:

;�
���*+)/$� ������;�'*&
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Witten (1982)

�SE = ⇡2m2
PlR

2

<latexit sha1_base64="u9xQGBYUhwM7ybq7c1/f8kkEmh4=">AAACDHicbVDNSgMxGMzWv1r/qh69BIvgqeyWgooIBRU81p+2Qne7ZNNsG5pklyQrlKUP4MVX8eJBEa8+gDffxrTdg7YOBCYz85F8E8SMKm3b31ZuYXFpeSW/Wlhb39jcKm7vNFWUSEwaOGKRvA+QIowK0tBUM3IfS4J4wEgrGJyP/dYDkYpG4k4PY+Jx1BM0pBhpI/nFkntBmEbw1r+EZ9CNaacCuZ+6ksM6G5nLTadiUnbZngDOEycjJZCh7he/3G6EE06Exgwp1XbsWHspkppiRkYFN1EkRniAeqRtqECcKC+dLDOCB0bpwjCS5ggNJ+rviRRxpYY8MEmOdF/NemPxP6+d6PDYS6mIE00Enj4UJgzqCI6bgV0qCdZsaAjCkpq/QtxHEmFt+iuYEpzZledJs1J2quWT62qpdprVkQd7YB8cAgccgRq4AnXQABg8gmfwCt6sJ+vFerc+ptGclc3sgj+wPn8ARumZOg==</latexit>

�SE = � 1

16⇡G5

Z

M
d5x

p
gR� 1

8⇡G5

Z

@M
d4x

p
hK � S(flat)

E

<latexit sha1_base64="0MFnJrOCgP6cw1nv7hxaCgr/HJ0="></latexit>



The Kaluza-Klein vacuum                 is a solution to Einstein’s equations 
for any radius of  the KK circle: extra dimension is not stabilized

M4 ⇥ S1

<latexit sha1_base64="4YY+D7NOc9MhgNV4/Uud/KRqJxA=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUlBxU3DjRqhoH9DEMJlO2qGTBzM3QgnZ+CtuXCji1s9w5984abvQ1gMXDufcy733+IngCizr2ygtLa+srpXXKxubW9s75u5eW8WppKxFYxHLrk8UEzxiLeAgWDeRjIS+YB1/dFX4nUcmFY+jexgnzA3JIOIBpwS05JkHTkhg6PvZTe7VsQM8ZArfPdieWbVq1gR4kdgzUkUzND3zy+nHNA1ZBFQQpXq2lYCbEQmcCpZXnFSxhNARGbCephHRi9xs8kCOj7XSx0EsdUWAJ+rviYyESo1DX3cW56p5rxD/83opBOduxqMkBRbR6aIgFRhiXKSB+1wyCmKsCaGS61sxHRJJKOjMKjoEe/7lRdI+rdn12sVtvdq4nMVRRofoCJ0gG52hBrpGTdRCFOXoGb2iN+PJeDHejY9pa8mYzeyjPzA+fwC9SpXY</latexit>

#)0 / +4� 1-+���$' (,$)(,�'.,-�� �,-��$&$3 ��$(��(2�+ �&$,-$��')� &�

What is the effect of  a stabilizing potential on bubble of  nothing instabilities?

-#$,�0$&&�� �-# �-)*$��)!�-# �+ ,-�)!�'2�-�&%

But…

��#)0 / +��



Bubble of nothing as a CDL problem
Dine, Fox, Gorbatov (2006)

dsE = e�
p

2
3

�
mPl (gµ⌫dx

⌫dx⌫) + e2
p

2
3

�
mPl dy2

<latexit sha1_base64="K1lE2ipuiBEZypebJPSUGlJUabQ="></latexit>

Witten’s bubble can be written as the solution to a 4-dimensional 
CDL problem in the absence of  a potential for the scalar field:

Dimensional reduction of  5-dimensional Einstein’s gravity

real scalar field minimally coupled to gravity in 4 dimensions)

<latexit sha1_base64="Bic1D5d9U0tvLuPoK4huYMTfhFA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUPFS8OKxiv2ANJTNdtMu3WTD7kQppT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYWV1b3yhulra2d3b3yvsHTaMyzXiDKal0O6SGS5HwBgqUvJ1qTuNQ8lY4vJn6rUeujVDJA45SHsS0n4hIMIpW8jv3oj9AqrV66pYrbtWdgSwTLycVyFHvlr86PcWymCfIJDXG99wUgzHVKJjkk1InMzylbEj73Lc0oTE3wXh28oScWKVHIqVtJUhm6u+JMY2NGcWh7YwpDsyiNxX/8/wMo8tgLJI0Q56w+aIokwQVmf5PekJzhnJkCWVa2FsJG1BNGdqUSjYEb/HlZdI8q3rn1au780rtOo+jCEdwDKfgwQXU4Bbq0AAGCp7hFd4cdF6cd+dj3lpw8plD+APn8weS4JFy</latexit>

+��$)(

���' -+$�

⇠ ⌘
Z r

R

dr̂

(1�R2/r̂2)1/4

<latexit sha1_base64="1Tkhea+o6nvB+n8y7cu+r7bQKvc="></latexit>

��#0�+3,�#$&��+��$�&��))+�$(�- 

���������,2'' -+$���))+�$(�- 

�00 +
3⇢0

⇢
�0 =

dV (�)

d�

<latexit sha1_base64="MN5JwyqRTYjrlY7JVmqD5XEkYAk=">AAACJ3icbVDLSsNAFJ34rPUVdelmsEgqQkm0oCJKwY3LCvYBTSiTyaQdOnkwMxFKyN+48VfcCCqiS//ESZuFth4Y7uGce7lzjxszKqRpfmkLi0vLK6ultfL6xubWtr6z2xZRwjFp4YhFvOsiQRgNSUtSyUg35gQFLiMdd3ST+50HwgWNwns5jokToEFIfYqRVFJfv7bjIYWGAY+h7XOE01No82FkZGleMpjbBrwqTA+2q7lylKVeXrO+XjFr5gRwnlgFqYACzb7+ansRTgISSsyQED3LjKWTIi4pZiQr24kgMcIjNCA9RUMUEOGkkzszeKgUD/oRVy+UcKL+nkhRIMQ4cFVngORQzHq5+J/XS6R/7qQ0jBNJQjxd5CcMygjmoUGPcoIlGyuCMKfqrxAPkUpEqmjLKgRr9uR50j6pWfXaxV290rgs4iiBfXAAqsACZ6ABbkETtAAGj+AZvIF37Ul70T60z2nrglbM7IE/0L5/ABWTpFA=</latexit>

⇢02 = 1 +
⇢2

6m2
Pl

(�02 � 2V (�))

<latexit sha1_base64="jvC46bGzcfo6kqI2zdR/zX7Cil8="></latexit>



Dine, Fox, Gorbatov (2006)

Rather, a special kind of  CDL problem… “singular” at the center of  the bounce

mPl

r
2

3
log

✓
3⇠

2R

◆

<latexit sha1_base64="El97JXvVOJ59YaAhc5fTK/G599s="></latexit>

R

✓
3⇠

2R

◆1/3

<latexit sha1_base64="789RL4Uovgjgrvz6vczBupQmM8w=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAixibtJQNMFbCxjMA/IxjA7mU2GzD6YuSuGZX/Bxl+xsVDE1s7Ov3HyKDTxwIXDOfdy7z1uJLgCy/o2VlbX1jc2M1vZ7Z3dvX3z4LCpwlhS1qChCGXbJYoJHrAGcBCsHUlGfFewlju6mviteyYVD4NbGEes65NBwD1OCWipZ+br2BHMgzx2PEloUsLOA0+TIq6n2JF8MISzu8Q+L6U9M2cVrCnwMrHnJIfmqPXML6cf0thnAVBBlOrYVgTdhEjgVLA068SKRYSOyIB1NA2Iz1Q3mX6U4lOt9LEXSl0B4Kn6eyIhvlJj39WdPoGhWvQm4n9eJwbvspvwIIqBBXS2yIsFhhBP4sF9LhkFMdaEUMn1rZgOiU4GdIhZHYK9+PIyaRYLdrlQuSnnqpV5HBl0jE5QHtnoAlXRNaqhBqLoET2jV/RmPBkvxrvxMWtdMeYzR+gPjM8f3Vibxw==</latexit>

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0

1

2

3

4

⇠/R

<latexit sha1_base64="4hfoxejUdFAVW1QAXBfECZNJap0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKe5KQMVLwIvHKOYByRJmJ5NkyOzsMtMrhiUf4cWDIl79Hm/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0c3Ubz5ybUSkHnAccz+kAyX6glG0UrPzJMgZue8WS27ZnYEsEy8jJchQ6xa/Or2IJSFXyCQ1pu25Mfop1SiY5JNCJzE8pmxEB7xtqaIhN346O3dCTqzSI/1I21JIZurviZSGxozDwHaGFIdm0ZuK/3ntBPuXfipUnCBXbL6on0iCEZn+TnpCc4ZybAllWthbCRtSTRnahAo2BG/x5WXSOC97lfLVXaVUvc7iyMMRHMMpeHABVbiFGtSBwQie4RXenNh5cd6dj3lrzslmDuEPnM8fG8qOww==</latexit>

⇢bon/R

<latexit sha1_base64="1UMkNnYWoKOO6vGkaoCZ1RpKJRw=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFc1UQK2l3Bjcsq9gFNCJPptB06jzAzEUvIr7hxoYhbf8Sdf+O0zUJbD1w4nHMv994TJ4xq43nfztr6xubWdmmnvLu3f3DoHlU6WqYKkzaWTKpejDRhVJC2oYaRXqII4jEj3XhyM/O7j0RpKsWDmSYk5Ggk6JBiZKwUuZVAjWWUBYrDWIocXsD7yK16NW8OuEr8glRBgVbkfgUDiVNOhMEMad33vcSEGVKGYkbycpBqkiA8QSPSt1QgTnSYzW/P4ZlVBnAolS1h4Fz9PZEhrvWUx7aTIzPWy95M/M/rp2Z4HWZUJKkhAi8WDVMGjYSzIOCAKoINm1qCsKL2VojHSCFsbFxlG4K//PIq6VzW/HqtcVevNhtFHCVwAk7BOfDBFWiCW9ACbYDBE3gGr+DNyZ0X5935WLSuOcXMMfgD5/MH9dSTuQ==</latexit>

⇠ ⌧ R

<latexit sha1_base64="xxa8N78YdavikcoPjNtrwaRABdw=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgvZW8OKxiv2Q7lKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsuiHWlDNJW4YZTruJoliEnHbC8fXM7zxSpVks780koYHAQ8kiRrCx0oP/xJDPObrrlytu1Z0DrRIvJxXI0eyXv/xBTFJBpSEca93z3MQEGVaGEU6nJT/VNMFkjIe0Z6nEguogmx88RWdWGaAoVrakQXP190SGhdYTEdpOgc1IL3sz8T+vl5roKsiYTFJDJVksilKOTIxm36MBU5QYPrEEE8XsrYiMsMLE2IxKNgRv+eVV0r6oerVq/bZWadTzOIpwAqdwDh5cQgNuoAktICDgGV7hzVHOi/PufCxaC04+cwx/4Hz+APadj9o=</latexit>

for⇠ ⌧ R

<latexit sha1_base64="xxa8N78YdavikcoPjNtrwaRABdw=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgvZW8OKxiv2Q7lKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXmsuiHWlDNJW4YZTruJoliEnHbC8fXM7zxSpVks780koYHAQ8kiRrCx0oP/xJDPObrrlytu1Z0DrRIvJxXI0eyXv/xBTFJBpSEca93z3MQEGVaGEU6nJT/VNMFkjIe0Z6nEguogmx88RWdWGaAoVrakQXP190SGhdYTEdpOgc1IL3sz8T+vl5roKsiYTFJDJVksilKOTIxm36MBU5QYPrEEE8XsrYiMsMLE2IxKNgRv+eVV0r6oerVq/bZWadTzOIpwAqdwDh5cQgNuoAktICDgGV7hzVHOi/PufCxaC04+cwx/4Hz+APadj9o=</latexit>

for

0.0 0.5 1.0 1.5 2.0 2.5 3.0
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-2

-1

0

⇠/R

<latexit sha1_base64="4hfoxejUdFAVW1QAXBfECZNJap0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKe5KQMVLwIvHKOYByRJmJ5NkyOzsMtMrhiUf4cWDIl79Hm/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0c3Ubz5ybUSkHnAccz+kAyX6glG0UrPzJMgZue8WS27ZnYEsEy8jJchQ6xa/Or2IJSFXyCQ1pu25Mfop1SiY5JNCJzE8pmxEB7xtqaIhN346O3dCTqzSI/1I21JIZurviZSGxozDwHaGFIdm0ZuK/3ntBPuXfipUnCBXbL6on0iCEZn+TnpCc4ZybAllWthbCRtSTRnahAo2BG/x5WXSOC97lfLVXaVUvc7iyMMRHMMpeHABVbiFGtSBwQie4RXenNh5cd6dj3lrzslmDuEPnM8fG8qOww==</latexit>

�bon/mPl

<latexit sha1_base64="bSXTrl64d0DHilrKlZbPv5ykUSg=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCs4q4ENF3AxjKCeUCyLLOT2WTIPJaZWSEsW9j4KzYWitj6EXb+jZNkC008cOHMOfcy954oYVQbz/t21tY3Nre2Szvl3b39g0P36LijZaowaWPJpOpFSBNGBWkbahjpJYogHjHSjSY3M7/7QJSmUtybaUICjkaCxhQjY6XQrQySMQ2zgeIwkiKHF5AvXi2Wh27Vq3lzwFXiF6QKCrRC92swlDjlRBjMkNZ930tMkCFlKGYkLw9STRKEJ2hE+pYKxIkOsvkROTyzyhDGUtkSBs7V3xMZ4lpPeWQ7OTJjvezNxP+8fmri6yCjIkkNEXjxUZwyaCScJQKHVBFs2NQShBW1u0I8RgphY3Mr2xD85ZNXSeey5tdrjbt6tdko4iiBCjgF58AHV6AJbkELtAEGj+AZvII358l5cd6dj0XrmlPMnIA/cD5/ANtzl5Q=</latexit>

�bon ! �1

<latexit sha1_base64="HT4CHHbCQ6L+puFuEpxm+9yKwHk=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lhkpaHcFNy4r2Ad0hpJJM53QTDIkd5Qy9APc+CtuXCji1g9w59+YPhbaeiBwOOdcbu4JU8ENuO63s7K6tr6xWdgqbu/s7u2XDg5bRmWasiZVQulOSAwTXLImcBCsk2pGklCwdji8nvjte6YNV/IORikLEjKQPOKUgJV6pbKfxryX+zrBoZJj7Gs+iIForR7wOfa5jGBkU27FnQIvE29OymiORq/05fcVzRImgQpiTNdzUwhyooFTwcZFPzMsJXRIBqxrqSQJM0E+PWaMT63Sx5HS9knAU/X3RE4SY0ZJaJMJgdgsehPxP6+bQXQV5FymGTBJZ4uiTGBQeNIM7nPNKIiRJYRqbv+KaUw0oWD7K9oSvMWTl0nrouJVK7Xbarlem9dRQMfoBJ0hD12iOrpBDdREFD2iZ/SK3pwn58V5dz5m0RVnPnOE/sD5/AGaWZtS</latexit>

�0
bon ! +1

<latexit sha1_base64="74FAmXOH23TGK10anIwAYhXRsc8=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBQFIexKQHMLePEYwTwgG8LsZDY7ZHZmmelVwpIf8OKvePGgiFfv3vwbJ4+DJhY0FFXddHcFieAGXPfbWVpeWV1bz23kN7e2d3YLe/sNo1JNWZ0qoXQrIIYJLlkdOAjWSjQjcSBYMxhcj/3mPdOGK3kHw4R1YtKXPOSUgJW6hWM/ifhpN/N1jAMlR9jXvB8B0Vo94HPscxnCsFsouiV3ArxIvBkpohlq3cKX31M0jZkEKogxbc9NoJMRDZwKNsr7qWEJoQPSZ21LJYmZ6WSTb0b4xCo9HCptSwKeqL8nMhIbM4wD2xkTiMy8Nxb/89ophFedjMskBSbpdFGYCgwKj6PBPa4ZBTG0hFDN7a2YRkQTCjbAvA3Bm395kTQuSl65VLktF6uVWRw5dIiO0Bny0CWqohtUQ3VE0SN6Rq/ozXlyXpx352PauuTMZg7QHzifP/38m4E=</latexit>

⇠ ! 0

<latexit sha1_base64="KKeafvWXj7AT2H+eXUNlQWV5PPo=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5JIQXsrePFYwX5AE8pmu2mXbjZhd2MtsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb6uwsbm1vVPcLe3tHxwe2eXjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8c3c7zxQqVgs7vU0oX6Eh4KFjGBtpL5d9h4Z8iQbjjSWMp4gp29XnKqzAFonbk4qkKPZt7+8QUzSiApNOFaq5zqJ9jMsNSOczkpeqmiCyRgPac9QgSOq/Gxx+gydG2WAwliaEhot1N8TGY6UmkaB6YywHqlVby7+5/VSHV77GRNJqqkgy0VhypGO0TwHNGCSEs2nhmAimbkVkRGWmGiTVsmE4K6+vE7al1W3Vq3f1SqNeh5HEU7hDC7AhStowC00oQUEJvAMr/BmPVkv1rv1sWwtWPnMCfyB9fkDwceTqg==</latexit>

as

R4 ! +1

<latexit sha1_base64="GW1t2isRxAk/4ZCQfrCi+/0JHGA=">AAACC3icbVBNS8NAEN34WetX1KOXpUUQhJJIQXsrePFYxX5AE8pmu2mXbjZhd6KU0LsX/4oXD4p49Q9489+4bXPQ1gcDj/dmmJkXJIJrcJxva2V1bX1js7BV3N7Z3du3Dw5bOk4VZU0ai1h1AqKZ4JI1gYNgnUQxEgWCtYPR1dRv3zOleSzvYJwwPyIDyUNOCRipZ5e8iMCQEpHdTnpV7Ck+GAJRKn7AZ9jjMoRxzy47FWcGvEzcnJRRjkbP/vL6MU0jJoEKonXXdRLwM6KAU8EmRS/VLCF0RAasa6gkEdN+Nvtlgk+M0sdhrExJwDP190RGIq3HUWA6p5frRW8q/ud1Uwgv/YzLJAUm6XxRmAoMMZ4Gg/tcMQpibAihiptbMR0SRSiY+IomBHfx5WXSOq+41Urtplqu1/I4CugYldApctEFqqNr1EBNRNEjekav6M16sl6sd+tj3rpi5TNH6A+szx+o65rL</latexit>

⇠ ! 0

<latexit sha1_base64="KKeafvWXj7AT2H+eXUNlQWV5PPo=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5JIQXsrePFYwX5AE8pmu2mXbjZhd2MtsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb6uwsbm1vVPcLe3tHxwe2eXjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8c3c7zxQqVgs7vU0oX6Eh4KFjGBtpL5d9h4Z8iQbjjSWMp4gp29XnKqzAFonbk4qkKPZt7+8QUzSiApNOFaq5zqJ9jMsNSOczkpeqmiCyRgPac9QgSOq/Gxx+gydG2WAwliaEhot1N8TGY6UmkaB6YywHqlVby7+5/VSHV77GRNJqqkgy0VhypGO0TwHNGCSEs2nhmAimbkVkRGWmGiTVsmE4K6+vE7al1W3Vq3f1SqNeh5HEU7hDC7AhStowC00oQUEJvAMr/BmPVkv1rv1sWwtWPnMCfyB9fkDwceTqg==</latexit>

as

Bubble of nothing as a CDL problem



Dine, Fox, Gorbatov (2006)

Rather, a special kind of  CDL problem… “singular” at the center of  the bounce
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4

⇠/R

<latexit sha1_base64="4hfoxejUdFAVW1QAXBfECZNJap0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKe5KQMVLwIvHKOYByRJmJ5NkyOzsMtMrhiUf4cWDIl79Hm/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0c3Ubz5ybUSkHnAccz+kAyX6glG0UrPzJMgZue8WS27ZnYEsEy8jJchQ6xa/Or2IJSFXyCQ1pu25Mfop1SiY5JNCJzE8pmxEB7xtqaIhN346O3dCTqzSI/1I21JIZurviZSGxozDwHaGFIdm0ZuK/3ntBPuXfipUnCBXbL6on0iCEZn+TnpCc4ZybAllWthbCRtSTRnahAo2BG/x5WXSOC97lfLVXaVUvc7iyMMRHMMpeHABVbiFGtSBwQie4RXenNh5cd6dj3lrzslmDuEPnM8fG8qOww==</latexit>

⇢bon/R

<latexit sha1_base64="1UMkNnYWoKOO6vGkaoCZ1RpKJRw=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFc1UQK2l3Bjcsq9gFNCJPptB06jzAzEUvIr7hxoYhbf8Sdf+O0zUJbD1w4nHMv994TJ4xq43nfztr6xubWdmmnvLu3f3DoHlU6WqYKkzaWTKpejDRhVJC2oYaRXqII4jEj3XhyM/O7j0RpKsWDmSYk5Ggk6JBiZKwUuZVAjWWUBYrDWIocXsD7yK16NW8OuEr8glRBgVbkfgUDiVNOhMEMad33vcSEGVKGYkbycpBqkiA8QSPSt1QgTnSYzW/P4ZlVBnAolS1h4Fz9PZEhrvWUx7aTIzPWy95M/M/rp2Z4HWZUJKkhAi8WDVMGjYSzIOCAKoINm1qCsKL2VojHSCFsbFxlG4K//PIq6VzW/HqtcVevNhtFHCVwAk7BOfDBFWiCW9ACbYDBE3gGr+DNyZ0X5935WLSuOcXMMfgD5/MH9dSTuQ==</latexit>

0.0 0.5 1.0 1.5 2.0 2.5 3.0
-4

-3

-2

-1

0

⇠/R

<latexit sha1_base64="4hfoxejUdFAVW1QAXBfECZNJap0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKe5KQMVLwIvHKOYByRJmJ5NkyOzsMtMrhiUf4cWDIl79Hm/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0c3Ubz5ybUSkHnAccz+kAyX6glG0UrPzJMgZue8WS27ZnYEsEy8jJchQ6xa/Or2IJSFXyCQ1pu25Mfop1SiY5JNCJzE8pmxEB7xtqaIhN346O3dCTqzSI/1I21JIZurviZSGxozDwHaGFIdm0ZuK/3ntBPuXfipUnCBXbL6on0iCEZn+TnpCc4ZybAllWthbCRtSTRnahAo2BG/x5WXSOC97lfLVXaVUvc7iyMMRHMMpeHABVbiFGtSBwQie4RXenNh5cd6dj3lrzslmDuEPnM8fG8qOww==</latexit>

�bon/mPl

<latexit sha1_base64="bSXTrl64d0DHilrKlZbPv5ykUSg=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCs4q4ENF3AxjKCeUCyLLOT2WTIPJaZWSEsW9j4KzYWitj6EXb+jZNkC008cOHMOfcy954oYVQbz/t21tY3Nre2Szvl3b39g0P36LijZaowaWPJpOpFSBNGBWkbahjpJYogHjHSjSY3M7/7QJSmUtybaUICjkaCxhQjY6XQrQySMQ2zgeIwkiKHF5AvXi2Wh27Vq3lzwFXiF6QKCrRC92swlDjlRBjMkNZ930tMkCFlKGYkLw9STRKEJ2hE+pYKxIkOsvkROTyzyhDGUtkSBs7V3xMZ4lpPeWQ7OTJjvezNxP+8fmri6yCjIkkNEXjxUZwyaCScJQKHVBFs2NQShBW1u0I8RgphY3Mr2xD85ZNXSeey5tdrjbt6tdko4iiBCjgF58AHV6AJbkELtAEGj+AZvII358l5cd6dj0XrmlPMnIA/cD5/ANtzl5Q=</latexit>

�bon ! �1

<latexit sha1_base64="HT4CHHbCQ6L+puFuEpxm+9yKwHk=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lhkpaHcFNy4r2Ad0hpJJM53QTDIkd5Qy9APc+CtuXCji1g9w59+YPhbaeiBwOOdcbu4JU8ENuO63s7K6tr6xWdgqbu/s7u2XDg5bRmWasiZVQulOSAwTXLImcBCsk2pGklCwdji8nvjte6YNV/IORikLEjKQPOKUgJV6pbKfxryX+zrBoZJj7Gs+iIForR7wOfa5jGBkU27FnQIvE29OymiORq/05fcVzRImgQpiTNdzUwhyooFTwcZFPzMsJXRIBqxrqSQJM0E+PWaMT63Sx5HS9knAU/X3RE4SY0ZJaJMJgdgsehPxP6+bQXQV5FymGTBJZ4uiTGBQeNIM7nPNKIiRJYRqbv+KaUw0oWD7K9oSvMWTl0nrouJVK7Xbarlem9dRQMfoBJ0hD12iOrpBDdREFD2iZ/SK3pwn58V5dz5m0RVnPnOE/sD5/AGaWZtS</latexit>

�0
bon ! +1

<latexit sha1_base64="74FAmXOH23TGK10anIwAYhXRsc8=">AAACDXicbVDLSgNBEJz1GeMr6tHLYBQFIexKQHMLePEYwTwgG8LsZDY7ZHZmmelVwpIf8OKvePGgiFfv3vwbJ4+DJhY0FFXddHcFieAGXPfbWVpeWV1bz23kN7e2d3YLe/sNo1JNWZ0qoXQrIIYJLlkdOAjWSjQjcSBYMxhcj/3mPdOGK3kHw4R1YtKXPOSUgJW6hWM/ifhpN/N1jAMlR9jXvB8B0Vo94HPscxnCsFsouiV3ArxIvBkpohlq3cKX31M0jZkEKogxbc9NoJMRDZwKNsr7qWEJoQPSZ21LJYmZ6WSTb0b4xCo9HCptSwKeqL8nMhIbM4wD2xkTiMy8Nxb/89ophFedjMskBSbpdFGYCgwKj6PBPa4ZBTG0hFDN7a2YRkQTCjbAvA3Bm395kTQuSl65VLktF6uVWRw5dIiO0Bny0CWqohtUQ3VE0SN6Rq/ozXlyXpx352PauuTMZg7QHzifP/38m4E=</latexit>

⇠ ! 0

<latexit sha1_base64="KKeafvWXj7AT2H+eXUNlQWV5PPo=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5JIQXsrePFYwX5AE8pmu2mXbjZhd2MtsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb6uwsbm1vVPcLe3tHxwe2eXjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8c3c7zxQqVgs7vU0oX6Eh4KFjGBtpL5d9h4Z8iQbjjSWMp4gp29XnKqzAFonbk4qkKPZt7+8QUzSiApNOFaq5zqJ9jMsNSOczkpeqmiCyRgPac9QgSOq/Gxx+gydG2WAwliaEhot1N8TGY6UmkaB6YywHqlVby7+5/VSHV77GRNJqqkgy0VhypGO0TwHNGCSEs2nhmAimbkVkRGWmGiTVsmE4K6+vE7al1W3Vq3f1SqNeh5HEU7hDC7AhStowC00oQUEJvAMr/BmPVkv1rv1sWwtWPnMCfyB9fkDwceTqg==</latexit>

as

R4 ! +1

<latexit sha1_base64="GW1t2isRxAk/4ZCQfrCi+/0JHGA=">AAACC3icbVBNS8NAEN34WetX1KOXpUUQhJJIQXsrePFYxX5AE8pmu2mXbjZhd6KU0LsX/4oXD4p49Q9489+4bXPQ1gcDj/dmmJkXJIJrcJxva2V1bX1js7BV3N7Z3du3Dw5bOk4VZU0ai1h1AqKZ4JI1gYNgnUQxEgWCtYPR1dRv3zOleSzvYJwwPyIDyUNOCRipZ5e8iMCQEpHdTnpV7Ck+GAJRKn7AZ9jjMoRxzy47FWcGvEzcnJRRjkbP/vL6MU0jJoEKonXXdRLwM6KAU8EmRS/VLCF0RAasa6gkEdN+Nvtlgk+M0sdhrExJwDP190RGIq3HUWA6p5frRW8q/ud1Uwgv/YzLJAUm6XxRmAoMMZ4Gg/tcMQpibAihiptbMR0SRSiY+IomBHfx5WXSOq+41Urtplqu1/I4CugYldApctEFqqNr1EBNRNEjekav6M16sl6sd+tj3rpi5TNH6A+szx+o65rL</latexit>

⇠ ! 0

<latexit sha1_base64="KKeafvWXj7AT2H+eXUNlQWV5PPo=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5JIQXsrePFYwX5AE8pmu2mXbjZhd2MtsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb6uwsbm1vVPcLe3tHxwe2eXjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8c3c7zxQqVgs7vU0oX6Eh4KFjGBtpL5d9h4Z8iQbjjSWMp4gp29XnKqzAFonbk4qkKPZt7+8QUzSiApNOFaq5zqJ9jMsNSOczkpeqmiCyRgPac9QgSOq/Gxx+gydG2WAwliaEhot1N8TGY6UmkaB6YywHqlVby7+5/VSHV77GRNJqqkgy0VhypGO0TwHNGCSEs2nhmAimbkVkRGWmGiTVsmE4K6+vE7al1W3Vq3f1SqNeh5HEU7hDC7AhStowC00oQUEJvAMr/BmPVkv1rv1sWwtWPnMCfyB9fkDwceTqg==</latexit>

as

Bubble of nothing as a CDL problem

�m2
PlR4 + (�0)2 ⌘ 0

<latexit sha1_base64="YZknIa1KUsZr7CPy2NySExfpNjw=">AAACGnicbVDLSsNAFJ3UV62vqks3g0WsiCUpBRU3BTcuq9gHNDFMplM7dCaJM5NCCfkON/6KGxeKuBM3/o2TNgttPXDhcM693HuPFzIqlWl+G7mFxaXllfxqYW19Y3OruL3TkkEkMGnigAWi4yFJGPVJU1HFSCcUBHGPkbY3vEz99ogISQP/Vo1D4nB079M+xUhpyS1aJ5C7sS04bLDkrgptjtQAIxbfJG4NHsOyHQ7o4VHqkIeIjqDpFktmxZwAzhMrIyWQoeEWP+1egCNOfIUZkrJrmaFyYiQUxYwkBTuSJER4iO5JV1MfcSKdePJaAg+00oP9QOjyFZyovydixKUcc093ppfLWS8V//O6keqfOTH1w0gRH08X9SMGVQDTnGCPCoIVG2uCsKD6VogHSCCsdJoFHYI1+/I8aVUrVq1yfl0r1S+yOPJgD+yDMrDAKaiDK9AATYDBI3gGr+DNeDJejHfjY9qaM7KZXfAHxtcPVMieiw==</latexit>

finite action)

<latexit sha1_base64="Bic1D5d9U0tvLuPoK4huYMTfhFA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUPFS8OKxiv2ANJTNdtMu3WTD7kQppT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYWV1b3yhulra2d3b3yvsHTaMyzXiDKal0O6SGS5HwBgqUvJ1qTuNQ8lY4vJn6rUeujVDJA45SHsS0n4hIMIpW8jv3oj9AqrV66pYrbtWdgSwTLycVyFHvlr86PcWymCfIJDXG99wUgzHVKJjkk1InMzylbEj73Lc0oTE3wXh28oScWKVHIqVtJUhm6u+JMY2NGcWh7YwpDsyiNxX/8/wMo8tgLJI0Q56w+aIokwQVmf5PekJzhnJkCWVa2FsJG1BNGdqUSjYEb/HlZdI8q3rn1au780rtOo+jCEdwDKfgwQXU4Bbq0AAGCp7hFd4cdF6cd+dj3lpw8plD+APn8weS4JFy</latexit>

Crucially:

��(�()0�-.+(���*)- (-$�&�!)+�-# �,��&�+�!$ &��



In any realistic construction, extra dimensions must be stabilized

Survival of  BON in the presence of  a potential for the radion 
is a necessary requirement if  they are to be relevant in ‘real life’

Stabilized extra dimensions

V (�)

<latexit sha1_base64="UhJwvi9Vsg29iOXZbvjemSnGpvI=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVgoqXghePFewHtEvJptk2NJuEJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMixRnxvr+t7e2vrG5tV3YKe7u7R8clo6OW0ammtAmkVzqToQN5UzQpmWW047SFCcRp+1ofDfz209UGybFo50oGiZ4KFjMCLZOarcqPTViF/1S2a/6c6BVEuSkDDka/dJXbyBJmlBhCcfGdANf2TDD2jLC6bTYSw1VmIzxkHYdFTihJszm507RuVMGKJbalbBorv6eyHBizCSJXGeC7cgsezPxP6+b2vg6zJhQqaWCLBbFKUdWotnvaMA0JZZPHMFEM3crIiOsMbEuoaILIVh+eZW0LqtBrXrzUCvXb/M4CnAKZ1CBAK6gDvfQgCYQGMMzvMKbp7wX7937WLSuefnMCfyB9/kDhaWPCQ==</latexit>

�

<latexit sha1_base64="D3YKAB0f9JgDbDF+N4vcFK6UCPo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUMVLwYvHCvYD2lA2202zdHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXpBwpo3rfjuljc2t7Z3ybmVv/+DwqHp80tVxqgjtkJjHqh9gTTmTtGOY4bSfKIpFwGkvmN7lfu+JKs1i+WhmCfUFnkgWMoJNLg2TiI2qNbfuLoDWiVeQGhRoj6pfw3FMUkGlIRxrPfDcxPgZVoYRTueVYappgskUT+jAUokF1X62uHWOLqwyRmGsbEmDFurviQwLrWcisJ0Cm0ivern4nzdITXjtZ0wmqaGSLBeFKUcmRvnjaMwUJYbPLMFEMXsrIhFWmBgbT8WG4K2+vE66V3WvUb95aNRat0UcZTiDc7gED5rQgntoQwcIRPAMr/DmCOfFeXc+lq0lp5g5hT9wPn8AFU2ORA==</latexit>

+1

<latexit sha1_base64="7cmDL5jBJPEUqeUMBSVltlNaFis=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQkmkoOKl4MVjBfsBbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cNk2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeA44X5EB0qEglG0UvucdIUKcdwrld2KOwNZJl5OypCj3it9dfsxSyOukElqTMdzE/QzqlEwySfFbmp4QtmIDnjHUkUjbvxsdu+EnFqlT8JY21JIZurviYxGxoyjwHZGFIdm0ZuK/3mdFMMrPxMqSZErNl8UppJgTKbPk77QnKEcW0KZFvZWwoZUU4Y2oqINwVt8eZk0LypetXJ9Xy3XbvI4CnAMJ3AGHlxCDe6gDg1gIOEZXuHNeXRenHfnY9664uQzR/AHzucPgXqPoA==</latexit>

�1

<latexit sha1_base64="6ISqrzA9H7EcvvWHTExJhixFfzw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSRSUPFS8OKxgv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnCccD+iAyVCwShaqX1OukKFOO6Vym7FnYEsEy8nZchR75W+uv2YpRFXyCQ1puO5CfoZ1SiY5JNiNzU8oWxEB7xjqaIRN342u3dCTq3SJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUdGG4C2+vEyaFxWvWrm+r5ZrN3kcBTiGEzgDDy6hBndQhwYwkPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHhJCPog==</latexit>

l5(�) ! 1

<latexit sha1_base64="Ychzy5IEpbhG9YjGzbnC1L0SuLQ=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCvZREKipeCl48VrAf0JSy2W7apZtN2J0oofTkxb/ixYMiXv0N3vw3btsctPXBwOO9GWbm+bHgGhzn28otLa+sruXXCxubW9s79u5eQ0eJoqxOIxGplk80E1yyOnAQrBUrRkJfsKY/vJ74zXumNI/kHaQx64SkL3nAKQEjde1D0T3DJS8e8BPsKd4fAFEqesAelwGkXbvolJ0p8CJxM1JEGWpd+8vrRTQJmQQqiNZt14mhMyIKOBVsXPASzWJCh6TP2oZKEjLdGU3fGONjo/RwEClTEvBU/T0xIqHWaeibzpDAQM97E/E/r51AcNEZcRknwCSdLQoSgSHCk0xwjytGQaSGEKq4uRXTAVGEgkmuYEJw519eJI3TslspX95WitWrLI48OkBHqIRcdI6q6AbVUB1R9Iie0St6s56sF+vd+pi15qxsZh/9gfX5Ax/bmEs=</latexit>

l5(�) ! 0

<latexit sha1_base64="VF3jVqrboGUxCauQURMQAEiNOW8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkUlFxU3DjsoJ9QBPCZDpph05mwsxEKaFu/BU3LhRx61+482+ctllo64ELh3Pu5d57woRRpR3n2yosLa+srhXXSxubW9s79u5eS4lUYtLEggnZCZEijHLS1FQz0kkkQXHISDscXk/89j2Rigp+p0cJ8WPU5zSiGGkjBfYBC85gxUsG9AR6kvYHGkkpHqAT2GWn6kwBF4mbkzLI0QjsL68ncBoTrjFDSnVdJ9F+hqSmmJFxyUsVSRAeoj7pGspRTJSfTT8Yw2Oj9GAkpCmu4VT9PZGhWKlRHJrOGOmBmvcm4n9eN9XRhZ9RnqSacDxbFKUMagEnccAelQRrNjIEYUnNrRAPkERYm9BKJgR3/uVF0jqturXq5W2tXL/K4yiCQ3AEKsAF56AObkADNAEGj+AZvII368l6sd6tj1lrwcpn9sEfWJ8/rXaVww==</latexit>

V (�) ' Vfv +
1

2
m2�2

<latexit sha1_base64="dAp38RrojuqK9BxbKMnywHzUDu8=">AAACG3icbVDLSsNAFJ34rPVVdelmsAgVoSShoOKm4MZlBfuAJi2T6aQdOpPEmUmhhPyHG3/FjQtFXAku/BsnbRbaemDgcM653LnHixiVyjS/jZXVtfWNzcJWcXtnd2+/dHDYkmEsMGnikIWi4yFJGA1IU1HFSCcSBHGPkbY3vsn89oQIScPgXk0j4nI0DKhPMVJa6pfsFqw40YieOZJy8gBb/cQRHPqTFJ5DxxcIJ1aa2CnkPRtmwZ7dL5XNqjkDXCZWTsogR6Nf+nQGIY45CRRmSMquZUbKTZBQFDOSFp1YkgjhMRqSrqYB4kS6yey2FJ5qZQD9UOgXKDhTf08kiEs55Z5OcqRGctHLxP+8bqz8SzehQRQrEuD5Ij9mUIUwKwoOqCBYsakmCAuq/wrxCOlClK6zqEuwFk9eJi27atWqV3e1cv06r6MAjsEJqAALXIA6uAUN0AQYPIJn8ArejCfjxXg3PubRFSOfOQJ/YHz9ADJDn6c=</latexit>

Vfv � 0

<latexit sha1_base64="eouV5Vf/UPb3zHAm4e9UXRiRqEg=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5JIQcVLwYvHCvYD2hA22027dDeJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2//wC4ftlScSkKbJOax7ARYUc4i2tRMc9pJJMUi4LQdjG5mfntMpWJxdK8nCfUEHkQsZARrI/l2ueVnPSlQOJ6i3oA+IMe3K07VmQOtEjcnFcjR8O2vXj8mqaCRJhwr1XWdRHsZlpoRTqelXqpogskID2jX0AgLqrxsfvoUnRqlj8JYmoo0mqu/JzIslJqIwHQKrIdq2ZuJ/3ndVIeXXsaiJNU0IotFYcqRjtEsB9RnkhLNJ4ZgIpm5FZEhlphok1bJhOAuv7xKWudVt1a9uqtV6td5HEU4hhM4AxcuoA630IAmEHiEZ3iFN+vJerHerY9Fa8HKZ47gD6zPHyfRk0c=</latexit>

with

P Draper, IGG, B Lillard; 2105.08068 & 2105.10507



In any realistic construction, extra dimensions must be stabilized

Survival of  BON in the presence of  a potential for the radion 
is a necessary requirement if  they are to be relevant in ‘real life’

Stabilized extra dimensions

V (�)

<latexit sha1_base64="UhJwvi9Vsg29iOXZbvjemSnGpvI=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVgoqXghePFewHtEvJptk2NJuEJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMixRnxvr+t7e2vrG5tV3YKe7u7R8clo6OW0ammtAmkVzqToQN5UzQpmWW047SFCcRp+1ofDfz209UGybFo50oGiZ4KFjMCLZOarcqPTViF/1S2a/6c6BVEuSkDDka/dJXbyBJmlBhCcfGdANf2TDD2jLC6bTYSw1VmIzxkHYdFTihJszm507RuVMGKJbalbBorv6eyHBizCSJXGeC7cgsezPxP6+b2vg6zJhQqaWCLBbFKUdWotnvaMA0JZZPHMFEM3crIiOsMbEuoaILIVh+eZW0LqtBrXrzUCvXb/M4CnAKZ1CBAK6gDvfQgCYQGMMzvMKbp7wX7937WLSuefnMCfyB9/kDhaWPCQ==</latexit>

�

<latexit sha1_base64="D3YKAB0f9JgDbDF+N4vcFK6UCPo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUMVLwYvHCvYD2lA2202zdHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXpBwpo3rfjuljc2t7Z3ybmVv/+DwqHp80tVxqgjtkJjHqh9gTTmTtGOY4bSfKIpFwGkvmN7lfu+JKs1i+WhmCfUFnkgWMoJNLg2TiI2qNbfuLoDWiVeQGhRoj6pfw3FMUkGlIRxrPfDcxPgZVoYRTueVYappgskUT+jAUokF1X62uHWOLqwyRmGsbEmDFurviQwLrWcisJ0Cm0ivern4nzdITXjtZ0wmqaGSLBeFKUcmRvnjaMwUJYbPLMFEMXsrIhFWmBgbT8WG4K2+vE66V3WvUb95aNRat0UcZTiDc7gED5rQgntoQwcIRPAMr/DmCOfFeXc+lq0lp5g5hT9wPn8AFU2ORA==</latexit>

+1

<latexit sha1_base64="7cmDL5jBJPEUqeUMBSVltlNaFis=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQkmkoOKl4MVjBfsBbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cNk2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeA44X5EB0qEglG0UvucdIUKcdwrld2KOwNZJl5OypCj3it9dfsxSyOukElqTMdzE/QzqlEwySfFbmp4QtmIDnjHUkUjbvxsdu+EnFqlT8JY21JIZurviYxGxoyjwHZGFIdm0ZuK/3mdFMMrPxMqSZErNl8UppJgTKbPk77QnKEcW0KZFvZWwoZUU4Y2oqINwVt8eZk0LypetXJ9Xy3XbvI4CnAMJ3AGHlxCDe6gDg1gIOEZXuHNeXRenHfnY9664uQzR/AHzucPgXqPoA==</latexit>

�1

<latexit sha1_base64="6ISqrzA9H7EcvvWHTExJhixFfzw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSRSUPFS8OKxgv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnCccD+iAyVCwShaqX1OukKFOO6Vym7FnYEsEy8nZchR75W+uv2YpRFXyCQ1puO5CfoZ1SiY5JNiNzU8oWxEB7xjqaIRN342u3dCTq3SJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUdGG4C2+vEyaFxWvWrm+r5ZrN3kcBTiGEzgDDy6hBndQhwYwkPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHhJCPog==</latexit>

l5(�) ! 1

<latexit sha1_base64="Ychzy5IEpbhG9YjGzbnC1L0SuLQ=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCvZREKipeCl48VrAf0JSy2W7apZtN2J0oofTkxb/ixYMiXv0N3vw3btsctPXBwOO9GWbm+bHgGhzn28otLa+sruXXCxubW9s79u5eQ0eJoqxOIxGplk80E1yyOnAQrBUrRkJfsKY/vJ74zXumNI/kHaQx64SkL3nAKQEjde1D0T3DJS8e8BPsKd4fAFEqesAelwGkXbvolJ0p8CJxM1JEGWpd+8vrRTQJmQQqiNZt14mhMyIKOBVsXPASzWJCh6TP2oZKEjLdGU3fGONjo/RwEClTEvBU/T0xIqHWaeibzpDAQM97E/E/r51AcNEZcRknwCSdLQoSgSHCk0xwjytGQaSGEKq4uRXTAVGEgkmuYEJw519eJI3TslspX95WitWrLI48OkBHqIRcdI6q6AbVUB1R9Iie0St6s56sF+vd+pi15qxsZh/9gfX5Ax/bmEs=</latexit>

l5(�) ! 0

<latexit sha1_base64="VF3jVqrboGUxCauQURMQAEiNOW8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkUlFxU3DjsoJ9QBPCZDpph05mwsxEKaFu/BU3LhRx61+482+ctllo64ELh3Pu5d57woRRpR3n2yosLa+srhXXSxubW9s79u5eS4lUYtLEggnZCZEijHLS1FQz0kkkQXHISDscXk/89j2Rigp+p0cJ8WPU5zSiGGkjBfYBC85gxUsG9AR6kvYHGkkpHqAT2GWn6kwBF4mbkzLI0QjsL68ncBoTrjFDSnVdJ9F+hqSmmJFxyUsVSRAeoj7pGspRTJSfTT8Yw2Oj9GAkpCmu4VT9PZGhWKlRHJrOGOmBmvcm4n9eN9XRhZ9RnqSacDxbFKUMagEnccAelQRrNjIEYUnNrRAPkERYm9BKJgR3/uVF0jqturXq5W2tXL/K4yiCQ3AEKsAF56AObkADNAEGj+AZvII368l6sd6tj1lrwcpn9sEfWJ8/rXaVww==</latexit>

V (�) ' Vfv +
1

2
m2�2

<latexit sha1_base64="dAp38RrojuqK9BxbKMnywHzUDu8=">AAACG3icbVDLSsNAFJ34rPVVdelmsAgVoSShoOKm4MZlBfuAJi2T6aQdOpPEmUmhhPyHG3/FjQtFXAku/BsnbRbaemDgcM653LnHixiVyjS/jZXVtfWNzcJWcXtnd2+/dHDYkmEsMGnikIWi4yFJGA1IU1HFSCcSBHGPkbY3vsn89oQIScPgXk0j4nI0DKhPMVJa6pfsFqw40YieOZJy8gBb/cQRHPqTFJ5DxxcIJ1aa2CnkPRtmwZ7dL5XNqjkDXCZWTsogR6Nf+nQGIY45CRRmSMquZUbKTZBQFDOSFp1YkgjhMRqSrqYB4kS6yey2FJ5qZQD9UOgXKDhTf08kiEs55Z5OcqRGctHLxP+8bqz8SzehQRQrEuD5Ij9mUIUwKwoOqCBYsakmCAuq/wrxCOlClK6zqEuwFk9eJi27atWqV3e1cv06r6MAjsEJqAALXIA6uAUN0AQYPIJn8ArejCfjxXg3PubRFSOfOQJ/YHz9ADJDn6c=</latexit>

Vfv � 0

<latexit sha1_base64="eouV5Vf/UPb3zHAm4e9UXRiRqEg=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5JIQcVLwYvHCvYD2hA22027dDeJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2//wC4ftlScSkKbJOax7ARYUc4i2tRMc9pJJMUi4LQdjG5mfntMpWJxdK8nCfUEHkQsZARrI/l2ueVnPSlQOJ6i3oA+IMe3K07VmQOtEjcnFcjR8O2vXj8mqaCRJhwr1XWdRHsZlpoRTqelXqpogskID2jX0AgLqrxsfvoUnRqlj8JYmoo0mqu/JzIslJqIwHQKrIdq2ZuJ/3ndVIeXXsaiJNU0IotFYcqRjtEsB9RnkhLNJ4ZgIpm5FZEhlphok1bJhOAuv7xKWudVt1a9uqtV6td5HEU4hhM4AxcuoA630IAmEHiEZ3iFN+vJerHerY9Fa8HKZ47gD6zPHyfRk0c=</latexit>

with

P Draper, IGG, B Lillard; 2105.08068 & 2105.10507



Stabilized extra dimensions
In any realistic construction, extra dimensions must be stabilized

Survival of  BON in the presence of  a potential for the radion 
is a necessary requirement if  they are to be relevant in ‘real life’

7,*)(-�( ).,�
� �)'*��-$!$��-$)(8

V (�)

<latexit sha1_base64="UhJwvi9Vsg29iOXZbvjemSnGpvI=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVgoqXghePFewHtEvJptk2NJuEJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMixRnxvr+t7e2vrG5tV3YKe7u7R8clo6OW0ammtAmkVzqToQN5UzQpmWW047SFCcRp+1ofDfz209UGybFo50oGiZ4KFjMCLZOarcqPTViF/1S2a/6c6BVEuSkDDka/dJXbyBJmlBhCcfGdANf2TDD2jLC6bTYSw1VmIzxkHYdFTihJszm507RuVMGKJbalbBorv6eyHBizCSJXGeC7cgsezPxP6+b2vg6zJhQqaWCLBbFKUdWotnvaMA0JZZPHMFEM3crIiOsMbEuoaILIVh+eZW0LqtBrXrzUCvXb/M4CnAKZ1CBAK6gDvfQgCYQGMMzvMKbp7wX7937WLSuefnMCfyB9/kDhaWPCQ==</latexit>

�

<latexit sha1_base64="D3YKAB0f9JgDbDF+N4vcFK6UCPo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUMVLwYvHCvYD2lA2202zdHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXpBwpo3rfjuljc2t7Z3ybmVv/+DwqHp80tVxqgjtkJjHqh9gTTmTtGOY4bSfKIpFwGkvmN7lfu+JKs1i+WhmCfUFnkgWMoJNLg2TiI2qNbfuLoDWiVeQGhRoj6pfw3FMUkGlIRxrPfDcxPgZVoYRTueVYappgskUT+jAUokF1X62uHWOLqwyRmGsbEmDFurviQwLrWcisJ0Cm0ivern4nzdITXjtZ0wmqaGSLBeFKUcmRvnjaMwUJYbPLMFEMXsrIhFWmBgbT8WG4K2+vE66V3WvUb95aNRat0UcZTiDc7gED5rQgntoQwcIRPAMr/DmCOfFeXc+lq0lp5g5hT9wPn8AFU2ORA==</latexit>

+1

<latexit sha1_base64="7cmDL5jBJPEUqeUMBSVltlNaFis=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQkmkoOKl4MVjBfsBbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cNk2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeA44X5EB0qEglG0UvucdIUKcdwrld2KOwNZJl5OypCj3it9dfsxSyOukElqTMdzE/QzqlEwySfFbmp4QtmIDnjHUkUjbvxsdu+EnFqlT8JY21JIZurviYxGxoyjwHZGFIdm0ZuK/3mdFMMrPxMqSZErNl8UppJgTKbPk77QnKEcW0KZFvZWwoZUU4Y2oqINwVt8eZk0LypetXJ9Xy3XbvI4CnAMJ3AGHlxCDe6gDg1gIOEZXuHNeXRenHfnY9664uQzR/AHzucPgXqPoA==</latexit>

�1

<latexit sha1_base64="6ISqrzA9H7EcvvWHTExJhixFfzw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSRSUPFS8OKxgv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnCccD+iAyVCwShaqX1OukKFOO6Vym7FnYEsEy8nZchR75W+uv2YpRFXyCQ1puO5CfoZ1SiY5JNiNzU8oWxEB7xjqaIRN342u3dCTq3SJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUdGG4C2+vEyaFxWvWrm+r5ZrN3kcBTiGEzgDDy6hBndQhwYwkPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHhJCPog==</latexit>

V (�) ' Vfv +
1

2
m2�2

<latexit sha1_base64="dAp38RrojuqK9BxbKMnywHzUDu8=">AAACG3icbVDLSsNAFJ34rPVVdelmsAgVoSShoOKm4MZlBfuAJi2T6aQdOpPEmUmhhPyHG3/FjQtFXAku/BsnbRbaemDgcM653LnHixiVyjS/jZXVtfWNzcJWcXtnd2+/dHDYkmEsMGnikIWi4yFJGA1IU1HFSCcSBHGPkbY3vsn89oQIScPgXk0j4nI0DKhPMVJa6pfsFqw40YieOZJy8gBb/cQRHPqTFJ5DxxcIJ1aa2CnkPRtmwZ7dL5XNqjkDXCZWTsogR6Nf+nQGIY45CRRmSMquZUbKTZBQFDOSFp1YkgjhMRqSrqYB4kS6yey2FJ5qZQD9UOgXKDhTf08kiEs55Z5OcqRGctHLxP+8bqz8SzehQRQrEuD5Ij9mUIUwKwoOqCBYsakmCAuq/wrxCOlClK6zqEuwFk9eJi27atWqV3e1cv06r6MAjsEJqAALXIA6uAUN0AQYPIJn8ArejCfjxXg3PubRFSOfOQJ/YHz9ADJDn6c=</latexit>

e.g. Giddings (2003) 
Giddings, Myers (2004)

l5(�) ! 1

<latexit sha1_base64="Ychzy5IEpbhG9YjGzbnC1L0SuLQ=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCvZREKipeCl48VrAf0JSy2W7apZtN2J0oofTkxb/ixYMiXv0N3vw3btsctPXBwOO9GWbm+bHgGhzn28otLa+sruXXCxubW9s79u5eQ0eJoqxOIxGplk80E1yyOnAQrBUrRkJfsKY/vJ74zXumNI/kHaQx64SkL3nAKQEjde1D0T3DJS8e8BPsKd4fAFEqesAelwGkXbvolJ0p8CJxM1JEGWpd+8vrRTQJmQQqiNZt14mhMyIKOBVsXPASzWJCh6TP2oZKEjLdGU3fGONjo/RwEClTEvBU/T0xIqHWaeibzpDAQM97E/E/r51AcNEZcRknwCSdLQoSgSHCk0xwjytGQaSGEKq4uRXTAVGEgkmuYEJw519eJI3TslspX95WitWrLI48OkBHqIRcdI6q6AbVUB1R9Iie0St6s56sF+vd+pi15qxsZh/9gfX5Ax/bmEs=</latexit>

l5(�) ! 0

<latexit sha1_base64="VF3jVqrboGUxCauQURMQAEiNOW8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkUlFxU3DjsoJ9QBPCZDpph05mwsxEKaFu/BU3LhRx61+482+ctllo64ELh3Pu5d57woRRpR3n2yosLa+srhXXSxubW9s79u5eS4lUYtLEggnZCZEijHLS1FQz0kkkQXHISDscXk/89j2Rigp+p0cJ8WPU5zSiGGkjBfYBC85gxUsG9AR6kvYHGkkpHqAT2GWn6kwBF4mbkzLI0QjsL68ncBoTrjFDSnVdJ9F+hqSmmJFxyUsVSRAeoj7pGspRTJSfTT8Yw2Oj9GAkpCmu4VT9PZGhWKlRHJrOGOmBmvcm4n9eN9XRhZ9RnqSacDxbFKUMagEnccAelQRrNjIEYUnNrRAPkERYm9BKJgR3/uVF0jqturXq5W2tXL/K4yiCQ3AEKsAF56AObkADNAEGj+AZvII368l6sd6tj1lrwcpn9sEfWJ8/rXaVww==</latexit>

�SE ' 24⇡2m4
Pl

Vfv

<latexit sha1_base64="Ht085+YCFDNGoVLh6ZqgabkhsyQ="></latexit>

Vfv � 0

<latexit sha1_base64="eouV5Vf/UPb3zHAm4e9UXRiRqEg=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5JIQcVLwYvHCvYD2hA22027dDeJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2//wC4ftlScSkKbJOax7ARYUc4i2tRMc9pJJMUi4LQdjG5mfntMpWJxdK8nCfUEHkQsZARrI/l2ueVnPSlQOJ6i3oA+IMe3K07VmQOtEjcnFcjR8O2vXj8mqaCRJhwr1XWdRHsZlpoRTqelXqpogskID2jX0AgLqrxsfvoUnRqlj8JYmoo0mqu/JzIslJqIwHQKrIdq2ZuJ/3ndVIeXXsaiJNU0IotFYcqRjtEsB9RnkhLNJ4ZgIpm5FZEhlphok1bJhOAuv7xKWudVt1a9uqtV6td5HEU4hhM4AxcuoA630IAmEHiEZ3iFN+vJerHerY9Fa8HKZ47gD6zPHyfRk0c=</latexit>

with

P Draper, IGG, B Lillard; 2105.08068 & 2105.10507



Stabilized extra dimensions
In any realistic construction, extra dimensions must be stabilized

Survival of  BON in the presence of  a potential for the radion 
is a necessary requirement if  they are to be relevant in ‘real life’

V (�)

<latexit sha1_base64="UhJwvi9Vsg29iOXZbvjemSnGpvI=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVgoqXghePFewHtEvJptk2NJuEJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMixRnxvr+t7e2vrG5tV3YKe7u7R8clo6OW0ammtAmkVzqToQN5UzQpmWW047SFCcRp+1ofDfz209UGybFo50oGiZ4KFjMCLZOarcqPTViF/1S2a/6c6BVEuSkDDka/dJXbyBJmlBhCcfGdANf2TDD2jLC6bTYSw1VmIzxkHYdFTihJszm507RuVMGKJbalbBorv6eyHBizCSJXGeC7cgsezPxP6+b2vg6zJhQqaWCLBbFKUdWotnvaMA0JZZPHMFEM3crIiOsMbEuoaILIVh+eZW0LqtBrXrzUCvXb/M4CnAKZ1CBAK6gDvfQgCYQGMMzvMKbp7wX7937WLSuefnMCfyB9/kDhaWPCQ==</latexit>

�

<latexit sha1_base64="D3YKAB0f9JgDbDF+N4vcFK6UCPo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUMVLwYvHCvYD2lA2202zdHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXpBwpo3rfjuljc2t7Z3ybmVv/+DwqHp80tVxqgjtkJjHqh9gTTmTtGOY4bSfKIpFwGkvmN7lfu+JKs1i+WhmCfUFnkgWMoJNLg2TiI2qNbfuLoDWiVeQGhRoj6pfw3FMUkGlIRxrPfDcxPgZVoYRTueVYappgskUT+jAUokF1X62uHWOLqwyRmGsbEmDFurviQwLrWcisJ0Cm0ivern4nzdITXjtZ0wmqaGSLBeFKUcmRvnjaMwUJYbPLMFEMXsrIhFWmBgbT8WG4K2+vE66V3WvUb95aNRat0UcZTiDc7gED5rQgntoQwcIRPAMr/DmCOfFeXc+lq0lp5g5hT9wPn8AFU2ORA==</latexit>

+1

<latexit sha1_base64="7cmDL5jBJPEUqeUMBSVltlNaFis=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQkmkoOKl4MVjBfsBbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cNk2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeA44X5EB0qEglG0UvucdIUKcdwrld2KOwNZJl5OypCj3it9dfsxSyOukElqTMdzE/QzqlEwySfFbmp4QtmIDnjHUkUjbvxsdu+EnFqlT8JY21JIZurviYxGxoyjwHZGFIdm0ZuK/3mdFMMrPxMqSZErNl8UppJgTKbPk77QnKEcW0KZFvZWwoZUU4Y2oqINwVt8eZk0LypetXJ9Xy3XbvI4CnAMJ3AGHlxCDe6gDg1gIOEZXuHNeXRenHfnY9664uQzR/AHzucPgXqPoA==</latexit>

�1

<latexit sha1_base64="6ISqrzA9H7EcvvWHTExJhixFfzw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSRSUPFS8OKxgv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnCccD+iAyVCwShaqX1OukKFOO6Vym7FnYEsEy8nZchR75W+uv2YpRFXyCQ1puO5CfoZ1SiY5JNiNzU8oWxEB7xjqaIRN342u3dCTq3SJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUdGG4C2+vEyaFxWvWrm+r5ZrN3kcBTiGEzgDDy6hBndQhwYwkPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHhJCPog==</latexit>

��

V (�) ' Vfv +
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<latexit sha1_base64="dAp38RrojuqK9BxbKMnywHzUDu8=">AAACG3icbVDLSsNAFJ34rPVVdelmsAgVoSShoOKm4MZlBfuAJi2T6aQdOpPEmUmhhPyHG3/FjQtFXAku/BsnbRbaemDgcM653LnHixiVyjS/jZXVtfWNzcJWcXtnd2+/dHDYkmEsMGnikIWi4yFJGA1IU1HFSCcSBHGPkbY3vsn89oQIScPgXk0j4nI0DKhPMVJa6pfsFqw40YieOZJy8gBb/cQRHPqTFJ5DxxcIJ1aa2CnkPRtmwZ7dL5XNqjkDXCZWTsogR6Nf+nQGIY45CRRmSMquZUbKTZBQFDOSFp1YkgjhMRqSrqYB4kS6yey2FJ5qZQD9UOgXKDhTf08kiEs55Z5OcqRGctHLxP+8bqz8SzehQRQrEuD5Ij9mUIUwKwoOqCBYsakmCAuq/wrxCOlClK6zqEuwFk9eJi27atWqV3e1cv06r6MAjsEJqAALXIA6uAUN0AQYPIJn8ArejCfjxXg3PubRFSOfOQJ/YHz9ADJDn6c=</latexit>

e.g. Giddings (2003) 
Giddings, Myers (2004)

l5(�) ! 1

<latexit sha1_base64="Ychzy5IEpbhG9YjGzbnC1L0SuLQ=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCvZREKipeCl48VrAf0JSy2W7apZtN2J0oofTkxb/ixYMiXv0N3vw3btsctPXBwOO9GWbm+bHgGhzn28otLa+sruXXCxubW9s79u5eQ0eJoqxOIxGplk80E1yyOnAQrBUrRkJfsKY/vJ74zXumNI/kHaQx64SkL3nAKQEjde1D0T3DJS8e8BPsKd4fAFEqesAelwGkXbvolJ0p8CJxM1JEGWpd+8vrRTQJmQQqiNZt14mhMyIKOBVsXPASzWJCh6TP2oZKEjLdGU3fGONjo/RwEClTEvBU/T0xIqHWaeibzpDAQM97E/E/r51AcNEZcRknwCSdLQoSgSHCk0xwjytGQaSGEKq4uRXTAVGEgkmuYEJw519eJI3TslspX95WitWrLI48OkBHqIRcdI6q6AbVUB1R9Iie0St6s56sF+vd+pi15qxsZh/9gfX5Ax/bmEs=</latexit>

l5(�) ! 0

<latexit sha1_base64="VF3jVqrboGUxCauQURMQAEiNOW8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkUlFxU3DjsoJ9QBPCZDpph05mwsxEKaFu/BU3LhRx61+482+ctllo64ELh3Pu5d57woRRpR3n2yosLa+srhXXSxubW9s79u5eS4lUYtLEggnZCZEijHLS1FQz0kkkQXHISDscXk/89j2Rigp+p0cJ8WPU5zSiGGkjBfYBC85gxUsG9AR6kvYHGkkpHqAT2GWn6kwBF4mbkzLI0QjsL68ncBoTrjFDSnVdJ9F+hqSmmJFxyUsVSRAeoj7pGspRTJSfTT8Yw2Oj9GAkpCmu4VT9PZGhWKlRHJrOGOmBmvcm4n9eN9XRhZ9RnqSacDxbFKUMagEnccAelQRrNjIEYUnNrRAPkERYm9BKJgR3/uVF0jqturXq5W2tXL/K4yiCQ3AEKsAF56AObkADNAEGj+AZvII368l6sd6tj1lrwcpn9sEfWJ8/rXaVww==</latexit>

�SE ' 24⇡2m4
Pl

Vfv

<latexit sha1_base64="Ht085+YCFDNGoVLh6ZqgabkhsyQ="></latexit>

��-#$,�-�&%��

Vfv � 0

<latexit sha1_base64="eouV5Vf/UPb3zHAm4e9UXRiRqEg=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5JIQcVLwYvHCvYD2hA22027dDeJu5tKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2//wC4ftlScSkKbJOax7ARYUc4i2tRMc9pJJMUi4LQdjG5mfntMpWJxdK8nCfUEHkQsZARrI/l2ueVnPSlQOJ6i3oA+IMe3K07VmQOtEjcnFcjR8O2vXj8mqaCRJhwr1XWdRHsZlpoRTqelXqpogskID2jX0AgLqrxsfvoUnRqlj8JYmoo0mqu/JzIslJqIwHQKrIdq2ZuJ/3ndVIeXXsaiJNU0IotFYcqRjtEsB9RnkhLNJ4ZgIpm5FZEhlphok1bJhOAuv7xKWudVt1a9uqtV6td5HEU4hhM4AxcuoA630IAmEHiEZ3iFN+vJerHerY9Fa8HKZ47gD6zPHyfRk0c=</latexit>

with

7,*)(-�( ).,�
� �)'*��-$!$��-$)(8

P Draper, IGG, B Lillard; 2105.08068 & 2105.10507
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d�

<latexit sha1_base64="MN5JwyqRTYjrlY7JVmqD5XEkYAk=">AAACJ3icbVDLSsNAFJ34rPUVdelmsEgqQkm0oCJKwY3LCvYBTSiTyaQdOnkwMxFKyN+48VfcCCqiS//ESZuFth4Y7uGce7lzjxszKqRpfmkLi0vLK6ultfL6xubWtr6z2xZRwjFp4YhFvOsiQRgNSUtSyUg35gQFLiMdd3ST+50HwgWNwns5jokToEFIfYqRVFJfv7bjIYWGAY+h7XOE01No82FkZGleMpjbBrwqTA+2q7lylKVeXrO+XjFr5gRwnlgFqYACzb7+ansRTgISSsyQED3LjKWTIi4pZiQr24kgMcIjNCA9RUMUEOGkkzszeKgUD/oRVy+UcKL+nkhRIMQ4cFVngORQzHq5+J/XS6R/7qQ0jBNJQjxd5CcMygjmoUGPcoIlGyuCMKfqrxAPkUpEqmjLKgRr9uR50j6pWfXaxV290rgs4iiBfXAAqsACZ6ABbkETtAAGj+AZvIF37Ul70T60z2nrglbM7IE/0L5/ABWTpFA=</latexit>

e.g. evaluated on the bubble of  nothing:

���0$-#�()��,,.'*-$)(�+ "�+�$("�-# �,$"(�)!�!��

/ ⇠�2

<latexit sha1_base64="5AiEO/j0MqtKRwB8bP6fg6pkBKI=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwY5kpBRU3BTcuK9gHdMaSSTNtaCYJSaZYhv6JGxeKuPVP3Pk3pu0stPXAhcM593LvPZFkVBvP+3YKa+sbm1vF7dLO7t7+gXt41NIiVZg0sWBCdSKkCaOcNA01jHSkIiiJGGlHo9uZ3x4TpangD2YiSZigAacxxchYqee6gVRCGgGDJ/qYXVSnPbfsVbw54Crxc1IGORo99yvoC5wmhBvMkNZd35MmzJAyFDMyLQWpJhLhERqQrqUcJUSH2fzyKTyzSh/GQtniBs7V3xMZSrSeJJHtTJAZ6mVvJv7ndVMTX4UZ5TI1hOPFojhl0H46iwH2qSLYsIklCCtqb4V4iBTCxoZVsiH4yy+vkla14tcq1/e1cv0mj6MITsApOAc+uAR1cAcaoAkwGINn8ArenMx5cd6dj0VrwclnjsEfOJ8/N7OTYg==</latexit>
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<latexit sha1_base64="lv1aagleDcuVkzkW3bv34b6yX6g="></latexit>

What types of  scalar potentials are compatible 
with the existence of  a bubble of  nothing?

V (�) ' V0e
��/mPl

<latexit sha1_base64="vWLOJ9VM20wL5ShbMIJGtfs0bF8=">AAACGHicbVBNS8NAEN34WetX1KOXxSLUS5tIQcVLwYvHCjYtNDVsttN26W4SdzdCCf0ZXvwrXjwo4rU3/43bj4O2Phh4vDfDzLww4Uxpx/m2VlbX1jc2c1v57Z3dvX374NBTcSop1GnMY9kMiQLOIqhrpjk0EwlEhBwa4eBm4jeeQCoWR/d6mEBbkF7EuowSbaTALnu46Cd9duYrJuARe4GD4SHze0QIgicOLmMRZL4UuMZHo8AuOCVnCrxM3DkpoDlqgT32OzFNBUSacqJUy3US3c6I1IxyGOX9VEFC6ID0oGVoRASodjZ9bIRPjdLB3ViaijSeqr8nMiKUGorQdAqi+2rRm4j/ea1Udy/bGYuSVENEZ4u6Kcc6xpOUcIdJoJoPDSFUMnMrpn0iCdUmy7wJwV18eZl45yW3Urq6qxSq1/M4cugYnaAictEFqqJbVEN1RNEzekXv6MN6sd6sT+tr1rpizWeO0B9Y4x85Rp6r</latexit>

� ! �1

<latexit sha1_base64="CVHVO2wyZ4lpFAXWB/gEH1AYfvI=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZECipuCm5cVrAPaEKZTCfN0MkkzNwoJRQ3/oobF4q49Svc+TdOHwttPXDhcM693HtPkAquwXG+rcLS8srqWnG9tLG5tb1j7+41dZIpyho0EYlqB0QzwSVrAAfB2qliJA4EawWD67HfumdK80TewTBlfkz6koecEjBS1z7w0ohjT/F+BESp5AGfYo/LEIZdu+xUnAnwInFnpIxmqHftL6+X0CxmEqggWndcJwU/Jwo4FWxU8jLNUkIHpM86hkoSM+3nkxdG+NgoPRwmypQEPFF/T+Qk1noYB6YzJhDpeW8s/ud1Mggv/JzLNAMm6XRRmAkMCR7ngXtcMQpiaAihiptbMY2IIhRMaiUTgjv/8iJpnlXcauXytlquXc3iKKJDdIROkIvOUQ3doDpqIIoe0TN6RW/Wk/VivVsf09aCNZvZR39gff4AuIaW/w==</latexit>

asConsider scalar potentials of  the form

r
2

3
� + 2 > 0

<latexit sha1_base64="P+jIhdtFw6Lvr0dllZu6IFmdWyE=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiCUJJaUBGk4MZlBfuAJpTJdNIOnZnEmYlQQtZu/BU3LhRx6xe482+ctllo64ELh3Pu5d57gphRpR3n21pYXFpeWS2sFdc3Nre27Z3dpooSiUkDRyyS7QApwqggDU01I+1YEsQDRlrB8Hrstx6IVDQSd3oUE5+jvqAhxUgbqWsfeOpe6tQLJcJpJUtPswx6fcQ5giewAq+g07VLTtmZAM4TNyclkKPetb+8XoQTToTGDCnVcZ1Y+ymSmmJGsqKXKBIjPER90jFUIE6Un05eyeCRUXowjKQpoeFE/T2RIq7UiAemkyM9ULPeWPzP6yQ6PPdTKuJEE4Gni8KEQR3BcS6wRyXBmo0MQVhScyvEA2RS0Sa9ognBnX15njQrZbdavritlmqXeRwFsA8OwTFwwRmogRtQBw2AwSN4Bq/gzXqyXqx362PaumDlM3vgD6zPHxfFmS8=</latexit>

� > �
p
6

<latexit sha1_base64="G5mqL3BvRI2snIx4SnqvAsA1AeU=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHcWBIpPhCk4MZlBfuAJpTJdNoOnUnizI0QQv0VNy4UceuHuPNvnLZZaOuBC4dz7uXee4JYcA2O820tLa+srq0XNoqbW9s7u/beflNHiaKsQSMRqXZANBM8ZA3gIFg7VozIQLBWMLqZ+K1HpjSPwntIY+ZLMgh5n1MCRuraJW9ApCT4Gp9gTz8oyM7GXbvsVJwp8CJxc1JGOepd+8vrRTSRLAQqiNYd14nBz4gCTgUbF71Es5jQERmwjqEhkUz72fT4MT4ySg/3I2UqBDxVf09kRGqdysB0SgJDPe9NxP+8TgL9Cz/jYZwAC+lsUT8RGCI8SQL3uGIURGoIoYqbWzEdEkUomLyKJgR3/uVF0jytuNXK5V21XLvK4yigA3SIjpGLzlEN3aI6aiCKUvSMXtGb9WS9WO/Wx6x1ycpnSugPrM8fU6OT7A==</latexit>

)

<latexit sha1_base64="Bic1D5d9U0tvLuPoK4huYMTfhFA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUPFS8OKxiv2ANJTNdtMu3WTD7kQppT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYWV1b3yhulra2d3b3yvsHTaMyzXiDKal0O6SGS5HwBgqUvJ1qTuNQ8lY4vJn6rUeujVDJA45SHsS0n4hIMIpW8jv3oj9AqrV66pYrbtWdgSwTLycVyFHvlr86PcWymCfIJDXG99wUgzHVKJjkk1InMzylbEj73Lc0oTE3wXh28oScWKVHIqVtJUhm6u+JMY2NGcWh7YwpDsyiNxX/8/wMo8tgLJI0Q56w+aIokwQVmf5PekJzhnJkCWVa2FsJG1BNGdqUSjYEb/HlZdI8q3rn1au780rtOo+jCEdwDKfgwQXU4Bbq0AAGCp7hFd4cdF6cd+dj3lpw8plD+APn8weS4JFy</latexit>

0 �0$&&��,,.' �-#$,�$,�-+. �
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Bubble existence conditions

P Draper, IGG, B Lillard; 2105.08068 & 2105.10507



One-parameter family of  bubble 
of  nothing solutions to the CDL 

equations for                 :V (�) ⌘ 0

<latexit sha1_base64="ZhBDnTTbOVqa4jcqCFp11UyZwPA=">AAAB+HicbVDJSgNBEK1xjXHJqEcvjUGIlzAjARUvAS8eI5gFMkPo6fQkTXoWewnEIV/ixYMiXv0Ub/6NnWQOmvig4PFeFVX1gpQzqRzn21pb39jc2i7sFHf39g9K9uFRSyZaENokCU9EJ8CSchbTpmKK004qKI4CTtvB6Hbmt8dUSJbED2qSUj/Cg5iFjGBlpJ5dalW8dMjOPfqo2Rg5PbvsVJ050Cpxc1KGHI2e/eX1E6IjGivCsZRd10mVn2GhGOF0WvS0pCkmIzygXUNjHFHpZ/PDp+jMKH0UJsJUrNBc/T2R4UjKSRSYzgiroVz2ZuJ/Xler8MrPWJxqRWOyWBRqjlSCZimgPhOUKD4xBBPBzK2IDLHARJmsiiYEd/nlVdK6qLq16vV9rVy/yeMowAmcQgVcuIQ63EEDmkBAwzO8wpv1ZL1Y79bHonXNymeO4Q+szx+PFpJg</latexit>

⇢⌘(⇠) ⌘ ⌘3/2⇢bon(⇠ · ⌘�3/2)

<latexit sha1_base64="w1VKdrDrPeOxYmBO7zGj1Yt5x0g="></latexit>

�⌘(⇠) ⌘
r

3

2
mPl log ⌘ + �bon(⇠ · ⌘�3/2)

<latexit sha1_base64="VAmIdAfZCtaH8bQBNxIf7J7N4f0="></latexit>

dsE ' d�2 + �2d↵2 + ⌘2R2d⌦3

<latexit sha1_base64="Qx5wQvcUjRijTFcPwy04Y1Psl/w=">AAACLXicbZDbSsNAEIY3nq2nqpfeLBZBEEqigoo3ggreecCq0NQw2Uzbxd0k7m6EUvpC3vgqInhREW99DTc14PGHhY9/ZpidP0wF18Z1+87Q8Mjo2PjEZGlqemZ2rjy/cKGTTDGssUQk6ioEjYLHWDPcCLxKFYIMBV6GN/t5/fIOleZJfG46KTYktGLe5AyMtYLyQaSDQ+prLvGWRr6wkxFcr9M1+sWRDyJtFy6aHM5ym/rHElsQbATlilt1B6J/wSugQgqdBOUnP0pYJjE2TIDWdc9NTaMLynAmsFfyM40psBtoYd1iDBJ1ozu4tkdXrBPRZqLsiw0duN8nuiC17sjQdkowbf27lpv/1eqZaW43ujxOM4Mx+1zUzAQ1Cc2joxFXyIzoWACmuP0rZW1QwIwNuGRD8H6f/Bcu1qveZnXndLOyt1vEMUGWyDJZJR7ZInvkiJyQGmHknjySPnlxHpxn59V5+2wdcoqZRfJDzvsH9r2lew==</latexit>

• When                  :                                                  WLOGG5 ! ⌘�1G5

<latexit sha1_base64="r4bpLBvcFGINNwaRe6/pbsS2bbg=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWBKpqLgpuNBlBfuAJobJdNIOnTyYuVFK6MqNv+LGhSJu/QZ3/o3TNgttPXDhcM693HuPnwiuwLK+jbn5hcWl5cJKcXVtfWPT3NpuqDiVlNVpLGLZ8oligkesDhwEayWSkdAXrOn3L0d+855JxePoFgYJc0PSjXjAKQEteebelXeCHcm7PSBSxg/YYUDusiN7iLXjmSWrbI2BZ4mdkxLKUfPML6cT0zRkEVBBlGrbVgJuRiRwKtiw6KSKJYT2SZe1NY1IyJSbjd8Y4gOtdHAQS10R4LH6eyIjoVKD0NedIYGemvZG4n9eO4XgzM14lKTAIjpZFKQCQ4xHmeAOl4yCGGhCqOT6Vkx7RBIKOrmiDsGefnmWNI7LdqV8flMpVS/yOApoF+2jQ2SjU1RF16iG6oiiR/SMXtGb8WS8GO/Gx6R1zshndtAfGJ8/d9eX1w==</latexit>

)

<latexit sha1_base64="Bic1D5d9U0tvLuPoK4huYMTfhFA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUPFS8OKxiv2ANJTNdtMu3WTD7kQppT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYWV1b3yhulra2d3b3yvsHTaMyzXiDKal0O6SGS5HwBgqUvJ1qTuNQ8lY4vJn6rUeujVDJA45SHsS0n4hIMIpW8jv3oj9AqrV66pYrbtWdgSwTLycVyFHvlr86PcWymCfIJDXG99wUgzHVKJjkk1InMzylbEj73Lc0oTE3wXh28oScWKVHIqVtJUhm6u+JMY2NGcWh7YwpDsyiNxX/8/wMo8tgLJI0Q56w+aIokwQVmf5PekJzhnJkCWVa2FsJG1BNGdqUSjYEb/HlZdI8q3rn1au780rtOo+jCEdwDKfgwQXU4Bbq0AAGCp7hFd4cdF6cd+dj3lpw8plD+APn8weS4JFy</latexit>

⌘ ⌘ 1

<latexit sha1_base64="OrmTbAbRPtOsHUY/4sTaEH1+V84=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQMVLwIvHCOYB2SXMTnqTIbOPzMwGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8hPBlbbtb6uwsbm1vVPcLe3tHxwelY9PWipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/up/77QlKxePoSU8T9EI6iHjAGdVG8lzUlLg4TvmEOL1yxa7aC5B14uSkAjkavfKX249ZGmKkmaBKdR070V5GpeZM4KzkpgoTykZ0gF1DIxqi8rLF0TNyYZQ+CWJpKtJkof6eyGio1DT0TWdI9VCtenPxP6+b6uDGy3iUpBojtlwUpILomMwTIH0ukWkxNYQyyc2thA2ppEybnEomBGf15XXSuqo6tertY61Sv8vjKMIZnMMlOHANdXiABjSBwRie4RXerIn1Yr1bH8vWgpXPnMIfWJ8/8EiRjg==</latexit>

V (�) ⌘ 0

<latexit sha1_base64="ZhBDnTTbOVqa4jcqCFp11UyZwPA=">AAAB+HicbVDJSgNBEK1xjXHJqEcvjUGIlzAjARUvAS8eI5gFMkPo6fQkTXoWewnEIV/ixYMiXv0Ub/6NnWQOmvig4PFeFVX1gpQzqRzn21pb39jc2i7sFHf39g9K9uFRSyZaENokCU9EJ8CSchbTpmKK004qKI4CTtvB6Hbmt8dUSJbED2qSUj/Cg5iFjGBlpJ5dalW8dMjOPfqo2Rg5PbvsVJ050Cpxc1KGHI2e/eX1E6IjGivCsZRd10mVn2GhGOF0WvS0pCkmIzygXUNjHFHpZ/PDp+jMKH0UJsJUrNBc/T2R4UjKSRSYzgiroVz2ZuJ/Xler8MrPWJxqRWOyWBRqjlSCZimgPhOUKD4xBBPBzK2IDLHARJmsiiYEd/nlVdK6qLq16vV9rVy/yeMowAmcQgVcuIQ63EEDmkBAwzO8wpv1ZL1Y79bHonXNymeO4Q+szx+PFpJg</latexit>

• When                  :V (�) 6= 0

<latexit sha1_base64="vpda8gM1oLb0eGgh/Lfj+Q1F8xY=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXAipeAl48RjAPSNYwO+lNhszOrjOzSgj5Dy8eFPHqv3jzb5w8DppY0FBUddPdFSSCa+O6305mZXVtfSO7mdva3tndy+8f1HWcKoY1FotYNQOqUXCJNcONwGaikEaBwEYwuJ74jUdUmsfyzgwT9CPakzzkjBor3deL7aTPT0lb4gNxO/mCW3KnIMvEm5MCzFHt5L/a3ZilEUrDBNW65bmJ8UdUGc4EjnPtVGNC2YD2sGWppBFqfzS9ekxOrNIlYaxsSUOm6u+JEY20HkaB7Yyo6etFbyL+57VSE174Iy6T1KBks0VhKoiJySQC0uUKmRFDSyhT3N5KWJ8qyowNKmdD8BZfXib1s5JXLl3elguVq3kcWTiCYyiCB+dQgRuoQg0YKHiGV3hznpwX5935mLVmnPnMIfyB8/kDvyyRXw==</latexit>

+��$.,�)!�-# �����$+�& �
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⌘ =
R3

R
6= 1

<latexit sha1_base64="KmWgl+tnDpd8JD6bjtOacNtB0bM=">AAACBHicbVDLSsNAFJ3UV62vqstuBovgqiRaUBGh4MZlLfYBTQiT6U07dDKJMxOhhC7c+CtuXCji1o9w5984fSy0euDC4Zx7ufeeIOFMadv+snJLyyura/n1wsbm1vZOcXevpeJUUmjSmMeyExAFnAloaqY5dBIJJAo4tIPh1cRv34NULBa3epSAF5G+YCGjRBvJL5Zc0ARfYjeUhGYN/2ScNcbYFXCHHb9Ytiv2FPgvceakjOao+8VPtxfTNAKhKSdKdR070V5GpGaUw7jgpgoSQoekD11DBYlAedn0iTE+NEoPh7E0JTSeqj8nMhIpNYoC0xkRPVCL3kT8z+umOjzzMiaSVIOgs0VhyrGO8SQR3GMSqOYjQwiVzNyK6YCYOLTJrWBCcBZf/ktaxxWnWjm/qZZrF/M48qiEDtARctApqqFrVEdNRNEDekIv6NV6tJ6tN+t91pqz5jP76Besj2/vuZcA</latexit>
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A generalization of Witten’s bubble

( �+�"�
�	

P Draper, IGG, B Lillard; 2105.08068 & 2105.10507



Some simplifying assumptions…
• Most interested in the behavior of  the decay rate in limit of  vanishing 

vacuum energy,  
 
We take the de Sitter radius to the largest length scale:

Vfv ! 0

<latexit sha1_base64="OlAOkZGirXCedAlQiSeGWa1iP6Y=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVECipuCm5cVrAPaEOYTCft0HmEmUmlhLrxV9y4UMStf+HOv3HaZqGtBy4czrmXe++JEka18bxvp7Cyura+UdwsbW3v7O65+wdNLVOFSQNLJlU7QpowKkjDUMNIO1EE8YiRVjS8mfqtEVGaSnFvxgkJOOoLGlOMjJVC96gZZl3FYTyawK6i/YFBSskH6IVu2at4M8Bl4uekDHLUQ/er25M45UQYzJDWHd9LTJAhZShmZFLqppokCA9Rn3QsFYgTHWSzDybw1Co9GEtlSxg4U39PZIhrPeaR7eTIDPSiNxX/8zqpiS+DjIokNUTg+aI4ZdBIOI0D9qgi2LCxJQgram+FeIAUwsaGVrIh+IsvL5PmecWvVq7uquXadR5HERyDE3AGfHABauAW1EEDYPAInsEreHOenBfn3fmYtxacfOYQ/IHz+QMA+5aZ</latexit>

��,,.'*-$)(,��+ �+ &�1 ��
$(�).+�(.' +$��&��(�&2,$,�

None of  these assumptions are necessary (or important!) for either existence 
or qualitative properties of  solutions — but will make our life easier

ldS � R,m�1

<latexit sha1_base64="+N1F5Rumljj4A6NmbSshXCBEvS4=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJpKDipuDGZX30AU0Mk8mkHTqThJmJUELc+CtuXCji1r9w5984bbPQ6oELh3Pu5d57/IRRqSzryyjNzS8sLpWXKyura+sb5uZWW8apwKSFYxaLro8kYTQiLUUVI91EEMR9Rjr+8GLsd+6JkDSObtUoIS5H/YiGFCOlJc/cYV7mCA6Dmxw6/T68PoT8Ljuyc8+sWjVrAviX2AWpggJNz/x0ghinnEQKMyRlz7YS5WZIKIoZyStOKkmC8BD1SU/TCHEi3WzyQQ73tRLAMBa6IgUn6s+JDHEpR9zXnRypgZz1xuJ/Xi9V4amb0ShJFYnwdFGYMqhiOI4DBlQQrNhIE4QF1bdCPEACYaVDq+gQ7NmX/5L2cc2u186u6tXGeRFHGeyCPXAAbHACGuASNEELYPAAnsALeDUejWfjzXiftpaMYmYb/ILx8Q18PJWe</latexit>

$"()+ �- +',�-#�-�
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m ⌧ 1/R

<latexit sha1_base64="54hshWcpkdNgu4FHw4LOPaVYVQ4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU92VgoqXghePVeyHtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmG33oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG8yv/1ElWaRfDCTmPoCDyULGcHGSo8C9ThH3tl9v1xxq+4MaJl4OalAjka//NUbRCQRVBrCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp7ODp+jEKgMURsqWNGim/p5IsdB6IgLbKbAZ6UUvE//zuokJL/2UyTgxVJL5ojDhyEQo+x4NmKLE8IklmChmb0VkhBUmxmZUsiF4iy8vk9Z51atVr+5qlfp1HkcRjuAYTsGDC6jDLTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPH0u6j2w=</latexit>

V0 . m2
Plm

2 ⌧ m2
Pl/R

2

<latexit sha1_base64="Cl/OPx0d/+l/iLNkNsTUZy6yVDU=">AAACHXicbVDLSsNAFJ34rPUVdelmsAiualIKKm4KblxWsQ9o0jCZTtqhM5MwMxFK6I+48VfcuFDEhRvxb5y2WdjWAxcO59zLvfeECaNKO86PtbK6tr6xWdgqbu/s7u3bB4dNFacSkwaOWSzbIVKEUUEammpG2okkiIeMtMLhzcRvPRKpaCwe9CghPkd9QSOKkTZSYFebgQM9RpRSlEMeZJ7ksM7G3QrkpjzG5sVzeN+tBHbJKTtTwGXi5qQEctQD+8vrxTjlRGjMkFId10m0nyGpKWZkXPRSRRKEh6hPOoYKxInys+l3Y3hqlB6MYmlKaDhV/05kiCs14qHp5EgP1KI3Ef/zOqmOLv2MiiTVRODZoihlUMdwEhXsUUmwZiNDEJbU3ArxAEmEtQm0aEJwF19eJs1K2a2Wr+6qpdp1HkcBHIMTcAZccAFq4BbUQQNg8ARewBt4t56tV+vD+py1rlj5zBGYg/X9C/f2n/E=</latexit>

• Also:

'�:
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Under this assumption, bounce solution behaves like the bubble nothing 
well into the regime where             and             :             ⇢ & R

<latexit sha1_base64="DODbBSmQQcVTQ7yM27fnF3FUck0=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQcVNwY3LKvYBnbFk0kwbmkmGJKOUof/hxoUibv0Xd/6NaTsLbT0QOJxzLvfmhAln2rjut1NYWV1b3yhulra2d3b3yvsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wdD31249UaSbFvRknNIjxQLCIEWys9OCroUT+wNhAjO565YpbdWdAy8TLSQVyNHrlL78vSRpTYQjHWnc9NzFBhpVhhNNJyU81TTAZ4QHtWipwTHWQza6eoBOr9FEklX3CoJn6eyLDsdbjOLTJGJuhXvSm4n9eNzXRRZAxkaSGCjJfFKUcGYmmFaA+U5QYPrYEE8XsrYgMscLE2KJKtgRv8cvLpHVW9WrVy9tapX6V11GEIziGU/DgHOpwAw1oAgEFz/AKb86T8+K8Ox/zaMHJZw7hD5zPHweekjQ=</latexit>

⇢0 ' 1

<latexit sha1_base64="H5QTJKKrXvPoMzp+ggTxHm43lwc=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ6KrtSUPFS8OKxgv2A7lqyabYNzSZrklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmhQln2rjut7O0vLK6tl7YKG5ube/slvb2m1qmitAGkVyqdog15UzQhmGG03aiKI5DTlvh8Hritx6p0kyKOzNKaBDjvmARI9hY6d5XA3mCfM1i+oC8bqnsVtwp0CLxclKGHPVu6cvvSZLGVBjCsdYdz01MkGFlGOF0XPRTTRNMhrhPO5YKHFMdZNOrx+jYKj0USWVLGDRVf09kONZ6FIe2M8ZmoOe9ifif10lNdBFkTCSpoYLMFkUpR0aiSQSoxxQlho8swUQxeysiA6wwMTaoog3Bm395kTTPKl61cnlbLdeu8jgKcAhHcAoenEMNbqAODSCg4Ble4c15cl6cd+dj1rrk5DMH8AfO5w9aDpHD</latexit>

A bubble of nothing for dS vacua

Assuming                    (TBJ a posteriori), the solution remains BON-like 
until it approaches the false vacuum:

⌘ � 1 ⌧ 1

<latexit sha1_base64="3aeVIylKHMW2PJQnRKHGLP/r2jc=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgxbArARUvAS8eI5gHZNcwO+lNhsw+mJlVwpL/8OJBEa/+izf/xkmyB00saCiquunu8hPBlbbtb6uwsrq2vlHcLG1t7+zulfcPWipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/upn67UeUisfRvR4n6IV0EPGAM6qN9OCipuSMOMQVgji9csWu2jOQZeLkpAI5Gr3yl9uPWRpipJmgSnUdO9FeRqXmTOCk5KYKE8pGdIBdQyMaovKy2dUTcmKUPgliaSrSZKb+nshoqNQ49E1nSPVQLXpT8T+vm+rg0st4lKQaIzZfFKSC6JhMIyB9LpFpMTaEMsnNrYQNqaRMm6BKJgRn8eVl0jqvOrXq1V2tUr/O4yjCERzDKThwAXW4hQY0gYGEZ3iFN+vJerHerY95a8HKZw7hD6zPHwKykOQ=</latexit>

d2�

d⇢2
+

3

⇢

d�

d⇢
' m2�

<latexit sha1_base64="lF/2bCPcOgu86AQjwQM9vMiVHSs="></latexit>

�i(⇢) ' C
K1(m⇢)

m⇢

<latexit sha1_base64="ENSNCEctPDL+j2MQ0pm91keBK2s=">AAACG3icbZDLSsNAFIYnXmu9RV26GSxC3ZSkFFTcFLoR3FSwF2hCmEwnzdCZJM5MhBL6Hm58FTcuFHEluPBtnKZZaOuBgY//P4cz5/cTRqWyrG9jZXVtfWOztFXe3tnd2zcPDrsyTgUmHRyzWPR9JAmjEekoqhjpJ4Ig7jPS88etmd97IELSOLpTk4S4HI0iGlCMlJY8s+4kIfUorDoijM+gIykn97AFnUAgnN14NqxymHvTbA5Tz6xYNSsvuAx2ARVQVNszP51hjFNOIoUZknJgW4lyMyQUxYxMy04qSYLwGI3IQGOEOJFult82hadaGcIgFvpFCubq74kMcSkn3NedHKlQLnoz8T9vkKrgws1olKSKRHi+KEgZVDGcBQWHVBCs2EQDwoLqv0IcIp2K0nGWdQj24snL0K3X7Ebt8rZRaV4VcZTAMTgBVWCDc9AE16ANOgCDR/AMXsGb8WS8GO/Gx7x1xShmjsCfMr5+AHW4n9U=</latexit>

)

<latexit sha1_base64="Bic1D5d9U0tvLuPoK4huYMTfhFA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUPFS8OKxiv2ANJTNdtMu3WTD7kQppT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYWV1b3yhulra2d3b3yvsHTaMyzXiDKal0O6SGS5HwBgqUvJ1qTuNQ8lY4vJn6rUeujVDJA45SHsS0n4hIMIpW8jv3oj9AqrV66pYrbtWdgSwTLycVyFHvlr86PcWymCfIJDXG99wUgzHVKJjkk1InMzylbEj73Lc0oTE3wXh28oScWKVHIqVtJUhm6u+JMY2NGcWh7YwpDsyiNxX/8/wMo8tgLJI0Q56w+aIokwQVmf5PekJzhnJkCWVa2FsJG1BNGdqUSjYEb/HlZdI8q3rn1au780rtOo+jCEdwDKfgwQXU4Bbq0AAGCp7hFd4cdF6cd+dj3lpw8plD+APn8weS4JFy</latexit>

⇢ � m�1

<latexit sha1_base64="JK0eXKSnZzKYep8lnMGMCR1+2/s=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwY0mkoOKm4MZlBfuAJpbJdJIOnUeYmQg19EvcuFDErZ/izr9x2mahrQcuHM65l3vviVJGtfG8b2dldW19Y7O0Vd7e2d2ruPsHbS0zhUkLSyZVN0KaMCpIy1DDSDdVBPGIkU40upn6nUeiNJXi3oxTEnKUCBpTjIyV+m4lUEMJgySB/CE/8yd9t+rVvBngMvELUgUFmn33KxhInHEiDGZI657vpSbMkTIUMzIpB5kmKcIjlJCepQJxosN8dvgEnlhlAGOpbAkDZ+rviRxxrcc8sp0cmaFe9Kbif14vM/FlmFORZoYIPF8UZwwaCacpwAFVBBs2tgRhRe2tEA+RQtjYrMo2BH/x5WXSPq/59drVXb3auC7iKIEjcAxOgQ8uQAPcgiZoAQwy8AxewZvz5Lw4787HvHXFKWYOwR84nz+xqJJ2</latexit>

For                 :
�i(⇢)

mPl
/ � e�m⇢

(m⇢)3/2

<latexit sha1_base64="H5+ndzsuFcuAhi3m0tz2KgyCpVk="></latexit>

�**+)��# ,�-# �!�&, �
/��..'� 1*)( (-$�&&2�!�,-

P Draper, IGG, B Lillard; 2105.08068 & 2105.10507

�(⇢) '
r

3

2
mPl

(
log ⌘ � ⌘3

2

✓
R

⇢

◆2
)

<latexit sha1_base64="wZQA4rH5pIjt1Q+yzYLIy+ERFgE="></latexit>

↵ =
p
⇡� (3/4)� (1/4)�1 ' 0.6

<latexit sha1_base64="Qa9wrXICASSumql8OQFE65hruDI="></latexit>

⇢(⇠) ' ⇠ + ↵ ⌘3/2R

<latexit sha1_base64="hi/X4GaErvlHym6nrh7LbnL2/AM=">AAACF3icbZA9SwNBEIb34leMX1FLm8UgKEq8U0HFJmBjqWI0kDvD3GaSLNn7cHdPDEf+hY1/xcZCEVvt/Ddu4hVqfGHh4Z0ZZuf1Y8GVtu1PKzc2PjE5lZ8uzMzOzS8UF5cuVZRIhlUWiUjWfFAoeIhVzbXAWiwRAl/gld89HtSvblEqHoUXuhejF0A75C3OQBurUSy7shPRdfeOb1BX8QBvqGG6SV0QcQeou0Vd1HCd7m7v9Ol5o1iyy/ZQdBScDEok02mj+OE2I5YEGGomQKm6Y8faS0FqzgT2C26iMAbWhTbWDYYQoPLS4V19umacJm1F0rxQ06H7cyKFQKle4JvOAHRH/a0NzP9q9US3DryUh3GiMWTfi1qJoDqig5Bok0tkWvQMAJPc/JWyDkhg2kRZMCE4f08ehcudsrNXPjzbK1WOsjjyZIWsknXikH1SISfklFQJI/fkkTyTF+vBerJerbfv1pyVzSyTX7LevwD/KZ1O</latexit>



A bubble of nothing for dS vacua

Demanding continuity:

⌘ =
R3

R
' 1 +

m2R2

4
log(mR)�1 +O

�
m2R2

�

<latexit sha1_base64="0ChF1vroPQoYKHgkLpMWM6d9NBE="></latexit>

,'�&&�$!�'�:
�

Vfv > 0

<latexit sha1_base64="AwoJXRY4vlQdlneTCcwSt1kGgHg=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVQhVBCl48VrAf0K4lm2bb0CS7JNlKWfo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMvCDmTBvX/XZya+sbm1v57cLO7t7+QfHwqKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqd+a0xVZpF8sFMYuoLPJAsZAQbKz02e2lXCRSOp+gGub1iyS27c6BV4mWkBBnqveJXtx+RRFBpCMdadzw3Nn6KlWGE02mhm2gaYzLCA9qxVGJBtZ/Or56iM6v0URgpW9Kgufp7IsVC64kIbKfAZqiXvZn4n9dJTHjpp0zGiaGSLBaFCUcmQrMIUJ8pSgyfWIKJYvZWRIZYYWJsUAUbgrf88ippXpS9SvnqvlKqXWdx5OEETuEcPKhCDe6gDg0goOAZXuHNeXJenHfnY9Gac7KZY/gD5/MHIbyRnQ==</latexit>

Provided               the solution eventually 
transitions into the de Sitter false vacuum:

⇢(⇠) ' ldS sin

✓
⇠ + ↵R

ldS

◆

<latexit sha1_base64="69U3q/3Uo1fTV+N3YOT64I0e2dY="></latexit>

P Draper, IGG, B Lillard; 2105.08068 & 2105.10507



Instanton describing a BON instability of  a de Sitter vacuum:

$(,-�(-)(�7,-$-�# ,8�-)" -# +������(��!�&, �/��..'��� ��$-- +��,)&.-$)(,

A bubble of nothing for dS vacua
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<latexit sha1_base64="GU2SLRXzsvp7xqfZrWdto+zBKI0=">AAAB7nicbVDLSgNBEOyNrxhfUS+Cl8EgeAq7ElAPQsCLxyjmAckSZieTZMjs7DLTK4YlH+HFgyJe/R5v/o2TZA+aWNBQVHXT3RXEUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomSjTjdRbJSLcCargUitdRoOStWHMaBpI3g9HN1G8+cm1EpB5wHHM/pAMl+oJRtFKz8yTINbnvFktu2Z2BLBMvIyXIUOsWvzq9iCUhV8gkNabtuTH6KdUomOSTQicxPKZsRAe8bamiITd+Ojt3Qk6t0iP9SNtSSGbq74mUhsaMw8B2hhSHZtGbiv957QT7l34qVJwgV2y+qJ9IghGZ/k56QnOGcmwJZVrYWwkbUk0Z2oQKNgRv8eVl0jgve5Xy1V2lVD3K4sjDMZzAGXhwAVW4hRrUgcEInuEV3pzYeXHenY95a87JZg7hD5zPHyaXjq4=</latexit>
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<latexit sha1_base64="eGBvomggQ6FQFeM03djI2uruAgM=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgxjojBRU3BTcuK9gHdIYhk2ba0CQzJBmhDLNy46+4caGIW7/BnX9j2s5CWw9cODnnXnLvCRNGlXacb6u0tLyyulZer2xsbm3v2Lt7bRWnEpMWjlksuyFShFFBWppqRrqJJIiHjHTC0c3E7zwQqWgs7vU4IT5HA0EjipE2UmAfnkIvGdIg8ySHYSxyeAb57NVkeWBXnZozBVwkbkGqoEAzsL+8foxTToTGDCnVc51E+xmSmmJG8oqXKpIgPEID0jNUIE6Un03PyOGxUfowiqUpoeFU/T2RIa7UmIemkyM9VPPeRPzP66U6uvQzKpJUE4FnH0UpgzqGk0xgn0qCNRsbgrCkZleIh0girE1yFROCO3/yImmf19x67equXm1cF3GUwQE4AifABRegAW5BE7QABo/gGbyCN+vJerHerY9Za8kqZvbBH1ifP6OMl/c=</latexit>

⇢bon / ldS

<latexit sha1_base64="eTm4Cq5I3BsxluO7XfoxaFi/lHo=">AAACCnicbVC7TsMwFHXKq5RXgZHFUCExoJKgSoBYKrEwFkEfUhNFjuO0Vh07sh2kKurMwq+wMIAQK1/Axt/gtBmgcKR7dXTOvbLvCRJGlbbtL6u0sLi0vFJeraytb2xuVbd3OkqkEpM2FkzIXoAUYZSTtqaakV4iCYoDRrrB6Cr3u/dEKir4nR4nxIvRgNOIYqSN5Ff3XTkUfubKGAaCT6B7DE/yxmZaeDvxqzW7bk8B/xKnIDVQoOVXP91Q4DQmXGOGlOo7dqK9DElNMSOTipsqkiA8QgPSN5SjmCgvm54ygYdGCWEkpCmu4VT9uZGhWKlxHJjJGOmhmvdy8T+vn+ro3MsoT1JNOJ49FKUMagHzXGBIJcGajQ1BWFLzV4iHSCKsTXoVE4Izf/Jf0jmtO436xU2j1rws4iiDPXAAjoADzkATXIMWaAMMHsATeAGv1qP1bL1Z77PRklXs7IJfsD6+AfINmSQ=</latexit>

⇢dS / ldS

<latexit sha1_base64="BXABBM+8LySGsxx7/NeNQ2X/oNo=">AAACCXicbVDLSgMxFM34rPU16tJNsAgupM5IQcVNwY3LivYBnWHIZNI2NMkMSUYoQ7du/BU3LhRx6x+482/MtINo64F7OZxzL8k9YcKo0o7zZS0sLi2vrJbWyusbm1vb9s5uS8WpxKSJYxbLTogUYVSQpqaakU4iCeIhI+1weJX77XsiFY3FnR4lxOeoL2iPYqSNFNjQk4M4yDzJYXQ7ht4xPMkb+5ECu+JUnQngPHELUgEFGoH96UUxTjkRGjOkVNd1Eu1nSGqKGRmXvVSRBOEh6pOuoQJxovxscskYHholgr1YmhIaTtTfGxniSo14aCY50gM16+Xif1431b1zP6MiSTURePpQL2VQxzCPBUZUEqzZyBCEJTV/hXiAJMLahFc2IbizJ8+T1mnVrVUvbmqV+mURRwnsgwNwBFxwBurgGjRAE2DwAJ7AC3i1Hq1n6816n44uWMXOHvgD6+Mb71SYkg==</latexit>

R/ ldS = 0.04

<latexit sha1_base64="gJb3Et8XFkQ/rIKdpCz3kBVu/+A=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhNpKAiQsGNy/roA5oQJpNJO3QyCTMToYS68VfcuFDErX/hzr9x0mah1QMz93DOvczc4yeMSmVZX0Zpbn5hcam8XFlZXVvfMDe32jJOBSYtHLNYdH0kCaOctBRVjHQTQVDkM9Lxh5e537knQtKY36lRQtwI9TkNKUZKS565cwOdQ3iUXw7zsuB2DC+gVbPqnlnVZQL4l9gFqYICTc/8dIIYpxHhCjMkZc+2EuVmSCiKGRlXnFSSBOEh6pOephxFRLrZZIMx3NdKAMNY6MMVnKg/JzIUSTmKfN0ZITWQs14u/uf1UhWeuhnlSaoIx9OHwpRBFcM8DhhQQbBiI00QFlT/FeIBEggrHVpFh2DPrvyXtI9rdr12dl2vNs6LOMpgF+yBA2CDE9AAV6AJWgCDB/AEXsCr8Wg8G2/G+7S1ZBQz2+AXjI9vlmqTxg==</latexit>

log(R3/R) ' 0.5

<latexit sha1_base64="tQNuuBvVtZiLA2NeWoiXYfXWozc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6iYmWlFxU3Djshb7gCaEyXTaDp1J4sxEKKFu/BU3LhRx61+482+ctllo64ELh3Pu5d57gphRqWz728gtLC4tr+RXC2vrG5tb5vZOQ0aJwKSOIxaJVoAkYTQkdUUVI61YEMQDRprB4HrsNx+IkDQK79QwJh5HvZB2KUZKS76557KoV6r5p/AY1o6gKykn99C2znyzaFv2BHCeOBkpggxV3/xyOxFOOAkVZkjKtmPHykuRUBQzMiq4iSQxwgPUI21NQ8SJ9NLJByN4qJUO7EZCV6jgRP09kSIu5ZAHupMj1Zez3lj8z2snqnvhpTSME0VCPF3UTRhUERzHATtUEKzYUBOEBdW3QtxHAmGlQyvoEJzZl+dJ48RyytblbblYucriyIN9cABKwAHnoAJuQBXUAQaP4Bm8gjfjyXgx3o2PaWvOyGZ2wR8Ynz+/gZSC</latexit>

1.0

<latexit sha1_base64="UhitBSRuAJiFP9c9voqVL93yaSQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoOKl4MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6ZSGPS8b6ewtr6xuVXcLu3s7u0flA+PmibJNOMNlshEt0NquBSKN1Cg5O1UcxqHkrfC0e3Mbz1xbUSiHnGc8iCmAyUiwSha6cF3vV654rneHGSV+DmpQI56r/zV7Scsi7lCJqkxHd9LMZhQjYJJPi11M8NTykZ0wDuWKhpzE0zmp07JmVX6JEq0LYVkrv6emNDYmHEc2s6Y4tAsezPxP6+TYXQVTIRKM+SKLRZFmSSYkNnfpC80ZyjHllCmhb2VsCHVlKFNp2RD8JdfXiXNC9evutf31UrtJo+jCCdwCufgwyXU4A7q0AAGA3iGV3hzpPPivDsfi9aCk88cwx84nz9VQ40s</latexit>

0.8

<latexit sha1_base64="P+x+q9wXcgbIm55FOprKEV3FLro=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEsOKl4MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6ZSGPS8b6ewtr6xuVXcLu3s7u0flA+PmibJNOMNlshEt0NquBSKN1Cg5O1UcxqHkrfC0e3Mbz1xbUSiHnGc8iCmAyUiwSha6cFzq71yxXO9Ocgq8XNSgRz1Xvmr209YFnOFTFJjOr6XYjChGgWTfFrqZoanlI3ogHcsVTTmJpjMT52SM6v0SZRoWwrJXP09MaGxMeM4tJ0xxaFZ9mbif14nw6gaTIRKM+SKLRZFmSSYkNnfpC80ZyjHllCmhb2VsCHVlKFNp2RD8JdfXiXNC9e/dK/vLyu1mzyOIpzAKZyDD1dQgzuoQwMYDOAZXuHNkc6L8+58LFoLTj5zDH/gfP4AX92NMw==</latexit>

0.6

<latexit sha1_base64="ukC22p6+O41VcCN4VmMM+f3NSec=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadkV8YGXgBePEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0wF18bzvp3Cyura+kZxs7S1vbO7V94/aOgkUwzrLBGJaoVUo+AS64Ybga1UIY1Dgc1weDv1m0+oNE/koxmlGMS0L3nEGTVWevDci2654rneDGSZ+DmpQI5at/zV6SUsi1EaJqjWbd9LTTCmynAmcFLqZBpTyoa0j21LJY1RB+PZqRNyYpUeiRJlSxoyU39PjGms9SgObWdMzUAvelPxP6+dmegqGHOZZgYlmy+KMkFMQqZ/kx5XyIwYWUKZ4vZWwgZUUWZsOiUbgr/48jJpnLn+uXt9f16p3uRxFOEIjuEUfLiEKtxBDerAoA/P8ApvjnBenHfnY95acPKZQ/gD5/MHXNWNMQ==</latexit>

0.4

<latexit sha1_base64="eLzKO+EUlvYvC7w4D2PoIyeFQl0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoOKl4MVjRfsBbSib7aRdutmE3Y1QSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6aCa+N5305hbX1jc6u4XdrZ3ds/KB8eNXWSKYYNlohEtUOqUXCJDcONwHaqkMahwFY4up35rSdUmify0YxTDGI6kDzijBorPXhutVeueK43B1klfk4qkKPeK391+wnLYpSGCap1x/dSE0yoMpwJnJa6mcaUshEdYMdSSWPUwWR+6pScWaVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tkJroKJlymmUHJFouiTBCTkNnfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C+/vEqaF65fda/vq5XaTR5HEU7gFM7Bh0uowR3UoQEMBvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AWc2NLw==</latexit>

0.2

<latexit sha1_base64="I5v9lE+PraA0nNFDMXhXpw3ow3Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hKQcVLwYvHirYW2lA220m7dLMJuxuhlP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0wF18bzvp3C2vrG5lZxu7Szu7d/UD48aukkUwybLBGJaodUo+ASm4Ybge1UIY1DgY/h6GbmPz6h0jyRD2acYhDTgeQRZ9RY6d5zq71yxXO9Ocgq8XNSgRyNXvmr209YFqM0TFCtO76XmmBCleFM4LTUzTSmlI3oADuWShqjDibzU6fkzCp9EiXKljRkrv6emNBY63Ec2s6YmqFe9mbif14nM9FlMOEyzQxKtlgUZYKYhMz+Jn2ukBkxtoQyxe2thA2poszYdEo2BH/55VXSqrp+zb26q1Xq13kcRTiBUzgHHy6gDrfQgCYwGMAzvMKbI5wX5935WLQWnHzmGP7A+fwBVsWNLQ==</latexit>

0.0

<latexit sha1_base64="FkHUa4GRarVPXtNPZPM3t3lcn54=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgoqXghePFe0HtEvJptk2NJtdklmhLP0JXjwo4tVf5M1/Y9ruQVsfJDzem2FmXpBIYdB1v53C2vrG5lZxu7Szu7d/UD48apk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopQe36vbLFfvPQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5uvOiVnVhmQMNb2KSRz9XdHRiNjJlFgKyOKI7PszcT/vG6K4ZWfCZWkyBVbDApTSTAms7vJQGjOUE4soUwLuythI6opQ5tOyYbgLZ+8SloXVa9Wvb6vVeo3eRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnRfn3flYlBacvOcY/sD5/AFTvY0r</latexit>

0.5

<latexit sha1_base64="RU9iN3qzcjy05UBdTVyFXRHuTXE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUfFS8OKxov2ANpTNdtIu3WzC7kYopT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewsrq2vlHcLG1t7+zulfcPGjrJFMM6S0SiWiHVKLjEuuFGYCtVSONQYDMc3k795hMqzRP5aEYpBjHtSx5xRo2VHjz3oluueK43A1kmfk4qkKPWLX91egnLYpSGCap12/dSE4ypMpwJnJQ6mcaUsiHtY9tSSWPUwXh26oScWKVHokTZkobM1N8TYxprPYpD2xlTM9CL3lT8z2tnJroKxlymmUHJ5ouiTBCTkOnfpMcVMiNGllCmuL2VsAFVlBmbTsmG4C++vEwaZ65/7l7fn1eqN3kcRTiCYzgFHy6hCndQgzow6MMzvMKbI5wX5935mLcWnHzmEP7A+fwBW1GNMA==</latexit>

1.5

<latexit sha1_base64="W02suVc+yRCIJeCDKUEeqEU9LuA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUfFS8OKxov2ANpTNdtIu3WzC7kYopT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewsrq2vlHcLG1t7+zulfcPGjrJFMM6S0SiWiHVKLjEuuFGYCtVSONQYDMc3k795hMqzRP5aEYpBjHtSx5xRo2VHnz3oluueK43A1kmfk4qkKPWLX91egnLYpSGCap12/dSE4ypMpwJnJQ6mcaUsiHtY9tSSWPUwXh26oScWKVHokTZkobM1N8TYxprPYpD2xlTM9CL3lT8z2tnJroKxlymmUHJ5ouiTBCTkOnfpMcVMiNGllCmuL2VsAFVlBmbTsmG4C++vEwaZ65/7l7fn1eqN3kcRTiCYzgFHy6hCndQgzow6MMzvMKbI5wX5935mLcWnHzmEP7A+fwBXNeNMQ==</latexit>

2.0

<latexit sha1_base64="mJ0KZSkbusXD2+HimGDbt6pjr38=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hKQcVLwYvHirYW2lA220m7dLMJuxuhlP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0wF18bzvp3C2vrG5lZxu7Szu7d/UD48aukkUwybLBGJaodUo+ASm4Ybge1UIY1DgY/h6GbmPz6h0jyRD2acYhDTgeQRZ9RY6b7qer1yxXO9Ocgq8XNSgRyNXvmr209YFqM0TFCtO76XmmBCleFM4LTUzTSmlI3oADuWShqjDibzU6fkzCp9EiXKljRkrv6emNBY63Ec2s6YmqFe9mbif14nM9FlMOEyzQxKtlgUZYKYhMz+Jn2ukBkxtoQyxe2thA2poszYdEo2BH/55VXSqrp+zb26q1Xq13kcRTiBUzgHHy6gDrfQgCYwGMAzvMKbI5wX5935WLQWnHzmGP7A+fwBVsmNLQ==</latexit>

1.0

<latexit sha1_base64="UhitBSRuAJiFP9c9voqVL93yaSQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoOKl4MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6ZSGPS8b6ewtr6xuVXcLu3s7u0flA+PmibJNOMNlshEt0NquBSKN1Cg5O1UcxqHkrfC0e3Mbz1xbUSiHnGc8iCmAyUiwSha6cF3vV654rneHGSV+DmpQI56r/zV7Scsi7lCJqkxHd9LMZhQjYJJPi11M8NTykZ0wDuWKhpzE0zmp07JmVX6JEq0LYVkrv6emNDYmHEc2s6Y4tAsezPxP6+TYXQVTIRKM+SKLRZFmSSYkNnfpC80ZyjHllCmhb2VsCHVlKFNp2RD8JdfXiXNC9evutf31UrtJo+jCCdwCufgwyXU4A7q0AAGA3iGV3hzpPPivDsfi9aCk88cwx84nz9VQ40s</latexit>

0.0

<latexit sha1_base64="FkHUa4GRarVPXtNPZPM3t3lcn54=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgoqXghePFe0HtEvJptk2NJtdklmhLP0JXjwo4tVf5M1/Y9ruQVsfJDzem2FmXpBIYdB1v53C2vrG5lZxu7Szu7d/UD48apk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesRJwv2IDpUIBaNopQe36vbLFfvPQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5uvOiVnVhmQMNb2KSRz9XdHRiNjJlFgKyOKI7PszcT/vG6K4ZWfCZWkyBVbDApTSTAms7vJQGjOUE4soUwLuythI6opQ5tOyYbgLZ+8SloXVa9Wvb6vVeo3eRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnRfn3flYlBacvOcY/sD5/AFTvY0r</latexit>

⇠/R

<latexit sha1_base64="4hfoxejUdFAVW1QAXBfECZNJap0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKe5KQMVLwIvHKOYByRJmJ5NkyOzsMtMrhiUf4cWDIl79Hm/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0c3Ubz5ybUSkHnAccz+kAyX6glG0UrPzJMgZue8WS27ZnYEsEy8jJchQ6xa/Or2IJSFXyCQ1pu25Mfop1SiY5JNCJzE8pmxEB7xtqaIhN346O3dCTqzSI/1I21JIZurviZSGxozDwHaGFIdm0ZuK/3ntBPuXfipUnCBXbL6on0iCEZn+TnpCc4ZybAllWthbCRtSTRnahAo2BG/x5WXSOC97lfLVXaVUvc7iyMMRHMMpeHABVbiFGtSBwQie4RXenNh5cd6dj3lrzslmDuEPnM8fG8qOww==</latexit>

P Draper, IGG, B Lillard; 2105.08068 & 2105.10507



Witten’s bubble (                 ):V (�) ⌘ 0

<latexit sha1_base64="3hAzqVEto3e4DeV0//hY/yuaVBg=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSDES9iVgIqXgBePEcwDskuYnXSSIbMPZ2YDYcmfePGgiFf/xJt/4yTZgyYWNBRV3XR3BYngSjvOt7W2vrG5tV3YKe7u7R8c2kfHTRWnkmGDxSKW7YAqFDzChuZaYDuRSMNAYCsY3c381hil4nH0qCcJ+iEdRLzPGdVG6tp2s+wlQ35BPHxK+Zg4XbvkVJw5yCpxc1KCHPWu/eX1YpaGGGkmqFId10m0n1GpORM4LXqpwoSyER1gx9CIhqj8bH75lJwbpUf6sTQVaTJXf09kNFRqEgamM6R6qJa9mfif10l1/9rPeJSkGiO2WNRPBdExmcVAelwi02JiCGWSm1sJG1JJmTZhFU0I7vLLq6R5WXGrlZuHaql2m8dRgFM4gzK4cAU1uIc6NIDBGJ7hFd6szHqx3q2PReualc+cwB9Ynz/n+ZKK</latexit>

�00 +
3⇢0

⇢
�0 = 0

<latexit sha1_base64="BEZLZI5h6h4NencZ16ubAfA5USY=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0UiCCXRgooIBTcuK9gHNKFMppNm6OTBzEQoIZ/gxl9x40IRty7d+TdO0iy09cDlHs65l5l73JhRIU3zW6ssLa+srlXXaxubW9s7+u5eV0QJx6SDIxbxvosEYTQkHUklI/2YExS4jPTcyU3u9x4IFzQK7+U0Jk6AxiH1KEZSSUPdsGOfGgY8gbbHEU7PoM39yMjSvGWwcOE1NId63WyYBeAisUpSByXaQ/3LHkU4CUgoMUNCDCwzlk6KuKSYkaxmJ4LECE/QmAwUDVFAhJMWB2XwSCkj6EVcVShhof7eSFEgxDRw1WSApC/mvVz8zxsk0rtwUhrGiSQhnj3kJQzKCObpwBHlBEs2VQRhTtVfIfaRCkaqDGsqBGv+5EXSPW1YzcblXbPeuirjqIIDcAiOgQXOQQvcgjboAAwewTN4BW/ak/aivWsfs9GKVu7sgz/QPn8ALm6ayQ==</latexit>

�&&�7!+$�-$)(8��)**),$- �
-)�����-#$(�0�&&��).(� �

�

<latexit sha1_base64="D3YKAB0f9JgDbDF+N4vcFK6UCPo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUMVLwYvHCvYD2lA2202zdHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXpBwpo3rfjuljc2t7Z3ybmVv/+DwqHp80tVxqgjtkJjHqh9gTTmTtGOY4bSfKIpFwGkvmN7lfu+JKs1i+WhmCfUFnkgWMoJNLg2TiI2qNbfuLoDWiVeQGhRoj6pfw3FMUkGlIRxrPfDcxPgZVoYRTueVYappgskUT+jAUokF1X62uHWOLqwyRmGsbEmDFurviQwLrWcisJ0Cm0ivern4nzdITXjtZ0wmqaGSLBeFKUcmRvnjaMwUJYbPLMFEMXsrIhFWmBgbT8WG4K2+vE66V3WvUb95aNRat0UcZTiDc7gED5rQgntoQwcIRPAMr/DmCOfFeXc+lq0lp5g5hT9wPn8AFU2ORA==</latexit>

�V (�)

<latexit sha1_base64="26+XsYdOC+m0UV9+D1j/t2s+sAk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7paDipeDFYwX7Ie1Ssmm2DU2yS5IVytJf4cWDIl79Od78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HtzG8/UaVZJB/MJKa+wEPJQkawsdLjBWqVe/GInfeLJbfizoFWiZeREmRo9ItfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3iKzqwyQGGkbEmD5urviRQLrScisJ0Cm5Fe9mbif143MeGVnzIZJ4ZKslgUJhyZCM2+RwOmKDF8YgkmitlbERlhhYmxGRVsCN7yy6ukVa14tcr1fa1Uv8niyMMJnEIZPLiEOtxBA5pAQMAzvMKbo5wX5935WLTmnGzmGP7A+fwBRpKPag==</latexit>

�1

<latexit sha1_base64="6ISqrzA9H7EcvvWHTExJhixFfzw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSRSUPFS8OKxgv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnCccD+iAyVCwShaqX1OukKFOO6Vym7FnYEsEy8nZchR75W+uv2YpRFXyCQ1puO5CfoZ1SiY5JNiNzU8oWxEB7xjqaIRN342u3dCTq3SJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUdGG4C2+vEyaFxWvWrm+r5ZrN3kcBTiGEzgDDy6hBndQhwYwkPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHhJCPog==</latexit>

�0 ! 1

<latexit sha1_base64="I7rSKujClU1DCSZeHBUwMMdgXN0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXZVECipuCm5cVrAPaEKZTCfN0MkkzNwoJdSNv+LGhSJu/Qt3/o3Tx0JbD1w4nHMv994TpIJrcJxvq7C0vLK6VlwvbWxube/Yu3tNnWSKsgZNRKLaAdFMcMkawEGwdqoYiQPBWsHgeuy37pnSPJF3MEyZH5O+5CGnBIzUtQ+8NOIn2FO8HwFRKnnAHpchDLt22ak4E+BF4s5IGc1Q79pfXi+hWcwkUEG07rhOCn5OFHAq2KjkZZqlhA5In3UMlSRm2s8nH4zwsVF6OEyUKQl4ov6eyEms9TAOTGdMINLz3lj8z+tkEF74OZdpBkzS6aIwExgSPI4D97hiFMTQEEIVN7diGhFFKJjQSiYEd/7lRdI8q7jVyuVttVy7msVRRIfoCJ0iF52jGrpBddRAFD2iZ/SK3qwn68V6tz6mrQVrNrOP/sD6/AFPQJbP</latexit>

The singular bc’s of  the bubble 
of  nothing correspond to 

shooting with “infinite velocity”

Shooting… with “infinite velocity”

P Draper, IGG, B Lillard; 2105.08068 & 2105.10507



�

<latexit sha1_base64="D3YKAB0f9JgDbDF+N4vcFK6UCPo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUMVLwYvHCvYD2lA2202zdHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXpBwpo3rfjuljc2t7Z3ybmVv/+DwqHp80tVxqgjtkJjHqh9gTTmTtGOY4bSfKIpFwGkvmN7lfu+JKs1i+WhmCfUFnkgWMoJNLg2TiI2qNbfuLoDWiVeQGhRoj6pfw3FMUkGlIRxrPfDcxPgZVoYRTueVYappgskUT+jAUokF1X62uHWOLqwyRmGsbEmDFurviQwLrWcisJ0Cm0ivern4nzdITXjtZ0wmqaGSLBeFKUcmRvnjaMwUJYbPLMFEMXsrIhFWmBgbT8WG4K2+vE66V3WvUb95aNRat0UcZTiDc7gED5rQgntoQwcIRPAMr/DmCOfFeXc+lq0lp5g5hT9wPn8AFU2ORA==</latexit>

�V (�)

<latexit sha1_base64="26+XsYdOC+m0UV9+D1j/t2s+sAk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7paDipeDFYwX7Ie1Ssmm2DU2yS5IVytJf4cWDIl79Od78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HtzG8/UaVZJB/MJKa+wEPJQkawsdLjBWqVe/GInfeLJbfizoFWiZeREmRo9ItfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3iKzqwyQGGkbEmD5urviRQLrScisJ0Cm5Fe9mbif143MeGVnzIZJ4ZKslgUJhyZCM2+RwOmKDF8YgkmitlbERlhhYmxGRVsCN7yy6ukVa14tcr1fa1Uv8niyMMJnEIZPLiEOtxBA5pAQMAzvMKbo5wX5935WLTmnGzmGP7A+fwBRpKPag==</latexit>

�1

<latexit sha1_base64="6ISqrzA9H7EcvvWHTExJhixFfzw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSRSUPFS8OKxgv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnCccD+iAyVCwShaqX1OukKFOO6Vym7FnYEsEy8nZchR75W+uv2YpRFXyCQ1puO5CfoZ1SiY5JNiNzU8oWxEB7xjqaIRN342u3dCTq3SJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUdGG4C2+vEyaFxWvWrm+r5ZrN3kcBTiGEzgDDy6hBndQhwYwkPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHhJCPog==</latexit>

�0 ! 1

<latexit sha1_base64="I7rSKujClU1DCSZeHBUwMMdgXN0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXZVECipuCm5cVrAPaEKZTCfN0MkkzNwoJdSNv+LGhSJu/Qt3/o3Tx0JbD1w4nHMv994TpIJrcJxvq7C0vLK6VlwvbWxube/Yu3tNnWSKsgZNRKLaAdFMcMkawEGwdqoYiQPBWsHgeuy37pnSPJF3MEyZH5O+5CGnBIzUtQ+8NOIn2FO8HwFRKnnAHpchDLt22ak4E+BF4s5IGc1Q79pfXi+hWcwkUEG07rhOCn5OFHAq2KjkZZqlhA5In3UMlSRm2s8nH4zwsVF6OEyUKQl4ov6eyEms9TAOTGdMINLz3lj8z+tkEF74OZdpBkzS6aIwExgSPI4D97hiFMTQEEIVN7diGhFFKJjQSiYEd/7lRdI8q7jVyuVttVy7msVRRIfoCJ0iF52jGrpBddRAFD2iZ/SK3qwn68V6tz6mrQVrNrOP/sD6/AFPQJbP</latexit>

The singular bc’s of  the bubble 
of  nothing correspond to 

shooting with “infinite velocity”

Shooting… with “infinite velocity”
Witten’s bubble (                 ):V (�) ⌘ 0

<latexit sha1_base64="3hAzqVEto3e4DeV0//hY/yuaVBg=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSDES9iVgIqXgBePEcwDskuYnXSSIbMPZ2YDYcmfePGgiFf/xJt/4yTZgyYWNBRV3XR3BYngSjvOt7W2vrG5tV3YKe7u7R8c2kfHTRWnkmGDxSKW7YAqFDzChuZaYDuRSMNAYCsY3c381hil4nH0qCcJ+iEdRLzPGdVG6tp2s+wlQ35BPHxK+Zg4XbvkVJw5yCpxc1KCHPWu/eX1YpaGGGkmqFId10m0n1GpORM4LXqpwoSyER1gx9CIhqj8bH75lJwbpUf6sTQVaTJXf09kNFRqEgamM6R6qJa9mfif10l1/9rPeJSkGiO2WNRPBdExmcVAelwi02JiCGWSm1sJG1JJmTZhFU0I7vLLq6R5WXGrlZuHaql2m8dRgFM4gzK4cAU1uIc6NIDBGJ7hFd6szHqx3q2PReualc+cwB9Ynz/n+ZKK</latexit>

�00 +
3⇢0

⇢
�0 = 0

<latexit sha1_base64="BEZLZI5h6h4NencZ16ubAfA5USY=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0UiCCXRgooIBTcuK9gHNKFMppNm6OTBzEQoIZ/gxl9x40IRty7d+TdO0iy09cDlHs65l5l73JhRIU3zW6ssLa+srlXXaxubW9s7+u5eV0QJx6SDIxbxvosEYTQkHUklI/2YExS4jPTcyU3u9x4IFzQK7+U0Jk6AxiH1KEZSSUPdsGOfGgY8gbbHEU7PoM39yMjSvGWwcOE1NId63WyYBeAisUpSByXaQ/3LHkU4CUgoMUNCDCwzlk6KuKSYkaxmJ4LECE/QmAwUDVFAhJMWB2XwSCkj6EVcVShhof7eSFEgxDRw1WSApC/mvVz8zxsk0rtwUhrGiSQhnj3kJQzKCObpwBHlBEs2VQRhTtVfIfaRCkaqDGsqBGv+5EXSPW1YzcblXbPeuirjqIIDcAiOgQXOQQvcgjboAAwewTN4BW/ak/aivWsfs9GKVu7sgz/QPn8ALm6ayQ==</latexit>

�&&�7!+$�-$)(8��)**),$- �
-)�����-#$(�0�&&��).(� �

P Draper, IGG, B Lillard; 2105.08068 & 2105.10507



�

<latexit sha1_base64="D3YKAB0f9JgDbDF+N4vcFK6UCPo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUMVLwYvHCvYD2lA2202zdHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXpBwpo3rfjuljc2t7Z3ybmVv/+DwqHp80tVxqgjtkJjHqh9gTTmTtGOY4bSfKIpFwGkvmN7lfu+JKs1i+WhmCfUFnkgWMoJNLg2TiI2qNbfuLoDWiVeQGhRoj6pfw3FMUkGlIRxrPfDcxPgZVoYRTueVYappgskUT+jAUokF1X62uHWOLqwyRmGsbEmDFurviQwLrWcisJ0Cm0ivern4nzdITXjtZ0wmqaGSLBeFKUcmRvnjaMwUJYbPLMFEMXsrIhFWmBgbT8WG4K2+vE66V3WvUb95aNRat0UcZTiDc7gED5rQgntoQwcIRPAMr/DmCOfFeXc+lq0lp5g5hT9wPn8AFU2ORA==</latexit>

�V (�)

<latexit sha1_base64="26+XsYdOC+m0UV9+D1j/t2s+sAk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7paDipeDFYwX7Ie1Ssmm2DU2yS5IVytJf4cWDIl79Od78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HtzG8/UaVZJB/MJKa+wEPJQkawsdLjBWqVe/GInfeLJbfizoFWiZeREmRo9ItfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3iKzqwyQGGkbEmD5urviRQLrScisJ0Cm5Fe9mbif143MeGVnzIZJ4ZKslgUJhyZCM2+RwOmKDF8YgkmitlbERlhhYmxGRVsCN7yy6ukVa14tcr1fa1Uv8niyMMJnEIZPLiEOtxBA5pAQMAzvMKbo5wX5935WLTmnGzmGP7A+fwBRpKPag==</latexit>

�1

<latexit sha1_base64="6ISqrzA9H7EcvvWHTExJhixFfzw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSRSUPFS8OKxgv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnCccD+iAyVCwShaqX1OukKFOO6Vym7FnYEsEy8nZchR75W+uv2YpRFXyCQ1puO5CfoZ1SiY5JNiNzU8oWxEB7xjqaIRN342u3dCTq3SJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUdGG4C2+vEyaFxWvWrm+r5ZrN3kcBTiGEzgDDy6hBndQhwYwkPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHhJCPog==</latexit>

�0 ! 1

<latexit sha1_base64="I7rSKujClU1DCSZeHBUwMMdgXN0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXZVECipuCm5cVrAPaEKZTCfN0MkkzNwoJdSNv+LGhSJu/Qt3/o3Tx0JbD1w4nHMv994TpIJrcJxvq7C0vLK6VlwvbWxube/Yu3tNnWSKsgZNRKLaAdFMcMkawEGwdqoYiQPBWsHgeuy37pnSPJF3MEyZH5O+5CGnBIzUtQ+8NOIn2FO8HwFRKnnAHpchDLt22ak4E+BF4s5IGc1Q79pfXi+hWcwkUEG07rhOCn5OFHAq2KjkZZqlhA5In3UMlSRm2s8nH4zwsVF6OEyUKQl4ov6eyEms9TAOTGdMINLz3lj8z+tkEF74OZdpBkzS6aIwExgSPI4D97hiFMTQEEIVN7diGhFFKJjQSiYEd/7lRdI8q7jVyuVttVy7msVRRIfoCJ0iF52jGrpBddRAFD2iZ/SK3qwn68V6tz6mrQVrNrOP/sD6/AFPQJbP</latexit>

The singular bc’s of  the bubble 
of  nothing correspond to 

shooting with “infinite velocity”

 ()."#�-)�)/ +�)' ��(�
 1*)( (-$�&&2�"+)0$("�*)- (-$�&

Shooting… with “infinite velocity”
Witten’s bubble (                 ):V (�) ⌘ 0

<latexit sha1_base64="3hAzqVEto3e4DeV0//hY/yuaVBg=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSDES9iVgIqXgBePEcwDskuYnXSSIbMPZ2YDYcmfePGgiFf/xJt/4yTZgyYWNBRV3XR3BYngSjvOt7W2vrG5tV3YKe7u7R8c2kfHTRWnkmGDxSKW7YAqFDzChuZaYDuRSMNAYCsY3c381hil4nH0qCcJ+iEdRLzPGdVG6tp2s+wlQ35BPHxK+Zg4XbvkVJw5yCpxc1KCHPWu/eX1YpaGGGkmqFId10m0n1GpORM4LXqpwoSyER1gx9CIhqj8bH75lJwbpUf6sTQVaTJXf09kNFRqEgamM6R6qJa9mfif10l1/9rPeJSkGiO2WNRPBdExmcVAelwi02JiCGWSm1sJG1JJmTZhFU0I7vLLq6R5WXGrlZuHaql2m8dRgFM4gzK4cAU1uIc6NIDBGJ7hFd6szHqx3q2PReualc+cwB9Ynz/n+ZKK</latexit>

�00 +
3⇢0

⇢
�0 = 0

<latexit sha1_base64="BEZLZI5h6h4NencZ16ubAfA5USY=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0UiCCXRgooIBTcuK9gHNKFMppNm6OTBzEQoIZ/gxl9x40IRty7d+TdO0iy09cDlHs65l5l73JhRIU3zW6ssLa+srlXXaxubW9s7+u5eV0QJx6SDIxbxvosEYTQkHUklI/2YExS4jPTcyU3u9x4IFzQK7+U0Jk6AxiH1KEZSSUPdsGOfGgY8gbbHEU7PoM39yMjSvGWwcOE1NId63WyYBeAisUpSByXaQ/3LHkU4CUgoMUNCDCwzlk6KuKSYkaxmJ4LECE/QmAwUDVFAhJMWB2XwSCkj6EVcVShhof7eSFEgxDRw1WSApC/mvVz8zxsk0rtwUhrGiSQhnj3kJQzKCObpwBHlBEs2VQRhTtVfIfaRCkaqDGsqBGv+5EXSPW1YzcblXbPeuirjqIIDcAiOgQXOQQvcgjboAAwewTN4BW/ak/aivWsfs9GKVu7sgz/QPn8ALm6ayQ==</latexit>

�&&�7!+$�-$)(8��)**),$- �
-)�����-#$(�0�&&��).(� �

P Draper, IGG, B Lillard; 2105.08068 & 2105.10507
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0
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<latexit sha1_base64="sLRHIB5Crh8SyPXEvhW217C9XAk="></latexit>

Decay rate

P Draper, IGG, B Lillard; 2105.08068 & 2105.10507
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<latexit sha1_base64="ctH3RPPktmdCPyyQ/WGJYrv5pSQ="></latexit>

�SE = ⇡2mPl

r
2

3
⇢(⇠)3�0(⇠)

���
⇠=0

� 2⇡2

Z ⇠max

0
d⇠⇢3V � SE

���
dS

<latexit sha1_base64="sLRHIB5Crh8SyPXEvhW217C9XAk="></latexit>

Decay rate

P Draper, IGG, B Lillard; 2105.08068 & 2105.10507
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<latexit sha1_base64="+fAUatFNxhCF+gd3M2wkjiCEm3I="></latexit>
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<latexit sha1_base64="sLRHIB5Crh8SyPXEvhW217C9XAk="></latexit>

Decay rate

P Draper, IGG, B Lillard; 2105.08068 & 2105.10507



�SE = ⇡2mPl
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⇢(⇠)3�0(⇠)
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⇠=0

� 2⇡2

Z ⇠max

0
d⇠⇢3V � SE
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<latexit sha1_base64="sLRHIB5Crh8SyPXEvhW217C9XAk="></latexit>

�SE ' ⇡2m2
PlR

2

⇢
1 +
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8
m2R2 log(mR)�1

�

<latexit sha1_base64="UyT97ckUovAXfktvqNwOwTDABac="></latexit>

In total…

���!$($- ���)++ �-$)(�-)�-# ���-$)(�)!��$-- (6,��.��& �$(�-# �&$'$-�����➝�	!/

Decay rate

+O(⇡2V0R
4)

<latexit sha1_base64="UqjeedEaYP8ZlwFIYlUu+SoXIcI=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoKCUpBRU3BTfurGIf0KRhMp22QyeTMDMRSujWjb/ixoUibv0Dd/6NkzYLbT1w4XDOvdx7jx8xKpVlfRu5peWV1bX8emFjc2t7x9zda8owFpg0cMhC0faRJIxy0lBUMdKOBEGBz0jLH12lfuuBCElDfq/GEXEDNOC0TzFSWvJMeAKdU+gESA0xYsnNBJaciHYrsOlZ8K5bPfbMolW2poCLxM5IEWSoe+aX0wtxHBCuMENSdmwrUm6ChKKYkUnBiSWJEB6hAeloylFApJtMP5nAI630YD8UuriCU/X3RIICKceBrzvTk+W8l4r/eZ1Y9c/dhPIoVoTj2aJ+zKAKYRoL7FFBsGJjTRAWVN8K8RAJhJUOr6BDsOdfXiTNStmuli9uq8XaZRZHHhyAQ1ACNjgDNXAN6qABMHgEz+AVvBlPxovxbnzMWnNGNrMP/sD4/AFvzZef</latexit>

V0 ⌧ m2
Pl/R

2

<latexit sha1_base64="z4MdWwq6Hd+Lfaqex5hwCDv1Hic=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4qkkpqLgpuHFZxT6gScNkOmmHzkzCzEQooeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r0nTBhV2nG+raXlldW19cJGcXNre2fX3ttvqjiVmDRwzGLZDpEijArS0FQz0k4kQTxkpBUOryd+64FIRWNxr0cJ8TnqCxpRjLSRAvuwGTjQYwzyIPMkh3U27lbgGbzrVgK75JSdKeAicXNSAjnqgf3l9WKcciI0Zkipjusk2s+Q1BQzMi56qSIJwkPUJx1DBeJE+dn0hzE8MUoPRrE0JTScqr8nMsSVGvHQdHKkB2rem4j/eZ1URxd+RkWSaiLwbFGUMqhjOAkE9qgkWLORIQhLam6FeIAkwtrEVjQhuPMvL5JmpexWy5e31VLtKo+jAI7AMTgFLjgHNXAD6qABMHgEz+AVvFlP1ov1bn3MWpesfOYA/IH1+QPyJpXJ</latexit>

small correction if  

c.f. spontaneous decompactification: �SE ' 24⇡2m4
Pl

Vfv

<latexit sha1_base64="Ht085+YCFDNGoVLh6ZqgabkhsyQ="></latexit>
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P Draper, IGG, B Lillard; 2105.08068 & 2105.10507



Exotic bounces
V (�)

<latexit sha1_base64="UhJwvi9Vsg29iOXZbvjemSnGpvI=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVgoqXghePFewHtEvJptk2NJuEJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMixRnxvr+t7e2vrG5tV3YKe7u7R8clo6OW0ammtAmkVzqToQN5UzQpmWW047SFCcRp+1ofDfz209UGybFo50oGiZ4KFjMCLZOarcqPTViF/1S2a/6c6BVEuSkDDka/dJXbyBJmlBhCcfGdANf2TDD2jLC6bTYSw1VmIzxkHYdFTihJszm507RuVMGKJbalbBorv6eyHBizCSJXGeC7cgsezPxP6+b2vg6zJhQqaWCLBbFKUdWotnvaMA0JZZPHMFEM3crIiOsMbEuoaILIVh+eZW0LqtBrXrzUCvXb/M4CnAKZ1CBAK6gDvfQgCYQGMMzvMKbp7wX7937WLSuefnMCfyB9/kDhaWPCQ==</latexit>

�1

<latexit sha1_base64="6ISqrzA9H7EcvvWHTExJhixFfzw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSRSUPFS8OKxgv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnCccD+iAyVCwShaqX1OukKFOO6Vym7FnYEsEy8nZchR75W+uv2YpRFXyCQ1puO5CfoZ1SiY5JNiNzU8oWxEB7xjqaIRN342u3dCTq3SJ2GsbSkkM/X3REYjY8ZRYDsjikOz6E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUdGG4C2+vEyaFxWvWrm+r5ZrN3kcBTiGEzgDDy6hBndQhwYwkPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHhJCPog==</latexit>

l5(�) ! 0

<latexit sha1_base64="VF3jVqrboGUxCauQURMQAEiNOW8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkUlFxU3DjsoJ9QBPCZDpph05mwsxEKaFu/BU3LhRx61+482+ctllo64ELh3Pu5d57woRRpR3n2yosLa+srhXXSxubW9s79u5eS4lUYtLEggnZCZEijHLS1FQz0kkkQXHISDscXk/89j2Rigp+p0cJ8WPU5zSiGGkjBfYBC85gxUsG9AR6kvYHGkkpHqAT2GWn6kwBF4mbkzLI0QjsL68ncBoTrjFDSnVdJ9F+hqSmmJFxyUsVSRAeoj7pGspRTJSfTT8Yw2Oj9GAkpCmu4VT9PZGhWKlRHJrOGOmBmvcm4n9eN9XRhZ9RnqSacDxbFKUMagEnccAelQRrNjIEYUnNrRAPkERYm9BKJgR3/uVF0jqturXq5W2tXL/K4yiCQ3AEKsAF56AObkADNAEGj+AZvII368l6sd6tj1lrwcpn9sEfWJ8/rXaVww==</latexit>

�

<latexit sha1_base64="D3YKAB0f9JgDbDF+N4vcFK6UCPo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUMVLwYvHCvYD2lA2202zdHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXpBwpo3rfjuljc2t7Z3ybmVv/+DwqHp80tVxqgjtkJjHqh9gTTmTtGOY4bSfKIpFwGkvmN7lfu+JKs1i+WhmCfUFnkgWMoJNLg2TiI2qNbfuLoDWiVeQGhRoj6pfw3FMUkGlIRxrPfDcxPgZVoYRTueVYappgskUT+jAUokF1X62uHWOLqwyRmGsbEmDFurviQwLrWcisJ0Cm0ivern4nzdITXjtZ0wmqaGSLBeFKUcmRvnjaMwUJYbPLMFEMXsrIhFWmBgbT8WG4K2+vE66V3WvUb95aNRat0UcZTiDc7gED5rQgntoQwcIRPAMr/DmCOfFeXc+lq0lp5g5hT9wPn8AFU2ORA==</latexit>

Depending on details of  the potential, 
there may be additional instanton 
solutions with BON-like behavior

�&-#)."#�()-�
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Draper, IGG, Lillard; 2105.10507

� = 5

<latexit sha1_base64="KaTC5iFNn2o0lsjR0saZZp0MqwI=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKREWEgBePEcwDkxB6J5NkyMzsMjMrhCV/4cWDIl79G2/+jZPHQRMLGoqqbrq7wlhwY33/28usrK6tb2Q3c1vbO7t7+f2DmokSTVmVRiLSjRANE1yxquVWsEasGcpQsHo4vJ349SemDY/Ugx3FrC2xr3iPU7ROemz1UUokN+S8ky/4RX8KskyCOSnAHJVO/qvVjWgimbJUoDHNwI9tO0VtORVsnGslhsVIh9hnTUcVSmba6fTiMTlxSpf0Iu1KWTJVf0+kKI0ZydB1SrQDs+hNxP+8ZmJ7l+2UqzixTNHZol4iiI3I5H3S5ZpRK0aOINXc3UroADVS60LKuRCCxZeXSe2sGJSKV/elQvl6HkcWjuAYTiGACyjDHVSgChQUPMMrvHnGe/HevY9Za8abzxzCH3ifPzTQj/Q=</latexit>



Conclusions
• Bubble of  nothing instabilities survive even in the presence of  a 

stabilizing potential

• Potential implications for vacuum selection, e.g.

'.�#�& !-�-)�.(� +,-�(����).-�-# �*#2,$�,�)!��.��& ,�)!�()-#$("

�bon/H
4
0 & 1

<latexit sha1_base64="v7FoeXpw2feMuWodapWGCWfWNBk=">AAACC3icbVDLSgMxFM3UV62vUZduQovgqs5IQcVNwYVdVrAP6IxDJs20oUlmSDJCGbp346+4caGIW3/AnX9j2s5CWw8EDufcw809YcKo0o7zbRVWVtfWN4qbpa3tnd09e/+greJUYtLCMYtlN0SKMCpIS1PNSDeRBPGQkU44up76nQciFY3FnR4nxOdoIGhEMdJGCuyyd4M4R0HmSQ7DWEzgKWwEzn0NegNtYhy6gV1xqs4McJm4OamAHM3A/vL6MU45ERozpFTPdRLtZ0hqihmZlLxUkQThERqQnqECcaL8bHbLBB4bpQ+jWJonNJypvxMZ4kqNeWgmOdJDtehNxf+8XqqjCz+jIkk1EXi+KEoZ1DGcFgP7VBKs2dgQhCU1f4V4iCTC2tRXMiW4iycvk/ZZ1a1VL29rlfpVXkcRHIEyOAEuOAd10ABN0AIYPIJn8ArerCfrxXq3PuajBSvPHII/sD5/AIWMmW8=</latexit>

2⇡R & 50m�1
Pl

<latexit sha1_base64="AXjZp0fCfUkVuE8b43X1Hm7qftw=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgQktSKipuCm5cVrEPaGKYTCft0JkkzEyEEvIFbvwVNy4UcevanX/jtM1CWw8MHM45lzv3+DGjUlnWt1FYWl5ZXSuulzY2t7Z3zN29towSgUkLRywSXR9JwmhIWooqRrqxIIj7jHT80dXE7zwQIWkU3qlxTFyOBiENKEZKS55ZqUEnpvAWOgOlUxyeWtA5htxLHcFhk2X36YmdeWbZqlpTwEVi56QMcjQ988vpRzjhJFSYISl7thUrN0VCUcxIVnISSWKER2hAepqGiBPpptNzMljRSh8GkdAvVHCq/p5IEZdyzH2d5EgN5bw3Ef/zeokKzt2UhnGiSIhni4KEQRXBSTewTwXBio01QVhQ/VeIh0ggrHSDJV2CPX/yImnXqna9enFTLzcu8zqK4AAcgiNggzPQANegCVoAg0fwDF7Bm/FkvBjvxscsWjDymX3wB8bnD7psmgk=</latexit>

)

<latexit sha1_base64="Bic1D5d9U0tvLuPoK4huYMTfhFA=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUPFS8OKxiv2ANJTNdtMu3WTD7kQppT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYWV1b3yhulra2d3b3yvsHTaMyzXiDKal0O6SGS5HwBgqUvJ1qTuNQ8lY4vJn6rUeujVDJA45SHsS0n4hIMIpW8jv3oj9AqrV66pYrbtWdgSwTLycVyFHvlr86PcWymCfIJDXG99wUgzHVKJjkk1InMzylbEj73Lc0oTE3wXh28oScWKVHIqVtJUhm6u+JMY2NGcWh7YwpDsyiNxX/8/wMo8tgLJI0Q56w+aIokwQVmf5PekJzhnJkCWVa2FsJG1BNGdqUSjYEb/HlZdI8q3rn1au780rtOo+jCEdwDKfgwQXU4Bbq0AAGCp7hFd4cdF6cd+dj3lpw8plD+APn8weS4JFy</latexit>
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• Decay rate remains finite in the limit of  vanishing vacuum energy
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Thank you!


