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Non supersymmetric string theories

U(32) or 0’B string [Sagnotti, 1995]

• Type 0B orientifold O9−+ 32 D9 branes.

• D1 and D5 branes coupling to a RR 2-form field.

• D3 branes couple to RR 4-form field with self
dual field strength.

• NS-NS tadpole from the uncancelled brane
tension T = 32TD9 .
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• Ideal to try and realize d = 4 braneworlds.

<latexit sha1_base64="oc7w9x9nPSozFmZsgbpv5V1H20k=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFcSEmkqMuKgi7rI22hDWUymbRDJw9mbsQS6q+4caGIWz/EnX/jtM1CW8/lwuGce5k7x0sEV2BZ38bC4tLyymphrbi+sbm1be7sNlScSsocGotYtjyimOARc4CDYK1EMhJ6gjW9wcXYbz4wqXgc3cMwYW5IehEPOCWgpa5Zsm2/c6QL2CNkd87V7fmoa5atijUBnid2TsooR71rfnX8mKYhi4AKolTbthJwMyKBU8FGxU6qWELogPRYW9OIhEy52eT4ET7Qio+DWOqOAE/U3xsZCZUahp6eDAn01aw3Fv/z2ikEZ27GoyQFFtHpQ0EqMMR4nAT2uWQUxFATQiXXt2LaJ5JQ0HkVdQj27JfnSeO4Yp9UqjfVcu0yj6OA9tA+OkQ2OkU1dI3qyEEUDdEzekVvxpPxYrwbH9PRBSPfKaE/MD5/AD9Sk+U=</latexit>

11d SUGRA

<latexit sha1_base64="URHNDNrVuSU39cNuiFo5yofD9mU=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKexKUI8BPegtgnlAsoTZSScZMju7zvSKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzaHOIxnpVsAMSKGgjgIltGINLAwkNIPR1dRvPoI2IlL3OI7BD9lAib7gDK3U6iA8YXo76RZLbtmdgS4TLyMlkqHWLX51ehFPQlDIJTOm7bkx+inTKLiESaGTGIgZH7EBtC1VLATjp7N7J/TEKj3aj7QthXSm/p5IWWjMOAxsZ8hwaBa9qfif106wf+mnQsUJguLzRf1EUozo9HnaExo4yrEljGthb6V8yDTjaCMq2BC8xZeXSeOs7J2XK3eVUvU6iyNPjsgxOSUeuSBVckNqpE44keSZvJI358F5cd6dj3lrzslmDskfOJ8/YtmQNw==</latexit>

I

<latexit sha1_base64="zuUfZqvN2PFR3YcZVqZwiHBQzdQ=">AAAB8HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMeAHnIzgnlIsoTZSScZMju7zPSKYclXePGgiFc/x5t/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzaHOIxnpVsAMSKGgjgIltGINLAwkNIPR9dRvPoI2IlL3OI7BD9lAib7gDK300EF4wrR6O+kWS27ZnYEuEy8jJZKh1i1+dXoRT0JQyCUzpu25Mfop0yi4hEmhkxiIGR+xAbQtVSwE46ezgyf0xCo92o+0LYV0pv6eSFlozDgMbGfIcGgWvan4n9dOsH/lp0LFCYLi80X9RFKM6PR72hMaOMqxJYxrYW+lfMg042gzKtgQvMWXl0njrOxdlM/vzkuVmyyOPDkix+SUeOSSVEiV1EidcBKSZ/JK3hztvDjvzse8NedkM4fkD5zPHwFEkI8=</latexit>

HO

<latexit sha1_base64="8PHJ+VDbgauH4j42cHRHNr3UOsE=">AAAB8HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMeACjlGMA9JljA76SRDZmeXmV4xLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiOdR5JCPdCpgBKRTUUaCEVqyBhYGEZjC6nvrNR9BGROoexzH4IRso0RecoZUeOghPmFZvJ91iyS27M9Bl4mWkRDLUusWvTi/iSQgKuWTGtD03Rj9lGgWXMCl0EgMx4yM2gLalioVg/HR28ISeWKVH+5G2pZDO1N8TKQuNGYeB7QwZDs2iNxX/89oJ9q/8VKg4QVB8vqifSIoRnX5Pe0IDRzm2hHEt7K2UD5lmHG1GBRuCt/jyMmmclb2L8vndealyk8WRJ0fkmJwSj1ySCqmSGqkTTkLyTF7Jm6OdF+fd+Zi35pxs5pD8gfP5A/IDkIU=</latexit>

HE

<latexit sha1_base64="pc6Mb7M+4N7NOYNh4/Hxupi6F+0=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMeAHrwZwTwgWcLspDcZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtiBjgTELDMsuhnWggIuLQikbXU7/1BNowJR/sOIFQkIFkMaPEOqnZvRMwIL1yxa/6M+BlEuSkgnLUe+Wvbl/RVIC0lBNjOoGf2DAj2jLKYVLqpgYSQkdkAB1HJRFgwmx27QSfOKWPY6VdSYtn6u+JjAhjxiJynYLYoVn0puJ/Xie18VWYMZmkFiSdL4pTjq3C09dxn2mglo8dIVQzdyumQ6IJtS6gkgshWHx5mTTPqsFF9fz+vFK7yeMooiN0jE5RgC5RDd2iOmogih7RM3pFb57yXrx372PeWvDymUP0B97nD2K5jwY=</latexit>

⌦

<latexit sha1_base64="xprKcdB/FqcQ5dpb6ptXTDhzaRg=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BPXiMkBckS5idTJIhs7PrTK8YlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXEEth0HW/ndza+sbmVn67sLO7t39QPDxqmijRjDdYJCPdDqjhUijeQIGSt2PNaRhI3grGNzO/9ci1EZGq4yTmfkiHSgwEo2ildhf5E6b1aa9YcsvuHGSVeBkpQYZar/jV7UcsCblCJqkxHc+N0U+pRsEknxa6ieExZWM65B1LFQ258dP5vVNyZpU+GUTalkIyV39PpDQ0ZhIGtjOkODLL3kz8z+skOLj2U6HiBLlii0WDRBKMyOx50heaM5QTSyjTwt5K2IhqytBGVLAheMsvr5LmRdm7LFfuK6XqbRZHHk7gFM7Bgyuowh3UoAEMJDzDK7w5D86L8+58LFpzTjZzDH/gfP4Ac5CQQg==</latexit>

T

<latexit sha1_base64="59AjFh73nz70ZLqTpdXTMnDpwE4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BPXiMxDwgWcPspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOlev3R6xVLbtmdg6wSLyMlyFDrFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi7J3Wa7cV0rV2yyOPJzAKZyDB1dQhTuoQQMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4A1UaNhQ==</latexit>

S1

<latexit sha1_base64="MCnB5oLhoPu7531DHhUvStIi7vQ=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU90tRT0W9OCxov3Adi3ZNNuGJtklyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Grqt56o0iyS92YcU1/ggWQhI9hYqXX36J099Cq9YsktuzOgZeJlpAQZ6r3iV7cfkURQaQjHWnc8NzZ+ipVhhNNJoZtoGmMywgPasVRiQbWfzs6doBOr9FEYKVvSoJn6eyLFQuuxCGynwGaoF72p+J/XSUx46adMxomhkswXhQlHJkLT31GfKUoMH1uCiWL2VkSGWGFibEIFG4K3+PIyaVbK3nm5elst1a6zOPJwBMdwCh5cQA1uoA4NIDCCZ3iFNyd2Xpx352PemnOymUP4A+fzBxmvjsc=</latexit>

S1/Z2

<latexit sha1_base64="xprKcdB/FqcQ5dpb6ptXTDhzaRg=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BPXiMkBckS5idTJIhs7PrTK8YlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXEEth0HW/ndza+sbmVn67sLO7t39QPDxqmijRjDdYJCPdDqjhUijeQIGSt2PNaRhI3grGNzO/9ci1EZGq4yTmfkiHSgwEo2ildhf5E6b1aa9YcsvuHGSVeBkpQYZar/jV7UcsCblCJqkxHc+N0U+pRsEknxa6ieExZWM65B1LFQ258dP5vVNyZpU+GUTalkIyV39PpDQ0ZhIGtjOkODLL3kz8z+skOLj2U6HiBLlii0WDRBKMyOx50heaM5QTSyjTwt5K2IhqytBGVLAheMsvr5LmRdm7LFfuK6XqbRZHHk7gFM7Bgyuowh3UoAEMJDzDK7w5D86L8+58LFpzTjZzDH/gfP4Ac5CQQg==</latexit>

T

<latexit sha1_base64="AUAx+FJCRH89a2+nCPIWL1p8ERs=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BPXiMaB6QhDA7mU2GzM6uM71iWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU395iPXRkTqHscx74Z0oEQgGEUrtTrInzC9m/SKJbfszkCWiZeREmSo9YpfnX7EkpArZJIa0/bcGLsp1SiY5JNCJzE8pmxEB7xtqaIhN910du+EnFilT4JI21JIZurviZSGxoxD33aGFIdm0ZuK/3ntBIPLbipUnCBXbL4oSCTBiEyfJ32hOUM5toQyLeythA2ppgxtRAUbgrf48jJpnJW983LltlKqXmdx5OEIjuEUPLiAKtxADerAQMIzvMKb8+C8OO/Ox7w152Qzh/AHzucPcguQQQ==</latexit>

S
<latexit sha1_base64="pc6Mb7M+4N7NOYNh4/Hxupi6F+0=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMeAHrwZwTwgWcLspDcZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtiBjgTELDMsuhnWggIuLQikbXU7/1BNowJR/sOIFQkIFkMaPEOqnZvRMwIL1yxa/6M+BlEuSkgnLUe+Wvbl/RVIC0lBNjOoGf2DAj2jLKYVLqpgYSQkdkAB1HJRFgwmx27QSfOKWPY6VdSYtn6u+JjAhjxiJynYLYoVn0puJ/Xie18VWYMZmkFiSdL4pTjq3C09dxn2mglo8dIVQzdyumQ6IJtS6gkgshWHx5mTTPqsFF9fz+vFK7yeMooiN0jE5RgC5RDd2iOmogih7RM3pFb57yXrx372PeWvDymUP0B97nD2K5jwY=</latexit>

⌦
<latexit sha1_base64="wcQIVa9U4WCBlpBYL/BZUK+tYUM=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FPXizgv2A7lqy2WkbmmSXJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFYUmjXmsOiHRwJmEpmGGQydRQETIoR2OrqZ++xGUZrG8N+MEAkEGkvUZJcZKD75hPILMvxUwIJNeueJW3RnwMvFyUkE5Gr3ylx/FNBUgDeVE667nJibIiDKMcpiU/FRDQuiIDKBrqSQCdJDNrp7gE6tEuB8rW9Lgmfp7IiNC67EIbacgZqgXvan4n9dNTf8yyJhMUgOSzhf1U45NjKcR4IgpoIaPLSFUMXsrpkOiCDU2qJINwVt8eZm0zqreebV2V6vUr/M4iugIHaNT5KELVEc3qIGaiCKFntErenOenBfn3fmYtxacfOYQ/YHz+QPQeJK8</latexit>

⌦̃

<latexit sha1_base64="56/WN+EpszRhI8ruhjTynhXmk0Q=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXspuLeqxoAePFVxbaJeSTbNtaJJdkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48etRxqgj1Scxj1QmxppxJ6htmOO0kimIRctoOxzczv/1ElWaxfDCThAYCDyWLGMHGSr5fvaif98sVt+bOgVaJl5MK5Gj1y1+9QUxSQaUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSiQXVQTY/dorOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xjc10XWQMZmkhkqyWBSlHJkYzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq+SxXvMua437RqV5m8dRhBM4hSp4cAVNuIMW+ECAwTO8wpsjnRfn3flYtBacfOYY/sD5/AFeq43C</latexit>

U(32)
<latexit sha1_base64="xLAxtl1+6KHAL3QJwsRIoSX5M4I=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLRD2S6MEjRhc0sCHd0oWGtrtpuyaE8Cu8eNAYr/4cb/4bC+xBwZdM8vLeTGbmhQln2rjut5NbWV1b38hvFra2d3b3ivsHTR2nilCfxDxWDyHWlDNJfcMMpw+JoliEnLbC4dXUbz1RpVks780ooYHAfckiRrCx0qN/101Q+ax62i2W3Io7A1omXkZKkKHRLX51ejFJBZWGcKx123MTE4yxMoxwOil0Uk0TTIa4T9uWSiyoDsazgyfoxCo9FMXKljRopv6eGGOh9UiEtlNgM9CL3lT8z2unJroMxkwmqaGSzBdFKUcmRtPvUY8pSgwfWYKJYvZWRAZYYWJsRgUbgrf48jJpViveeaV2WyvVr7M48nAEx1AGDy6gDjfQAB8ICHiGV3hzlPPivDsf89ack80cwh84nz/jEI8s</latexit>

USp(32)

<latexit sha1_base64="BPUWOX+J90VtUdDeqajUM+/bPyo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahHiy7UtRjQRGPFewHtGvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70OqDgcd7M8zMC2LOtHHdLye3tLyyupZfL2xsbm3vFHf3mlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6HLqtx6p0kyKOzOOqR/hgWAhI9hYqVk+8Y7vr3vFkltxZ0B/iZeREmSo94qf3b4kSUSFIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHUoEjqv10du0EHVmlj0KpbAmDZurPiRRHWo+jwHZG2Az1ojcV//M6iQkv/JSJODFUkPmiMOHISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXiLL/8lzdOKd1ap3lZLtassjjwcwCGUwYNzqMEN1KEBBB7gCV7g1ZHOs/PmvM9bc042sw+/4Hx8A/ESjhQ=</latexit>

(�1)F

<latexit sha1_base64="a1LY8NVl3LbMkh8bCGGNMm+g5+Y=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQN2VGSnVZ0IU7K9oHtEPJpJk2NJMZkjvCMNRfceNCEbd+iDv/xvSx0NYDgXPPuZd7c/xYcA2O823l1tY3Nrfy24Wd3b39A/vwqKWjRFHWpJGIVMcnmgkuWRM4CNaJFSOhL1jbH19N/fYjU5pH8gHSmHkhGUoecErASH27eH9bdmtnPeAh03he9O2SU3FmwKvEXZASWqDRt796g4gmIZNABdG66zoxeBlRwKlgk0Iv0SwmdEyGrGuoJGaXl82On+BTowxwECnzJOCZ+nsiI6HWaeibzpDASC97U/E/r5tAcOllXMYJMEnni4JEYIjwNAk84IpREKkhhCpubsV0RBShYPIqmBDc5S+vktZ5xa1VqnfVUv16EUceHaMTVEYuukB1dIMaqIkoStEzekVv1pP1Yr1bH/PWnLWYKaI/sD5/AIfpksY=</latexit>

SO(16) ⇥ SO(16)

<latexit sha1_base64="BPUWOX+J90VtUdDeqajUM+/bPyo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahHiy7UtRjQRGPFewHtGvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70OqDgcd7M8zMC2LOtHHdLye3tLyyupZfL2xsbm3vFHf3mlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6HLqtx6p0kyKOzOOqR/hgWAhI9hYqVk+8Y7vr3vFkltxZ0B/iZeREmSo94qf3b4kSUSFIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHUoEjqv10du0EHVmlj0KpbAmDZurPiRRHWo+jwHZG2Az1ojcV//M6iQkv/JSJODFUkPmiMOHISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXiLL/8lzdOKd1ap3lZLtassjjwcwCGUwYNzqMEN1KEBBB7gCV7g1ZHOs/PmvM9bc042sw+/4Hx8A/ESjhQ=</latexit>

(�1)F

<latexit sha1_base64="AUAx+FJCRH89a2+nCPIWL1p8ERs=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BPXiMaB6QhDA7mU2GzM6uM71iWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMfXU395iPXRkTqHscx74Z0oEQgGEUrtTrInzC9m/SKJbfszkCWiZeREmSo9YpfnX7EkpArZJIa0/bcGLsp1SiY5JNCJzE8pmxEB7xtqaIhN910du+EnFilT4JI21JIZurviZSGxoxD33aGFIdm0ZuK/3ntBIPLbipUnCBXbL4oSCTBiEyfJ32hOUM5toQyLeythA2ppgxtRAUbgrf48jJpnJW983LltlKqXmdx5OEIjuEUPLiAKtxADerAQMIzvMKb8+C8OO/Ox7w152Qzh/AHzucPcguQQQ==</latexit>

S

<latexit sha1_base64="RD8tMZx4owKiFi/gd/pJ7QNs16A=">AAAB8HicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BPXiMYB6SLGF20kmGzM4uM71iWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0PfWbj6CNiNQ9jmPwQzZQoi84Qys9dBCeMHWvJt1iyS27M9Bl4mWkRDLUusWvTi/iSQgKuWTGtD03Rj9lGgWXMCl0EgMx4yM2gLalioVg/HR28ISeWKVH+5G2pZDO1N8TKQuNGYeB7QwZDs2iNxX/89oJ9i/9VKg4QVB8vqifSIoRnX5Pe0IDRzm2hHEt7K2UD5lmHG1GBRuCt/jyMmmclb3zcuWuUqreZHHkyRE5JqfEIxekSm5JjdQJJyF5Jq/kzdHOi/PufMxbc042c0j+wPn8AcjkkGo=</latexit>

0B
<latexit sha1_base64="CUUNUUXeHuinHVG0MP5izflafMk=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgQUoiRT0W9WBvFewHNKFsttN26WYTdidiCf0bXjwo4tU/481/47bNQVsfDDzem2FmXhALrtFxvq3cyura+kZ+s7C1vbO7V9w/aOooUQwaLBKRagdUg+ASGshRQDtWQMNAQCsY3Uz91iMozSP5gOMY/JAOJO9zRtFInofwhGmt5p1dT7rFklN2ZrCXiZuREslQ7xa/vF7EkhAkMkG17rhOjH5KFXImYFLwEg0xZSM6gI6hkoag/XR288Q+MUrP7kfKlER7pv6eSGmo9TgMTGdIcagXvan4n9dJsH/lp1zGCYJk80X9RNgY2dMA7B5XwFCMDaFMcXOrzYZUUYYmpoIJwV18eZk0z8vuRblyXylVb7M48uSIHJNT4pJLUiV3pE4ahJGYPJNX8mYl1ov1bn3MW3NWNnNI/sD6/AGl/ZFy</latexit>

II B

<latexit sha1_base64="Vb5ImnLthfgtcEqnYE2cI0Feacg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgQUoiRT1W9GBvFewHNKFsttN26WYTdidiCf0bXjwo4tU/481/47bNQVsfDDzem2FmXhALrtFxvq3cyura+kZ+s7C1vbO7V9w/aOooUQwaLBKRagdUg+ASGshRQDtWQMNAQCsY3Uz91iMozSP5gOMY/JAOJO9zRtFInofwhGmt5p1dT7rFklN2ZrCXiZuREslQ7xa/vF7EkhAkMkG17rhOjH5KFXImYFLwEg0xZSM6gI6hkoag/XR288Q+MUrP7kfKlER7pv6eSGmo9TgMTGdIcagXvan4n9dJsH/lp1zGCYJk80X9RNgY2dMA7B5XwFCMDaFMcXOrzYZUUYYmpoIJwV18eZk0z8vuRblyXylVb7M48uSIHJNT4pJLUiV3pE4ahJGYPJNX8mYl1ov1bn3MW3NWNnNI/sD6/AGkeJFx</latexit>

IIA
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The Dark Bubble

• A spherical shell separating non-susy AdS5 vacua with Λ− < Λ+ < 0 nucleates
(Λ± = −k2±). [Banerjee, Danielsson, Dibitetto, Giri, and Schillo, 2019, Danielsson, Henriksson, and Panizo, 2023]

• Einstein equations in 4d are then implied by Gauss-Codazzi equations

σ =
3

8πG5

(√
k2
− +

1 + ȧ2

a2
−
√
k2
+ +

1 + ȧ2

a2

)
, ds2brane = −dτ 2 + a(τ)2dΩ2

3 .

• The effective 4d dynamics are then

Λ4 =
3(k−−k+)

8πG5
− σ = σc − σ , G4 =

2k−k+
k−−k+

G5,
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The Dark Bubble

• The brane nucleates, dynamically realizing the decay of the Λ+ vacuum.
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The Dark Bubble in the 0’B string

• The near horizon geometry of Dp branes coupled to
Fp+2 in the 0’B string will be approximated by
AdSp+2 × S8−p.

• Given a stack of N Dp branes sourcing the
geometry and a probe stack δN we find a tree level
probe potential

Vprobe(Z ) = τp

(
L

Z

)p+1 [
1− σ

σc

]
,

• σ

σc
> 1 for p=1,5,̇

σ

σc
≃ 1 for p = 3 branes

[Basile and Lanza, 2020]

• Only D3 braneworlds lead to scale separated vacua!

<latexit sha1_base64="1a6+eZl8mcyCe7SKxeYJR95Egvc=">AAACB3icbVDLSgNBEJz1GeNr1aMgg0HwFHYlUY8RPXiMxDwgG8Ps7GwyZPbBTK8Ylty8+CtePCji1V/w5t84SfagiQUNRVU33V1uLLgCy/o2FhaXlldWc2v59Y3NrW1zZ7ehokRSVqeRiGTLJYoJHrI6cBCsFUtGAlewpju4HPvNeyYVj8JbGMasE5BeyH1OCWipax5ceLVu2QEeMIVrd2XsAHuAFENfRgRGXbNgFa0J8DyxM1JAGapd88vxIpoELAQqiFJt24qhkxIJnAo2yjuJYjGhA9JjbU1Dovd20skfI3ykFQ/7kdQVAp6ovydSEig1DFzdGRDoq1lvLP7ntRPwzzspD+MEWEini/xEYIjwOBTscckoiKEmhEqub8W0TyShoKPL6xDs2ZfnSeOkaJ8WSzelQuUqiyOH9tEhOkY2OkMVdI2qqI4oekTP6BW9GU/Gi/FufExbF4xsZg/9gfH5AxrmmN0=</latexit>
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The Dark Bubble in the 0’B string

• The near horizon geometry for a stack of D3-branes
in the 0’B string is approximately AdS5 × S5

ds2 = R2(U)
dU2

U2
+
α′2 U2

R2(U)
dx21,3 + R̃2(U) dΩ2

5 ,

• Sourced by a self dual 5 form flux

F5 = (1 + ⋆) f5 N volS5

• We can find the C4 potential as

C4 ≃ c4(U)d4x ... ,
c ′4(U)

α′ =
f5 N

R̃(U)5

(
α′ U

R(U)

)3

R2(U)

R2
∞

∼ 1− 3

16
gs α

′T log

(
U

u0

)
,

R̃2(U)

R2
∞

∼ 1− 3

16 4
√
8
g 2
s N α′T log

(
U

u0

)
,

1

N
e−ϕ ∼ 1

gs N
+

3

8 4
√
8
gs α

′T log

(
U

u0

)
,

R2
∞ =

√
4πgsNα′ , g 2

s N ≪ 1 ≪ gsN.

1

2κ2
10

∫
S5

F5 = µ3 N ,

F5 = dC4.
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The Dark Bubble in the 0’B string

• The braneworld action is then given by

LDBI+CS =
N3NU

4

2π2λ2

[
−
(
1 +

3λ2α′T

128 4
√
8π2N

log
U

u0

)√
1− λU̇2

U4

+ 1− 15λ2α′T

2048 4
√
8π2N

(
1− 4 log

U

u0

)]
,

• The probe potential is then

V D3
probe(U) = N3T3

(
α′ U

R(U)

)4

e−ϕ(U) − N3µ3 c4(U)

≃ U4

5

[
1− 4

5
log

(
U

u0

)]
• The extremality parameter is ≃ 1.
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The Dark Bubble in the 0’B string

• We can parameterize the metric on the brane as ds2brane = −dτ2 + a(τ)2dx2 with
flat spacelike slices. The scale factor is identified with the bubble radius as

a = α′U
R , and the cosmological time is defined as

(
dτ
dt

)2
= − R(U)2

U2 U̇2 + α′2U2

R(U)2
.

• The Hamiltonian is given by

H = U̇
∂L
∂U̇

− L ∼ N3NU
4

2π2λ2

 1√
1− λU̇2

U4

− 1 +
ϵ

2

(
5

4
− log

U

u0

) , ϵ ≡ 3

2
7
4π2

g2
s N

• The leading term between both contributions will cancel in the large U limit.
Then by conservation of energy, the term inside the brackets must vanish as U4

blows up, this implies(
1

a

da

dτ

)2

≡ H2 ∼ ϵR−2
∞ log

(
a

a∗

)
, H2 = ϵM2 log

(
a

a∗

)
, a(τ) = a0 exp(H0 τ +

ϵM2τ 2

4
)

• Where M = R−1
∞ , and H0 = H(0).
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Consequences for particle physics and cosmology

• The scale a(τ) = exp(H0τ + ϵM2τ2/4) describes a cosmological scenario often
dubbed LSBR, in which there is an spacetime singularity at infinite time.

• Can be realized exactly via a phantom scalar

S =

∫
d4xa3(t)

[
−1

2
∂µϕ∂

µϕ− V (ϕ)

]
, V (ϕ) = ϵ

M2

2
+ ϵ

3M2

4
ϕ2

• Within slow roll approximation we have

ε ≃ −1

2

(
V ′

V

)2

, η =≃ −2

(
V ′

V

)2

+ 2

(
V ′′

V

)
ns − 1 = −2ϵ− η , r = −16ϵ .

• However we found the scalar description to be valid at all times, so we can use

ε ≡ − Ḣ

H2
= −

ϵM2

2

(H0 +
ϵM2

2 τ)2
, η ≡ ε̇

Hε
= − ϵM2

(H0 +
ϵM2

2 τ)2
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Consequences for particle physics and cosmology

• LSBR can also be realized via massive 3 forms

S =

∫
d4x

√−g

(
R − 1

g2
F 2
4 − V (C 2

3 )

)
,

the spectral tilt will be given by
[Koivisto and Nunes, 2009]

ns − 1 ≃ −2ε− 3

2
η .

• As ϵ, η < 0, the spectrum will be blue-shifted.
Absolute scale invariance is recovered for
ϵ = 0, as expected since one recovers pure dS
in this case. ϵ = 0 also corresponds to having
no NS-NS tadpole, leading to DB models with
fixed H.
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Consequences for particle physics and cosmology

• The 0’b bubble can be parameterized as a w0waCDM model

w = w0 + (1− a)wa , w0 = −0.957± 0.08 , wa = −0.29+0.32
−0.26 [Planck, 2018].

w0′B ≃ −1− ϵM2

3H2
0

− (1− a)
ϵ2M4

3H4
0

• Given Hubble today H0 ≈ 5.9× 10−61MPl this imposes the bound

ϵM2 ≈ g2
s M

2
Pl ≲ 10−122M2

Pl .

• Requiring large t’Hooft coupling then implies

gs ≲ 10−61 , N ≳ 1061 .

• This sets the scales in the model as

M ≲ Ms ≲ M10 ≲ MPl ≪ M5 , with M ≲ meV , M10 ≲ TeV.
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Consequences for particle physics and cosmology

• Dark Dimension like scenario is realized, but string coupling is too small to realize
SM gauge couplings on the brane.

• ϵM2 ≃ 0 is favored, favoring models with constant equation of state.
[Danielsson et al., 2023].
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Gauge Fields in the Dark Bubble

• Given the DBI action, a U(1) gauge field naively couples incorrectly to the
induced gravity (F = F − B/2πα′):(

ȧ

a

)2

δab =
Λ4

3
δab +

κ4
3

(
FacFbc −

1

4
δabF2

)
,

• We also have that the equation of motion for the B field, assuming it is vanishing
inside and at the bubble are

∆H rµν
∣∣
r=a

= H rµν
∣∣
r=a

=
κ5ka

π2α′Fµν

∣∣
r=a

• The bulk B field is then sourced by the gauge field living on the brane. Taking
into account the back reaction of the B-field gives the correct coupling [Basile,

Danielsson, Giri, and Panizo, 2024](
ȧ

a

)2

δab =
Λ4

3
δab −

κ4
3

(
FacFbc −

1

4
δabF2

)
,
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Gauge Fields in the Dark Bubble

• We can do the same for RR fields. Given

SCS = µp

⊕
n

∫
W

Cn ∧
√

Â(TW )

Â(NW )
∧ e2πα

′F ⊃ µ3

∫
W

2πα′F ∧ C2

• The total action is

S5 =
1

2κ5

∫
d5x

√−g5

(
R − 1

12gs
H2 − 1

12gs
F 2
3

)
−∫

d4x
√−g4

(
T3 +

1

4g2
F2

)
+ µ3

∫
W

2πα′F ∧ C2

• The equations of motion for the B and C2 fields are then

∆H rµν =
κ5ka

π2α′F
µν , ∆F rρσ =

κ5ka

4π2α′ F̃
ρσ .

• H = dB in the bulk is sourced by the electromagnetic field-strength on the brane,
while F3 = dC2 in the bulk is sourced by its electromagnetic dual.
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Gauge Fields in the Dark Bubble

• We can correctly couple U(1) gauge fields to the brane, what about the
non-abelian case?

SD3 ∼ −
∫

d4x STr
√
− det(gµν + 2πα′Fµν)

[Tseytlin, ’97, Myers ’99]

• TrF is now vanishing! We need to go in higher order in α′.

∆H ∼ Tr[F 3]

• Similarly for couplings to bulk Ramond-Ramond fields

∆F1 ∼ Tr [F 2]
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Gauge Fields in the Dark Bubble

• Several potential problems with this:

• Severe fine tuning necessary to engineer precise cancellations (if possible).

• Coupling non abelian gauge fields with the correct sign now requires balancing
terms at different orders in α′, signaling a breakdown of the perturbative
framework.

• Even if one could somehow resolve this, one cannot simultaneously couple abelian
and non-abelian gauge fields to the brane.
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SU(3)c and the Weak Equivalence Principle

• Let us assume that one can construct a Dark Bubble in which everything couples
correctly to the ”apparent” 4d gravity except for non-abelian gauge fields. What
would such a universe look like? Bounds on the WEP are given by [Andreas et al.,2011,

Heiße et al., 2017, MICROSCOPE, 2022]

mg −mi

mi
≲ 10−15 ,

m
(g)
p −m

(i)
p

m
(i)
p

≤ 7× 10−3

• LQCD computations show that the proton gravitational form factors are given by

⟨N(p⃗ ′, s ′)|T̂µν |N(p⃗, s)⟩ =
1

m
ū(p⃗ ′, s ′)

[
A(t)PµPν + J(t) i σρ{µPν}∆ρ + D(t)

∆µ∆ν − gµν∆2

4

]
u(p⃗, s)

• The contributions to T̂µν can be decomposed as

T̂µν = T̂µν
q +T̂µν

g , T̂µν
g = 2Tr

[
FµαF ν

α − 1

4
gµνFαβFαβ

]
, T̂µν

q =

[
i

2
ψ̄f (γ

µDν + γνDµ)ψf

]
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SU(3)c and the Weak Equivalence Principle

• For gauge fields coupling normally to gravity

⟨N|T̂ 00|N⟩ = Ag (0)mp + Aq(0)mp = mp

• With form factors at rest [Hackett et al., 2024]

A(0)g = 0.51± 0.03, A(0)q = 0.5± 0.03

• If the gauge part were to couple with a negative sign to ”gravity” we would have
a gravitational proton mass

⟨N|T̂ 00
q − T̂ 00

g |N⟩ = (0.009± 0.037)mp

• Compared to experimental tests, this leads to large violations of the WEP

m
(g)
p −m

(i)
p

m
(i)
p

≃ 0.99
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Conclusions

• We have studied a novel realization of a Dark Bubble scenario in the 0’B non-susy
string.

• The 0’B Dark Bubble leads to a LSBR sort of cosmological accelerated expansion.

• This is unsuitable to realize early universe accelerated expansion, late time
acceleration can fit within experimental results, but the resulting string coupling
gs ≃ 10−60 makes it unlikely to realize the SM in the brane.

• It is not possible to couple non-abelian gauge fields to the brane via bulk fields.

• This leads to large violations of the equivalence principle.
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Thank You!
w
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The Dark Bubble in the 0’B string

• The near horizon geometry for a stack of D3-branes
in the 0’B string is approximately AdS5 × S5

ds2 = R2(U)
dU2

U2
+
α′2 U2

R2(U)
dx21,3 + R̃2(U) dΩ2

5 ,

• Sourced by a self dual 5 form flux

F5 = (1 + ⋆) f5 N volS5

= f5 N volS5 +
f5 N

R̃(U)5

(
α′ U

R(U)

)3

d(α′U) ∧ d4x

• We can find the C4 potential as

C4 ≃ c4(U)d4x ... ,
c ′4(U)

α′ =
f5 N

R̃(U)5

(
α′ U

R(U)

)3

R2(U)

R2
∞

∼ 1− 3

16
gs α

′T log

(
U

u0

)
,

R̃2(U)

R2
∞

∼ 1− 3

16 4
√
8
g 2
s N α′T log

(
U

u0

)
,

1

N
e−ϕ ∼ 1

gs N
+

3

8 4
√
8
gs α

′T log

(
U

u0

)
,

R2
∞ =

√
4πgsNα′ , g 2

s N ≪ 1 ≪ gsN.

1

2κ2
10

∫
S5

F5 = µ3 N ,

F5 = dC4.
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Consequences for particle physics and cosmology

• We would like to study if the parametric dependence on ϵ can be modified by
looking at a different toy model. To this we consider realizing the bubble on
D5-branes wrapping a 2 cycle Σ2. We further assume the S5 can be replaced by a
suitable manifold with non trivial homology. The effective action is then

S ∼ −
∫
W

d4x
√−g4 T5N5

(
α′ U

R(U)

)4

e−ϕ(U)R̃(U)2

√
1− λU̇2

U4
+µ5N5

∫
W×Σ2

C4 ∧ 2πα′F

• We assume that we can induce C4 charge on the brane according to

Qeff =

∫
Σ2

e2πα
′F ≃ R2

∞.

• Energy conservation at large AdS radius will again imply LSBR cosmological
solutions with ε ∝ g2

s N, making it extremely unlikely to realize SM gauge fields on
the brane.
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