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GENERAL PICTURE - SCALE SEPARATION

AdS vacua in String Theory (SUGRA) with <latexit sha1_base64="smhJWZU+c3P/8bqdw5TTaIGiALs=">AAACCXicbZC7TsMwFIadcivlFmBksaiQmKoEocKEilgYy6UXqYkix3Fbq44T2Q5SFWVl4VVYGECIlTdg421w0gzQ8kuWfn3nHB2f348Zlcqyvo3K0vLK6lp1vbaxubW9Y+7udWWUCEw6OGKR6PtIEkY56SiqGOnHgqDQZ6TnT67yeu+BCEkjfq+mMXFDNOJ0SDFSGnkmvPXS1BEhpFxlGXQYywks0GVwl2WeWbcaViG4aOzS1EGptmd+OUGEk5BwhRmScmBbsXJTJBTFjGQ1J5EkRniCRmSgLUchkW5aXJLBI00COIyEflzBgv6eSFEo5TT0dWeI1FjO13L4X22QqOG5m1IeJ4pwPFs0TBhUEcxjgQEVBCs21QZhQfVfIR4jgbDS4dV0CPb8yYume9Kwm43mzWm9dVHGUQUH4BAcAxucgRa4Bm3QARg8gmfwCt6MJ+PFeDc+Zq0Vo5zZB39kfP4AyMmZwQ==</latexit>

Rint ⌧ RAdS

String Pheno

Holography CFTs

Genuine low-dim vacua:    
<latexit sha1_base64="VD9PCEiZwCS53vCRE3oqnWauJIQ=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHcWBKR6koqboRu6qMPaGKYTKbt0JkkzEyEErJz46+4caGIW3/BnX/jtM1CWw9cOJxzL/fe48eMSmVZ38bc/MLi0nJhpbi6tr6xaW5tN2WUCEwaOGKRaPtIEkZD0lBUMdKOBUHcZ6TlDy5HfuuBCEmj8E4NY+Jy1Atpl2KktOSZe9xLa7UMOr0evPFSmDqCw4vgNsvu0yM788ySVbbGgLPEzkkJ5Kh75pcTRDjhJFSYISk7thUrN0VCUcxIVnQSSWKEB6hHOpqGiBPppuM/MniglQB2I6ErVHCs/p5IEZdyyH3dyZHqy2lvJP7ndRLVPXNTGsaJIiGeLOomDKoIjkKBARUEKzbUBGFB9a0Q95FAWOnoijoEe/rlWdI8LtuVcuX6pFQ9z+MogF2wDw6BDU5BFVyBOmgADB7BM3gFb8aT8WK8Gx+T1jkjn9kBf2B8/gBzf5hq</latexit>

mKK � R�1
AdS

Gapped spectrum:
<latexit sha1_base64="pksqcXZu1PRYoF6W0JCx0OhZ0MA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoiUl1JxY0boaJ9QBPCZDJph04mYWYilJCNG3/FjQtF3PoP7vwbJ20X2nrgwuGce7n3Hj9hVCrL+jZKC4tLyyvl1cra+sbmlrm905ZxKjBp4ZjFousjSRjlpKWoYqSbCIIin5GOP7wq/M4DEZLG/F6NEuJGqM9pSDFSWvLM/cvgzsuCYzuHjqIRkdCJkBpgxLKb3DOrVs0aA84Te0qqYIqmZ345QYzTiHCFGZKyZ1uJcjMkFMWM5BUnlSRBeIj6pKcpR3qhm42/yOGhVgIYxkIXV3Cs/p7IUCTlKPJ1Z3GinPUK8T+vl6rw3M0oT1JFOJ4sClMGVQyLSGBABcGKjTRBWFB9K8QDJBBWOriKDsGefXmetE9qdr1Wvz2tNi6mcZTBHjgAR8AGZ6ABrkETtAAGj+AZvII348l4Md6Nj0lryZjO7II/MD5/AK0LmBI=</latexit>

AdSd+1 ⇥MSmall compact factor in

?
<latexit sha1_base64="WThfMqae9SPAXvkMZACsXqRU184=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiQi1WVBF0I3FewDmhAm00k6dPJg5kYpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7j58KrsCyvo3S2vrG5lZ5u7Kzu7d/YFYPuyrJJGUdmohE9n2imOAx6wAHwfqpZCTyBev54+uZ33tgUvEkvodJytyIhDEPOCWgJc+sOjdMAPHyVmuKnTDEtmfWrLo1B14ldkFqqEDbM7+cYUKziMVABVFqYFspuDmRwKlg04qTKZYSOiYhG2gak4gpN5+fPsWnWhniIJG6YsBz9fdETiKlJpGvOyMCI7XszcT/vEEGwZWb8zjNgMV0sSjIBIYEz3LAQy4ZBTHRhFDJ9a2YjogkFHRaFR2CvfzyKume1+1GvXF3UWs2izjK6BidoDNko0vURLeojTqIokf0jF7Rm/FkvBjvxseitWQUM0foD4zPH/k5kyw=</latexit>

�KK � 1

schematic - many subtleties



PLAN OF THE TALK

(Lengthy) Introduction

I) Holographic constraint on scale sep.

Outlook & future directions

II) Application to a specific model: DGKT



SCALE SEPARATION AND STRING THEORY

à la Maldacena-Nunez

<latexit sha1_base64="K+HeZ0H8qwO+8+ztGEB9Abno75E="></latexit>����
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Scale separation: stepping stone towards de Sitter

<latexit sha1_base64="IRvpoqdUYaqPQwDTBzdysyheqa0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUqS4rblzWRx/QxDCZTNqhM0mYmQg1BH/FjQtF3Pof7vwbp20W2nrgwuGce7n3Hj9hVCrL+jZKS8srq2vl9crG5tb2jrm715FxKjBp45jFoucjSRiNSFtRxUgvEQRxn5GuP7qc+N0HIiSNozs1TojL0SCiIcVIackzDxxJObzxsswRHF4Et3l+X/fMqlWzpoCLxC5IFRRoeeaXE8Q45SRSmCEp+7aVKDdDQlHMSF5xUkkShEdoQPqaRogT6WbT63N4rJUAhrHQFSk4VX9PZIhLOea+7uRIDeW8NxH/8/qpCs/djEZJqkiEZ4vClEEVw0kUMKCCYMXGmiAsqL4V4iESCCsdWEWHYM+/vEg69ZrdqDWuT6vNZhFHGRyCI3ACbHAGmuAKtEAbYPAInsEreDOejBfj3fiYtZaMYmYf/IHx+QO7v5TF</latexit>

⇠ R2
AdS

<latexit sha1_base64="Ttu7xFxj//EQjFD772EpqW7hUe0=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaRIdVlwI3RTxT6giWEynbRDZyZhZiKEUH/FjQtF3Poh7vwbp20W2nrgwuGce7n3njBhVGnH+bbW1jc2t7ZLO+Xdvf2DQ/vouKviVGLSwTGLZT9EijAqSEdTzUg/kQTxkJFeOLme+b1HIhWNxb3OEuJzNBI0ohhpIwV2xVOUw7sgzz3JYas1nT7UA7vq1Jw54CpxC1IFBdqB/eUNY5xyIjRmSKmB6yTaz5HUFDMyLXupIgnCEzQiA0MF4kT5+fz4KTwzyhBGsTQlNJyrvydyxJXKeGg6OdJjtezNxP+8QaqjKz+nIkk1EXixKEoZ1DGcJQGHVBKsWWYIwpKaWyEeI4mwNnmVTQju8surpFuvuY1a4/ai2mwWcZTACTgF58AFl6AJbkAbdAAGGXgGr+DNerJerHfrY9G6ZhUzFfAH1ucP+xeUWQ==</latexit>

⇠ R2
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[Gautason,Schillo,Van Riet,Williams ’15]

Classical No-go’s: Flux + curvature + positive tension objects (branes)

Violated by higher derivative corrections, negative tension objects

Ex: M-Theory

Connection to Geometry
<latexit sha1_base64="oSlviJ3pxt4Tgka3kAZpTwNcogA=">AAACCXicbVC7SgNBFL0bXzG+Vi1tBoNgFXaDRBshYGNhEYN5QBKX2clsMmT2wcysEJZtbfwVGwtFbP0DO//G2WQLTTxw4XDOvdx7jxtxJpVlfRuFldW19Y3iZmlre2d3z9w/aMswFoS2SMhD0XWxpJwFtKWY4rQbCYp9l9OOO7nK/M4DFZKFwZ2aRnTg41HAPEaw0pJjoqaTYOSml31PYJLYaXLjNO+rKRrN9ZJjlq2KNQNaJnZOypCj4Zhf/WFIYp8GinAsZc+2IjVIsFCMcJqW+rGkESYTPKI9TQPsUzlIZp+k6EQrQ+SFQleg0Ez9PZFgX8qp7+pOH6uxXPQy8T+vFyvvYpCwIIoVDch8kRdzpEKUxYKGTFCi+FQTTATTtyIyxjoSpcPLQrAXX14m7WrFrlVqt2flej2PowhHcAynYMM51OEaGtACAo/wDK/wZjwZL8a78TFvLRj5zCH8gfH5A+FpmS4=</latexit>
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<latexit sha1_base64="ug88xw5gTC0L78j5AOR4Rdnlxt4=">AAACCnicbVA7T8MwGHTKq5RXgJHFUCExVQlChQWpgoWxSPQhNVHkOG5r1bEj20FUUWcW/goLAwix8gvY+De4aQZoOcnS+e472d+FCaNKO863VVpaXlldK69XNja3tnfs3b22EqnEpIUFE7IbIkUY5aSlqWakm0iC4pCRTji6nvqdeyIVFfxOjxPix2jAaZ9ipI0U2IfelXgI4ABCLxnSgMJLw5jJR8hccs2uOjUnB1wkbkGqoEAzsL+8SOA0JlxjhpTquU6i/QxJTTEjk4qXKpIgPEID0jOUo5goP8tXmcBjo0SwL6Q5XMNc/Z3IUKzUOA7NZIz0UM17U/E/r5fq/oWfUZ6kmnA8e6ifMqgFnPYCIyoJ1mxsCMKSmr9CPEQSYW3aq5gS3PmVF0n7tObWa/Xbs2qjUdRRBgfgCJwAF5yDBrgBTdACGDyCZ/AK3qwn68V6tz5moyWryOyDP7A+fwCKsJjt</latexit>⇤g�i = �i�

Cannot push <latexit sha1_base64="QxqL4SNUmQ40aJkSmL8swSXQ+hY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS4LblxWsA9oQphMJu3QySTMTIQa+iVuXCji1k9x5984bbPQ1gMDh3PO5d45YcaZ0o7zbVU2Nre2d6q7tb39g8O6fXTcU2kuCe2SlKdyEGJFORO0q5nmdJBJipOQ0344uZ37/UcqFUvFg55m1E/wSLCYEayNFNh1j5twhAMXeaMRcgO74TSdBdA6cUvSgBKdwP7yopTkCRWacKzU0HUy7RdYakY4ndW8XNEMkwke0aGhAidU+cXi8Bk6N0qE4lSaJzRaqL8nCpwoNU1Ck0ywHqtVby7+5w1zHd/4BRNZrqkgy0VxzpFO0bwFFDFJieZTQzCRzNyKyBhLTLTpqmZKcFe/vE56l0231WzdXzXa7bKOKpzCGVyAC9fQhjvoQBcI5PAMr/BmPVkv1rv1sYxWrHLmBP7A+vwBRnuSMg==</latexit>

�1 � 1 [Collins,Jafferis,Vafa,Xu,Yau ’22]



SCALE SEPARATION AND THE LANDSCAPE

Candidates: Type IIB: KKLT, LVS

[DeWolfe,Giryavets,Kachru,Taylor ’05]

Type IIA: DGKT "Classical": only flux  (incl. Romans mass)

[Kachru,Kallosh,Linde,Trivedi ’03][Conlon,Quevedo,Suruliz ’05]
[Balasubramanian,Berglund,Conlon,Quevedo ’05]

<latexit sha1_base64="mgy9aEpcV7DIUDStwT69HcX2+9E=">AAAB7nicdVBNSwMxEM3Wr1q/qh69BIvoqewWXdtbwYvHCtYW2qXMptk2NJsNSVYoS3+EFw+KePX3ePPfmG0rqOiDgcd7M8zMCyVn2rjuh1NYWV1b3yhulra2d3b3yvsHdzpJFaFtkvBEdUPQlDNB24YZTrtSUYhDTjvh5Cr3O/dUaZaIWzOVNIhhJFjECBgrdfrA5RhOB+WKW3UtfB/nxKu7niWNRr1Wa2BvbrluBS3RGpTf+8OEpDEVhnDQuue50gQZKMMIp7NSP9VUApnAiPYsFRBTHWTzc2f4xCpDHCXKljB4rn6fyCDWehqHtjMGM9a/vVz8y+ulJqoHGRMyNVSQxaIo5dgkOP8dD5mixPCpJUAUs7diMgYFxNiESjaEr0/x/+SuVvX8qn9zXmleLOMooiN0jM6Qhy5RE12jFmojgiboAT2hZ0c6j86L87poLTjLmUP0A87bJ0Tqj4Q=</latexit>

↵0“Quantum”:     + NP corrections

Recent progress in 3d                                     [Apers,Arboleya,Cribiori,Farakos,Guarino, Emelin,Miao, 
Montero,Morittu,Rajaguru,Tringas,Van Hemelryck,Van Riet,Wrase +… ’20-’25]

Main criticism:  smeared and intersecting O-planes, no 10d picture
Backreaction OK at leading order, but hard to be conclusive 

<latexit sha1_base64="v4laVv+9YcZad9CAA5NfODwJ9dg=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuSPQY8OIxgnlAdgmzk9lkyOyDmV4hLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJVCo+N8W6WNza3tnfJuZW//4LBqHx13dJIpxtsskYnqBVRzKWLeRoGS91LFaRRI3g0mt3O/+8iVFkn8gNOU+xEdxSIUjKKRBnbVkzxELyeeEqMx1gd2zak7C5B14hakBgVaA/vLGyYsi3iMTFKt+66Top9ThYJJPqt4meYpZRM64n1DYxpx7eeLw2fk3ChDEibKVIxkof6eyGmk9TQKTGdEcaxXvbn4n9fPMLzxcxGnGfKYLReFmSSYkHkKZCgUZyinhlCmhLmVsDFVlKHJqmJCcFdfXiedy7rbqDfur2rNZhFHGU7hDC7AhWtowh20oA0MMniGV3iznqwX6936WLaWrGLmBP7A+vwBaQ6S8A==</latexit>

{Negative tension 
 objects

[Junghans ’20]



SCALE SEPARATION AND THE LANDSCAPE

Candidates: Type IIB: KKLT, LVS

[DeWolfe,Giryavets,Kachru,Taylor ’05]

Type IIA: DGKT "Classical": only flux  (incl. Romans mass)

[Kachru,Kallosh,Linde,Trivedi ’03][Conlon,Quevedo,Suruliz ’05]
[Balasubramanian,Berglund,Conlon,Quevedo ’05]

<latexit sha1_base64="mgy9aEpcV7DIUDStwT69HcX2+9E=">AAAB7nicdVBNSwMxEM3Wr1q/qh69BIvoqewWXdtbwYvHCtYW2qXMptk2NJsNSVYoS3+EFw+KePX3ePPfmG0rqOiDgcd7M8zMCyVn2rjuh1NYWV1b3yhulra2d3b3yvsHdzpJFaFtkvBEdUPQlDNB24YZTrtSUYhDTjvh5Cr3O/dUaZaIWzOVNIhhJFjECBgrdfrA5RhOB+WKW3UtfB/nxKu7niWNRr1Wa2BvbrluBS3RGpTf+8OEpDEVhnDQuue50gQZKMMIp7NSP9VUApnAiPYsFRBTHWTzc2f4xCpDHCXKljB4rn6fyCDWehqHtjMGM9a/vVz8y+ulJqoHGRMyNVSQxaIo5dgkOP8dD5mixPCpJUAUs7diMgYFxNiESjaEr0/x/+SuVvX8qn9zXmleLOMooiN0jM6Qhy5RE12jFmojgiboAT2hZ0c6j86L87poLTjLmUP0A87bJ0Tqj4Q=</latexit>

↵0“Quantum”:     + NP corrections

Recent progress in 3d                                     [Apers,Arboleya,Cribiori,Farakos,Guarino, Emelin,Miao, 
Montero,Morittu,Rajaguru,Tringas,Van Hemelryck,Van Riet,Wrase +… ’20-’25]

Main criticism:  smeared and intersecting O-planes, no 10d picture
Backreaction OK at leading order, but hard to be conclusive 

TARGET
<latexit sha1_base64="v4laVv+9YcZad9CAA5NfODwJ9dg=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuSPQY8OIxgnlAdgmzk9lkyOyDmV4hLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJVCo+N8W6WNza3tnfJuZW//4LBqHx13dJIpxtsskYnqBVRzKWLeRoGS91LFaRRI3g0mt3O/+8iVFkn8gNOU+xEdxSIUjKKRBnbVkzxELyeeEqMx1gd2zak7C5B14hakBgVaA/vLGyYsi3iMTFKt+66Top9ThYJJPqt4meYpZRM64n1DYxpx7eeLw2fk3ChDEibKVIxkof6eyGmk9TQKTGdEcaxXvbn4n9fPMLzxcxGnGfKYLReFmSSYkHkKZCgUZyinhlCmhLmVsDFVlKHJqmJCcFdfXiedy7rbqDfur2rNZhFHGU7hDC7AhWtowh20oA0MMniGV3iznqwX6936WLaWrGLmBP7A+vwBaQ6S8A==</latexit>

{Negative tension 
 objects

[Junghans ’20]



SCALE SEPARATION AND THE SWAMPLAND
AdS distance conjecture

String theory on AdS, with 

a tower
<latexit sha1_base64="K+DosFFcJo1V26kq1D8+1r6tulQ=">AAACRniclVA9T8MwEL2U7/JVYGSxqJCYqgShwliJhYEBJNoiNaG6OC61sJNgO4gq7a9jYWbjJ7AwgBArbsnA18KT7Ht6d6dnvzAVXBvXfXRKU9Mzs3PzC+XFpeWV1craeksnmaKsSRORqPMQNRM8Zk3DjWDnqWIoQ8Ha4dXhuN++YUrzJD4zg5QFEi9j3uMUjZW6lcBnt9ZFE/86w+gf97CohMiuIb7mkgz9Y2sc4fAi91GkfRx1K1W35k5AfhOvIFUocNKtPPhRQjPJYkMFat3x3NQEOSrDqWCjsp9pliK9wkvWsTRGyXSQT2IYkW2rRKSXKHtiQybq140cpdYDGdpJiaavf/bG4l+9TmZ6B0HO4zQzLKafRr1MEJOQcaYk4opRIwaWIFXcvpXQPiqkxiZftiF4P7/8m7R2a169Vj/dqzYaRRzzsAlbsAMe7EMDjuAEmkDhDp7gBV6de+fZeXPeP0dLTrGzAd9Qgg9eKLEg</latexit>

9 | mt ⇠ |⇤|↵

<latexit sha1_base64="AShj6imJ+22ArurK6JB+cCnlveA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqS4Lbly4qGAf0IQymUzaoZNMmLlRSij4K25cKOLW73Dn3zhts9DWAwOHc87l3jlBKrgGx/m2Siura+sb5c3K1vbO7p69f9DWMlOUtagUUnUDopngCWsBB8G6qWIkDgTrBKPrqd95YEpzmdzDOGV+TAYJjzglYKS+feTdmnBIsKf4YAhEKfmInb5ddWrODHiZuAWpogLNvv3lhZJmMUuACqJ1z3VS8HOigFPBJhUv0ywldEQGrGdoQmKm/Xx2/gSfGiXEkVTmJYBn6u+JnMRaj+PAJGMCQ73oTcX/vF4G0ZWf8yTNgCV0vijKBAaJp13gkCtGQYwNIVRxcyumQ6IIBdNYxZTgLn55mbTPa269Vr+7qDYaRR1ldIxO0Bly0SVqoBvURC1EUY6e0St6s56sF+vd+phHS1Yxc4j+wPr8AYeAlTg=</latexit>

⇤ ! 0

<latexit sha1_base64="909ocenq4FU1U6uxcarQT0ryvoI=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIi1Y1QcOOygn1AE8rNdNIOnUzCzESoIfgrblwo4tb/cOffOG2z0NYDFw7n3Mu99wQJZ0o7zre1srq2vrFZ2ipv7+zu7dsHh20Vp5LQFol5LLsBKMqZoC3NNKfdRFKIAk47wfhm6nceqFQsFvd6klA/gqFgISOgjdS3jz3gyQjwNfZCCSRz86yW9+2KU3VmwMvELUgFFWj27S9vEJM0okITDkr1XCfRfgZSM8JpXvZSRRMgYxjSnqECIqr8bHZ9js+MMsBhLE0JjWfq74kMIqUmUWA6I9AjtehNxf+8XqrDKz9jIkk1FWS+KEw51jGeRoEHTFKi+cQQIJKZWzEZgUlBm8DKJgR38eVl0q5V3Xq1fndRaTSKOEroBJ2ic+SiS9RAt6iJWoigR/SMXtGb9WS9WO/Wx7x1xSpmjtAfWJ8/iPKUpg==</latexit>
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SUSY case

[Lust,Palti,Vafa ’19]

Forbids scale separation…

<latexit sha1_base64="v2pHj70j19D666ujPaRmPlEHR2Q=">AAACCXicbVDLSgMxFM34rPU16tJNsAiuykyR6rLgRqiLCvYBnXHIpJk2NMkMSUYow2zd+CtuXCji1j9w59+YtrPQ1gOBwznncnNPmDCqtON8Wyura+sbm6Wt8vbO7t6+fXDYUXEqMWnjmMWyFyJFGBWkralmpJdIgnjISDccX0397gORisbiTk8S4nM0FDSiGGkjBTb0bkx4gCD0FOXQiyTCGQ+yZjO/r+XZOA/silN1ZoDLxC1IBRRoBfaXN4hxyonQmCGl+q6TaD9DUlPMSF72UkUShMdoSPqGCsSJ8rPZJTk8NcoARrE0T2g4U39PZIgrNeGhSXKkR2rRm4r/ef1UR5d+RkWSaiLwfFGUMqhjOK0FDqgkWLOJIQhLav4K8QiZMrQpr2xKcBdPXiadWtWtV+u355VGo6ijBI7BCTgDLrgADXANWqANMHgEz+AVvFlP1ov1bn3MoytWMXME/sD6/AHXGpnT</latexit>

⇤ ⇠ m2
KK

k

Refined in [Buratti,Calderon,Mininno,Uranga ’19]

<latexit sha1_base64="++cA1YnqMrF3+TXkR3ifTNAs4HM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tWqteV2p1/M4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1X2M+A==</latexit>

k
<latexit sha1_base64="UTKCwa+W3BnkqweVbeNn8hM/1Mk=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUSkuiy4cVnBPrAJZTKdtkMnkzBzI5TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3Q2q4FIq3UKDk3URzGoWSd8LJbe53nrg2IlYPOE14ENGREkPBKFrJ9yOK4zDMHmf9Sb9SdWvuHGSVeAWpQoFmv/LlD2KWRlwhk9SYnucmGGRUo2CSz8p+anhC2YSOeM9SRSNugmyeeUbOrTIgw1jbp5DM1d8bGY2MmUahncwzmmUvF//zeikOb4JMqCRFrtji0DCVBGOSF0AGQnOGcmoJZVrYrISNqaYMbU1lW4K3/OVV0r6sefVa/f6q2mgUdZTgFM7gAjy4hgbcQRNawCCBZ3iFNyd1Xpx352MxuuYUOyfwB87nD1FKkeE=</latexit>

Zkorder of higher form symmetry

Allows scale-separated DGKT!



SCALE SEPARATION AND HOLOGRAPHY

<latexit sha1_base64="AXqfKmNApO9sDMBz/PDoK9cyCqs=">AAACA3icbVBNS8NAEN34WetX1JteFotQLyURqR4LevBmBfsBTSmT7aZdupuE3Y1QQsGLf8WLB0W8+ie8+W/ctDlo64OBx3szzMzzY86Udpxva2l5ZXVtvbBR3Nza3tm19/abKkokoQ0S8Ui2fVCUs5A2NNOctmNJQfictvzRVea3HqhULArv9TimXQGDkAWMgDZSzz70rinXgD3FBPYE6CEBnt5Oyu5pzy45FWcKvEjcnJRQjnrP/vL6EUkEDTXhoFTHdWLdTUFqRjidFL1E0RjICAa0Y2gIgqpuOv1hgk+M0sdBJE2FGk/V3xMpCKXGwjed2ZVq3svE/7xOooPLbsrCONE0JLNFQcKxjnAWCO4zSYnmY0OASGZuxWQIEog2sRVNCO78y4ukeVZxq5Xq3XmpVsvjKKAjdIzKyEUXqIZuUB01EEGP6Bm9ojfryXqx3q2PWeuSlc8coD+wPn8Ao6+W4g==</latexit>

� ⇠ O(1)

<latexit sha1_base64="WThfMqae9SPAXvkMZACsXqRU184=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiQi1WVBF0I3FewDmhAm00k6dPJg5kYpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7j58KrsCyvo3S2vrG5lZ5u7Kzu7d/YFYPuyrJJGUdmohE9n2imOAx6wAHwfqpZCTyBev54+uZ33tgUvEkvodJytyIhDEPOCWgJc+sOjdMAPHyVmuKnTDEtmfWrLo1B14ldkFqqEDbM7+cYUKziMVABVFqYFspuDmRwKlg04qTKZYSOiYhG2gak4gpN5+fPsWnWhniIJG6YsBz9fdETiKlJpGvOyMCI7XszcT/vEEGwZWb8zjNgMV0sSjIBIYEz3LAQy4ZBTHRhFDJ9a2YjogkFHRaFR2CvfzyKume1+1GvXF3UWs2izjK6BidoDNko0vURLeojTqIokf0jF7Rm/FkvBjvxseitWQUM0foD4zPH/k5kyw=</latexit>

�KK � 1

<latexit sha1_base64="qYD+Clrq/EdZVk9oInT0TCkxAfU=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqseCHjxWtLbQhLDZbtKlm03YnRRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwkxwDY7zbVXW1jc2t6rbtZ3dvf0D+/DoSae5oqxDU5GqXkg0E1yyDnAQrJcpRpJQsG44upn53TFTmqfyESYZ8xMSSx5xSsBIgW17t0wACYqHKfbiGLuBXXcazhx4lbglqaMS7cD+8gYpzRMmgQqidd91MvALooBTwaY1L9csI3REYtY3VJKEab+YXz7FZ0YZ4ChVpiTgufp7oiCJ1pMkNJ0JgaFe9mbif14/h+jaL7jMcmCSLhZFucCQ4lkMeMAVoyAmhhCquLkV0yFRhIIJq2ZCcJdfXiVPFw232WjeX9ZbrTKOKjpBp+gcuegKtdAdaqMOomiMntErerMK68V6tz4WrRWrnDlGf2B9/gBpTJLf</latexit>

�S � 1

<latexit sha1_base64="v4laVv+9YcZad9CAA5NfODwJ9dg=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuSPQY8OIxgnlAdgmzk9lkyOyDmV4hLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJVCo+N8W6WNza3tnfJuZW//4LBqHx13dJIpxtsskYnqBVRzKWLeRoGS91LFaRRI3g0mt3O/+8iVFkn8gNOU+xEdxSIUjKKRBnbVkzxELyeeEqMx1gd2zak7C5B14hakBgVaA/vLGyYsi3iMTFKt+66Top9ThYJJPqt4meYpZRM64n1DYxpx7eeLw2fk3ChDEibKVIxkof6eyGmk9TQKTGdEcaxXvbn4n9fPMLzxcxGnGfKYLReFmSSYkHkKZCgUZyinhlCmhLmVsDFVlKHJqmJCcFdfXiedy7rbqDfur2rNZhFHGU7hDC7AhWtowh20oA0MMniGV3iznqwX6936WLaWrGLmBP7A+vwBaQ6S8A==</latexit>

{Large Gap

No (established) top-down examples  

Unusual CFT spectrum

<latexit sha1_base64="HEKtogQeixFnyQOmCT6xWuImFpU="></latexit>

�(�� d) = m2R2
AdS

No such CFT is known!

DGKT (+ many 3d examples):  only integers 
[Conlon,FR, Ning ’21][Apers,Conlon,FR,Ning ’22]+….

No relevant operators? 
Dead-end CFT

[Bobev,David,Hong,Reys,Zhang ’24]
Incompatible with constraints on Log(N) term of partition function



PART I

Holographic constraints on scale separation



THE SETUP

Consider a (scale-separated) AdS vacuum, dual to holographic CFT

Implicit (but crucial):  genuine EFT

<latexit sha1_base64="v4laVv+9YcZad9CAA5NfODwJ9dg=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuSPQY8OIxgnlAdgmzk9lkyOyDmV4hLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJVCo+N8W6WNza3tnfJuZW//4LBqHx13dJIpxtsskYnqBVRzKWLeRoGS91LFaRRI3g0mt3O/+8iVFkn8gNOU+xEdxSIUjKKRBnbVkzxELyeeEqMx1gd2zak7C5B14hakBgVaA/vLGyYsi3iMTFKt+66Top9ThYJJPqt4meYpZRM64n1DYxpx7eeLw2fk3ChDEibKVIxkof6eyGmk9TQKTGdEcaxXvbn4n9fPMLzxcxGnGfKYLReFmSSYkHkKZCgUZyinhlCmhLmVsDFVlKHJqmJCcFdfXiedy7rbqDfur2rNZhFHGU7hDC7AhWtowh20oA0MMniGV3iznqwX6936WLaWrGLmBP7A+vwBaQ6S8A==</latexit>

{  Finite # fields,  

 A single cutof

<latexit sha1_base64="iXbQ+nSGvqIZhEhbYE4foR4iBJw="></latexit>

Se↵ = ⌘

Z

AdSd+1

dd+1x
p
gLe↵ , ⌘ =

1

16⇡G

<latexit sha1_base64="s0eXNSorxkwXseXgBQYmFR3ZYGA="></latexit>

Le↵ =�R� d(d� 1) +
1

2
(@µ�i)

2 +
1

2
m2

i�
2
i

+ dijk�i@µ�j@
µ�k + cijk�i�j�k + . . .

Focus on cubic couplings

<latexit sha1_base64="dwqYFXr5gGcv0qPiWSvpTobVupY=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHgxWMF+wFtKJvtpF262aS7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bu63n1BpHstHM03Qj+hQ8pAzaqzU0aQncEKq/VLZrbgLkHXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgrNhLNSaUjekQu5ZKGqH2s8W9M3JplQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+fNkwBUyI6aWUKa4vZWwEVWUGRtR0Ybgrb68TlrViler1B6uy/V6HkcBzuECrsCDG6jDPTSgCQwEPMMrvDkT58V5dz6WrRtOPnMGf+B8/gAOII9W</latexit>

s  2



THE CLAIM

<latexit sha1_base64="7YcQQO+oKiaNUbNX2zouOreHrlA=">AAACKnicbZDLSsNAFIYnXmu9VV26GSyCi1KSKtVlxY07K9gLNCFMppN26OTCzIlQQp7Hja/ipguluPVBnLZZ2NYfBn6+cw5zzu/Fgiswzamxsbm1vbNb2CvuHxweHZdOTtsqSiRlLRqJSHY9opjgIWsBB8G6sWQk8ATreKOHWb3zyqTiUfgC45g5ARmE3OeUgEZu6d4WzAc7xXZAYEiJSJ8y16pgu7JEariCl8A1tiUfDMHO3FLZrJpz4XVj5aaMcjXd0sTuRzQJWAhUEKV6lhmDkxIJnAqWFe1EsZjQERmwnrYhCZhy0vmpGb7UpI/9SOoXAp7TvxMpCZQaB57unG2rVmsz+F+tl4B/56Q8jBNgIV185CcCQ4RnueE+l4yCGGtDqOR6V0yHRBIKOt2iDsFaPXndtGtVq16tP9+UG408jgI6RxfoClnoFjXQI2qiFqLoDX2gT/RlvBsTY2p8L1o3jHzmDC3J+PkF5PGmWQ==</latexit>

{O1, O2,O3}

<latexit sha1_base64="Ft0E5rjEmbvf0t5K8RFSjX+CkHQ=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiCEJJqlQ3QkEXLivYC7QhTKaTduhkEmZOhFK6cOOruHGhiFsfwp1v47TNQlt/GPj4zzmcOX+QCK7Bcb6t3Mrq2vpGfrOwtb2zu2fvHzR1nCrKGjQWsWoHRDPBJWsAB8HaiWIkCgRrBcPrab31wJTmsbyHUcK8iPQlDzklYCzfLnZvmADiu6cZVK5wRme+XXLKzkx4GdwMSihT3be/ur2YphGTQAXRuuM6CXhjooBTwSaFbqpZQuiQ9FnHoCQR0954dsQEHxunh8NYmScBz9zfE2MSaT2KAtMZERjoxdrU/K/WSSG89MZcJikwSeeLwlRgiPE0EdzjilEQIwOEKm7+iumAKELB5FYwIbiLJy9Ds1J2q+Xq3XmpVsviyKMiOkInyEUXqIZuUR01EEWP6Bm9ojfryXqx3q2PeWvOymYO0R9Znz+eJ5bP</latexit>

�1 +�2 = �3

 Extremal arrangements:

<latexit sha1_base64="RCu1DDgJBeTatSg1HF8eSVXm9kk=">AAACEHicbVDLSsNAFJ34rPUVdelmsIguSkmqVJcFNy4r2Ac0IUymk2bo5MHMjVBCP8GNv+LGhSJuXbrzb0zSLLT1wHAP59zLnXvcWHAFhvGtrayurW9sVraq2zu7e/v6wWFPRYmkrEsjEcmBSxQTPGRd4CDYIJaMBK5gfXdyk/v9ByYVj8J7mMbMDsg45B6nBDLJ0c8swTywUiv2uWPWcVGb9aJcYEvysQ/WrFp19JrRMArgZWKWpIZKdBz9yxpFNAlYCFQQpYamEYOdEgmcCjarWoliMaETMmbDjIYkYMpOi4Nm+DRTRtiLZPZCwIX6eyIlgVLTwM06AwK+WvRy8T9vmIB3bac8jBNgIZ0v8hKBIcJ5OnjEJaMgphkhVPLsr5j6RBIKWYZ5CObiycuk12yYrUbr7rLWbpdxVNAxOkHnyERXqI1uUQd1EUWP6Bm9ojftSXvR3rWPeeuKVs4coT/QPn8AijKboQ==</latexit>

{�1,�2,�3}

Would seem fine-tuned - but often the case for integer dimensions!

<latexit sha1_base64="B4v3HEXHAGEEz2grj/N0SPD7nJo="></latexit>

hOiOjOki ⇠ cijk +


�j�k +

1

2
(d��i ��j ��k) (�j +�k ��i)

�
dijk

 Extremal 3-pt couplings must vanish !

<latexit sha1_base64="K6PKSyReLi9v15ambA1eAY3tMSc="></latexit>

⌘ c0ijk = 0



A FEW COMMENTS

 Applies to any  AdS vacuum, not just scale-separated

 Trivially verified in maximally SUSY examples: 
<latexit sha1_base64="9izzzYGZ1iG701ALnidAEkPpmCo=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKkzSmtaFUHDjsoK1hbaEyXTajp08mJkIIdRfceNCEbd+iDv/xklbQUUPXDiccy/33uPHnEmF0IdRWFldW98obpa2tnd298z9gxsZJYLQNol4JLo+lpSzkLYVU5x2Y0Fx4HPa8acXud+5o0KyKLxWaUwHAR6HbMQIVlryzDLxMnY7nZ3D4ZKgkmdWkHXWcJ1TByILobpTdXPi1GtOFdpayVEBS7Q8870/jEgS0FARjqXs2ShWgwwLxQins1I/kTTGZIrHtKdpiAMqB9n8+Bk81soQjiKhK1Rwrn6fyHAgZRr4ujPAaiJ/e7n4l9dL1KgxyFgYJ4qGZLFolHCoIpgnAYdMUKJ4qgkmgulbIZlggYnSeeUhfH0K/yc3jmW7lntVqzSbyziK4BAcgRNggzpogkvQAm1AQAoewBN4Nu6NR+PFeF20FozlTBn8gPH2CS1LlHs=</latexit>

cijk = dijk = 0

[Bobev,Paul ’25]
 Cancellation occurs in examples with 

<latexit sha1_base64="It5mGwV8hCgAykVPSa652N+/D28=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCCylpWtO6K7hxWcE+oA1hMpm2YyeTODMRSuzCX3HjQhG3/oY7/8ZJW0FFD1zu4Zx7mTvHjxmVyrI+jIXFpeWV1dxafn1jc2vb3NltySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfnWd++5YISSN+pcYxcUM04LRPMVJa8sx97KX0ejQ5CWYd9ji5gZZnFqziWc2xT21oFS2rapedjNjVil2GJa1kKIA5Gp753gsinISEK8yQlN2SFSs3RUJRzMgk30skiREeoQHpaspRSKSbTu+fwCOtBLAfCV1cwan6fSNFoZTj0NeTIVJD+dvLxL+8bqL6NTelPE4U4Xj2UD9hUEUwCwMGVBCs2FgThAXVt0I8RAJhpSPL6xC+fgr/Jy27WHKKzmWlUK/P48iBA3AIjkEJVEEdXIAGaAIM7sADeALPxr3xaLwYr7PRBWO+swd+wHj7BNeklgE=</latexit>

cijk, dijk 6= 0 (E.g. Leigh-Strassler SCFT)

Not true if “EFT” assumptions violated 
[Chester,Mouland,Van Muiden ’25 x 2]

(E.g. open + closed string modes present)

 Can always perform field redefinitions s.t. 
<latexit sha1_base64="0K4imOOpmGEU6he+IKRmK+ny/bo="></latexit>

c0ijk = cijk, dijk = 0
[Bobev,Paul ’25]

(E.g. consistent truncation, 
non-geometric…)



A FIRST HINT

+

3-pt couplings

kinematics

<latexit sha1_base64="2yYomxrUvHKGZQwu/lCduUV9Xvg="></latexit>

Cijk = ⌘ c0ijk A�i�j�k

<latexit sha1_base64="i0IZFJZ7j5DX2cEiHCfFHlVyxos="></latexit>

A�i�j�k =
�
⇣

�i+�j��k

2

⌘
�
⇣

�j+�k��i

2

⌘
�
⇣

�k+�i��j

2

⌘
�
⇣

�i+�j+�k�d
2

⌘

2⇡d�
�
�i � d

2

�
�
�
�j � d

2

�
�
�
�k � d

2

�

 Extremal case: Pole at zero leads to a divergence unless

Similar story for other poles - super-extremal and shadow arrangements

<latexit sha1_base64="pZatIgwUak6dvN0pNl2m9NvlKlo=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0V0FZK0pnUhFNy4rGAfkIYymU7asZNMmJkIJfQz3LhQxK1f486/cdJWUNEDFw7n3Mu99wQJo1JZ1odRWFldW98obpa2tnd298r7Bx3JU4FJG3PGRS9AkjAak7aiipFeIgiKAka6weQq97v3REjK41s1TYgfoVFMQ4qR0pKHTwcZvZvMLq3SoFyxzIuG65w70DItq+5U3Zw49ZpThbZWclTAEq1B+b0/5DiNSKwwQ1J6tpUoP0NCUczIrNRPJUkQnqAR8TSNUUSkn81PnsETrQxhyIWuWMG5+n0iQ5GU0yjQnRFSY/nby8W/PC9VYcPPaJykisR4sShMGVQc5v/DIRUEKzbVBGFB9a0Qj5FAWOmU8hC+PoX/k45j2q7p3tQqzeYyjiI4AsfgDNigDprgGrRAG2DAwQN4As+GMh6NF+N10VowljOH4AeMt0+LJJDL</latexit>

c0ijk = 0

CFT



A FEW SUBTLETIES

Can we quantify the divergence?

<latexit sha1_base64="nqxARLkTLS+BSLBxVKgtg4h2UUE=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIVI8FLx4r2A9oStlsN+3SzW7YnSghFPwrXjwo4tXf4c1/47bNQVsfDDzem2FmXpgIbsDzvp2V1bX1jc3SVnl7Z3dv3z04bBmVasqaVAmlOyExTHDJmsBBsE6iGYlDwdrh+Gbqtx+YNlzJe8gS1ovJUPKIUwJW6rvHFAeaD0dAtFaPOOAyggz33YpX9WbAy8QvSAUVaPTdr2CgaBozCVQQY7q+l0AvJxo4FWxSDlLDEkLHZMi6lkoSM9PLZ+dP8JlVBjhS2pYEPFN/T+QkNiaLQ9sZExiZRW8q/ud1U4iuezmXSQpM0vmiKBUYFJ5mgQdcMwois4RQze2tmI6IJhRsYmUbgr/48jJpXVT9WrV2d1mp14s4SugEnaJz5KMrVEe3qIGaiKIcPaNX9OY8OS/Ou/Mxb11xipkj9AfO5w/j3ZV0</latexit>c ! 1

<latexit sha1_base64="Brs6j3qLHWYkOdmru2amhSZndLE=">AAACBHicbVDLSsNAFL3xWesr6rKbwSLUTUlEqsuCG3dWsA9oY5hMJ+3QyYOZiVBCFm78FTcuFHHrR7jzb5y0WWjrgQuHc+7l3nu8mDOpLOvbWFldW9/YLG2Vt3d29/bNg8OOjBJBaJtEPBI9D0vKWUjbiilOe7GgOPA47XqTq9zvPlAhWRTeqWlMnQCPQuYzgpWWXLMyCLAaE8zTm8xNB/GYuSy7T2vyNCu7ZtWqWzOgZWIXpAoFWq75NRhGJAloqAjHUvZtK1ZOioVihNOsPEgkjTGZ4BHtaxrigEonnT2RoROtDJEfCV2hQjP190SKAymngac785PlopeL/3n9RPmXTsrCOFE0JPNFfsKRilCeCBoyQYniU00wEUzfisgYC0yUzi0PwV58eZl0zup2o964Pa82m0UcJajAMdTAhgtowjW0oA0EHuEZXuHNeDJejHfjY966YhQzR/AHxucPsl+YHw==</latexit>

O
(s)
�i

<latexit sha1_base64="rbsItirrK40WzW5iOLu9L5LLNlA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR4LXjxWsB/QLiWbZtvQJBuSrFCW/ggvHhTx6u/x5r8x2+5BWx8MPN6bYWZepDgz1ve/vdLG5tb2Tnm3srd/cHhUPT7pmCTVhLZJwhPdi7ChnEnatsxy2lOaYhFx2o2md7nffaLasEQ+2pmiocBjyWJGsHVSd6AmbMgqw2rNr/sLoHUSFKQGBVrD6tdglJBUUGkJx8b0A1/ZMMPaMsLpvDJIDVWYTPGY9h2VWFATZotz5+jCKSMUJ9qVtGih/p7IsDBmJiLXKbCdmFUvF//z+qmNb8OMSZVaKslyUZxyZBOU/45GTFNi+cwRTDRztyIywRoT6xLKQwhWX14nnat60Kg3Hq5rzWYRRxnO4BwuIYAbaMI9tKANBKbwDK/w5invxXv3PpatJa+YOYU/8D5/AMmZjzg=</latexit>

�i

Two aspects: operator mixing + central charge scalings as

degeneracy   for
<latexit sha1_base64="vJVDUjyNvdFwO/VFVpNj0foLp4I=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFEISSiFQ3QkEXLivYC7QhTKYn7djJJMxMhFK6ceOruHGhiFvfwZ1v46TNQqs/DHz85xzOnD9IOFPacb6swsLi0vJKcbW0tr6xuWVv7zRVnEoKDRrzWLYDooAzAQ3NNId2IoFEAYdWMLzM6q17kIrF4laPEvAi0hcsZJRoY/n2fvcKuCY+u8A53R3nMCz5dtmpOFPhv+DmUEa56r792e3FNI1AaMqJUh3XSbQ3JlIzymFS6qYKEkKHpA8dg4JEoLzx9IoJPjROD4exNE9oPHV/ToxJpNQoCkxnRPRAzdcy879aJ9XhuTdmIkk1CDpbFKYc6xhnkeAek0A1HxkgVDLzV0wHRBKqTXBZCO78yX+heVJxq5XqzWm5VsvjKKI9dICOkIvOUA1dozpqIIoe0BN6Qa/Wo/VsvVnvs9aClc/sol+yPr4B38qXiw==</latexit>

�i = �j +�k
<latexit sha1_base64="GF0mgxwRFz0saSGWfLLkIQTe7Zk=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrUj0WvHizgq2FdinZNG1Ds9k1eVsoS3+HFw+KePXHePPfmG33oK0DgWHmPd5kglgKg6777RTW1jc2t4rbpZ3dvf2D8uFRy0SJZrzJIhnpdkANl0LxJgqUvB1rTsNA8sdgfJP5jxOujYjUA05j7od0qMRAMIpW8rshxRGjMr2b9USvXHGr7hxklXg5qUCORq/81e1HLAm5QiapMR3PjdFPqUbBJJ+VuonhMWVjOuQdSxUNufHTeegZObNKnwwibZ9CMld/b6Q0NGYaBnYyC2mWvUz8z+skOLj2U6HiBLlii0ODRBKMSNYA6QvNGcqpJZRpYbMSNqKaMrQ9lWwJ3vKXV0nrourVqrX7y0q9ntdRhBM4hXPw4ArqcAsNaAKDJ3iGV3hzJs6L8+58LEYLTr5zDH/gfP4ACxWSSg==</latexit>

Oi

<latexit sha1_base64="RCJUfe5Jvs1FHHXSer3qBAdg8hg=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyURqS4LbtxZwT6gCWEynbRjJw9mboQS+g9u/BU3LhRx68adf+OkzcK2Hhg4c8693HuPnwiuwLJ+jNLK6tr6RnmzsrW9s7tn7h+0VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFH17nfeWRS8Ti6h3HC3JAMIh5wSkBLnnnmCBZADzshgSElIrudeA9zvxF2JB8MwfXMqlWzpsDLxC5IFRVoeua3049pGrIIqCBK9WwrATcjEjgVbFJxUsUSQkdkwHqaRiRkys2mN03wiVb6OIilfhHgqfq3IyOhUuPQ15X5smrRy8X/vF4KwZWb8ShJgUV0NihIBYYY5wHhPpeMghhrQqjkeldMh0QSCjrGig7BXjx5mbTPa3a9Vr+7qDYaRRxldISO0Smy0SVqoBvURC1E0RN6QW/o3Xg2Xo0P43NWWjKKnkM0B+PrF2HJnn4=</latexit>

[OjOk]and

<latexit sha1_base64="HpZCdQqrvnwfdU7LcJwgRhy8SpQ="></latexit>

�i $ O
0
�i

= O�i + f(c)O�j ,�k + . . .Ambiguity:

Proposal: Single Particle Operator

<latexit sha1_base64="pcdN8zKKNa/VDrt84Q+ndkVVDZQ="></latexit>D
O

(s)
� (x) [O�1 · · · O�k ] (y)

E
= 0, k � 2

[Aprile,Drummond,Heslop,Paul ’18-’19][Bobev,Paul ’25]

SPO



VIEWPOINT FROM THE BULK

Power 
counting in c

<latexit sha1_base64="Eaegp0zbZPri9nm+GIbGzrTMLeg=">AAACGXicbVDLTgIxFO34RHyhLt00EhMXZtJBQNiRuHGJiTwSmJBOKdDQzkzajgmZzG+48VfcuNAYl7ryb+zALBQ8SZPTc+69vT1eyJnSCH1ba+sbm1vbuZ387t7+wWHh6LitgkgS2iIBD2TXw4py5tOWZprTbigpFh6nHW96k/qdByoVC/x7PQupK/DYZyNGsDbSoID6igkY9+eTenLsuTGy63VUduqXyK4gVKpVDUFXpVqlkpAkPygUzXUOuEqcjBRBhuag8NkfBiQS1NeEY6V6Dgq1G2OpGeE0yfcjRUNMpnhMe4b6WFDlxvN9EnhulCEcBdIcX8O5+rsjxkKpmfBMpcB6opa9VPzP60V6VHNj5oeRpj5ZPDSKONQBTGOCQyYp0XxmCCaSmV0hmWCJiTZhpiE4y19eJe2S7VTt6l252GhkceTAKTgDF8AB16ABbkETtAABj+AZvII368l6sd6tj0XpmpX1nIA/sL5+AKQTnEI=</latexit>⇠ c
<latexit sha1_base64="5wnTaLzCs66q04aElkkoiMYgIeA="></latexit>

⇠ 1

c

SPOs
<latexit sha1_base64="Brs6j3qLHWYkOdmru2amhSZndLE=">AAACBHicbVDLSsNAFL3xWesr6rKbwSLUTUlEqsuCG3dWsA9oY5hMJ+3QyYOZiVBCFm78FTcuFHHrR7jzb5y0WWjrgQuHc+7l3nu8mDOpLOvbWFldW9/YLG2Vt3d29/bNg8OOjBJBaJtEPBI9D0vKWUjbiilOe7GgOPA47XqTq9zvPlAhWRTeqWlMnQCPQuYzgpWWXLMyCLAaE8zTm8xNB/GYuSy7T2vyNCu7ZtWqWzOgZWIXpAoFWq75NRhGJAloqAjHUvZtK1ZOioVihNOsPEgkjTGZ4BHtaxrigEonnT2RoROtDJEfCV2hQjP190SKAymngac785PlopeL/3n9RPmXTsrCOFE0JPNFfsKRilCeCBoyQYniU00wEUzfisgYC0yUzi0PwV58eZl0zup2o964Pa82m0UcJajAMdTAhgtowjW0oA0EHuEZXuHNeDJejHfjY966YhQzR/AHxucPsl+YHw==</latexit>

O
(s)
�i

<latexit sha1_base64="h/1605YrFYj8mQkvkHrJNz9X1JM=">AAACG3icbZDJSgNBEIZ7XGPcRj16GQxCcjDMBIlehIAePEYwC2Ri6OnUJE16FrprhDDkPbz4Kl48KOJJ8ODb2FkOJvGHho+/qqiu34sFV2jbP8bK6tr6xmZmK7u9s7u3bx4c1lWUSAY1FolINj2qQPAQashRQDOWQANPQMMbXI/rjUeQikfhPQ5jaAe0F3KfM4ra6piloMMfSlfuDQikGtO8XRi5AnzMz3tnXVfyXh8L2Y6Zs4v2RNYyODPIkZmqHfPL7UYsCSBEJqhSLceOsZ1SiZwJGGXdREFM2YD2oKUxpAGodjq5bWSdaqdr+ZHUL0Rr4v6dSGmg1DDwdGdAsa8Wa2Pzv1orQf+ynfIwThBCNl3kJ8LCyBoHZXW5BIZiqIEyyfVfLdankjLUcY5DcBZPXoZ6qeiUi+W781ylMosjQ47JCckTh1yQCrklVVIjjDyRF/JG3o1n49X4MD6nrSvGbOaIzMn4/gWTSp/h</latexit>

m2
i = �(0)

i

⇣
�(0)

i � d
⌘

of dimensions

<latexit sha1_base64="Dsay6A5Cs/TJOVF6MdAIswXKZd8="></latexit>D
O

(s)
�i

O
(s)
�i

E
⇠

1

c
,

D
O

(s)
�i

O
(s)
�j

O
(s)
�k

E
⇠

1

c2
, �i = �(0)

i +
�i
c
+ . . .



VIEWPOINT FROM THE BOUNDARY

<latexit sha1_base64="nWv+UcECNDcsQhr8mFRcmeINJyc="></latexit>⌦
O

ST
i O

ST
i

↵
⇠ 1,

⌦
O

DT
i,j O

DT
i,j

↵
⇠ 1,

Scaling of correlators with c determines notion of single vs double trace 

<latexit sha1_base64="//AxRcg1NfmCVq9v917QzJi2AaE="></latexit>⌦
O

ST
i O

ST
j O

ST
k

↵
⇠

1
p
c
,

⌦
O

ST
i O

ST
j O

DT
i,j

↵
⇠ 1

“Large-N” factorisation implies:

arbitrary normalisation

CFT with large central charge: 
<latexit sha1_base64="IVO/pCK2WcONHcX5fOKrdcI3q6U="></latexit>

O
DT
i,j ⌘

⇥
O

ST
i O

ST
j

⇤

single tracedouble trace



THE DICTIONARY 
<latexit sha1_base64="+So8308NnNTUeykbw8kTbEm00d8="></latexit>

O
(s)
�k

=
1
p
c

⇣
O

ST
k +

B

c�
O

DT
i,j + . . .

⌘
Dictionary 

<latexit sha1_base64="hptU7Bm//MZ12vhbbvTlbHg2cuc=">AAACSHicdZDNS8MwGMbT+TXnV9Wjl+AQ9DJakelFGHjx5gT3AWstaZZtcWlaklQYpX+eF4/e/Bu8eFDEm2lXQTd9IfDw/N43efP4EaNSWdazUVpYXFpeKa9W1tY3NrfM7Z22DGOBSQuHLBRdH0nCKCctRRUj3UgQFPiMdPzxRcY790RIGvIbNYmIG6AhpwOKkdKWZ3oOQ3zIiBMgNcKIJVeplzjRiHo0vU0O5VE6T+7+JeNvIvJL4Tn0zKpVs/KC88IuRBUU1fTMJ6cf4jggXGGGpOzZVqTcBAlFMSNpxYkliRAeoyHpaclRQKSb5EGk8EA7fTgIhT5cwdz9OZGgQMpJ4OvObHc5yzLzL9aL1eDMTSiPYkU4nj40iBlUIcxShX0qCFZsogXCgupdIR4hgbDS2Vd0CPbsl+dF+7hm12v165Nqo1HEUQZ7YB8cAhucgga4BE3QAhg8gBfwBt6NR+PV+DA+p60lo5jZBb+qVPoCnXi0iA==</latexit>

hO
(s)
�i

O
(s)
�j

O
(s)
�k

i =
<latexit sha1_base64="sD7c52cXYtu80w2rjUIaoBMFb4A="></latexit>

1

c3/2

h
hO

ST
i O

ST
j O

ST
k i+

B

c�
hO

ST
i O

ST
j O

DT
i,j i

i

bulk boundary

<latexit sha1_base64="j2zxjYJGYp19gLiiZeDq3jkBQlE="></latexit>

=
1

c3/2

h Ap
c
+

B

c�
·D + . . .

i

<latexit sha1_base64="3BXQeGREJeAxzVwQuvlp8OiQz60=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRFqsuCG5cV7AOaWCbTSTt0ZhJmJkII8VfcuFDErR/izr9x0mahrQcuHM65l3vvCWJGlXacb6uysbm1vVPdre3tHxwe2ccnfRUlEpMejlgkhwFShFFBeppqRoaxJIgHjAyC+U3hDx6JVDQS9zqNic/RVNCQYqSNNLbrnqIceqFEOHPzDD+08trYbjhNZwG4TtySNECJ7tj+8iYRTjgRGjOk1Mh1Yu1nSGqKGclrXqJIjPAcTcnIUIE4UX62OD6H50aZwDCSpoSGC/X3RIa4UikPTCdHeqZWvUL8zxslOrz2MyriRBOBl4vChEEdwSIJOKGSYM1SQxCW1NwK8QyZILTJqwjBXX15nfRbTbfdbN9dNjqdMo4qOAVn4AK44Ap0wC3ogh7AIAXP4BW8WU/Wi/VufSxbK1Y5Uwd/YH3+AOnjlE0=</latexit>

⇠ 1

c2
from bulk Witten diagrams

<latexit sha1_base64="YoiQ7lX9nQqeLYUYoNJ8somnhKo=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSFKkeC148VrAf0JSy2U7apZtN3N0IJeTiX/HiQRGv/gxv/hs3bQ7a+mDg8d4MM/P8mDOlHefbKq2tb2xulbcrO7t7+wf24VFHRYmk0KYRj2TPJwo4E9DWTHPoxRJI6HPo+tOb3O8+glQsEvd6FsMgJGPBAkaJNtLQPvF80AR7Y3jAXiAJTd0srWeVoV11as4ceJW4BamiAq2h/eWNIpqEIDTlRKm+68R6kBKpGeWQVbxEQUzolIyhb6ggIahBOn8gw+dGGeEgkqaExnP190RKQqVmoW86Q6InatnLxf+8fqKD60HKRJxoEHSxKEg41hHO08AjJoFqPjOEUMnMrZhOiIlBm8zyENzll1dJp15zG7XG3WW12SziKKNTdIYukIuuUBPdohZqI4oy9Ixe0Zv1ZL1Y79bHorVkFTPH6A+szx+PqJXA</latexit>

� � 1

2



THE ARGUMENT 

AdS bulk theoryCFT

<latexit sha1_base64="Mq/uSqLJV1mb9rzhEK9QZYOQVcs="></latexit>

1

c
· cijk

â
�(0)

i �(0)
j �(0)

k

(�i + �j � �k)

<latexit sha1_base64="JSP8XfHlnmWWJ5q2+L7mYQexZPU="></latexit>

1

c3/2

h Ap
c
+

B

c�
·D + . . .

i

Extremal arrangement
<latexit sha1_base64="n/e1gLvYQbC33nCQOq06rS16Soo="></latexit>

hO
(s)
�1

O
(s)
�2

O
(s)
�3

i ⇠ ⌘ c0ijk A�1�2�k

expand kinematic divergence at large c

<latexit sha1_base64="a4GEdNry4Mvwtxe+hgrKIZvAhwo=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRvFiSItWLUPDisYK1hSaUzXbTLt1swu5EKKHgX/HiQRGv/g5v/hs3bQ7a+mDg8d4MM/OCRHANjvNtlVZW19Y3ypuVre2d3T17/+BBx6mirE1jEatuQDQTXLI2cBCsmyhGokCwTjC+yf3OI1Oax/IeJgnzIzKUPOSUgJH69pEXMCD4Gp97oSI0c6dZfVrp21Wn5syAl4lbkCoq0OrbX94gpmnEJFBBtO65TgJ+RhRwKti04qWaJYSOyZD1DJUkYtrPZudP8alRBjiMlSkJeKb+nshIpPUkCkxnRGCkF71c/M/rpRBe+RmXSQpM0vmiMBUYYpxngQdcMQpiYgihiptbMR0REwOYxPIQ3MWXl8lDveY2ao27i2qzWcRRRsfoBJ0hF12iJrpFLdRGFGXoGb2iN+vJerHerY95a8kqZg7RH1ifP2RMlH0=</latexit>

� = �1

2
Contradiction: Unless

<latexit sha1_base64="6MkItyv83BZRXGa8QLrs49tGiKw="></latexit>

c0ijk = 0



PART II

Application to DGKT



THE DGKT SCENARIO

Setting: Flux compactifications in massive type IIA

Ingredients:  fluxes + orientifold planes   (O6)

<latexit sha1_base64="pkvldrZ0mCy8i/RyCN6yO8pxHXM=">AAACBXicbVDLSsNAFJ34rPEVdamLwSK4KomU6rLixo1Q0T6gCWEymbRDJ5MwMxFK6MaNv+LGhSJu/Qd3/o2TNgttPXDhcM693HtPkDIqlW1/G0vLK6tr65UNc3Nre2fX2tvvyCQTmLRxwhLRC5AkjHLSVlQx0ksFQXHASDcYXRV+94EISRN+r8Yp8WI04DSiGCkt+dbRZXjn16GraEwkdGOkhhix/GbiN0zTt6p2zZ4CLhKnJFVQouVbX26Y4CwmXGGGpOw7dqq8HAlFMSMT080kSREeoQHpa8qRXurl0y8m8EQrIYwSoYsrOFV/T+QolnIcB7qzOFPOe4X4n9fPVHTh5ZSnmSIczxZFGYMqgUUkMKSCYMXGmiAsqL4V4iESCCsdXBGCM//yIumc1ZxGrXFbrzabZRwVcAiOwSlwwDlogmvQAm2AwSN4Bq/gzXgyXox342PWumSUMwfgD4zPH2CGlzk=</latexit>

AdS4 ⇥M6 Calabi-Yau orientifold

no R-symmetry

<latexit sha1_base64="7+5k0FZUzXDsegp41eGTSqKaDJs=">AAACFnicbZDLSsNAFIYn9VbjLerSzWAR3FgTkepGKLhxJRXsBZpQJpNJO3QyiTMToYQ+hRtfxY0LRdyKO9/GSZtFbT0w8PH/5zDn/H7CqFS2/WOUlpZXVtfK6+bG5tb2jrW715JxKjBp4pjFouMjSRjlpKmoYqSTCIIin5G2P7zO/fYjEZLG/F6NEuJFqM9pSDFSWupZJ26E1AAjlt2OrxzoPqQogPAUFjTr2qbZsyp21Z4UXASngAooqtGzvt0gxmlEuMIMSdl17ER5GRKKYkbGpptKkiA8RH3S1chRRKSXTc4awyOtBDCMhX5cwYk6O5GhSMpR5OvOfE057+Xif143VeGll1GepIpwPP0oTBlUMcwzggEVBCs20oCwoHpXiAdIIKx0knkIzvzJi9A6qzq1au3uvFKvF3GUwQE4BMfAARegDm5AAzQBBk/gBbyBd+PZeDU+jM9pa8koZvbBnzK+fgH4551a</latexit>

N = 1 / N = 0

<latexit sha1_base64="v4laVv+9YcZad9CAA5NfODwJ9dg=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuSPQY8OIxgnlAdgmzk9lkyOyDmV4hLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJVCo+N8W6WNza3tnfJuZW//4LBqHx13dJIpxtsskYnqBVRzKWLeRoGS91LFaRRI3g0mt3O/+8iVFkn8gNOU+xEdxSIUjKKRBnbVkzxELyeeEqMx1gd2zak7C5B14hakBgVaA/vLGyYsi3iMTFKt+66Top9ThYJJPqt4meYpZRM64n1DYxpx7eeLw2fk3ChDEibKVIxkof6eyGmk9TQKTGdEcaxXvbn4n9fPMLzxcxGnGfKYLReFmSSYkHkKZCgUZyinhlCmhLmVsDFVlKHJqmJCcFdfXiedy7rbqDfur2rNZhFHGU7hDC7AhWtowh20oA0MMniGV3iznqwX6936WLaWrGLmBP7A+vwBaQ6S8A==</latexit>

{
<latexit sha1_base64="gSQrWm/mw848pBCBgJOaNM4J6jE="></latexit>

F0, (F2), H3, F4

<latexit sha1_base64="2aP2bpW2rUuUCTZuN5ZVEE/tNXU="></latexit>

m0, (mi), pi, ei

unconstrained

<latexit sha1_base64="VuR1aBhoKIq2Nhe4KdAsfjhudl0="></latexit>

ei ! 1
All moduli stabilised

<latexit sha1_base64="0RSzEWhwDfYbJmPZ7sLxwKXhny4="></latexit>

VAdS ⌘ � 3

R2
AdS

⇠ ē�9/2
<latexit sha1_base64="ylBjKN1bciJljwQpI/a0WEVur+k="></latexit>

RKK ⇠ ē7/2Scale-separated

[DeWolfe,Giryavets,Kachru,Taylor ’05]



THE TOROIDAL ORENTIFOLD

Simplest example:
<latexit sha1_base64="L/06cJ+9xrcm+Z/32xdNPWECQF8=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUhJAhbESC2OR+hJNiBzXaa06TmQ7SFXUb2DhV1gYQIiViY2/wWkz0JYjXenonHt17z1+zKhUlvVjrKyurW9sFraK2zu7e/vmwWFbRonApIUjFomujyRhlJOWooqRbiwICn1GOv7oJvM7j0RIGvGmGsfEDdGA04BipLTkmZXmQw2ewbITIjX0/fR+4l1AR9GQSDinVTyzZFWtKeAysXNSAjkanvnt9COchIQrzJCUPduKlZsioShmZFJ0EklihEdoQHqacqR3uun0pQk81UofBpHQxRWcqn8nUhRKOQ593ZldKRe9TPzP6yUquHZTyuNEEY5ni4KEQRXBLB/Yp4JgxcaaICyovhXiIRIIK51iUYdgL768TNrnVbtWrd1dlur1PI4COAYnoAxscAXq4BY0QAtg8ARewBt4N56NV+PD+Jy1rhj5zBGYg/H1C5H6nDA=</latexit>

T 6/(Z3 ⇥ Z3)

Kahler  moduli Complex structure moduli

[DeWolfe,Giryavets,Kachru,Taylor ’05]

Simple EFT, with 8= 6+2 scalars

<latexit sha1_base64="2c06Bf0ow/rnBr3Qt/iiR3/GFmY=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQkpSpLosuBFXFe0DmhAm00k7dGYSZiaFErpy46+4caGIW7/BnX/jtM1CWw9cOJxzL/feEyaMKu0431ZhZXVtfaO4Wdra3tnds/cPWipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw+up3x4RqWgsHvQ4IT5HfUEjipE2UmAfjwIKPUU59KjQQebd0z5HQVY9p5PJbWCXnYozA1wmbk7KIEcjsL+8XoxTToTGDCnVdZ1E+xmSmmJGJiUvVSRBeIj6pGuoQJwoP5u9MYGnRunBKJamhIYz9fdEhrhSYx6aTo70QC16U/E/r5vq6MrPqEhSTQSeL4pSBnUMp5nAHpUEazY2BGFJza0QD5BEWJvkSiYEd/HlZdKqVtxapXZ3Ua7X8ziK4AicgDPggktQBzegAZoAg0fwDF7Bm/VkvVjv1se8tWDlM4fgD6zPH70umKw=</latexit>

vi ⇠
Z

⌃2,i

J

<latexit sha1_base64="2CQgIAWju7Gp9fznuvQnV83l+/c=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4kJIUqS6LblxWtA9oQphMJ+3QmUmYmQglZOnGX3HjQhG3foI7/8Zpm4W2HrhwOOde7r0nTBhV2nG+raXlldW19dJGeXNre2fX3ttvqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrid+54FIRWNxr8cJ8TkaCBpRjLSRAvsoDCj0FOXQo0IHmXdHBxwFWe2M5vlVUAvsilN1poCLxC1IBRRoBvaX149xyonQmCGleq6TaD9DUlPMSF72UkUShEdoQHqGCsSJ8rPpIzk8MUofRrE0JTScqr8nMsSVGvPQdHKkh2rem4j/eb1UR5d+RkWSaiLwbFGUMqhjOEkF9qkkWLOxIQhLam6FeIgkwtpkVzYhuPMvL5J2rerWq/Xb80qjUcRRAofgGJwCF1yABrgBTdACGDyCZ/AK3qwn68V6tz5mrUtWMXMA/sD6/AHMrJk1</latexit>

bi ⇠
Z

⌃2,i

B2

<latexit sha1_base64="AwQaTLM+islf9yaSLeu5/c6YL3E=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgEcJdlGgjBGwsIxgTSI6wt5lLluztHbt7Qgj5ETYWitj6e+z8N26SKzTxwcDjvRlm5gWJ4Nq47reTW1vf2NzKbxd2dvf2D4qHR486ThXDJotFrNoB1Si4xKbhRmA7UUijQGArGN3O/NYTKs1j+WDGCfoRHUgeckaNlVr8xitXyxe9YsmtuHOQVeJlpAQZGr3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5udOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZ/U76XCEzYmwJZYrbWwkbUkWZsQkVbAje8sur5LFa8WqV2v1lqV7P4sjDCZzCOXhwBXW4gwY0gcEInuEV3pzEeXHenY9Fa87JZo7hD5zPH3rDjl0=</latexit>

i = 1, 2, 3

volumes of the three 2-tori
<latexit sha1_base64="MpsDQZK8r2oLAVMwk/DHyOF5L1Y=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgQcquSvVY6MWbFewHbJeSTWfb0GyyJFmhLP0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXphwpo3rfjuFtfWNza3idmlnd2//oHx41NYyVRRaVHKpuiHRwJmAlmGGQzdRQOKQQyccN2Z+5wmUZlI8mkkCQUyGgkWMEmMlv3cfw5Bc4Eb/ql+uuFV3DrxKvJxUUI5mv/zVG0iaxiAM5URr33MTE2REGUY5TEu9VENC6JgMwbdUkBh0kM1PnuIzqwxwJJUtYfBc/T2RkVjrSRzazpiYkV72ZuJ/np+a6DbImEhSA4IuFkUpx0bi2f94wBRQwyeWEKqYvRXTEVGEGptSyYbgLb+8StqXVa9WrT1cV+r1PI4iOkGn6Bx56AbV0R1qohaiSKJn9IreHOO8OO/Ox6K14OQzx+gPnM8f3lOQVw==</latexit>

⌦, C3expansion of 

<latexit sha1_base64="rm8iywMnaGgzmxAQL63wYG9RqlQ=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUooKoyVujAWQR9SE0WO67RWbSeyHUQVdWHhV1gYQIiVf2Djb3DbDNBypCsdnXOv7r0nTBhV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glHjanfuSdS0Vjc6XFCfI4GgkYUI22kwD72Hij0FOXQo0IHmXdLBxwF1QlsBNXALjsVZwa4TNyclEGOZmB/ef0Yp5wIjRlSquc6ifYzJDXFjExKXqpIgvAIDUjPUIE4UX42+2ICT43Sh1EsTQkNZ+rviQxxpcY8NJ0c6aFa9Kbif14v1dGVn1GRpJoIPF8UpQzqGE4jgX0qCdZsbAjCkppbIR4iibA2wZVMCO7iy8ukfV5xa5XazUW5Xs/jKIIjcALOgAsuQR1cgyZoAQwewTN4BW/Wk/VivVsf89aClc8cgj+wPn8ANdSXwA==</latexit>

⇠ ⇠
Z

⌃3

C3 B-field axions
<latexit sha1_base64="S0LoWpoqqIibFoav1VdkiJ/IGpk=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvHisYD+gCWWz2bRLN5t0d1Moob/DiwdFvPpjvPlv3LQ5aOuDgcd7M8zM8xPOlLbtb6u0sbm1vVPereztHxweVY9POipOJaFtEvNY9nysKGeCtjXTnPYSSXHkc9r1x/e5351SqVgsnvQsoV6Eh4KFjGBtJM9NRgwhd5LiAF0NqjW7bi+A1olTkBoUaA2qX24QkzSiQhOOleo7dqK9DEvNCKfzipsqmmAyxkPaN1TgiCovWxw9RxdGCVAYS1NCo4X6eyLDkVKzyDedEdYjterl4n9eP9XhnZcxkaSaCrJcFKYc6RjlCaCASUo0nxmCiWTmVkRGWGKiTU4VE4Kz+vI66VzXnUa98XhTazaLOMpwBudwCQ7cQhMeoAVtIDCBZ3iFN2tqvVjv1seytWQVM6fwB9bnD2E2kTQ=</latexit>

� +dilaton

 projected out by orientifold

<latexit sha1_base64="osm05tak9P9DzQSc+VSfsnQbV5o=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuyoxI7UYouHElFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtpZaOuBwOGce7knx48F18ZxvtHa+sbm1nZhp7i7t39wWDo6bukoUZQ1aSQi1fGJZoJL1jTcCNaJFSOhL1jbH99mfnvClOaRfDTTmHkhGUoecEqMlbxeSMyIEpHez27cfqnsVJw58Cpxc1KGHI1+6as3iGgSMmmoIFp3XSc2XkqU4VSwWbGXaBYTOiZD1rVUkpBpL52HnuFzqwxwECn7pMFz9fdGSkKtp6FvJ7OQetnLxP+8bmKCmpdyGSeGSbo4FCQCmwhnDeABV4waMbWEUMVtVkxHRBFqbE9FW4K7/OVV0rqsuNVK9eGqXK/ldRTgFM7gAly4hjrcQQOaQOEJnuEV3tAEvaB39LEYXUP5zgn8Afr8AX6Nkec=</latexit>

N = 1

<latexit sha1_base64="osm05tak9P9DzQSc+VSfsnQbV5o=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuyoxI7UYouHElFewD2qFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtpZaOuBwOGce7knx48F18ZxvtHa+sbm1nZhp7i7t39wWDo6bukoUZQ1aSQi1fGJZoJL1jTcCNaJFSOhL1jbH99mfnvClOaRfDTTmHkhGUoecEqMlbxeSMyIEpHez27cfqnsVJw58Cpxc1KGHI1+6as3iGgSMmmoIFp3XSc2XkqU4VSwWbGXaBYTOiZD1rVUkpBpL52HnuFzqwxwECn7pMFz9fdGSkKtp6FvJ7OQetnLxP+8bmKCmpdyGSeGSbo4FCQCmwhnDeABV4waMbWEUMVtVkxHRBFqbE9FW4K7/OVV0rqsuNVK9eGqXK/ldRTgFM7gAly4hjrcQQOaQOEJnuEV3tAEvaB39LEYXUP5zgn8Afr8AX6Nkec=</latexit>

N = 1



4D N=1 SUPERGRAVITY DESCRIPTION

<latexit sha1_base64="RgYqFmq5Aq02MZJKwTkD0HyjiH8="></latexit>

K = �4 log
hp

2 Im(S)
i
� log [8 Im(t1) Im(t2) Im(t3)] .

Kahler moduli:   
<latexit sha1_base64="YY1cGPM7rpWKnhvUT2UXLIv/gLQ=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEF6UkVaoboeDGZQX7gDaEyWTSDp08nJkIJdSNv+LGhSJu/Qt3/o3TNgttPXC5h3PuZeYeL+FMKsv6NpaWV1bX1gsbxc2t7Z1dc2+/JeNUENokMY9Fx8OSchbRpmKK004iKA49Ttve8Hritx+okCyO7tQooU6I+xELGMFKS655qFyGevcp9lHe2JVdrpbPXLNkVawp0CKxc1KCHA3X/Or5MUlDGinCsZRd20qUk2GhGOF0XOylkiaYDHGfdjWNcEilk00vGKMTrfgoiIWuSKGp+nsjw6GUo9DTkyFWAznvTcT/vG6qgksnY1GSKhqR2UNBypGK0SQO5DNBieIjTTARTP8VkQEWmCgdWlGHYM+fvEha1Ypdq9Ruz0v1eh5HAY7gGE7Bhguoww00oAkEHuEZXuHNeDJejHfjYza6ZOQ7B/AHxucPiBuVAg==</latexit>

ti i = 1, 2, 3 Axio-dilaton:   
<latexit sha1_base64="PSNcdQmPF58clj8ICk+e+7zUa6k=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrXankcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDsR2M4A==</latexit>

S<latexit sha1_base64="PSNcdQmPF58clj8ICk+e+7zUa6k=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrXankcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDsR2M4A==</latexit>

S

volumes of the three tori

<latexit sha1_base64="29DhZfjFZjuNLV8wS9NMVOt4Jrs=">AAACF3icbVDLSgNBEJz1bXxFPXoZDIIght0o0YsQ8OJR0RghiUvvpKNDZneHmV4hBP/Ci7/ixYMiXvXm3ziJOWhiQUFR1c1MV6SVtOT7X97E5NT0zOzcfG5hcWl5Jb+6dmnTzAisilSl5ioCi0omWCVJCq+0QYgjhbWoc9zPa3dorEyTC+pqbMZwk8i2FEDOCvPF2hHH0N/BEDhdw26jA1oDj0OfcwoDx5LjHt/lJc3Pc2G+4Bf9Afi4CIaiwIY4DfOfjVYqshgTEgqsrQe+pmYPDEmh8D7XyCxqEB24wbqTCcRom73BXfd8yzkt3k6NY0J84P7e6EFsbTeO3GQMdGtHs775X1bPqH3Y7MlEZ4SJ+HmonSlOKe+XxFvSoCDVdQKEke6vXNyCAUGuyn4JwejJ4+KyVAzKxfLZfqFSGdYxxzbYJttmATtgFXbCTlmVCfbAntgLe/UevWfvzXv/GZ3whjvr7A+8j29GWZuY</latexit>

W = e0 + eat
a � m0t1t2t3 � 2pS

<latexit sha1_base64="3rLqr7W2ayTvM0du8ZI0lFziSEs="></latexit>

LK

2
= �KIJ̄@µ�

I@µ�̄J̄ + eK
 
X

I

KIJ̄DIWDJ̄W̄ � 3|W |2
!

<latexit sha1_base64="vBOaYD0tYH+BWxfltHtmcdWe/1Q=">AAAB8HicdVDLSsNAFJ34rPFVdelmsAiuQpLWtO4KblxWsA9pQ5lMp+3YmUmYmQgl9CvcuFDErZ/jzr9x0lZQ0QMXDufcy733RAmjSrvuh7Wyura+sVnYsrd3dvf2iweHLRWnEpMmjlksOxFShFFBmppqRjqJJIhHjLSjyWXut++JVDQWN3qakJCjkaBDipE20i3uZ/RuMrPtfrHkOhe1wD/3oeu4btUvBznxqxW/DD2j5CiBJRr94ntvEOOUE6ExQ0p1PTfRYYakppiRmd1LFUkQnqAR6RoqECcqzOYHz+CpUQZwGEtTQsO5+n0iQ1ypKY9MJ0d6rH57ufiX1031sBZmVCSpJgIvFg1TBnUM8+/hgEqCNZsagrCk5laIx0girE1GeQhfn8L/Sct3vMAJriulen0ZRwEcgxNwBjxQBXVwBRqgCTDg4AE8gWdLWo/Wi/W6aF2xljNH4Aest09qqZAt</latexit>cijk
<latexit sha1_base64="w+VOZAOwKPaaGzdbqE9YJwQm7J4=">AAAB8HicdVDLSsNAFJ34rPFVdelmsAiuQpLWtO4KblxWsA9pQ5lMJu3YmSTMTIQS+hVuXCji1s9x5984aSuo6IELh3Pu5d57gpRRqWz7w1hZXVvf2Cxtmds7u3v75YPDjkwygUkbJywRvQBJwmhM2ooqRnqpIIgHjHSDyWXhd++JkDSJb9Q0JT5Ho5hGFCOlpdtwmNO7ycw0h+WKbV00PPfchbZl23W36hXErdfcKnS0UqAClmgNy++DMMEZJ7HCDEnZd+xU+TkSimJGZuYgkyRFeIJGpK9pjDiRfj4/eAZPtRLCKBG6YgXn6veJHHEppzzQnRypsfztFeJfXj9TUcPPaZxmisR4sSjKGFQJLL6HIRUEKzbVBGFB9a0Qj5FAWOmMihC+PoX/k45rOZ7lXdcqzeYyjhI4BifgDDigDprgCrRAG2DAwQN4As+GMB6NF+N10bpiLGeOwA8Yb59sNZAu</latexit>

dijk

Effect of fluxes

[Grimm, Louis ’04]+….



THE HOLOGRAPHIC DUAL

<latexit sha1_base64="aBlhj2CsZ1DH0X0TPXMv72b9YeY="></latexit>

L(2) =
1

2
(@'0)

2 +
1

2

3X

i=1

(@'i)
2 +

35

L2
'2
0 +

9

L2

3X

i=1

'2
i

1

2
(@a0)

2 +
1

2

3X

i=1

(@ai)
2 +

43� 45s

2L2
'2
0 +

25 + 15s

2L2

3X

i=1

a2i

“Saxions” “Axions”

<latexit sha1_base64="hYdq1pERS8w4L7LeGj40xlI+5O8=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4kJKIVDdCQRcuK9gHNCFMptN26GQSZm4KJWTpxl9x40IRt36CO//GpM1CW8/lwuGce5m5x48E12BZ38bS8srq2nppo7y5tb2za+7tt3QYK8qaNBSh6vhEM8ElawIHwTqRYiTwBWv7o5vcb4+Z0jyUDzCJmBuQgeR9TglkkmceObdMAPESZ0xUNOTpNXYS2zqr5eWkZc+sWFVrCrxI7IJUUIGGZ345vZDGAZNABdG6a1sRuAlRwKlgadmJNYsIHZEB62ZUkoBpN5kekuKTTOnhfqiyloCn6u+NhARaTwI/mwwIDPW8l4v/ed0Y+lduwmUUA5N09lA/FhhCnKeCe1wxCmKSEUIVz/6K6ZAoQiHLLg/Bnj95kbTOq3atWru/qNTrRRwldIiO0Smy0SWqozvUQE1E0SN6Rq/ozXgyXox342M2umQUOwfoD4zPHwhgmAs=</latexit>

�' = {10, 6, 6, 6}

<latexit sha1_base64="YcLMQCyPaJ6f4nnS5HndjNmCqXY=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRXEhJRKrLghuXFewFmhAm00k7dDIJMyeFEvoGbnwVNy4UcevWnW9j0gbR1h8GPv5zDmfO78eCa7CsL6O0srq2vlHerGxt7+zumfsHbR0lirIWjUSkuj7RTHDJWsBBsG6sGAl9wTr+6Cavd8ZMaR7Je5jEzA3JQPKAUwKZ5ZmnjmABOCl2xkTFQ+5Z5z/IsaP4YAjOtOKZVatmzYSXwS6gigo1PfPT6Uc0CZkEKojWPduKwU2JAk4Fm1acRLOY0BEZsF6GkoRMu+nsnik+yZw+DiKVPQl45v6eSEmo9ST0s86QwFAv1nLzv1ovgeDaTbmME2CSzhcFicAQ4Twc3OeKURCTDAhVPPsrpkOiCIUswjwEe/HkZWhf1Ox6rX53WW00ijjK6AgdozNkoyvUQLeoiVqIogf0hF7Qq/FoPBtvxvu8tWQUM4foj4yPbyW2nBo=</latexit>

{'0,'i}
<latexit sha1_base64="oyazlEdfpQX8TmoFLY80cPn1dj0=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZREpLosuHFZwT6gCWUynbRDJ5MwcyOUUHDjr7hxoYhbf8Kdf+OkzUJbD9zL4Zx7mbknSATX4DjfVmlldW19o7xZ2dre2d2z9w/aOk4VZS0ai1h1A6KZ4JK1gINg3UQxEgWCdYLxTe53HpjSPJb3MEmYH5Gh5CGnBIzUt488wULwMkz6zrlpHHuKD0fgTSt9u+rUnBnwMnELUkUFmn37yxvENI2YBCqI1j3XScDPiAJOBZtWvFSzhNAxGbKeoZJETPvZ7IYpPjXKAIexMiUBz9TfGxmJtJ5EgZmMCIz0opeL/3m9FMJrP+MySYFJOn8oTAWGGOeB4AFXjIKYGEKo4uavmI6IIhRMbHkI7uLJy6R9UXPrtfrdZbXRKOIoo2N0gs6Qi65QA92iJmohih7RM3pFb9aT9WK9Wx/z0ZJV7ByiP7A+fwAuSZaY</latexit>

{a0, ai}

CFT SPO spectrum 
at leading order in c  

<latexit sha1_base64="kYApfbjkJPi8rVJBF7A2ZszLR2I=">AAACAnicbVDLSsNAFJ34rPEVdSVuBovgQkoiWt0IBV24rGAf0IQwmd62QycPZiZCCcWNv+LGhSJu/Qp3/o2TNgttPZcLh3PuZeaeIOFMKtv+NhYWl5ZXVktr5vrG5ta2tbPblHEqKDRozGPRDogEziJoKKY4tBMBJAw4tILhde63HkBIFkf3apSAF5J+xHqMEqUl39p3b4Ar4hN8hd3McU7O83LHpulbZbtiT4DniVOQMipQ960vtxvTNIRIUU6k7Dh2oryMCMUoh7HpphISQoekDx1NIxKC9LLJCWN8pJUu7sVCd6TwRP29kZFQylEY6MmQqIGc9XLxP6+Tqt6ll7EoSRVEdPpQL+VYxTjPA3eZAKr4SBNCBdN/xXRABKFKp5aH4MyePE+apxWnWqnenZVrtSKOEjpAh+gYOegC1dAtqqMGougRPaNX9GY8GS/Gu/ExHV0wip099AfG5w/OpJR6</latexit>

�a = {11, 5, 5, 5}

<latexit sha1_base64="v4laVv+9YcZad9CAA5NfODwJ9dg=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuSPQY8OIxgnlAdgmzk9lkyOyDmV4hLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJVCo+N8W6WNza3tnfJuZW//4LBqHx13dJIpxtsskYnqBVRzKWLeRoGS91LFaRRI3g0mt3O/+8iVFkn8gNOU+xEdxSIUjKKRBnbVkzxELyeeEqMx1gd2zak7C5B14hakBgVaA/vLGyYsi3iMTFKt+66Top9ThYJJPqt4meYpZRM64n1DYxpx7eeLw2fk3ChDEibKVIxkof6eyGmk9TQKTGdEcaxXvbn4n9fPMLzxcxGnGfKYLReFmSSYkHkKZCgUZyinhlCmhLmVsDFVlKHJqmJCcFdfXiedy7rbqDfur2rNZhFHGU7hDC7AhWtowh20oA0MMniGV3iznqwX6936WLaWrGLmBP7A+vwBaQ6S8A==</latexit>

{
[Conlon,FR, Ning ’21][Apers,Conlon,FR,Ning ’22]+….

Independent of fluxes,  
 geometric data 

Still true for arbitrary orientifold

<latexit sha1_base64="4RtDqhrn9d0mxrFhxVruP5u8aEk=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4sSQi1Y1Q0IXLCvYBTQg300k7dPJgZlIoaTdu/BU3LhRx6z+482+ctllo64ELZ865l7n3+AlnUlnWt7G0vLK6tl7YKG5ube/smnv7DRmngtA6iXksWj5IyllE64opTluJoBD6nDb9/s3Ebw6okCyOHtQwoW4I3YgFjIDSkmcejbBzS7kCzxmASHrsLH/C6Nr2zJJVtqbAi8TOSQnlqHnml9OJSRrSSBEOUrZtK1FuBkIxwum46KSSJkD60KVtTSMIqXSz6RVjfKKVDg5ioStSeKr+nsgglHIY+rozBNWT895E/M9rpyq4cjMWJamiEZl9FKQcqxhPIsEdJihRfKgJEMH0rpj0QABROriiDsGeP3mRNM7LdqVcub8oVat5HAV0iI7RKbLRJaqiO1RDdUTQI3pGr+jNeDJejHfjY9a6ZOQzB+gPjM8fr6eYEA==</latexit>

|�' ��a| = 1

<latexit sha1_base64="O4KxnoYxNQ8sWwrvxbIeJyHBc9s=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyURqV6EgBePFewHtKFstpt26e4m7G6EEvoXvHhQxKt/yJv/xk2bg7Y+GHi8N8PMvDDhTBvX/XZKa+sbm1vl7crO7t7+QfXwqK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOLnL/c4TVZrF8tFMExoIPJIsYgSbXNK3F96gWnPr7hxolXgFqUGB5qD61R/GJBVUGsKx1j3PTUyQYWUY4XRW6aeaJphM8Ij2LJVYUB1k81tn6MwqQxTFypY0aK7+nsiw0HoqQtspsBnrZS8X//N6qYlugozJJDVUksWiKOXIxCh/HA2ZosTwqSWYKGZvRWSMFSbGxlOxIXjLL6+S9mXda9QbD1c13y/iKMMJnMI5eHANPtxDE1pAYAzP8ApvjnBenHfnY9FacoqZY/gD5/MHPVmNuQ==</latexit>

s = �1SUSY 
case



EXTREMAL ARRANGEMENTS IN DGKT
<latexit sha1_base64="+ov9PdNGOa4ENdHyHPOaNM3+iYE=">AAACCnicbVDLSsNAFL2pr1pfUZduRovgQkoiWl0W3LisYB/QhDCZTtqxk0mYmQgldO3GX3HjQhG3foE7/8Yk7UJbD9zL4Zx7mbnHjzlT2rK+jdLS8srqWnm9srG5tb1j7u61VZRIQlsk4pHs+lhRzgRtaaY57caS4tDntOOPrnO/80ClYpG40+OYuiEeCBYwgnUmeeahw7EYcIpsCzmn6MJjRb9HjpzqFc+sWjWrAFok9oxUYYamZ345/YgkIRWacKxUz7Zi7aZYakY4nVScRNEYkxEe0F5GBQ6pctPilAk6zpQ+CiKZldCoUH9vpDhUahz62WSI9VDNe7n4n9dLdHDlpkzEiaaCTB8KEo50hPJcUJ9JSjQfZwQTybK/IjLEEhOdpZeHYM+fvEjaZzW7XqvfnlcbjVkcZTiAIzgBGy6hATfQhBYQeIRneIU348l4Md6Nj+loyZjt7MMfGJ8/3qyX2A==</latexit>

h10 5i 5ji
<latexit sha1_base64="i4FKK4AygEqOvrK5Yv3P8cPfPf8=">AAACCnicbVC7TsMwFL0pr1JeBUYWQ4XEgKoEQWGsxMJYJPqQmihyXKc1dZzIdpCqqDMLv8LCAEKsfAEbf4PbZoCWI92ro3PulX1PkHCmtG1/W4Wl5ZXVteJ6aWNza3unvLvXUnEqCW2SmMeyE2BFORO0qZnmtJNIiqOA03YwvJ747QcqFYvFnR4l1ItwX7CQEayN5JcPXY5Fn1PkOMg9RTWfmX7h3yNXzvSSX67YVXsKtEicnFQgR8Mvf7m9mKQRFZpwrFTXsRPtZVhqRjgdl9xU0QSTIe7TrqECR1R52fSUMTo2Sg+FsTQlNJqqvzcyHCk1igIzGWE9UPPeRPzP66Y6vPIyJpJUU0FmD4UpRzpGk1xQj0lKNB8Zgolk5q+IDLDERJv0JiE48ycvktZZ1alVa7fnlXo9j6MIB3AEJ+DAJdThBhrQBAKP8Ayv8GY9WS/Wu/UxGy1Y+c4+/IH1+QPh3Zfa</latexit>

h11 6i 5ji“11 = 6+5” “10 = 5+5” 

<latexit sha1_base64="Psr9kPW3nGRPv4B8j/j46PCeZUE="></latexit>

d'jaia0 = � 4

3
p
13

Mij

<latexit sha1_base64="y4Zf8lhIBkxJvDST7NJayEY1F9g="></latexit>

c'jaia0 =
160

3
p
13

Mij

<latexit sha1_base64="oqzHyhRyKVQfyl5TMHlY139LEAE="></latexit>

c'0aiaj =
100

3
p
13

Mij

<latexit sha1_base64="Psr9kPW3nGRPv4B8j/j46PCeZUE="></latexit>

d'jaia0 = � 4

3
p
13

Mij

<latexit sha1_base64="1DXX230olwdOcVFnu827e6D2uvw="></latexit>

c0ij +


�i�j +

1

2
(d��0 ��i ��j)(�i +�j ��0)

�
d0ij = 0

Exact Cancellation!



NON-SUSY VACUA

<latexit sha1_base64="hYdq1pERS8w4L7LeGj40xlI+5O8=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4kJKIVDdCQRcuK9gHNCFMptN26GQSZm4KJWTpxl9x40IRt36CO//GpM1CW8/lwuGce5m5x48E12BZ38bS8srq2nppo7y5tb2za+7tt3QYK8qaNBSh6vhEM8ElawIHwTqRYiTwBWv7o5vcb4+Z0jyUDzCJmBuQgeR9TglkkmceObdMAPESZ0xUNOTpNXYS2zqr5eWkZc+sWFVrCrxI7IJUUIGGZ345vZDGAZNABdG6a1sRuAlRwKlgadmJNYsIHZEB62ZUkoBpN5kekuKTTOnhfqiyloCn6u+NhARaTwI/mwwIDPW8l4v/ed0Y+lduwmUUA5N09lA/FhhCnKeCe1wxCmKSEUIVz/6K6ZAoQiHLLg/Bnj95kbTOq3atWru/qNTrRRwldIiO0Smy0SWqozvUQE1E0SN6Rq/ozXgyXox342M2umQUOwfoD4zPHwhgmAs=</latexit>

�' = {10, 6, 6, 6}
CFT spectrum 

at leading order in c  

<latexit sha1_base64="v4laVv+9YcZad9CAA5NfODwJ9dg=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuSPQY8OIxgnlAdgmzk9lkyOyDmV4hLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJVCo+N8W6WNza3tnfJuZW//4LBqHx13dJIpxtsskYnqBVRzKWLeRoGS91LFaRRI3g0mt3O/+8iVFkn8gNOU+xEdxSIUjKKRBnbVkzxELyeeEqMx1gd2zak7C5B14hakBgVaA/vLGyYsi3iMTFKt+66Top9ThYJJPqt4meYpZRM64n1DYxpx7eeLw2fk3ChDEibKVIxkof6eyGmk9TQKTGdEcaxXvbn4n9fPMLzxcxGnGfKYLReFmSSYkHkKZCgUZyinhlCmhLmVsDFVlKHJqmJCcFdfXiedy7rbqDfur2rNZhFHGU7hDC7AhWtowh20oA0MMniGV3iznqwX6936WLaWrGLmBP7A+vwBaQ6S8A==</latexit>

{ <latexit sha1_base64="9P85iDO3GVTfIfHxVwXnXGql2l4=">AAACC3icbVC7SgNBFJ2NrxhfUUubIUGwkLAbJKYRAlpYRjAPyIYwO7mbDJl9MHNXCEt6G3/FxkIRW3/Azr9x8ig08VwuHM65l5l7vFgKjbb9bWXW1jc2t7LbuZ3dvf2D/OFRU0eJ4tDgkYxU22MapAihgQIltGMFLPAktLzR9dRvPYDSIgrvcRxDN2CDUPiCMzRSL19wb0Ai6zF6RV0JProprZ5Pq+wqMRiiO+nli3bJnoGuEmdBimSBei//5fYjngQQIpdM645jx9hNmULBJUxybqIhZnzEBtAxNGQB6G46u2VCT43Sp36kTIdIZ+rvjZQFWo8Dz0wGDId62ZuK/3mdBP1qNxVhnCCEfP6Qn0iKEZ0GQ/tCAUc5NoRxJcxfKR8yxTia+HImBGf55FXSLJecSqlyd1Gs1RZxZMkJKZAz4pBLUiO3pE4ahJNH8kxeyZv1ZL1Y79bHfDRjLXaOyR9Ynz8jDZk6</latexit>

�a = {8, 8, 8, 2}
<latexit sha1_base64="asxV4uZ+FyeZZQlt9e2tPMMVn1E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWvK7U63kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfZWMvg==</latexit>

1 in alternative quantisation

<latexit sha1_base64="WzzZI752LpJjzJ7QHtE4rhUorrI=">AAACCXicbVC7SgNBFJ2Nrxhfq5Y2g0GITdgViZYBG8sI5gFJWGYnN8mQmdl1ZjYQlm1t/BUbC0Vs/QM7/8bJo9DEAxcO59zLvfeEMWfaeN63k1tb39jcym8Xdnb39g/cw6OGjhJFoU4jHqlWSDRwJqFumOHQihUQEXJohqObqd8cg9IskvdmEkNXkIFkfUaJsVLgYh0w3IGHhI1xmnaUSPVAZllJBB6GgJ1ngVv0yt4MeJX4C1JEC9QC96vTi2giQBrKidZt34tNNyXKMMohK3QSDTGhIzKAtqWSCNDddPZJhs+s0sP9SNmSBs/U3xMpEVpPRGg7BTFDvexNxf+8dmL6192UyTgxIOl8UT/h2ER4GgvuMQXU8IklhCpmb8V0SBShxoZXsCH4yy+vksZF2a+UK3eXxWp1EUcenaBTVEI+ukJVdItqqI4oekTP6BW9OU/Oi/PufMxbc85i5hj9gfP5AyIAmfo=</latexit>

si ⌘ sgn(m0ei)Non susy-vacua  different sign choices

<latexit sha1_base64="s8VDj6ZTfGUy5U8JZc5NC+HQlxI="></latexit>

c0ai'ja0
⇠ h8i 6j 2i = 0

<latexit sha1_base64="WDbyARgCfpILwtVLc7gBqobipDc="></latexit>

c0'0aia0
⇠ h10 8i 2i = 0Extremal:  

Super-extremal:  
<latexit sha1_base64="NecutXRaCoyPcbEzD3r1YhfDevA="></latexit>

c0'ia0a0
⇠ h6i 2 2i = 0

<latexit sha1_base64="Q4xAISb4ZbTgmk+aZhkJNs8WWRM=">AAACB3icbVDLSsNAFJ3UV42vqEtBBovgopSMSHUjFNy4rGAf0IQymU7boZNJmJkIJXTnxl9x40IRt/6CO//GSZqFth64cDjnXu69J4g5U9p1v63Syura+kZ5097a3tndc/YP2ipKJKEtEvFIdgOsKGeCtjTTnHZjSXEYcNoJJjeZ33mgUrFI3OtpTP0QjwQbMoK1kfrOMfQ4FiNOIXK9KvKqEEFP5sq1a9t9p+LW3BxwmaCCVECBZt/58gYRSUIqNOFYqR5yY+2nWGpGOJ3ZXqJojMkEj2jPUIFDqvw0/2MGT40ygMNImhIa5urviRSHSk3DwHSGWI/VopeJ/3m9RA+v/JSJONFUkPmiYcKhjmAWChwwSYnmU0MwkczcCskYS0y0iS4LAS2+vEza5zVUr9XvLiqNRhFHGRyBE3AGELgEDXALmqAFCHgEz+AVvFlP1ov1bn3MW0tWMXMI/sD6/AE26pZY</latexit>

h10 1 1i = 0

<latexit sha1_base64="pVxjHJZ1I0hHE2Ax3FAanC7flFo="></latexit>

c0'a0a0
⇠ h10 2 2i = 0

<latexit sha1_base64="aTHaZl1OeXJDJQDhZP1S8ye1o8k=">AAACCHicbVBNS8NAEJ3Urxq/oh49uFgED6UkItWLUPDisYL9gCaEzXbbLt1swu5GKKFHL/4VLx4U8epP8Oa/MWlz0NYHA4/3ZpiZF8ScKW3b30ZpZXVtfaO8aW5t7+zuWfsHbRUlktAWiXgkuwFWlDNBW5ppTruxpDgMOO0E45vc7zxQqVgk7vUkpl6Ih4INGME6k3zr2OVYDDlFdZ+5VcetIge5ci5d26bpWxW7Zs+AlolTkAoUaPrWl9uPSBJSoQnHSvUcO9ZeiqVmhNOp6SaKxpiM8ZD2MipwSJWXzh6ZotNM6aNBJLMSGs3U3xMpDpWahEHWGWI9UoteLv7n9RI9uPJSJuJEU0HmiwYJRzpCeSqozyQlmk8ygolk2a2IjLDERGfZ5SE4iy8vk/Z5zanX6ncXlUajiKMMR3ACZ+DAJTTgFprQAgKP8Ayv8GY8GS/Gu/Exby0Zxcwh/IHx+QNerpb/</latexit>

h6i 1 1i = 0(alternative quantisation)

All extremal + superextremal couplings vanish

<latexit sha1_base64="x8MpZk0nPAftaU5ODut4quUvWtk=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFEISSiFQRhIIuXFawF2hDmExP2rGTCzMToYRu3Pgqblwo4tZ3cOfbOGmz0NYfBj7+cw5nzu/FnEllWd9GYWFxaXmluFpaW9/Y3DK3d5oySgSFBo14JNoekcBZCA3FFId2LIAEHoeWN7zK6q0HEJJF4Z0axeAEpB8yn1GitOWa+91r4Iq47BLndH+cw7DkmmWrYk2E58HOoYxy1V3zq9uLaBJAqCgnUnZsK1ZOSoRilMO41E0kxIQOSR86GkMSgHTSyRVjfKidHvYjoV+o8MT9PZGSQMpR4OnOgKiBnK1l5n+1TqL8cydlYZwoCOl0kZ9wrCKcRYJ7TABVfKSBUMH0XzEdEEGo0sFlIdizJ89D86RiVyvV29Ny7SKPo4j20AE6QjY6QzV0g+qogSh6RM/oFb0ZT8aL8W58TFsLRj6zi/7I+PwB3fyXhQ==</latexit>

�i = �j +�k

<latexit sha1_base64="wBI6DCFvPzUXqtDS85N3JtyLvmE=">AAACCHicbZDLSsNAFIYn9VbjLerShYNFEAolKVJFEAq6cFnBXqANYTKdtGMnkzAzEUro0o2v4saFIm59BHe+jZM2C239YeDjP+dw5vx+zKhUtv1tFJaWV1bXiuvmxubW9o61u9eSUSIwaeKIRaLjI0kY5aSpqGKkEwuCQp+Rtj+6yurtByIkjfidGsfEDdGA04BipLTlWYe9a8IU8uhlDvflHEblKjdNzyrZFXsquAhODiWQq+ FZX71+hJOQcIUZkrLr2LFyUyQUxYxMzF4iSYzwCA1IVyNHIZFuOj1kAo+104dBJPTjCk7d3xMpCqUch77uDJEayvlaZv5X6yYqOHdTyuNEEY5ni4KEQRXBLBXYp4JgxcYaEBZU/xXiIRIIK51dFoIzf/IitKoVp1ap3Z6W6hd5HEVwAI7ACXDAGaiDG9AATYDBI3gGr+DNeDJejHfjY9ZaMPKZffBHxucPgxCYWA==</latexit>

�i = �j +�k + 2n



 A BULK INTERPRETATION

Preliminary result:  

DGKT vacua w/ complex structure moduli
<latexit sha1_base64="v4laVv+9YcZad9CAA5NfODwJ9dg=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuSPQY8OIxgnlAdgmzk9lkyOyDmV4hLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJVCo+N8W6WNza3tnfJuZW//4LBqHx13dJIpxtsskYnqBVRzKWLeRoGS91LFaRRI3g0mt3O/+8iVFkn8gNOU+xEdxSIUjKKRBnbVkzxELyeeEqMx1gd2zak7C5B14hakBgVaA/vLGyYsi3iMTFKt+66Top9ThYJJPqt4meYpZRM64n1DYxpx7eeLw2fk3ChDEibKVIxkof6eyGmk9TQKTGdEcaxXvbn4n9fPMLzxcxGnGfKYLReFmSSYkHkKZCgUZyinhlCmhLmVsDFVlKHJqmJCcFdfXiedy7rbqDfur2rNZhFHGU7hDC7AhWtowh20oA0MMniGV3iznqwX6936WLaWrGLmBP7A+vwBaQ6S8A==</latexit>

{
[Van Hemelryck ’25]+…

 Constraint is (superficially) violated ?! [FR, Van Hemelryck  WiP]

e.g. from different orientifold

Analogous 3d vacua on G2 manifolds

<latexit sha1_base64="25rkBzl6EXMwLu3a4p4O4S9o41s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF29WsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu5q/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeui6tWqtfvLSr2ex1GEEziFc/DgCupwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPyInjRw=</latexit>

O6

Satisfied if certain fields are identified

Quotienting extra  
direction(s) in the orbifold!

O6-planes are identified

<latexit sha1_base64="woSQqyn4HHqPxVP6u9zjuA1Y20E=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWakVJcFNy4r2Ad2hpJJM21oJjMkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OkAiujeN8o9LG5tb2Tnm3srd/cHhUPT7p6jhVlHVoLGLVD4hmgkvWMdwI1k8UI1EgWC+Y3uZ+74kpzWP5YGYJ8yMyljzklBgreV5EzCQIssf5sDGs1py6swBeJ25BalCgPax+eaOYphGThgqi9cB1EuNnRBlOBZtXvFSzhNApGbOBpZJETPvZIvMcX1hlhMNY2ScNXqi/NzISaT2LAjuZZ9SrXi7+5w1SE974GZdJapiky0NhKrCJcV4AHnHFqBEzSwhV3GbFdEIUocbWVLEluKtfXifdq7rbrDfvG7VWq6ijDGdwDpfgwjW04A7a0AEKCTzDK7yhFL2gd/SxHC2hYucU/gB9/gD935Gq</latexit>

Z4

<latexit sha1_base64="25rkBzl6EXMwLu3a4p4O4S9o41s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF29WsR/QhrLZbtqlm03YnQgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu5q/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeui6tWqtfvLSr2ex1GEEziFc/DgCupwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPyInjRw=</latexit>

O6

Connected to O-plane 
intersections?



CONCLUSIONS

Holographic, consistency constraint for “genuine” EFTs in AdS

The constraint is satisfied non-trivially for vacua in the DGKT class

Finitely many (s<2) fields below a fixed cutof

Calculated all 3-pt functions for low-lying scalars in DGKT

<latexit sha1_base64="ShXNDexCgS9BfWSMgYf3rZLs29Y="></latexit>

cijk 6= 0
<latexit sha1_base64="o3XMJSDtAkd+Ex809f4fGHeWkA0="></latexit>

dijk 6= 0
<latexit sha1_base64="FMlniTxT/cBAVFZJL44VVFAJHOw="></latexit>

c0ijk ⌘ cijk +#dijk = 0

For all (super)extremal arrangements, in both susy and non-susy vacua

<latexit sha1_base64="Ft0E5rjEmbvf0t5K8RFSjX+CkHQ=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiCEJJqlQ3QkEXLivYC7QhTKaTduhkEmZOhFK6cOOruHGhiFsfwp1v47TNQlt/GPj4zzmcOX+QCK7Bcb6t3Mrq2vpGfrOwtb2zu2fvHzR1nCrKGjQWsWoHRDPBJWsAB8HaiWIkCgRrBcPrab31wJTmsbyHUcK8iPQlDzklYCzfLnZvmADiu6cZVK5wRme+XXLKzkx4GdwMSihT3be/ur2YphGTQAXRuuM6CXhjooBTwSaFbqpZQuiQ9FnHoCQR0954dsQEHxunh8NYmScBz9zfE2MSaT2KAtMZERjoxdrU/K/WSSG89MZcJikwSeeLwlRgiPE0EdzjilEQIwOEKm7+iumAKELB5FYwIbiLJy9Ds1J2q+Xq3XmpVsviyKMiOkInyEUXqIZuUR01EEWP6Bm9ojfryXqx3q2PeWvOymYO0R9Znz+eJ5bP</latexit>

�1 +�2 = �3

Extremal arrangements cubic couplings must vanish !
<latexit sha1_base64="0Ge2gNKf1HOuO3kjlHFFSA6GbTo="></latexit>

c0ijk = 0

Putative dual to DGKT looks like well-behaved large-c CFT?

Bottom up understanding of the dual CFT?



OUTLOOK

Can we push this further? E.g. 4-pt functions (or higher)?
And implications for DGKT

Interplay with symmetries and other Swampland conjecture

Straightforward: does the constraint hold for similar flux vacua ?

Difficulty: no integer dimensions or extremal arrangements, no “large-c” parameter

DGKT for different orientifolds?

More ambitious: KKLT/LVS?

G2 vacua in 3d

Generalised shift symmetries/ higher form symmetries/ Weak Gravity  Conjecture

[Apers,Arboleya,Cribiori,Farakos,Guarino,  
Emelin,Miao,Montero,Morittu,Rajaguru,Tringas, 
Van Hemelryck,Van Riet,Wrase +… ’20-’25]

[Apers,Conlon,FR,Ning’22]

[Apers ’22][Montero,Valenzuela ’24]

Long term:  qualitatively new holography/fate of scale separation



THANK YOU FOR YOUR ATTENTION!



NON-EXTREMAL COUPLINGS
<latexit sha1_base64="AfnbdkvVP5QtfKJ+AiRaoiSlaMU="></latexit>

c0'0a0a0
⇠ h10 11 11i =

11
q

7
26

36⇡

Many relations due to superconformal Ward identities 

<latexit sha1_base64="pdaUlwSUXS94sUYCSleBp2nTIpY="></latexit>

c0'0'0'0
⇠ h10 10 10i = �

437
q

5
22

728⇡

<latexit sha1_base64="UJtZVseiZjIl/MTNuTHjNuE3l2Y="></latexit>

c0'i'j'k
⇠ h6i 6j 6ki = 3Tijk

<latexit sha1_base64="l6aEiK7JnqGzDZnkQ7j1JZPpclI="></latexit>

c0'iajak
⇠ h6i 5j 5ki = Tijk

Only a few numbers to specify

non-zero, fully symmetric tensor

<latexit sha1_base64="9cT0jrrt69Byg3c24RHdmU0zXBM="></latexit>

c0'0a0ai
⇠ h10 11 5ii = 4xi

<latexit sha1_base64="p/xvemoPY7ww6OGD42lD8+oNnEE="></latexit>

c0'ia0a0
⇠ h6 11 11i = 11xi

<latexit sha1_base64="WdXmyl5tFhrDWvixamjaCGXCbPw="></latexit>

c0'0'0'i
⇠ h10 10 6ii = 14xi

<latexit sha1_base64="kjDbPqso+TY94Bq15h0uHREERHc="></latexit>

c0'0'i'j
⇠ h10 6i 6ji = 0

related to extremal
non-zero vector


