
On AdS Scale 
Separated Vacua

GenHET meeting in String Theory, CERN, April 2024

Irene Valenzuela

CERN
IFT UAM-CSIC

In collaboration with Miguel Montero

(to appear soon)



AdS Scale Separation

AdS space

Internal space
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lKK
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lAdS

All string theory examples are of the form
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AdSd ⇥Xn
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lAdS

All string theory examples are of the form
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AdSd ⇥Xn

Otherwise, it does not describe low dimensional physics

Can we have small extra dimensions in AdS vacua?
<latexit sha1_base64="kPTpae6vg59qZZhYb3/juCtOuDQ=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJFHUlFTdCNxXtBdoQJpNJOnQyCTMTpcQ8ihsXirj1Sdz5Nk7bLLT1h4GP/5zDOfN7CaNSWda3UVpZXVvfKG9WtrZ3dvfM6n5XxqnApINjFou+hyRhlJOOooqRfiIIijxGet74elrvPRAhaczv1SQhToRCTgOKkdKWa1aZm135d/kwDKHGVit3zZpVt2aCy2AXUAOF2q75NfRjnEaEK8yQlAPbSpSTIaEoZiSvDFNJEoTHKCQDjRxFRDrZ7PQcHmvHh0Es9OMKztzfExmKpJxEnu6MkBrJxdrU/K82SFVw4WSUJ6kiHM8XBSmDKobTHKBPBcGKTTQgLKi+FeIREggrnVZFh2AvfnkZuqd1+6zeuG3UmpdFHGVwCI7ACbDBOWiCG9AGHYDBI3gGr+DNeDJejHfjY95aMoqZA/BHxucP08yTuA==</latexit>

lAdS � lKK



All known holographic AdS/CFT examples are not scale-separated

Known CFTs at large N are dual to
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where the size of the internal space is of order the AdS scale

AdS Scale Separation in

From Holography:
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d � 4



All known holographic AdS/CFT examples are not scale-separated

Known CFTs at large N are dual to
<latexit sha1_base64="4lMnu2IVqLImeDZwD0rJwLV1+Kc=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqCepePFY0X5AG8Jms22XbjZhdyOUEP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFyScKe0431ZpZXVtfaO8Wdna3tnds/cP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxjdTv/NIpWKxeNCThHoRHgo2YARrI/l29Tq897Mw72sWUYW6fiZy3645dWcGtEzcgtSgQNO3v/phTNKICk04VqrnOon2Miw1I5zmlX6qaILJGA9pz1CBzSovmx2fo2OjhGgQS1NCo5n6eyLDkVKTKDCdEdYjtehNxf+8XqoHl17GRJJqKsh80SDlSMdomgQKmaRE84khmEhmbkVkhCUm2uRVMSG4iy8vk/Zp3T2vn92d1RpXRRxlOIQjOAEXLqABt9CEFhCYwDO8wpv1ZL1Y79bHvLVkFTNV+APr8wfINJTc</latexit>

AdSd ⇥Xn
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d � 4

The limit              is at infinite distance in the space of metric configurations
<latexit sha1_base64="6DoYjRqgG+FlYEZZJ8W8+bpXY0o=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNSQyTF0W3bisYB/QDkMmTdvQzGRIMpUy9E/cuFDErX/izr8xfQgqeuDC4Zx7ufeeOBNcG4Q+nNLa+sbmVnm7srO7t3/gHh61tMwVZU0qhVSdmGgmeMqahhvBOpliJIkFa8fj67nfnjCluUzvzDRjYUKGKR9wSoyVItdtRain+HBkiFLyHqLIrSIPYYQDHyIP1wLfx5YEyAJD7KEFqmCFRuS+9/qS5glLDRVE6y5GmQkLogyngs0qvVyzjNAxGbKupSlJmA6LxeUzeGaVPhxIZSs1cKF+nyhIovU0iW1nQsxI//bm4l9eNzeDy7DgaZYbltLlokEuoJFwHgPsc8WoEVNLCFXc3grpiChCjQ2rYkP4+hT+T1oXHg48/9av1q9WcZTBCTgF5wCDGqiDG9AATUDBBDyAJ/DsFM6j8+K8LltLzmrmGPyA8/YJHgWTWA==</latexit>

V0 ! 0

[Luest,Palti,Vafa’19]distance
<latexit sha1_base64="cB1LXAbUXBTlUjXipI6RugTjgUI=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUU9S8OKxgv2A7lqyabYNTTZLklXKtv/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmitAGkVyqdog15SymDcMMp+1EUSxCTlvh8Gbqtx6p0kzG92aU0EDgfswiRrCx0oOvmfC57KNxs+uOu+WKW3VnQMvEy0kFctS75S+/J0kqaGwIx1p3PDcxQYaVYYTTSclPNU0wGeI+7VgaY0F1kM2unqATq/RQJJWt2KCZ+nsiw0LrkQhtp8BmoBe9qfif10lNdBVkLE5SQ2MyXxSlHBmJphGgHlOUGD6yBBPF7K2IDLDCxNigSjYEb/HlZdI8q3oX1fO780rtOo+jCEdwDKfgwSXU4Bbq0AACCp7hFd6cJ+fFeXc+5q0FJ585hD9wPn8AKz2SSw==</latexit>

⇠ log |V0|

From Swampland:
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where the size of the internal space is of order the AdS scale
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From Holography:
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d � 4

The limit              is at infinite distance in the space of metric configurations
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V0 ! 0

[Luest,Palti,Vafa’19]distance
<latexit sha1_base64="cB1LXAbUXBTlUjXipI6RugTjgUI=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUU9S8OKxgv2A7lqyabYNTTZLklXKtv/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmitAGkVyqdog15SymDcMMp+1EUSxCTlvh8Gbqtx6p0kzG92aU0EDgfswiRrCx0oOvmfC57KNxs+uOu+WKW3VnQMvEy0kFctS75S+/J0kqaGwIx1p3PDcxQYaVYYTTSclPNU0wGeI+7VgaY0F1kM2unqATq/RQJJWt2KCZ+nsiw0LrkQhtp8BmoBe9qfif10lNdBVkLE5SQ2MyXxSlHBmJphGgHlOUGD6yBBPF7K2IDLDCxNigSjYEb/HlZdI8q3oX1fO780rtOo+jCEdwDKfgwSXU4Bbq0AACCp7hFd6cJ+fFeXc+5q0FJ585hD9wPn8AKz2SSw==</latexit>

⇠ log |V0|

From Swampland:

as
<latexit sha1_base64="nTGFm3fp+nwZmCE/J4Ddzi+HWfw=">AAACDXicbVBNSyNBEO3RXT/iqnE9emk2CgoaZiSopyWwlz1GMB+QCaGmUzGN3T1Dd40YhvyBvexf8eLBRfbq3dv+m+18HHbVBwWP96qoqpdkSjoKwz/B0vKHjyura+uljU+bW9vlnc8tl+ZWYFOkKrWdBBwqabBJkhR2MougE4Xt5Obb1G/fonUyNVc0zrCn4drIoRRAXuqX93XspOYx3mWHJzGobATxcUx4R8XAbwcjcHLUL1fCajgDf0uiBamwBRr98ks8SEWu0ZBQ4Fw3CjPqFWBJCoWTUpw7zEDcwDV2PTWg0fWK2TcTfuCVAR+m1pchPlP/nShAOzfWie/UQCP32puK73ndnIYXvUKaLCc0Yr5omCtOKZ9GwwfSoiA19gSElf5WLkZgQZAPsORDiF6//Ja0TqvRWbV2WavUvy7iWGN77As7ZBE7Z3X2nTVYkwn2g92zR/Yr+Bk8BE/B73nrUrCY2WX/IXj+C1kUm78=</latexit>

m ⇠ exp(�↵ distance)
<latexit sha1_base64="/rqdXyPTN0HVusKIq8SAIu5/NS0=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiRT1JwYvHCvYDmhg22027dDcJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7dftQ8OOyrJJKFtkvBE9kKsKGcxbWumOe2lkmIRctoNxzczv/tIpWJJfK8nKfUFHsYsYgRrIwV21VNMoE7gPHiYpyMc2DWn7syBVolbkBoUaAX2lzdISCZorAnHSvVdJ9V+jqVmhNNpxcsUTTEZ4yHtGxpjQZWfzw+folOjDFCUSFOxRnP190SOhVITEZpOgfVILXsz8T+vn+noys9ZnGaaxmSxKMo40gmapYAGTFKi+cQQTCQztyIywhITbbKqmBDc5ZdXSee87l7UG3eNWvO6iKMMx3ACZ+DCJTThFlrQBgIZPMMrvFlP1ov1bn0sWktWMXMEf2B9/gAJW5Kw</latexit>

⇠ V ↵
0

<latexit sha1_base64="7olEvfyVFQ1U4VRLxxAkhoG2hqw=">AAAB+nicbVBNSwMxEJ2tX7V+bfXoJVgET2VXRD1JwYvHCvYD2mXJpmkbmk2WJGspa3+KFw+KePWXePPfmLZ70NYHA4/3ZpiZFyWcaeN5305hbX1jc6u4XdrZ3ds/cMuHTS1TRWiDSC5VO8KaciZowzDDaTtRFMcRp61odDvzW49UaSbFg5kkNIjxQLA+I9hYKXTLqBl6XcUGQ4OVkmPkhW7Fq3pzoFXi56QCOeqh+9XtSZLGVBjCsdYd30tMkGFlGOF0WuqmmiaYjPCAdiwVOKY6yOanT9GpVXqoL5UtYdBc/T2R4VjrSRzZzhiboV72ZuJ/Xic1/esgYyJJDRVksaifcmQkmuWAekxRYvjEEkwUs7ciMsQKE2PTKtkQ/OWXV0nzvOpfVi/uLyq1mzyOIhzDCZyBD1dQgzuoQwMIjOEZXuHNeXJenHfnY9FacPKZI/gD5/MHN3yTVA==</latexit>

V0 ! 0
Generalization of the Distance conjecture implies the existence of a 
tower of states with



All known holographic AdS/CFT examples are not scale-separated

Known CFTs at large N are dual to
<latexit sha1_base64="4lMnu2IVqLImeDZwD0rJwLV1+Kc=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIqCepePFY0X5AG8Jms22XbjZhdyOUEP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFyScKe0431ZpZXVtfaO8Wdna3tnds/cP2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxjdTv/NIpWKxeNCThHoRHgo2YARrI/l29Tq897Mw72sWUYW6fiZy3645dWcGtEzcgtSgQNO3v/phTNKICk04VqrnOon2Miw1I5zmlX6qaILJGA9pz1CBzSovmx2fo2OjhGgQS1NCo5n6eyLDkVKTKDCdEdYjtehNxf+8XqoHl17GRJJqKsh80SDlSMdomgQKmaRE84khmEhmbkVkhCUm2uRVMSG4iy8vk/Zp3T2vn92d1RpXRRxlOIQjOAEXLqABt9CEFhCYwDO8wpv1ZL1Y79bHvLVkFTNV+APr8wfINJTc</latexit>

AdSd ⇥Xn

where the size of the internal space is of order the AdS scale

AdS Scale Separation in

From Holography:

<latexit sha1_base64="JuX+1a7FfkPW4/ztJxqTt1Ne5Us=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmM22XbjZxdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJR9wRo2V2mFviI+k1i9X3Ko7B1klXk4qkKPRL3/1wpilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzq4RkECtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qBtd+xmWSGpRssWiQCmJiMvudhFwhM2JiCWWK21sJG1FFmbEJlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx84nz+aeo8W</latexit>

d � 4

The limit              is at infinite distance in the space of metric configurations
<latexit sha1_base64="6DoYjRqgG+FlYEZZJ8W8+bpXY0o=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNSQyTF0W3bisYB/QDkMmTdvQzGRIMpUy9E/cuFDErX/izr8xfQgqeuDC4Zx7ufeeOBNcG4Q+nNLa+sbmVnm7srO7t3/gHh61tMwVZU0qhVSdmGgmeMqahhvBOpliJIkFa8fj67nfnjCluUzvzDRjYUKGKR9wSoyVItdtRain+HBkiFLyHqLIrSIPYYQDHyIP1wLfx5YEyAJD7KEFqmCFRuS+9/qS5glLDRVE6y5GmQkLogyngs0qvVyzjNAxGbKupSlJmA6LxeUzeGaVPhxIZSs1cKF+nyhIovU0iW1nQsxI//bm4l9eNzeDy7DgaZYbltLlokEuoJFwHgPsc8WoEVNLCFXc3grpiChCjQ2rYkP4+hT+T1oXHg48/9av1q9WcZTBCTgF5wCDGqiDG9AATUDBBDyAJ/DsFM6j8+K8LltLzmrmGPyA8/YJHgWTWA==</latexit>

V0 ! 0

[Luest,Palti,Vafa’19]distance
<latexit sha1_base64="cB1LXAbUXBTlUjXipI6RugTjgUI=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUU9S8OKxgv2A7lqyabYNTTZLklXKtv/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmitAGkVyqdog15SymDcMMp+1EUSxCTlvh8Gbqtx6p0kzG92aU0EDgfswiRrCx0oOvmfC57KNxs+uOu+WKW3VnQMvEy0kFctS75S+/J0kqaGwIx1p3PDcxQYaVYYTTSclPNU0wGeI+7VgaY0F1kM2unqATq/RQJJWt2KCZ+nsiw0LrkQhtp8BmoBe9qfif10lNdBVkLE5SQ2MyXxSlHBmJphGgHlOUGD6yBBPF7K2IDLDCxNigSjYEb/HlZdI8q3oX1fO780rtOo+jCEdwDKfgwSXU4Bbq0AACCp7hFd6cJ+fFeXc+5q0FJ585hD9wPn8AKz2SSw==</latexit>

⇠ log |V0|

From Swampland:

as
<latexit sha1_base64="nTGFm3fp+nwZmCE/J4Ddzi+HWfw=">AAACDXicbVBNSyNBEO3RXT/iqnE9emk2CgoaZiSopyWwlz1GMB+QCaGmUzGN3T1Dd40YhvyBvexf8eLBRfbq3dv+m+18HHbVBwWP96qoqpdkSjoKwz/B0vKHjyura+uljU+bW9vlnc8tl+ZWYFOkKrWdBBwqabBJkhR2MougE4Xt5Obb1G/fonUyNVc0zrCn4drIoRRAXuqX93XspOYx3mWHJzGobATxcUx4R8XAbwcjcHLUL1fCajgDf0uiBamwBRr98ks8SEWu0ZBQ4Fw3CjPqFWBJCoWTUpw7zEDcwDV2PTWg0fWK2TcTfuCVAR+m1pchPlP/nShAOzfWie/UQCP32puK73ndnIYXvUKaLCc0Yr5omCtOKZ9GwwfSoiA19gSElf5WLkZgQZAPsORDiF6//Ja0TqvRWbV2WavUvy7iWGN77As7ZBE7Z3X2nTVYkwn2g92zR/Yr+Bk8BE/B73nrUrCY2WX/IXj+C1kUm78=</latexit>

m ⇠ exp(�↵ distance)
<latexit sha1_base64="/rqdXyPTN0HVusKIq8SAIu5/NS0=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiRT1JwYvHCvYDmhg22027dDcJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7dftQ8OOyrJJKFtkvBE9kKsKGcxbWumOe2lkmIRctoNxzczv/tIpWJJfK8nKfUFHsYsYgRrIwV21VNMoE7gPHiYpyMc2DWn7syBVolbkBoUaAX2lzdISCZorAnHSvVdJ9V+jqVmhNNpxcsUTTEZ4yHtGxpjQZWfzw+folOjDFCUSFOxRnP190SOhVITEZpOgfVILXsz8T+vn+noys9ZnGaaxmSxKMo40gmapYAGTFKi+cQQTCQztyIywhITbbKqmBDc5ZdXSee87l7UG3eNWvO6iKMMx3ACZ+DCJTThFlrQBgIZPMMrvFlP1ov1bn0sWktWMXMEf2B9/gAJW5Kw</latexit>

⇠ V ↵
0

<latexit sha1_base64="7olEvfyVFQ1U4VRLxxAkhoG2hqw=">AAAB+nicbVBNSwMxEJ2tX7V+bfXoJVgET2VXRD1JwYvHCvYD2mXJpmkbmk2WJGspa3+KFw+KePWXePPfmLZ70NYHA4/3ZpiZFyWcaeN5305hbX1jc6u4XdrZ3ds/cMuHTS1TRWiDSC5VO8KaciZowzDDaTtRFMcRp61odDvzW49UaSbFg5kkNIjxQLA+I9hYKXTLqBl6XcUGQ4OVkmPkhW7Fq3pzoFXi56QCOeqh+9XtSZLGVBjCsdYd30tMkGFlGOF0WuqmmiaYjPCAdiwVOKY6yOanT9GpVXqoL5UtYdBc/T2R4VjrSRzZzhiboV72ZuJ/Xic1/esgYyJJDRVksaifcmQkmuWAekxRYvjEEkwUs7ciMsQKE2PTKtkQ/OWXV0nzvOpfVi/uLyq1mzyOIhzDCZyBD1dQgzuoQwMIjOEZXuHNeXJenHfnY9FacPKZI/gD5/MHN3yTVA==</latexit>

V0 ! 0
Generalization of the Distance conjecture implies the existence of a 
tower of states with

<latexit sha1_base64="G3sX2O2thsZpfTJ9/6QaPg+FNTw=">AAACBXicbVDLSsNAFJ3UV62vqktdDBbBVUmkqCspuBG6qWAf0MQwmU7aoTNJmLkRS+jGjb/ixoUibv0Hd/6N08dCWw9cOJxzL/feEySCa7Dtbyu3tLyyupZfL2xsbm3vFHf3mjpOFWUNGotYtQOimeARawAHwdqJYkQGgrWCwdXYb90zpXkc3cIwYZ4kvYiHnBIwkl88lH7mAnuArFYbjVzNJW769p1LRNInfrFkl+0J8CJxZqSEZqj7xS+3G9NUsgioIFp3HDsBLyMKOBVsVHBTzRJCB6THOoZGRDLtZZMvRvjYKF0cxspUBHii/p7IiNR6KAPTKQn09bw3Fv/zOimEF17GoyQFFtHpojAVGGI8jgR3uWIUxNAQQhU3t2LaJ4pQMMEVTAjO/MuLpHlads7KlZtKqXo5iyOPDtAROkEOOkdVdI3qqIEoekTP6BW9WU/Wi/VufUxbc9ZsZh/9gfX5A6G7mKU=</latexit>

mKK ⇠ V ↵
0

<latexit sha1_base64="hyEXvZ+TfImZ1E7lE48F5L+GMQg=">AAACDXicbVC7SgNBFJ2Nrxhfq5Y2g1GwMeyGoFYSsRHSRDQPyMYwO5kkQ2YfzNwVw7I/YOOv2FgoYmtv5984SbbQxAMXDufcy733uKHgCizr28gsLC4tr2RXc2vrG5tb5vZOXQWRpKxGAxHIpksUE9xnNeAgWDOUjHiuYA13eDn2G/dMKh74tzAKWdsjfZ/3OCWgpY55IDqxA+wB4kolSRzFPayVi+5NchcfFx0iwgFJOmbeKlgT4HlipySPUlQ75pfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWpr6xGOqHU++SfChVrq4F0hdPuCJ+nsiJp5SI8/VnR6BgZr1xuJ/XiuC3lk75n4YAfPpdFEvEhgCPI4Gd7lkFMRIE0Il17diOiCSUNAB5nQI9uzL86ReLNgnhdJ1KV8+T+PIoj20j46QjU5RGV2hKqohih7RM3pFb8aT8WK8Gx/T1oyRzuyiPzA+fwD+PZwh</latexit>

lKK ⇠ l�2↵
AdS

<latexit sha1_base64="RmbfhkhU3Gd9txA+Xv+cj9MyXhY=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQyCp7AbgnqSgBePEUwiZJfQO5lNhsw+nJkVQ8ivePGgiFd/xJt/4yTZgyYWNBRV3XR3BangSjvOt1VYW9/Y3Cpul3Z29/YP7MNyWyWZpKxFE5HI+wAVEzxmLc21YPepZBgFgnWC0fXM7zwyqXgS3+lxyvwIBzEPOUVtpJ5d9lCkQ/QG7IF4oUTq1np2xak6c5BV4uakAjmaPfvL6yc0i1isqUCluq6Tan+CUnMq2LTkZYqlSEc4YF1DY4yY8ifz26fk1Ch9EibSVKzJXP09McFIqXEUmM4I9VAtezPxP6+b6fDSn/A4zTSL6WJRmAmiEzILgvS5ZFSLsSFIJTe3EjpEk4A2cZVMCO7yy6ukXau659X6bb3SuMrjKMIxnMAZuHABDbiBJrSAwhM8wyu8WVPrxXq3PhatBSufOYI/sD5/ACRfk9o=</latexit>

↵ � 1

2
no scale separationIf



If we are looking for AdS scale-separated vacua, which is the most 
promising corner of the landscape?

AdS Scale Separation in
<latexit sha1_base64="JuX+1a7FfkPW4/ztJxqTt1Ne5Us=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmM22XbjZxdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJR9wRo2V2mFviI+k1i9X3Ko7B1klXk4qkKPRL3/1wpilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzq4RkECtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qBtd+xmWSGpRssWiQCmJiMvudhFwhM2JiCWWK21sJG1FFmbEJlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx84nz+aeo8W</latexit>

d � 4



If we are looking for AdS scale-separated vacua, which is the most 
promising corner of the landscape?

Non-SUSY 4 supercharges 8 or more supercharges

(4d N=1 theories)

AdS Scale Separation in
<latexit sha1_base64="JuX+1a7FfkPW4/ztJxqTt1Ne5Us=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmM22XbjZxdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJR9wRo2V2mFviI+k1i9X3Ko7B1klXk4qkKPRL3/1wpilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzq4RkECtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qBtd+xmWSGpRssWiQCmJiMvudhFwhM2JiCWWK21sJG1FFmbEJlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx84nz+aeo8W</latexit>

d � 4



If we are looking for AdS scale-separated vacua, which is the most 
promising corner of the landscape?

Non-SUSY 4 supercharges 8 or more supercharges

(4d N=1 theories)

Thera are examples of scale-separated vacua in string compactifications

but they are unstable (they do not have a CFT dual)

AdS Scale Separation in
<latexit sha1_base64="JuX+1a7FfkPW4/ztJxqTt1Ne5Us=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmM22XbjZxdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJR9wRo2V2mFviI+k1i9X3Ko7B1klXk4qkKPRL3/1wpilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzq4RkECtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qBtd+xmWSGpRssWiQCmJiMvudhFwhM2JiCWWK21sJG1FFmbEJlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx84nz+aeo8W</latexit>

d � 4



If we are looking for AdS scale-separated vacua, which is the most 
promising corner of the landscape?

Non-SUSY 4 supercharges 8 or more supercharges

(4d N=1 theories)

Thera are examples of scale-separated vacua in string compactifications

but they are unstable (they do not have a CFT dual)

e.g. Scalar potential dominated by Casimir energies
<latexit sha1_base64="ns6Fl4QbE0bWTApqtYYNMMwq0aU=">AAACGHicbVC7TsMwFHXKu7wCjCwWFRJTSRACJoTEgsQCEn1ITRs5jgNW7SSybxBVlM9g4VdYGECItRt/g9tmgJYjWT4+515d3xOkgmtwnG+rMje/sLi0vFJdXVvf2LS3tps6yRRlDZqIRLUDopngMWsAB8HaqWJEBoK1gv7lyG89MqV5Et/BIGVdSe5jHnFKwEi+fdj0cw/YE+SXRHPJVVF45sZepAh1c9ELJ2/p59fXRS/07ZpTd8bAs8QtSQ2VuPHtoRcmNJMsBiqI1h3XSaGbEwWcClZUvUyzlNA+uWcdQ2Mime7m48UKvG+UEEeJMicGPFZ/d+REaj2QgamUBB70tDcS//M6GURn3ZzHaQYsppNBUSYwJHiUEg65YhTEwBBCFTd/xfSBmEjAZFk1IbjTK8+S5lHdPakf3x7XLs7LOJbRLtpDB8hFp+gCXaEb1EAUPaNX9I4+rBfrzfq0vialFavs2UF/YA1/ABmHoQk=</latexit>

VCasimir ⇠
1

ld
⇠ md

KK
<latexit sha1_base64="XYXbQrkdzZkyKJSptWpxqDkD7jc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN9akFHUlFTcuK9oHtDFMJtN26MwkzEyEEgL+ihsXirj1O9z5N07bLLR64MLhnHu5954gZlRpx/myCguLS8srxdXS2vrG5pa9vdNSUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxhdTfz2A5GKRuJOj2PicTQQtE8x0kby7T3mp5fhbdZTlMPWfXrsnlQz6Ntlp+JMAf8SNydlkKPh25+9MMIJJ0JjhpTquk6svRRJTTEjWamXKBIjPEID0jVUIE6Ul07Pz+ChUULYj6QpoeFU/TmRIq7UmAemkyM9VPPeRPzP6ya6f+6lVMSJJgLPFvUTBnUEJ1nAkEqCNRsbgrCk5laIh0girE1iJROCO//yX9KqVtzTSu2mVq5f5HEUwT44AEfABWegDq5BAzQBBil4Ai/g1Xq0nq03633WWrDymV3wC9bHN4jflI0=</latexit>

lAdS ⇠ V �1/2

<latexit sha1_base64="YPFYcz+3h85LzZWth0Gw0Pm/Gzo=">AAACC3icbZC7TsMwFIYdrqXcAowsViskppJUFTChIhakLkXQi9SEyHGc1Kpzke0gVVF2Fl6FhQGEWHkBNt4Gt80ALb9k6fN/zpF9fjdhVEjD+NaWlldW19ZLG+XNre2dXX1vvyvilGPSwTGLed9FgjAakY6kkpF+wgkKXUZ67uhqUu89EC5oHN3JcULsEAUR9SlGUlmOXmFOdund5pagIVTcauX3mXdSz60gKO6OXjVqxlRwEcwCqqBQ29G/LC/GaUgiiRkSYmAaibQzxCXFjORlKxUkQXiEAjJQGKGQCDub7pLDI+V40I+5OpGEU/f3RIZCIcahqzpDJIdivjYx/6sNUumf2xmNklSSCM8e8lMGZQwnwUCPcoIlGytAmFP1V4iHiCMsVXxlFYI5v/IidOs187TWuGlUmxdFHCVwCCrgGJjgDDTBNWiDDsDgETyDV/CmPWkv2rv2MWtd0oqZA/BH2ucPWr2amw==</latexit>

lAdS ⇠ ld/2KK � lKK for 
<latexit sha1_base64="bhaIBt7blfaHaeUW8ZfTiCRp6m8=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktRT2VghePFe0HtEvJZrNtaDZZkqxQlv4ELx4U8eov8ua/MW33oK0PBh7vzTAzL0g408Z1v53CxubW9k5xt7S3f3B4VD4+6WiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk9u5332iSjMpHs00oX6MR4JFjGBjpYewURuWK27VXQCtEy8nFcjRGpa/BqEkaUyFIRxr3ffcxPgZVoYRTmelQappgskEj2jfUoFjqv1sceoMXVglRJFUtoRBC/X3RIZjradxYDtjbMZ61ZuL/3n91EQ3fsZEkhoqyHJRlHJkJJr/jUKmKDF8agkmitlbERljhYmx6ZRsCN7qy+ukU6t6V9X6fb3SbORxFOEMzuESPLiGJtxBC9pAYATP8ApvDndenHfnY9lacPKZU/gD5/MHvkKNcQ==</latexit>

d > 2

At the very least, they have non-perturbative bubble of nothing instabilities

[De Luca et al ’22]

AdS Scale Separation in
<latexit sha1_base64="JuX+1a7FfkPW4/ztJxqTt1Ne5Us=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmM22XbjZxdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJR9wRo2V2mFviI+k1i9X3Ko7B1klXk4qkKPRL3/1wpilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzq4RkECtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qBtd+xmWSGpRssWiQCmJiMvudhFwhM2JiCWWK21sJG1FFmbEJlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx84nz+aeo8W</latexit>

d � 4



If we are looking for AdS scale-separated vacua, which is the most 
promising corner of the landscape?

Non-SUSY 4 supercharges 8 or more supercharges

(4d N=1 theories)

More generally, we expect from the Swampland program that all 
non-SUSY vacua are at best metastable

AdS Scale Separation in
<latexit sha1_base64="JuX+1a7FfkPW4/ztJxqTt1Ne5Us=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmM22XbjZxdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJR9wRo2V2mFviI+k1i9X3Ko7B1klXk4qkKPRL3/1wpilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzq4RkECtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qBtd+xmWSGpRssWiQCmJiMvudhFwhM2JiCWWK21sJG1FFmbEJlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx84nz+aeo8W</latexit>

d � 4



If we are looking for AdS scale-separated vacua, which is the most 
promising corner of the landscape?

Non-SUSY 4 supercharges 8 or more supercharges

(4d N=1 theories)

More generally, we expect from the Swampland program that all 
non-SUSY vacua are at best metastable
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• Brane nucleation due to the Weak Gravity Conjecture (if there are 
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If we are looking for AdS scale-separated vacua, which is the most 
promising corner of the landscape?

Non-SUSY 4 supercharges 8 or more supercharges

(4d N=1 theories)

There is a continuous R-symmetry
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[Polchinski,Silverstein ’09] In all examples, they correspond to Kaluza-Klein modes
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If we are looking for AdS scale-separated vacua, which is the most 
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Non-SUSY 4 supercharges 8 or more supercharges
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Easier, but unstable Difficult or impossible???
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Non-SUSY 4 supercharges 8 or more supercharges

(4d N=1 theories)

Easier, but unstable Difficult or impossible???

All proposed candidates for scale-separated (stable) vacua 
from the bulk perspective are here: DGKT, KKLT, …

Not known CFT dual yet, under debate whether they are consistent 
top-down string constructions,…
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4d N=1 AdS vacuum arising from compactifying massive Type IIA on a 
CY3 with O6-planes and fluxes for

AdS4xCY3
<latexit sha1_base64="iRZfjP44MjEWNlgCimQEMj7O8LM=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KCXRop6kIJQeK9gPSEPYbDft0s0m7G6EEvozvHhQxKu/xpv/xm2bg7Y+GHi8N8PMvCDhTGnb/rbW1jc2t7YLO8Xdvf2Dw9LRcUfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67wfh+5nefqFQsFo96klAvwkPBQkawNpLb8O1Kw69Vmv6VXyrbVXsOtEqcnJQhR8svffUHMUkjKjThWCnXsRPtZVhqRjidFvupogkmYzykrqECR1R52fzkKTo3ygCFsTQlNJqrvycyHCk1iQLTGWE9UsveTPzPc1Md3noZE0mqqSCLRWHKkY7R7H80YJISzSeGYCKZuRWREZaYaJNS0YTgLL+8SjqXVee6Wnuolet3eRwFOIUzuAAHbqAOTWhBGwjE8Ayv8GZp68V6tz4WrWtWPnMCf2B9/gANuI/N</latexit>

F0, F4, H3

There is one unconstrained flux that does not appear on the tadpole:
Z
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F4 = N
<latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit>

[De Wolfe, Giryavets, Kachru, Taylor ’05]DGKT vacuum
[Camara,Ibanez,Uranga ’05]



4d N=1 AdS vacuum arising from compactifying massive Type IIA on a 
CY3 with O6-planes and fluxes for
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F0, F4, H3

There is one unconstrained flux that does not appear on the tadpole:
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F4 = N
<latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit>

[De Wolfe, Giryavets, Kachru, Taylor ’05]DGKT vacuum

By solving the 4d eoms, one finds a family of AdS vacua with
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⇠ N
<latexit sha1_base64="XRyhdpHtTYLNziLLW761jQ5tUFA="></latexit><latexit sha1_base64="XRyhdpHtTYLNziLLW761jQ5tUFA="></latexit><latexit sha1_base64="XRyhdpHtTYLNziLLW761jQ5tUFA="></latexit><latexit sha1_base64="XRyhdpHtTYLNziLLW761jQ5tUFA="></latexit>

So this solution is scale-separated in the large N limit.

<latexit sha1_base64="orbTNOwxnp0hBdDXCsHppV/sqlM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVzUpxcdGCm5cSQX7gDaGyXTaDp1MwsxEqKFf4saFIm79FHf+jdM2C209cOFwzr3ce08Qc6a043xbuZXVtfWN/GZha3tnt2jv7TdVlEhCGyTikWwHWFHOBG1opjltx5LiMOC0FYyup37rkUrFInGvxzH1QjwQrM8I1kby7WLTd7qKhej2Ib08rUx8u+SUnRnQMnEzUoIMdd/+6vYikoRUaMKxUh3XibWXYqkZ4XRS6CaKxpiM8IB2DBU4pMpLZ4dP0LFReqgfSVNCo5n6eyLFoVLjMDCdIdZDtehNxf+8TqL7F17KRJxoKsh8UT/hSEdomgLqMUmJ5mNDMJHM3IrIEEtMtMmqYEJwF19eJs1K2T0rV++qpdpVFkceDuEITsCFc6jBDdShAQQSeIZXeLOerBfr3fqYt+asbOYA/sD6/AFCL5Iu</latexit>

V0 ⇠ N9/2

<latexit sha1_base64="FVOTjT/j8jzR6aSfwMJP8VPbBUQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5qUYl1JwY1QkQr2AU0aJtNpO3QmCTMToYS48VfcuFDErX/hzr9x2mahrQcuHM65l3vv8SNGpbKsb2NpeWV1bT23kd/c2t7ZNff2mzKMBSYNHLJQtH0kCaMBaSiqGGlHgiDuM9LyR1cTv/VAhKRhcK/GEXE5GgS0TzFSWvLMw5tuyUscwWGtljqScnjbTSpnpdQzC1bRmgIuEjsjBZCh7plfTi/EMSeBwgxJ2bGtSLkJEopiRtK8E0sSITxCA9LRNECcSDeZfpDCE630YD8UugIFp+rviQRxKcfc150cqaGc9ybif14nVv0LN6FBFCsS4NmifsygCuEkDtijgmDFxpogLKi+FeIhEggrHVpeh2DPv7xImqWifV4s35UL1cssjhw4AsfgFNigAqrgGtRBA2DwCJ7BK3gznowX4934mLUuGdnMAfgD4/MHtZ2VxQ==</latexit>
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<latexit sha1_base64="Oeb1c0JOkFsnGexbij22+dxoS1E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpKUoq6k4EbopoJ9QBPDZDpph84kYWYihBB/xY0LRdz6Ie78G6dtFtp64MLhnHu59x4/ZlQqy/o2SmvrG5tb5e3Kzu7e/oF5eNSTUSIw6eKIRWLgI0kYDUlXUcXIIBYEcZ+Rvj+9mfn9RyIkjcJ7lcbE5Wgc0oBipLTkmVXuZY7gsN3OH7LzRu5Iyj2zZtWtOeAqsQtSAwU6nvnljCKccBIqzJCUQ9uKlZshoShmJK84iSQxwlM0JkNNQ8SJdLP58Tk81coIBpHQFSo4V39PZIhLmXJfd3KkJnLZm4n/ecNEBVduRsM4USTEi0VBwqCK4CwJOKKCYMVSTRAWVN8K8QQJhJXOq6JDsJdfXiW9Rt2+qDfvmrXWdRFHGRyDE3AGbHAJWuAWdEAXYJCCZ/AK3own48V4Nz4WrSWjmKmCPzA+fwA2lpR9</latexit>

m�2
KK ⇠

[Camara,Ibanez,Uranga ’05]



The consistency of the solution is not clear because we only solved 4d 
equations of motion (zero mode of 10d eoms on CY3)

Lot of recent progress, everything seems fine so far, but no conclusive answer.

[Andriot, Apers, Casas, Castellano, Collins, Cribiori, Dall’Agata, De Luca, Emelin, Farakos, Graña, Herraez, Hoter, Ibañez, 
Junghans, Lust (x2), Marchesano, Marconnet, Montella, Morittu, Ning, Palti, Plauschinn, Prieto, Quirant, Revello, Shiu, Shukla, 

Tomasiello, Tonioni, Toulikas, Tringas, Tsimpis, Vafa, Van Hemelryck, Van Riet, Walcher, Wiesner, Wrasse, Xu, Yau, Zatti,…]

DGKT vacuum



The consistency of the solution is not clear because we only solved 4d 
equations of motion (zero mode of 10d eoms on CY3)

Lot of recent progress, everything seems fine so far, but no conclusive answer.

[Andriot, Apers, Casas, Castellano, Collins, Cribiori, Dall’Agata, De Luca, Emelin, Farakos, Graña, Herraez, Hoter, Ibañez, 
Junghans, Lust (x2), Marchesano, Marconnet, Montella, Morittu, Ning, Palti, Plauschinn, Prieto, Quirant, Revello, Shiu, Shukla, 

Tomasiello, Tonioni, Toulikas, Tringas, Tsimpis, Vafa, Van Hemelryck, Van Riet, Walcher, Wiesner, Wrasse, Xu, Yau, Zatti,…]

We will assume everything is OK, and study the fate of branes on 
DGKT vacuum, to perform a non-perturbative consistency check

[Montero,Valenzuela ’ongoing]

(i.e. whether it is protected against non-perturbative brane instabilities)

DGKT vacuum



R @AdS
<latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit><latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit><latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit><latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit>
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<latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit>

Z

!4

F4 = N � 1
<latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit><latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit><latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit><latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit>

Consider a D4-brane wrapping a holomorphic 2-cycle dual to the 
large N flux Z

!4

F4 = N
<latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit>

Test of DGKT vacuum



R @AdS
<latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit><latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit><latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit><latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit>

Poincaré 
Horizon @ R=0

D4

Z

!4

F4 = N
<latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit>

Z

!4

F4 = N � 1
<latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit><latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit><latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit><latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit>

Consider a D4-brane wrapping a holomorphic 2-cycle dual to the 
large N flux Z

!4

F4 = N
<latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit>

Test of DGKT vacuum

The D4-brane feels no force, so the position of the brane is 
a modulus and the domain wall is a static solution

Stable vacuum

Case 1)
(This is what happens e.g. in                    )

<latexit sha1_base64="V8KNMYxp7Ykno/mg2cy5X8IBFwk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURq66k4sZlpfYBbQyTyaQdOnkwMxFq6Je4caGIWz/FnX/jtM1CWw9cOJxzL/fe4yWcSWVZ30ZhZXVtfaO4Wdra3tktm3v7bRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRjdTv/NIhWRxdK/GCXVCPIhYwAhWWnLN8rXfdGt9xUIqUfOh5poVq2rNgJaJnZMK5Gi45lffj0ka0kgRjqXs2VainAwLxQink1I/lTTBZIQHtKdphPUiJ5sdPkHHWvFREAtdkUIz9fdEhkMpx6GnO0OshnLRm4r/eb1UBZdOxqIkVTQi80VBypGK0TQF5DNBieJjTTARTN+KyBALTJTOqqRDsBdfXibt06p9Xj27O6vUr/I4inAIR3ACNlxAHW6hAS0gkMIzvMKb8WS8GO/Gx7y1YOQzB/AHxucPf+uSVg==</latexit>

AdS5 ⇥ S5



R @AdS
<latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit><latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit><latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit><latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit>

Poincaré 
Horizon @ R=0

D4

Z

!4

F4 = N
<latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit>

Z

!4

F4 = N � 1
<latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit><latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit><latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit><latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit>

Consider a D4-brane wrapping a holomorphic 2-cycle dual to the 
large N flux Z

!4

F4 = N
<latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit>

Case 2) The brane feels an attractive force towards the Poincaré Horizon

Stable vacuum (not known example in holography yet)

Test of DGKT vacuum



R @AdS
<latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit><latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit><latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit><latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit>
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Horizon @ R=0
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F4 = N
<latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit>
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<latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit><latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit><latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit><latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit>

Consider a D4-brane wrapping a holomorphic 2-cycle dual to the 
large N flux Z
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<latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit>

Case 3) The brane feels a repulsive force from the Poincaré Horizon

Unstable vacuumIt will discharge the flux

Test of DGKT vacuum



Consider a D4-brane wrapping a holomorphic 2-cycle dual to the 
large N flux Z
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Expectation from WGC

If the brane satisfies the Weak Gravity Conjecture: T  Q
(tension) (charge)

the brane feels a repulsive force

it describes an non-perturbative instability (Case 3)

WGC suggests that non-SUSY AdS vacua with internal fluxes are 
mestastable due to brane nucleation that discharges the flux

(Case 2 for all branes is not allowed by WGC)

[Arkani-Hamed et al.’06] [Ooguri,Vafa’18]
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T = Q

T < Q

 

 

static domain wall

guaranteed if BPS

stable vacuum (Case 1)
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Poincaré 
Horizon @ R=0

D4

Z
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Consider a D4-brane wrapping a holomorphic 2-cycle dual to the 
large N flux Z
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Test of DGKT vacuum



R @AdS
<latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit><latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit><latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit><latexit sha1_base64="Wg3fB7DPSqfBjdqmmcK3OgEHclQ=">AAACBHicbVC7TgMxENwLrxBeAUoaiwiJAkV3CAnKAA1lEOQh5ULkc/ZyVnwP2T6k6JSWb6CFmg7R8h+U/Am+kIIkTDW7M2vvjpcIrrRtf1mFpeWV1bXiemljc2t7p7y711RxKhk2WCxi2faoQsEjbGiuBbYTiTT0BLa84XWutx5RKh5H93qUYDekg4j7nFFtWg9uQqXmVLgn5LJ/1ytX7Ko9AVkkzpRUYIp6r/zt9mOWhhhpJqhSHcdOdDfL32QCxyU3VZhQNqQD7Bga0RBVN5tsPSZHfiyJDpBM6r/ejIZKjULPeEKqAzWv5c3/tE6q/YtuxqMk1RgxYzGanwqiY5IfT/pcItNiZAhlkpstCQuopEybiGZ+UeacAPvjksnEmU9gkTRPq45ddW7PKrWraTpFOIBDOAYHzqEGN1CHBjCQ8Awv8Go9WW/Wu/Xxay1Y05l9mIH1+QN/Ophd</latexit>

Poincaré 
Horizon @ R=0

D4

Z

!4

F4 = N
<latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit>

Z

!4

F4 = N � 1
<latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit><latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit><latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit><latexit sha1_base64="fausLNJTSLOhrfVuJ79pY0WdH6w=">AAACD3icbZDLSgMxGIUz9VbrbdSFCzfBIrixzEhBN0JREFdSwV6gMwyZ9J82NHMhyQhlmIfwGdzq2p249RFc+iamdRa29axO/nNC8n9+wplUlvVllJaWV1bXyuuVjc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+KPrSd55BCFZHD2ocQJuSAYRCxglSo8888BhkfIyJw5hQLx6jm+8+uXdqe2ZVatmTYUXjV2YKirU9Mxvpx/TNIRIUU6k7NlWotyMCMUoh7zipBISQkdkAD1tIxKCdLPpAjk+DmKB1RDw9Py3m5FQynHo605I1FDOZ5Phf1kvVcGFm7EoSRVEVFd0FqQcqxhPOOA+E0AVH2tDqGD6l5gOiSBUaVozr0i9zhD6eUUzsecJLJr2Wc22avZ9vdq4KuiU0SE6QifIRueogW5RE7UQRTl6Ri/o1Xgy3ox34+O3WjKKO/toRsbnDyRNm9c=</latexit>

Consider a D4-brane wrapping a holomorphic 2-cycle dual to the 
large N flux Z

!4

F4 = N
<latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit><latexit sha1_base64="D3Jkqx3E+hE4c8rcDFEzVusaFfk=">AAACDXicbZDLSsNAGIUnXmu9RcWVm8EiuCqJFHQjFAVxJRXsBZoQJtM/zdDJhZmJUEKewWdwq2t34tZncOmbOK1Z2NazOvOfM8w/n59yJpVlfRlLyyura+uVjerm1vbOrrm335FJJii0acIT0fOJBM5iaCumOPRSASTyOXT90fUk7z6CkCyJH9Q4BTciw5gFjBKlR5556LBYebmTRDAkXqPAN17j8s4za1bdmgovGrs0NVSq5ZnfziChWQSxopxI2betVLk5EYpRDkXVySSkhI7IEPraxiQC6ebT9Qt8EiQCqxDw9Py3m5NIynHk605EVCjns8nwv6yfqeDCzVmcZgpiqis6CzKOVYInFPCACaCKj7UhVDC9JaYhEYQqzWrmFam/E8KgqGom9jyBRdM5q9tW3b5v1JpXJZ0KOkLH6BTZ6Bw10S1qoTaiKEfP6AW9Gk/Gm/FufPxWl4zyzgGakfH5Azatm2U=</latexit>

At the classical level, the brane is BPS, so the position of the brane is a modulus
[Aharony,Antebi,Berkooz ’08]

Case 1?

Test of DGKT vacuum



What if we go beyond classical level and consider quantum corrections? 
Do they vanish by supersymmetry?

Test of DGKT vacuum



Not necessarily, at low energies the worldvolume theory is 3dN = 1
<latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit>

What if we go beyond classical level and consider quantum corrections? 
Do they vanish by supersymmetry?

Test of DGKT vacuum



Not necessarily, at low energies the worldvolume theory is 3dN = 1
<latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit>

What if we go beyond classical level and consider quantum corrections? 
Do they vanish by supersymmetry?

This is so little SUSY that there are no protected quantities

(there is no holomorphicity) [Aharony,Antebi,Berkooz ’08, …Gaiotto-Komargodski-Wu '18]

Test of DGKT vacuum



Not necessarily, at low energies the worldvolume theory is 3dN = 1
<latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit>

What if we go beyond classical level and consider quantum corrections? 
Do they vanish by supersymmetry?

This is so little SUSY that there are no protected quantities

(there is no holomorphicity) [Aharony,Antebi,Berkooz ’08, …Gaiotto-Komargodski-Wu '18]

Test of DGKT vacuum

The superpotential can receive quantum corrections

<latexit sha1_base64="XwS26jJzu8gL7f9dW0h/AWxAtTM=">AAAB8XicbVBNT8JAEJ3iF+IX6tHLRmKCF9ISol40JF48opGPCJVsly1s2G6b3a0JKfwLLx40xqv/xpv/xgV6UPAlk7y8N5OZeV7EmdK2/W1lVlbX1jeym7mt7Z3dvfz+QUOFsSS0TkIeypaHFeVM0LpmmtNWJCkOPE6b3vB66jefqFQsFPd6FFE3wH3BfEawNtJDo3h3ejlujh/L3XzBLtkzoGXipKQAKWrd/FenF5I4oEITjpVqO3ak3QRLzQink1wnVjTCZIj7tG2owAFVbjK7eIJOjNJDfihNCY1m6u+JBAdKjQLPdAZYD9SiNxX/89qx9i/chIko1lSQ+SI/5kiHaPo+6jFJieYjQzCRzNyKyABLTLQJKWdCcBZfXiaNcsk5K1VuK4XqVRpHFo7gGIrgwDlU4QZqUAcCAp7hFd4sZb1Y79bHvDVjpTOH8AfW5w83g4/4</latexit>

V (R) = |W |2 the position field R will not be a modulus

In general:
<latexit sha1_base64="kNVBy98kbixG1w+vz3ut2vjpXYY=">AAAB+nicbVBNS8NAEJ3Ur1q/Wj16WSyCIJREinpRCl48VrFNoY1hs920SzebsLtRSuxP8eJBEa/+Em/+G7cfB219MPB4b4aZeUHCmdK2/W3llpZXVtfy64WNza3tnWJpt6niVBLaIDGPZSvAinImaEMzzWkrkRRHAaduMLga++4DlYrF4k4PE+pFuCdYyAjWRvKLJffC9e3jjkojRHxxe2+0sl2xJ0CLxJmRMsxQ94tfnW5M0ogKTThWqu3YifYyLDUjnI4KnVTRBJMB7tG2oQJHVHnZ5PQROjRKF4WxNCU0mqi/JzIcKTWMAtMZYd1X895Y/M9rpzo89zImklRTQaaLwpQjHaNxDqjLJCWaDw3BRDJzKyJ9LDHRJq2CCcGZf3mRNE8qzmmlelMt1y5nceRhHw7gCBw4gxpcQx0aQOARnuEV3qwn68V6tz6mrTlrNrMHf2B9/gDiWZMe</latexit>

W = W0 +
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Not necessarily, at low energies the worldvolume theory is 3dN = 1
<latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit><latexit sha1_base64="s7uSD4MpilikCfvMiEC7OwenrC0=">AAACCnicbVC7TsMwFHXKq5RXKCOLRYXEgKoEkGBBqmBhQkWiD6mpKse9aaw6D9kOooryB3wDK8xsiJWfYORPcEoG2nKmc+85Vz4+bsyZVJb1ZZSWlldW18rrlY3Nre0dc7fallEiKLRoxCPRdYkEzkJoKaY4dGMBJHA5dNzxda53HkBIFoX3ahJDPyCjkHmMEqVXA7N6OnSOsRMQ5VPC09vs0h6YNatuTYEXiV2QGirQHJjfzjCiSQChopxI2bOtWPVTIhSjHLKKk0iICR2TEfQ0DUkAsp9Os2f40IsEVj7g6fzXm5JAykngak8eT85r+fI/rZco76KfsjBOFIRUW7TmJRyrCOcV4CETQBWfaEKoYDolpj4RhCpd1MwrUn/Hh2FW0Z3Y8w0skvZJ3bbq9t1ZrXFVtFNG++gAHSEbnaMGukFN1EIUPaJn9IJejSfjzXg3Pn6tJaO42UMzMD5/AJTCmfY=</latexit>

What if we go beyond classical level and consider quantum corrections? 
Do they vanish by supersymmetry?

the brane will feel a non-vanishing force

This is so little SUSY that there are no protected quantities

(there is no holomorphicity) [Aharony,Antebi,Berkooz ’08, …Gaiotto-Komargodski-Wu '18]

Test of DGKT vacuum

The superpotential can receive quantum corrections

<latexit sha1_base64="XwS26jJzu8gL7f9dW0h/AWxAtTM=">AAAB8XicbVBNT8JAEJ3iF+IX6tHLRmKCF9ISol40JF48opGPCJVsly1s2G6b3a0JKfwLLx40xqv/xpv/xgV6UPAlk7y8N5OZeV7EmdK2/W1lVlbX1jeym7mt7Z3dvfz+QUOFsSS0TkIeypaHFeVM0LpmmtNWJCkOPE6b3vB66jefqFQsFPd6FFE3wH3BfEawNtJDo3h3ejlujh/L3XzBLtkzoGXipKQAKWrd/FenF5I4oEITjpVqO3ak3QRLzQink1wnVjTCZIj7tG2owAFVbjK7eIJOjNJDfihNCY1m6u+JBAdKjQLPdAZYD9SiNxX/89qx9i/chIko1lSQ+SI/5kiHaPo+6jFJieYjQzCRzNyKyABLTLQJKWdCcBZfXiaNcsk5K1VuK4XqVRpHFo7gGIrgwDlU4QZqUAcCAp7hFd4sZb1Y79bHvDVjpTOH8AfW5w83g4/4</latexit>

V (R) = |W |2 the position field R will not be a modulus

In general:
<latexit sha1_base64="kNVBy98kbixG1w+vz3ut2vjpXYY=">AAAB+nicbVBNS8NAEJ3Ur1q/Wj16WSyCIJREinpRCl48VrFNoY1hs920SzebsLtRSuxP8eJBEa/+Em/+G7cfB219MPB4b4aZeUHCmdK2/W3llpZXVtfy64WNza3tnWJpt6niVBLaIDGPZSvAinImaEMzzWkrkRRHAaduMLga++4DlYrF4k4PE+pFuCdYyAjWRvKLJffC9e3jjkojRHxxe2+0sl2xJ0CLxJmRMsxQ94tfnW5M0ogKTThWqu3YifYyLDUjnI4KnVTRBJMB7tG2oQJHVHnZ5PQROjRKF4WxNCU0mqi/JzIcKTWMAtMZYd1X895Y/M9rpzo89zImklRTQaaLwpQjHaNxDqjLJCWaDw3BRDJzKyJ9LDHRJq2CCcGZf3mRNE8qzmmlelMt1y5nceRhHw7gCBw4gxpcQx0aQOARnuEV3qwn68V6tz6mrTlrNrMHf2B9/gDiWZMe</latexit>

W = W0 +
X
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n



3d N=1 theories

The only known way to protect the superpotential from quantum 
corrections is to have Parity symmetry

[Gaiotto-Komargodski-Wu '18]



3d N=1 theories

The only known way to protect the superpotential from quantum 
corrections is to have Parity symmetry

[Gaiotto-Komargodski-Wu '18]

A 3d parity symmetry

P(d2✓) = �d2✓
<latexit sha1_base64="QMG6yzDRC55xle+nKDXLCp+WQwc=">AAACGXicbZC7TsMwFIadcivlFmBkCVRIZaBKKiRYkCpYGItEL1ITKsc5aa06F9kOUhVl5iF4BlaY2RArEyNvglMiRAtn+nz+3zrn/G7MqJCm+aGVFhaXllfKq5W19Y3NLX17pyOihBNok4hFvOdiAYyG0JZUMujFHHDgMui648tc794BFzQKb+QkBifAw5D6lGCpWgN93w6wHBHM0lZW824bthyBxEfnxz880Ktm3ZyW8ResAqqoqNZA/7S9iCQBhJIwLETfMmPppJhLShhkFTsREGMyxkPoKwxxAMJJp6dkxqEfcUPNNabv394UB0JMAld58pXFvJY3/9P6ifTPnJSGcSIhJMqiND9hhoyMPBHDoxyIZBMFmHCqtjTICHNMpMptZopQ54zAyyoqE2s+gb/QadQts25dn1SbF0U6ZbSHDlANWegUNdEVaqE2IugePaIn9Kw9aC/aq/b2bS1pxZ9dNFPa+xeP5KBo</latexit><latexit sha1_base64="QMG6yzDRC55xle+nKDXLCp+WQwc=">AAACGXicbZC7TsMwFIadcivlFmBkCVRIZaBKKiRYkCpYGItEL1ITKsc5aa06F9kOUhVl5iF4BlaY2RArEyNvglMiRAtn+nz+3zrn/G7MqJCm+aGVFhaXllfKq5W19Y3NLX17pyOihBNok4hFvOdiAYyG0JZUMujFHHDgMui648tc794BFzQKb+QkBifAw5D6lGCpWgN93w6wHBHM0lZW824bthyBxEfnxz880Ktm3ZyW8ResAqqoqNZA/7S9iCQBhJIwLETfMmPppJhLShhkFTsREGMyxkPoKwxxAMJJp6dkxqEfcUPNNabv394UB0JMAld58pXFvJY3/9P6ifTPnJSGcSIhJMqiND9hhoyMPBHDoxyIZBMFmHCqtjTICHNMpMptZopQ54zAyyoqE2s+gb/QadQts25dn1SbF0U6ZbSHDlANWegUNdEVaqE2IugePaIn9Kw9aC/aq/b2bS1pxZ9dNFPa+xeP5KBo</latexit><latexit sha1_base64="QMG6yzDRC55xle+nKDXLCp+WQwc=">AAACGXicbZC7TsMwFIadcivlFmBkCVRIZaBKKiRYkCpYGItEL1ITKsc5aa06F9kOUhVl5iF4BlaY2RArEyNvglMiRAtn+nz+3zrn/G7MqJCm+aGVFhaXllfKq5W19Y3NLX17pyOihBNok4hFvOdiAYyG0JZUMujFHHDgMui648tc794BFzQKb+QkBifAw5D6lGCpWgN93w6wHBHM0lZW824bthyBxEfnxz880Ktm3ZyW8ResAqqoqNZA/7S9iCQBhJIwLETfMmPppJhLShhkFTsREGMyxkPoKwxxAMJJp6dkxqEfcUPNNabv394UB0JMAld58pXFvJY3/9P6ifTPnJSGcSIhJMqiND9hhoyMPBHDoxyIZBMFmHCqtjTICHNMpMptZopQ54zAyyoqE2s+gb/QadQts25dn1SbF0U6ZbSHDlANWegUNdEVaqE2IugePaIn9Kw9aC/aq/b2bS1pxZ9dNFPa+xeP5KBo</latexit><latexit sha1_base64="QMG6yzDRC55xle+nKDXLCp+WQwc=">AAACGXicbZC7TsMwFIadcivlFmBkCVRIZaBKKiRYkCpYGItEL1ITKsc5aa06F9kOUhVl5iF4BlaY2RArEyNvglMiRAtn+nz+3zrn/G7MqJCm+aGVFhaXllfKq5W19Y3NLX17pyOihBNok4hFvOdiAYyG0JZUMujFHHDgMui648tc794BFzQKb+QkBifAw5D6lGCpWgN93w6wHBHM0lZW824bthyBxEfnxz880Ktm3ZyW8ResAqqoqNZA/7S9iCQBhJIwLETfMmPppJhLShhkFTsREGMyxkPoKwxxAMJJp6dkxqEfcUPNNabv394UB0JMAld58pXFvJY3/9P6ifTPnJSGcSIhJMqiND9hhoyMPBHDoxyIZBMFmHCqtjTICHNMpMptZopQ54zAyyoqE2s+gb/QadQts25dn1SbF0U6ZbSHDlANWegUNdEVaqE2IugePaIn9Kw9aC/aq/b2bS1pxZ9dNFPa+xeP5KBo</latexit>

W ! �W
<latexit sha1_base64="ldffq8f4bCFVHHSk5dyPBgpnulk=">AAACHnicbVC7TsNAEDzzDOFloKSxiEAUIbIREpQRNJRBIg8ptqLzZROfcvZZd2dQZPkP+Ai+gRZqOkQLJX/CObjIg6lmd2a1u+PHjEpl29/G0vLK6tp6aaO8ubW9s2vu7bckTwSBJuGMi46PJTAaQVNRxaATC8Chz6Dtj25yvf0AQlIe3atxDF6IhxEdUIKVbvXMEzfEKiCYpe3MrbqCDgOFheCPbvVsSuqZFbtmT2AtEqcgFVSg0TN/3D4nSQiRIgxL2XXsWHkpFooSBlnZTSTEmIzwELqaRjgE6aWTfzLreMCFpQKwJvW0N8WhlOPQ1578ODmv5c3/tG6iBldeSqM4URARbdHaIGGW4lYei9WnAohiY00wEVRfaZEAC0yUDm9mi9TvBNDPyjoTZz6BRdI6rzl2zbm7qNSvi3RK6BAdoVPkoEtUR7eogZqIoCf0gl7Rm/FsvBsfxuefdckoZg7QDIyvXywfo4E=</latexit><latexit sha1_base64="ldffq8f4bCFVHHSk5dyPBgpnulk=">AAACHnicbVC7TsNAEDzzDOFloKSxiEAUIbIREpQRNJRBIg8ptqLzZROfcvZZd2dQZPkP+Ai+gRZqOkQLJX/CObjIg6lmd2a1u+PHjEpl29/G0vLK6tp6aaO8ubW9s2vu7bckTwSBJuGMi46PJTAaQVNRxaATC8Chz6Dtj25yvf0AQlIe3atxDF6IhxEdUIKVbvXMEzfEKiCYpe3MrbqCDgOFheCPbvVsSuqZFbtmT2AtEqcgFVSg0TN/3D4nSQiRIgxL2XXsWHkpFooSBlnZTSTEmIzwELqaRjgE6aWTfzLreMCFpQKwJvW0N8WhlOPQ1578ODmv5c3/tG6iBldeSqM4URARbdHaIGGW4lYei9WnAohiY00wEVRfaZEAC0yUDm9mi9TvBNDPyjoTZz6BRdI6rzl2zbm7qNSvi3RK6BAdoVPkoEtUR7eogZqIoCf0gl7Rm/FsvBsfxuefdckoZg7QDIyvXywfo4E=</latexit><latexit sha1_base64="ldffq8f4bCFVHHSk5dyPBgpnulk=">AAACHnicbVC7TsNAEDzzDOFloKSxiEAUIbIREpQRNJRBIg8ptqLzZROfcvZZd2dQZPkP+Ai+gRZqOkQLJX/CObjIg6lmd2a1u+PHjEpl29/G0vLK6tp6aaO8ubW9s2vu7bckTwSBJuGMi46PJTAaQVNRxaATC8Chz6Dtj25yvf0AQlIe3atxDF6IhxEdUIKVbvXMEzfEKiCYpe3MrbqCDgOFheCPbvVsSuqZFbtmT2AtEqcgFVSg0TN/3D4nSQiRIgxL2XXsWHkpFooSBlnZTSTEmIzwELqaRjgE6aWTfzLreMCFpQKwJvW0N8WhlOPQ1578ODmv5c3/tG6iBldeSqM4URARbdHaIGGW4lYei9WnAohiY00wEVRfaZEAC0yUDm9mi9TvBNDPyjoTZz6BRdI6rzl2zbm7qNSvi3RK6BAdoVPkoEtUR7eogZqIoCf0gl7Rm/FsvBsfxuefdckoZg7QDIyvXywfo4E=</latexit><latexit sha1_base64="ldffq8f4bCFVHHSk5dyPBgpnulk=">AAACHnicbVC7TsNAEDzzDOFloKSxiEAUIbIREpQRNJRBIg8ptqLzZROfcvZZd2dQZPkP+Ai+gRZqOkQLJX/CObjIg6lmd2a1u+PHjEpl29/G0vLK6tp6aaO8ubW9s2vu7bckTwSBJuGMi46PJTAaQVNRxaATC8Chz6Dtj25yvf0AQlIe3atxDF6IhxEdUIKVbvXMEzfEKiCYpe3MrbqCDgOFheCPbvVsSuqZFbtmT2AtEqcgFVSg0TN/3D4nSQiRIgxL2XXsWHkpFooSBlnZTSTEmIzwELqaRjgE6aWTfzLreMCFpQKwJvW0N8WhlOPQ1578ODmv5c3/tG6iBldeSqM4URARbdHaIGGW4lYei9WnAohiY00wEVRfaZEAC0yUDm9mi9TvBNDPyjoTZz6BRdI6rzl2zbm7qNSvi3RK6BAdoVPkoEtUR7eogZqIoCf0gl7Rm/FsvBsfxuefdckoZg7QDIyvXywfo4E=</latexit>

so

and so a parity-even scalar R cannot generate superpotential!

~x ! �~x
<latexit sha1_base64="HTiJSOJ+hej2jzMel5HxElR71U8=">AAACFnicbVC7TsMwFHXKq5RXgBEJRVRIDKVKEBKMFSyMRaIPqYkqx71trDpxZDuFKsrGR/ANrDCzIVZWRv4Et2SgLWc695xzZd/jx4xKZdtfRmFpeWV1rbhe2tjc2t4xd/eakieCQINwxkXbxxIYjaChqGLQjgXg0GfQ8ofXE781AiEpj+7UOAYvxIOI9inBSktd89AdAUkfMrfiCjoIFBaC37uV01zummW7ak9hLRInJ2WUo941v90eJ0kIkSIMS9lx7Fh5KRaKEgZZyU0kxJgM8QA6mkY4BOml0zsy67jPhaUCsKbz32yKQynHoa8zIVaBnPcm4n9eJ1H9Sy+lUZwoiIiOaK+fMEtxa1KH1aMCiGJjTTARVP/SIgEWmChd2swrUp8TQC8r6U6c+QYWSfOs6thV5/a8XLvK2ymiA3SETpCDLlAN3aA6aiCCHtEzekGvxpPxZrwbH7/RgpHv7KMZGJ8/8UugOw==</latexit><latexit sha1_base64="HTiJSOJ+hej2jzMel5HxElR71U8=">AAACFnicbVC7TsMwFHXKq5RXgBEJRVRIDKVKEBKMFSyMRaIPqYkqx71trDpxZDuFKsrGR/ANrDCzIVZWRv4Et2SgLWc695xzZd/jx4xKZdtfRmFpeWV1rbhe2tjc2t4xd/eakieCQINwxkXbxxIYjaChqGLQjgXg0GfQ8ofXE781AiEpj+7UOAYvxIOI9inBSktd89AdAUkfMrfiCjoIFBaC37uV01zummW7ak9hLRInJ2WUo941v90eJ0kIkSIMS9lx7Fh5KRaKEgZZyU0kxJgM8QA6mkY4BOml0zsy67jPhaUCsKbz32yKQynHoa8zIVaBnPcm4n9eJ1H9Sy+lUZwoiIiOaK+fMEtxa1KH1aMCiGJjTTARVP/SIgEWmChd2swrUp8TQC8r6U6c+QYWSfOs6thV5/a8XLvK2ymiA3SETpCDLlAN3aA6aiCCHtEzekGvxpPxZrwbH7/RgpHv7KMZGJ8/8UugOw==</latexit><latexit sha1_base64="HTiJSOJ+hej2jzMel5HxElR71U8=">AAACFnicbVC7TsMwFHXKq5RXgBEJRVRIDKVKEBKMFSyMRaIPqYkqx71trDpxZDuFKsrGR/ANrDCzIVZWRv4Et2SgLWc695xzZd/jx4xKZdtfRmFpeWV1rbhe2tjc2t4xd/eakieCQINwxkXbxxIYjaChqGLQjgXg0GfQ8ofXE781AiEpj+7UOAYvxIOI9inBSktd89AdAUkfMrfiCjoIFBaC37uV01zummW7ak9hLRInJ2WUo941v90eJ0kIkSIMS9lx7Fh5KRaKEgZZyU0kxJgM8QA6mkY4BOml0zsy67jPhaUCsKbz32yKQynHoa8zIVaBnPcm4n9eJ1H9Sy+lUZwoiIiOaK+fMEtxa1KH1aMCiGJjTTARVP/SIgEWmChd2swrUp8TQC8r6U6c+QYWSfOs6thV5/a8XLvK2ymiA3SETpCDLlAN3aA6aiCCHtEzekGvxpPxZrwbH7/RgpHv7KMZGJ8/8UugOw==</latexit><latexit sha1_base64="HTiJSOJ+hej2jzMel5HxElR71U8=">AAACFnicbVC7TsMwFHXKq5RXgBEJRVRIDKVKEBKMFSyMRaIPqYkqx71trDpxZDuFKsrGR/ANrDCzIVZWRv4Et2SgLWc695xzZd/jx4xKZdtfRmFpeWV1rbhe2tjc2t4xd/eakieCQINwxkXbxxIYjaChqGLQjgXg0GfQ8ofXE781AiEpj+7UOAYvxIOI9inBSktd89AdAUkfMrfiCjoIFBaC37uV01zummW7ak9hLRInJ2WUo941v90eJ0kIkSIMS9lx7Fh5KRaKEgZZyU0kxJgM8QA6mkY4BOml0zsy67jPhaUCsKbz32yKQynHoa8zIVaBnPcm4n9eJ1H9Sy+lUZwoiIiOaK+fMEtxa1KH1aMCiGJjTTARVP/SIgEWmChd2swrUp8TQC8r6U6c+QYWSfOs6thV5/a8XLvK2ymiA3SETpCDLlAN3aA6aiCCHtEzekGvxpPxZrwbH7/RgpHv7KMZGJ8/8UugOw==</latexit>

S =

Z
d2✓W

<latexit sha1_base64="H6eYlyURPACuNRQtWIVD9gxaQlY=">AAACFXicbVC7SgNBFJ31GeMrainCYBAsJOwGQRshaGMZ0Twgu4bZyU12yOyDmbtCWFL5EX6DrdZ2Ymtt6Z84iSlM4qnO3HOGe+7xEyk02vaXtbC4tLyymlvLr29sbm0XdnbrOk4VhxqPZayaPtMgRQQ1FCihmShgoS+h4fevRnrjAZQWcXSHgwS8kPUi0RWcoRm1Cwe3F66IkHbuyy4GgMw9cUOGAWcyawzbhaJdsseg88SZkCKZoNoufLudmKchRMgl07rl2Al6GVMouIRh3k01JIz3WQ9ahkYsBO1l4zOG9KgbK2pC0PH7rzdjodaD0DeeUTg9q42G/2mtFLvnXiaiJEWIuLEYrZtKijEdtUE7QgFHOTCEcSVMSsoDphhH09nUFm3OCaAzzJtOnNkG5km9XHLsknNzWqxcTtrJkX1ySI6JQ85IhVyTKqkRTh7JM3khr9aT9Wa9Wx+/1gVr8mePTMH6/AHWFZ8F</latexit><latexit sha1_base64="H6eYlyURPACuNRQtWIVD9gxaQlY=">AAACFXicbVC7SgNBFJ31GeMrainCYBAsJOwGQRshaGMZ0Twgu4bZyU12yOyDmbtCWFL5EX6DrdZ2Ymtt6Z84iSlM4qnO3HOGe+7xEyk02vaXtbC4tLyymlvLr29sbm0XdnbrOk4VhxqPZayaPtMgRQQ1FCihmShgoS+h4fevRnrjAZQWcXSHgwS8kPUi0RWcoRm1Cwe3F66IkHbuyy4GgMw9cUOGAWcyawzbhaJdsseg88SZkCKZoNoufLudmKchRMgl07rl2Al6GVMouIRh3k01JIz3WQ9ahkYsBO1l4zOG9KgbK2pC0PH7rzdjodaD0DeeUTg9q42G/2mtFLvnXiaiJEWIuLEYrZtKijEdtUE7QgFHOTCEcSVMSsoDphhH09nUFm3OCaAzzJtOnNkG5km9XHLsknNzWqxcTtrJkX1ySI6JQ85IhVyTKqkRTh7JM3khr9aT9Wa9Wx+/1gVr8mePTMH6/AHWFZ8F</latexit><latexit sha1_base64="H6eYlyURPACuNRQtWIVD9gxaQlY=">AAACFXicbVC7SgNBFJ31GeMrainCYBAsJOwGQRshaGMZ0Twgu4bZyU12yOyDmbtCWFL5EX6DrdZ2Ymtt6Z84iSlM4qnO3HOGe+7xEyk02vaXtbC4tLyymlvLr29sbm0XdnbrOk4VhxqPZayaPtMgRQQ1FCihmShgoS+h4fevRnrjAZQWcXSHgwS8kPUi0RWcoRm1Cwe3F66IkHbuyy4GgMw9cUOGAWcyawzbhaJdsseg88SZkCKZoNoufLudmKchRMgl07rl2Al6GVMouIRh3k01JIz3WQ9ahkYsBO1l4zOG9KgbK2pC0PH7rzdjodaD0DeeUTg9q42G/2mtFLvnXiaiJEWIuLEYrZtKijEdtUE7QgFHOTCEcSVMSsoDphhH09nUFm3OCaAzzJtOnNkG5km9XHLsknNzWqxcTtrJkX1ySI6JQ85IhVyTKqkRTh7JM3khr9aT9Wa9Wx+/1gVr8mePTMH6/AHWFZ8F</latexit><latexit sha1_base64="H6eYlyURPACuNRQtWIVD9gxaQlY=">AAACFXicbVC7SgNBFJ31GeMrainCYBAsJOwGQRshaGMZ0Twgu4bZyU12yOyDmbtCWFL5EX6DrdZ2Ymtt6Z84iSlM4qnO3HOGe+7xEyk02vaXtbC4tLyymlvLr29sbm0XdnbrOk4VhxqPZayaPtMgRQQ1FCihmShgoS+h4fevRnrjAZQWcXSHgwS8kPUi0RWcoRm1Cwe3F66IkHbuyy4GgMw9cUOGAWcyawzbhaJdsseg88SZkCKZoNoufLudmKchRMgl07rl2Al6GVMouIRh3k01JIz3WQ9ahkYsBO1l4zOG9KgbK2pC0PH7rzdjodaD0DeeUTg9q42G/2mtFLvnXiaiJEWIuLEYrZtKijEdtUE7QgFHOTCEcSVMSsoDphhH09nUFm3OCaAzzJtOnNkG5km9XHLsknNzWqxcTtrJkX1ySI6JQ85IhVyTKqkRTh7JM3khr9aT9Wa9Wx+/1gVr8mePTMH6/AHWFZ8F</latexit>

Action just comes from one superspace integral:

acts as 



3d N=1 theories

The only known way to protect the superpotential from quantum 
corrections is to have Parity symmetry

[Gaiotto-Komargodski-Wu '18]

A 3d parity symmetry

P(d2✓) = �d2✓
<latexit sha1_base64="QMG6yzDRC55xle+nKDXLCp+WQwc=">AAACGXicbZC7TsMwFIadcivlFmBkCVRIZaBKKiRYkCpYGItEL1ITKsc5aa06F9kOUhVl5iF4BlaY2RArEyNvglMiRAtn+nz+3zrn/G7MqJCm+aGVFhaXllfKq5W19Y3NLX17pyOihBNok4hFvOdiAYyG0JZUMujFHHDgMui648tc794BFzQKb+QkBifAw5D6lGCpWgN93w6wHBHM0lZW824bthyBxEfnxz880Ktm3ZyW8ResAqqoqNZA/7S9iCQBhJIwLETfMmPppJhLShhkFTsREGMyxkPoKwxxAMJJp6dkxqEfcUPNNabv394UB0JMAld58pXFvJY3/9P6ifTPnJSGcSIhJMqiND9hhoyMPBHDoxyIZBMFmHCqtjTICHNMpMptZopQ54zAyyoqE2s+gb/QadQts25dn1SbF0U6ZbSHDlANWegUNdEVaqE2IugePaIn9Kw9aC/aq/b2bS1pxZ9dNFPa+xeP5KBo</latexit><latexit sha1_base64="QMG6yzDRC55xle+nKDXLCp+WQwc=">AAACGXicbZC7TsMwFIadcivlFmBkCVRIZaBKKiRYkCpYGItEL1ITKsc5aa06F9kOUhVl5iF4BlaY2RArEyNvglMiRAtn+nz+3zrn/G7MqJCm+aGVFhaXllfKq5W19Y3NLX17pyOihBNok4hFvOdiAYyG0JZUMujFHHDgMui648tc794BFzQKb+QkBifAw5D6lGCpWgN93w6wHBHM0lZW824bthyBxEfnxz880Ktm3ZyW8ResAqqoqNZA/7S9iCQBhJIwLETfMmPppJhLShhkFTsREGMyxkPoKwxxAMJJp6dkxqEfcUPNNabv394UB0JMAld58pXFvJY3/9P6ifTPnJSGcSIhJMqiND9hhoyMPBHDoxyIZBMFmHCqtjTICHNMpMptZopQ54zAyyoqE2s+gb/QadQts25dn1SbF0U6ZbSHDlANWegUNdEVaqE2IugePaIn9Kw9aC/aq/b2bS1pxZ9dNFPa+xeP5KBo</latexit><latexit sha1_base64="QMG6yzDRC55xle+nKDXLCp+WQwc=">AAACGXicbZC7TsMwFIadcivlFmBkCVRIZaBKKiRYkCpYGItEL1ITKsc5aa06F9kOUhVl5iF4BlaY2RArEyNvglMiRAtn+nz+3zrn/G7MqJCm+aGVFhaXllfKq5W19Y3NLX17pyOihBNok4hFvOdiAYyG0JZUMujFHHDgMui648tc794BFzQKb+QkBifAw5D6lGCpWgN93w6wHBHM0lZW824bthyBxEfnxz880Ktm3ZyW8ResAqqoqNZA/7S9iCQBhJIwLETfMmPppJhLShhkFTsREGMyxkPoKwxxAMJJp6dkxqEfcUPNNabv394UB0JMAld58pXFvJY3/9P6ifTPnJSGcSIhJMqiND9hhoyMPBHDoxyIZBMFmHCqtjTICHNMpMptZopQ54zAyyoqE2s+gb/QadQts25dn1SbF0U6ZbSHDlANWegUNdEVaqE2IugePaIn9Kw9aC/aq/b2bS1pxZ9dNFPa+xeP5KBo</latexit><latexit sha1_base64="QMG6yzDRC55xle+nKDXLCp+WQwc=">AAACGXicbZC7TsMwFIadcivlFmBkCVRIZaBKKiRYkCpYGItEL1ITKsc5aa06F9kOUhVl5iF4BlaY2RArEyNvglMiRAtn+nz+3zrn/G7MqJCm+aGVFhaXllfKq5W19Y3NLX17pyOihBNok4hFvOdiAYyG0JZUMujFHHDgMui648tc794BFzQKb+QkBifAw5D6lGCpWgN93w6wHBHM0lZW824bthyBxEfnxz880Ktm3ZyW8ResAqqoqNZA/7S9iCQBhJIwLETfMmPppJhLShhkFTsREGMyxkPoKwxxAMJJp6dkxqEfcUPNNabv394UB0JMAld58pXFvJY3/9P6ifTPnJSGcSIhJMqiND9hhoyMPBHDoxyIZBMFmHCqtjTICHNMpMptZopQ54zAyyoqE2s+gb/QadQts25dn1SbF0U6ZbSHDlANWegUNdEVaqE2IugePaIn9Kw9aC/aq/b2bS1pxZ9dNFPa+xeP5KBo</latexit>

W ! �W
<latexit sha1_base64="ldffq8f4bCFVHHSk5dyPBgpnulk=">AAACHnicbVC7TsNAEDzzDOFloKSxiEAUIbIREpQRNJRBIg8ptqLzZROfcvZZd2dQZPkP+Ai+gRZqOkQLJX/CObjIg6lmd2a1u+PHjEpl29/G0vLK6tp6aaO8ubW9s2vu7bckTwSBJuGMi46PJTAaQVNRxaATC8Chz6Dtj25yvf0AQlIe3atxDF6IhxEdUIKVbvXMEzfEKiCYpe3MrbqCDgOFheCPbvVsSuqZFbtmT2AtEqcgFVSg0TN/3D4nSQiRIgxL2XXsWHkpFooSBlnZTSTEmIzwELqaRjgE6aWTfzLreMCFpQKwJvW0N8WhlOPQ1578ODmv5c3/tG6iBldeSqM4URARbdHaIGGW4lYei9WnAohiY00wEVRfaZEAC0yUDm9mi9TvBNDPyjoTZz6BRdI6rzl2zbm7qNSvi3RK6BAdoVPkoEtUR7eogZqIoCf0gl7Rm/FsvBsfxuefdckoZg7QDIyvXywfo4E=</latexit><latexit sha1_base64="ldffq8f4bCFVHHSk5dyPBgpnulk=">AAACHnicbVC7TsNAEDzzDOFloKSxiEAUIbIREpQRNJRBIg8ptqLzZROfcvZZd2dQZPkP+Ai+gRZqOkQLJX/CObjIg6lmd2a1u+PHjEpl29/G0vLK6tp6aaO8ubW9s2vu7bckTwSBJuGMi46PJTAaQVNRxaATC8Chz6Dtj25yvf0AQlIe3atxDF6IhxEdUIKVbvXMEzfEKiCYpe3MrbqCDgOFheCPbvVsSuqZFbtmT2AtEqcgFVSg0TN/3D4nSQiRIgxL2XXsWHkpFooSBlnZTSTEmIzwELqaRjgE6aWTfzLreMCFpQKwJvW0N8WhlOPQ1578ODmv5c3/tG6iBldeSqM4URARbdHaIGGW4lYei9WnAohiY00wEVRfaZEAC0yUDm9mi9TvBNDPyjoTZz6BRdI6rzl2zbm7qNSvi3RK6BAdoVPkoEtUR7eogZqIoCf0gl7Rm/FsvBsfxuefdckoZg7QDIyvXywfo4E=</latexit><latexit sha1_base64="ldffq8f4bCFVHHSk5dyPBgpnulk=">AAACHnicbVC7TsNAEDzzDOFloKSxiEAUIbIREpQRNJRBIg8ptqLzZROfcvZZd2dQZPkP+Ai+gRZqOkQLJX/CObjIg6lmd2a1u+PHjEpl29/G0vLK6tp6aaO8ubW9s2vu7bckTwSBJuGMi46PJTAaQVNRxaATC8Chz6Dtj25yvf0AQlIe3atxDF6IhxEdUIKVbvXMEzfEKiCYpe3MrbqCDgOFheCPbvVsSuqZFbtmT2AtEqcgFVSg0TN/3D4nSQiRIgxL2XXsWHkpFooSBlnZTSTEmIzwELqaRjgE6aWTfzLreMCFpQKwJvW0N8WhlOPQ1578ODmv5c3/tG6iBldeSqM4URARbdHaIGGW4lYei9WnAohiY00wEVRfaZEAC0yUDm9mi9TvBNDPyjoTZz6BRdI6rzl2zbm7qNSvi3RK6BAdoVPkoEtUR7eogZqIoCf0gl7Rm/FsvBsfxuefdckoZg7QDIyvXywfo4E=</latexit><latexit sha1_base64="ldffq8f4bCFVHHSk5dyPBgpnulk=">AAACHnicbVC7TsNAEDzzDOFloKSxiEAUIbIREpQRNJRBIg8ptqLzZROfcvZZd2dQZPkP+Ai+gRZqOkQLJX/CObjIg6lmd2a1u+PHjEpl29/G0vLK6tp6aaO8ubW9s2vu7bckTwSBJuGMi46PJTAaQVNRxaATC8Chz6Dtj25yvf0AQlIe3atxDF6IhxEdUIKVbvXMEzfEKiCYpe3MrbqCDgOFheCPbvVsSuqZFbtmT2AtEqcgFVSg0TN/3D4nSQiRIgxL2XXsWHkpFooSBlnZTSTEmIzwELqaRjgE6aWTfzLreMCFpQKwJvW0N8WhlOPQ1578ODmv5c3/tG6iBldeSqM4URARbdHaIGGW4lYei9WnAohiY00wEVRfaZEAC0yUDm9mi9TvBNDPyjoTZz6BRdI6rzl2zbm7qNSvi3RK6BAdoVPkoEtUR7eogZqIoCf0gl7Rm/FsvBsfxuefdckoZg7QDIyvXywfo4E=</latexit>

so

and so a parity-even scalar R cannot generate superpotential!

~x ! �~x
<latexit sha1_base64="HTiJSOJ+hej2jzMel5HxElR71U8=">AAACFnicbVC7TsMwFHXKq5RXgBEJRVRIDKVKEBKMFSyMRaIPqYkqx71trDpxZDuFKsrGR/ANrDCzIVZWRv4Et2SgLWc695xzZd/jx4xKZdtfRmFpeWV1rbhe2tjc2t4xd/eakieCQINwxkXbxxIYjaChqGLQjgXg0GfQ8ofXE781AiEpj+7UOAYvxIOI9inBSktd89AdAUkfMrfiCjoIFBaC37uV01zummW7ak9hLRInJ2WUo941v90eJ0kIkSIMS9lx7Fh5KRaKEgZZyU0kxJgM8QA6mkY4BOml0zsy67jPhaUCsKbz32yKQynHoa8zIVaBnPcm4n9eJ1H9Sy+lUZwoiIiOaK+fMEtxa1KH1aMCiGJjTTARVP/SIgEWmChd2swrUp8TQC8r6U6c+QYWSfOs6thV5/a8XLvK2ymiA3SETpCDLlAN3aA6aiCCHtEzekGvxpPxZrwbH7/RgpHv7KMZGJ8/8UugOw==</latexit><latexit sha1_base64="HTiJSOJ+hej2jzMel5HxElR71U8=">AAACFnicbVC7TsMwFHXKq5RXgBEJRVRIDKVKEBKMFSyMRaIPqYkqx71trDpxZDuFKsrGR/ANrDCzIVZWRv4Et2SgLWc695xzZd/jx4xKZdtfRmFpeWV1rbhe2tjc2t4xd/eakieCQINwxkXbxxIYjaChqGLQjgXg0GfQ8ofXE781AiEpj+7UOAYvxIOI9inBSktd89AdAUkfMrfiCjoIFBaC37uV01zummW7ak9hLRInJ2WUo941v90eJ0kIkSIMS9lx7Fh5KRaKEgZZyU0kxJgM8QA6mkY4BOml0zsy67jPhaUCsKbz32yKQynHoa8zIVaBnPcm4n9eJ1H9Sy+lUZwoiIiOaK+fMEtxa1KH1aMCiGJjTTARVP/SIgEWmChd2swrUp8TQC8r6U6c+QYWSfOs6thV5/a8XLvK2ymiA3SETpCDLlAN3aA6aiCCHtEzekGvxpPxZrwbH7/RgpHv7KMZGJ8/8UugOw==</latexit><latexit sha1_base64="HTiJSOJ+hej2jzMel5HxElR71U8=">AAACFnicbVC7TsMwFHXKq5RXgBEJRVRIDKVKEBKMFSyMRaIPqYkqx71trDpxZDuFKsrGR/ANrDCzIVZWRv4Et2SgLWc695xzZd/jx4xKZdtfRmFpeWV1rbhe2tjc2t4xd/eakieCQINwxkXbxxIYjaChqGLQjgXg0GfQ8ofXE781AiEpj+7UOAYvxIOI9inBSktd89AdAUkfMrfiCjoIFBaC37uV01zummW7ak9hLRInJ2WUo941v90eJ0kIkSIMS9lx7Fh5KRaKEgZZyU0kxJgM8QA6mkY4BOml0zsy67jPhaUCsKbz32yKQynHoa8zIVaBnPcm4n9eJ1H9Sy+lUZwoiIiOaK+fMEtxa1KH1aMCiGJjTTARVP/SIgEWmChd2swrUp8TQC8r6U6c+QYWSfOs6thV5/a8XLvK2ymiA3SETpCDLlAN3aA6aiCCHtEzekGvxpPxZrwbH7/RgpHv7KMZGJ8/8UugOw==</latexit><latexit sha1_base64="HTiJSOJ+hej2jzMel5HxElR71U8=">AAACFnicbVC7TsMwFHXKq5RXgBEJRVRIDKVKEBKMFSyMRaIPqYkqx71trDpxZDuFKsrGR/ANrDCzIVZWRv4Et2SgLWc695xzZd/jx4xKZdtfRmFpeWV1rbhe2tjc2t4xd/eakieCQINwxkXbxxIYjaChqGLQjgXg0GfQ8ofXE781AiEpj+7UOAYvxIOI9inBSktd89AdAUkfMrfiCjoIFBaC37uV01zummW7ak9hLRInJ2WUo941v90eJ0kIkSIMS9lx7Fh5KRaKEgZZyU0kxJgM8QA6mkY4BOml0zsy67jPhaUCsKbz32yKQynHoa8zIVaBnPcm4n9eJ1H9Sy+lUZwoiIiOaK+fMEtxa1KH1aMCiGJjTTARVP/SIgEWmChd2swrUp8TQC8r6U6c+QYWSfOs6thV5/a8XLvK2ymiA3SETpCDLlAN3aA6aiCCHtEzekGvxpPxZrwbH7/RgpHv7KMZGJ8/8UugOw==</latexit>

S =

Z
d2✓W

<latexit sha1_base64="H6eYlyURPACuNRQtWIVD9gxaQlY=">AAACFXicbVC7SgNBFJ31GeMrainCYBAsJOwGQRshaGMZ0Twgu4bZyU12yOyDmbtCWFL5EX6DrdZ2Ymtt6Z84iSlM4qnO3HOGe+7xEyk02vaXtbC4tLyymlvLr29sbm0XdnbrOk4VhxqPZayaPtMgRQQ1FCihmShgoS+h4fevRnrjAZQWcXSHgwS8kPUi0RWcoRm1Cwe3F66IkHbuyy4GgMw9cUOGAWcyawzbhaJdsseg88SZkCKZoNoufLudmKchRMgl07rl2Al6GVMouIRh3k01JIz3WQ9ahkYsBO1l4zOG9KgbK2pC0PH7rzdjodaD0DeeUTg9q42G/2mtFLvnXiaiJEWIuLEYrZtKijEdtUE7QgFHOTCEcSVMSsoDphhH09nUFm3OCaAzzJtOnNkG5km9XHLsknNzWqxcTtrJkX1ySI6JQ85IhVyTKqkRTh7JM3khr9aT9Wa9Wx+/1gVr8mePTMH6/AHWFZ8F</latexit><latexit sha1_base64="H6eYlyURPACuNRQtWIVD9gxaQlY=">AAACFXicbVC7SgNBFJ31GeMrainCYBAsJOwGQRshaGMZ0Twgu4bZyU12yOyDmbtCWFL5EX6DrdZ2Ymtt6Z84iSlM4qnO3HOGe+7xEyk02vaXtbC4tLyymlvLr29sbm0XdnbrOk4VhxqPZayaPtMgRQQ1FCihmShgoS+h4fevRnrjAZQWcXSHgwS8kPUi0RWcoRm1Cwe3F66IkHbuyy4GgMw9cUOGAWcyawzbhaJdsseg88SZkCKZoNoufLudmKchRMgl07rl2Al6GVMouIRh3k01JIz3WQ9ahkYsBO1l4zOG9KgbK2pC0PH7rzdjodaD0DeeUTg9q42G/2mtFLvnXiaiJEWIuLEYrZtKijEdtUE7QgFHOTCEcSVMSsoDphhH09nUFm3OCaAzzJtOnNkG5km9XHLsknNzWqxcTtrJkX1ySI6JQ85IhVyTKqkRTh7JM3khr9aT9Wa9Wx+/1gVr8mePTMH6/AHWFZ8F</latexit><latexit sha1_base64="H6eYlyURPACuNRQtWIVD9gxaQlY=">AAACFXicbVC7SgNBFJ31GeMrainCYBAsJOwGQRshaGMZ0Twgu4bZyU12yOyDmbtCWFL5EX6DrdZ2Ymtt6Z84iSlM4qnO3HOGe+7xEyk02vaXtbC4tLyymlvLr29sbm0XdnbrOk4VhxqPZayaPtMgRQQ1FCihmShgoS+h4fevRnrjAZQWcXSHgwS8kPUi0RWcoRm1Cwe3F66IkHbuyy4GgMw9cUOGAWcyawzbhaJdsseg88SZkCKZoNoufLudmKchRMgl07rl2Al6GVMouIRh3k01JIz3WQ9ahkYsBO1l4zOG9KgbK2pC0PH7rzdjodaD0DeeUTg9q42G/2mtFLvnXiaiJEWIuLEYrZtKijEdtUE7QgFHOTCEcSVMSsoDphhH09nUFm3OCaAzzJtOnNkG5km9XHLsknNzWqxcTtrJkX1ySI6JQ85IhVyTKqkRTh7JM3khr9aT9Wa9Wx+/1gVr8mePTMH6/AHWFZ8F</latexit><latexit sha1_base64="H6eYlyURPACuNRQtWIVD9gxaQlY=">AAACFXicbVC7SgNBFJ31GeMrainCYBAsJOwGQRshaGMZ0Twgu4bZyU12yOyDmbtCWFL5EX6DrdZ2Ymtt6Z84iSlM4qnO3HOGe+7xEyk02vaXtbC4tLyymlvLr29sbm0XdnbrOk4VhxqPZayaPtMgRQQ1FCihmShgoS+h4fevRnrjAZQWcXSHgwS8kPUi0RWcoRm1Cwe3F66IkHbuyy4GgMw9cUOGAWcyawzbhaJdsseg88SZkCKZoNoufLudmKchRMgl07rl2Al6GVMouIRh3k01JIz3WQ9ahkYsBO1l4zOG9KgbK2pC0PH7rzdjodaD0DeeUTg9q42G/2mtFLvnXiaiJEWIuLEYrZtKijEdtUE7QgFHOTCEcSVMSsoDphhH09nUFm3OCaAzzJtOnNkG5km9XHLsknNzWqxcTtrJkX1ySI6JQ85IhVyTKqkRTh7JM3khr9aT9Wa9Wx+/1gVr8mePTMH6/AHWFZ8F</latexit>

Action just comes from one superspace integral:

acts as 

e.g. 4d N=1 AdS from M-theory on AdS4 ⇥Gweak
2

<latexit sha1_base64="3bbA4WWTeK4gWgIh9j4I4EoByzw=">AAACDnicbVC7TsNAEDzzDOEVQKKhOREhUUV2FAnKAAWUQZCHlBjrfF7Hp5wfujuDIuN/4BtooaZDtPwCJX/CJaQgCVPN7sxqd8dNOJPKNL+MhcWl5ZXVwlpxfWNza7u0s9uScSooNGnMY9FxiQTOImgqpjh0EgEkdDm03cHFSG/fg5Asjm7VMAE7JP2I+YwSpVtOaf/Mu3FqPcVCkPjSqd5lD0AGuVMqmxVzDDxPrAkpowkaTum758U0DSFSlBMpu5aZKDsjQjHKIS/2UgkJoQPSh66mEdH77Gx8f46P/FhgFQAe13+9GQmlHIau9oREBXJWGzX/07qp8k/tjEVJqiCi2qI1P+VYxXgUA/aYAKr4UBNCBdNXYhoQQajSYU1tkfqdALy8qDOxZhOYJ61qxTIr1nWtXD+fpFNAB+gQHSMLnaA6ukIN1EQUPaJn9IJejSfjzXg3Pn6tC8ZkZg9Nwfj8AStEm/Q=</latexit><latexit sha1_base64="3bbA4WWTeK4gWgIh9j4I4EoByzw=">AAACDnicbVC7TsNAEDzzDOEVQKKhOREhUUV2FAnKAAWUQZCHlBjrfF7Hp5wfujuDIuN/4BtooaZDtPwCJX/CJaQgCVPN7sxqd8dNOJPKNL+MhcWl5ZXVwlpxfWNza7u0s9uScSooNGnMY9FxiQTOImgqpjh0EgEkdDm03cHFSG/fg5Asjm7VMAE7JP2I+YwSpVtOaf/Mu3FqPcVCkPjSqd5lD0AGuVMqmxVzDDxPrAkpowkaTum758U0DSFSlBMpu5aZKDsjQjHKIS/2UgkJoQPSh66mEdH77Gx8f46P/FhgFQAe13+9GQmlHIau9oREBXJWGzX/07qp8k/tjEVJqiCi2qI1P+VYxXgUA/aYAKr4UBNCBdNXYhoQQajSYU1tkfqdALy8qDOxZhOYJ61qxTIr1nWtXD+fpFNAB+gQHSMLnaA6ukIN1EQUPaJn9IJejSfjzXg3Pn6tC8ZkZg9Nwfj8AStEm/Q=</latexit><latexit sha1_base64="3bbA4WWTeK4gWgIh9j4I4EoByzw=">AAACDnicbVC7TsNAEDzzDOEVQKKhOREhUUV2FAnKAAWUQZCHlBjrfF7Hp5wfujuDIuN/4BtooaZDtPwCJX/CJaQgCVPN7sxqd8dNOJPKNL+MhcWl5ZXVwlpxfWNza7u0s9uScSooNGnMY9FxiQTOImgqpjh0EgEkdDm03cHFSG/fg5Asjm7VMAE7JP2I+YwSpVtOaf/Mu3FqPcVCkPjSqd5lD0AGuVMqmxVzDDxPrAkpowkaTum758U0DSFSlBMpu5aZKDsjQjHKIS/2UgkJoQPSh66mEdH77Gx8f46P/FhgFQAe13+9GQmlHIau9oREBXJWGzX/07qp8k/tjEVJqiCi2qI1P+VYxXgUA/aYAKr4UBNCBdNXYhoQQajSYU1tkfqdALy8qDOxZhOYJ61qxTIr1nWtXD+fpFNAB+gQHSMLnaA6ukIN1EQUPaJn9IJejSfjzXg3Pn6tC8ZkZg9Nwfj8AStEm/Q=</latexit><latexit sha1_base64="3bbA4WWTeK4gWgIh9j4I4EoByzw=">AAACDnicbVC7TsNAEDzzDOEVQKKhOREhUUV2FAnKAAWUQZCHlBjrfF7Hp5wfujuDIuN/4BtooaZDtPwCJX/CJaQgCVPN7sxqd8dNOJPKNL+MhcWl5ZXVwlpxfWNza7u0s9uScSooNGnMY9FxiQTOImgqpjh0EgEkdDm03cHFSG/fg5Asjm7VMAE7JP2I+YwSpVtOaf/Mu3FqPcVCkPjSqd5lD0AGuVMqmxVzDDxPrAkpowkaTum758U0DSFSlBMpu5aZKDsjQjHKIS/2UgkJoQPSh66mEdH77Gx8f46P/FhgFQAe13+9GQmlHIau9oREBXJWGzX/07qp8k/tjEVJqiCi2qI1P+VYxXgUA/aYAKr4UBNCBdNXYhoQQajSYU1tkfqdALy8qDOxZhOYJ61qxTIr1nWtXD+fpFNAB+gQHSMLnaA6ukIN1EQUPaJn9IJejSfjzXg3Pn6tC8ZkZg9Nwfj8AStEm/Q=</latexit>

[Forcella, Zaffaroni ’09]

with 
Z

Gweak
2

G7 = N
<latexit sha1_base64="PMiXfkqj0NofPy40+3yT99bYrJo=">AAACDnicbZC7TsMwGIWdcivlFkBiYYmokJiqpEIqC1IFQ5lQkehFakPkuH8aq85FtgOqQt6BZ2CFmQ2x8gqMvAluyUBbznT8n2P59+fGjAppml9aYWl5ZXWtuF7a2Nza3tF399oiSjiBFolYxLsuFsBoCC1JJYNuzAEHLoOOO7qc5J174IJG4a0cx2AHeBhSjxIs1cjRD/o0lE7acKp36QPgUZY1nNr5taOXzYo5lbForNyUUa6mo3/3BxFJAgglYViInmXG0k4xl5QwyEr9RECMyQgPoadsiAMQdjrdPzOOvYgb0gdjev7bTXEgxDhwVSfA0hfz2WT4X9ZLpHdmpzSMEwkhURWVeQkzZGRMMBgDyoFINlYGE07VlgbxMcdEKlgzrwj1HR8GWUkxseYJLJp2tWKZFevmtFy/yOkU0SE6QifIQjVUR1eoiVqIoEf0jF7Qq/akvWnv2sdvtaDld/bRjLTPH5WFnDE=</latexit><latexit sha1_base64="PMiXfkqj0NofPy40+3yT99bYrJo=">AAACDnicbZC7TsMwGIWdcivlFkBiYYmokJiqpEIqC1IFQ5lQkehFakPkuH8aq85FtgOqQt6BZ2CFmQ2x8gqMvAluyUBbznT8n2P59+fGjAppml9aYWl5ZXWtuF7a2Nza3tF399oiSjiBFolYxLsuFsBoCC1JJYNuzAEHLoOOO7qc5J174IJG4a0cx2AHeBhSjxIs1cjRD/o0lE7acKp36QPgUZY1nNr5taOXzYo5lbForNyUUa6mo3/3BxFJAgglYViInmXG0k4xl5QwyEr9RECMyQgPoadsiAMQdjrdPzOOvYgb0gdjev7bTXEgxDhwVSfA0hfz2WT4X9ZLpHdmpzSMEwkhURWVeQkzZGRMMBgDyoFINlYGE07VlgbxMcdEKlgzrwj1HR8GWUkxseYJLJp2tWKZFevmtFy/yOkU0SE6QifIQjVUR1eoiVqIoEf0jF7Qq/akvWnv2sdvtaDld/bRjLTPH5WFnDE=</latexit><latexit sha1_base64="PMiXfkqj0NofPy40+3yT99bYrJo=">AAACDnicbZC7TsMwGIWdcivlFkBiYYmokJiqpEIqC1IFQ5lQkehFakPkuH8aq85FtgOqQt6BZ2CFmQ2x8gqMvAluyUBbznT8n2P59+fGjAppml9aYWl5ZXWtuF7a2Nza3tF399oiSjiBFolYxLsuFsBoCC1JJYNuzAEHLoOOO7qc5J174IJG4a0cx2AHeBhSjxIs1cjRD/o0lE7acKp36QPgUZY1nNr5taOXzYo5lbForNyUUa6mo3/3BxFJAgglYViInmXG0k4xl5QwyEr9RECMyQgPoadsiAMQdjrdPzOOvYgb0gdjev7bTXEgxDhwVSfA0hfz2WT4X9ZLpHdmpzSMEwkhURWVeQkzZGRMMBgDyoFINlYGE07VlgbxMcdEKlgzrwj1HR8GWUkxseYJLJp2tWKZFevmtFy/yOkU0SE6QifIQjVUR1eoiVqIoEf0jF7Qq/akvWnv2sdvtaDld/bRjLTPH5WFnDE=</latexit><latexit sha1_base64="PMiXfkqj0NofPy40+3yT99bYrJo=">AAACDnicbZC7TsMwGIWdcivlFkBiYYmokJiqpEIqC1IFQ5lQkehFakPkuH8aq85FtgOqQt6BZ2CFmQ2x8gqMvAluyUBbznT8n2P59+fGjAppml9aYWl5ZXWtuF7a2Nza3tF399oiSjiBFolYxLsuFsBoCC1JJYNuzAEHLoOOO7qc5J174IJG4a0cx2AHeBhSjxIs1cjRD/o0lE7acKp36QPgUZY1nNr5taOXzYo5lbForNyUUa6mo3/3BxFJAgglYViInmXG0k4xl5QwyEr9RECMyQgPoadsiAMQdjrdPzOOvYgb0gdjev7bTXEgxDhwVSfA0hfz2WT4X9ZLpHdmpzSMEwkhURWVeQkzZGRMMBgDyoFINlYGE07VlgbxMcdEKlgzrwj1HR8GWUkxseYJLJp2tWKZFevmtFy/yOkU0SE6QifIQjVUR1eoiVqIoEf0jF7Qq/akvWnv2sdvtaDld/bRjLTPH5WFnDE=</latexit>

Preserves Pin+ symmetry of M-theory it has a moduli space



Result for DGKT vacuum

Could this be the case of DGKT?
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In DGKT, the fluxes break the parity symmetries [Montero,Valenzuela ’ongoing]

No



Result for DGKT vacuum

Could this be the case of DGKT?

(SUSY is broken spontaneously on the brane)

the position of D4-brane is not a modulus

By explicit computation, we show that a superpotential is generated

In DGKT, the fluxes break the parity symmetries [Montero,Valenzuela ’ongoing]

No



Result for DGKT vacuum

Could this be the case of DGKT?

(SUSY is broken spontaneously on the brane)

the position of D4-brane is not a modulus

By explicit computation, we show that a superpotential is generated

In DGKT, the fluxes break the parity symmetries [Montero,Valenzuela ’ongoing]

No

We find that the brane feels an attractive force

Assuming the EFT of the DGKT solution is correct:

stable

<latexit sha1_base64="7KKLZ0SCQcx5DrAD+OOoICJ/SAA=">AAAB+HicbVBNT8JAEJ36ifhB1aOXjcTEE2mRqBcNiRePaOQjgUK2yxY27LbN7tYEgV/ixYPGePWnePPfuEAPCr5kkpf3ZjIzz485U9pxvq2V1bX1jc3MVnZ7Z3cvZ+8f1FSUSEKrJOKRbPhYUc5CWtVMc9qIJcXC57TuD26mfv2RSsWi8EEPY+oJ3AtZwAjWRurYudrVuD5uF1uKCXTfPuvYeafgzICWiZuSPKSodOyvVjciiaChJhwr1XSdWHsjLDUjnE6yrUTRGJMB7tGmoSEWVHmj2eETdGKULgoiaSrUaKb+nhhhodRQ+KZTYN1Xi95U/M9rJjq49EYsjBNNQzJfFCQc6QhNU0BdJinRfGgIJpKZWxHpY4mJNlllTQju4svLpFYsuOeF0l0pX75O48jAERzDKbhwAWW4hQpUgUACz/AKb9aT9WK9Wx/z1hUrnTmEP7A+fwCQXZJg</latexit>

V = |W |2 ⇠ R3

R
@AdS
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In DGKT, the fluxes break the parity symmetries

By explicit computation, we show that a superpotential is generated

(SUSY is broken spontaneously on the brane)

[Montero,Valenzuela ’ongoing]

the position of D4-brane is not a modulus

Could this be the case of DGKT? No

We find that the brane feels an attractive force

Assuming the EFT of the DGKT solution is correct:

stable Case 2!

It violates the Weak Gravity Conjecture!!
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Result for DGKT vacuum



The vacuum is in tension with the Weak Gravity Conjecture (WGC)

(there is no brane charged under F4 flux which is BPS or self-repulsive)
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T > QThey all have “ ”

Result for DGKT vacuum



The vacuum is in tension with the Weak Gravity Conjecture (WGC)

Does this mean that the DGKT solution is inconsistent?

(there is no brane charged under F4 flux which is BPS or self-repulsive)
<latexit sha1_base64="QSm9NoDWydC6to//hITuyWm/N34=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqKcQ8OIxwbwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O//YRK81g2zCRBP6JDyUPOqLHSY6NS7xdLbtldgKwTLyMlyFDrF796g5ilEUrDBNW667mJ8adUGc4Ezgq9VGNC2ZgOsWuppBFqf7o4dUYurDIgYaxsSUMW6u+JKY20nkSB7YyoGelVby7+53VTE975Uy6T1KBky0VhKoiJyfxvMuAKmRETSyhT3N5K2IgqyoxNp2BD8FZfXietq7J3U76uX5eqlSyOPJzBOVyCB7dQhQeoQRMYDOEZXuHNEc6L8+58LFtzTjZzCn/gfP4A1N6NgA==</latexit>

T > QThey all have “ ”

Result for DGKT vacuum



The vacuum is in tension with the Weak Gravity Conjecture (WGC)

Does this mean that the DGKT solution is inconsistent?

Not clear yet, since the WGC for codimension one 
membranes is much less understood than for particles

(there is no brane charged under F4 flux which is BPS or self-repulsive)
<latexit sha1_base64="QSm9NoDWydC6to//hITuyWm/N34=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqKcQ8OIxwbwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O//YRK81g2zCRBP6JDyUPOqLHSY6NS7xdLbtldgKwTLyMlyFDrF796g5ilEUrDBNW667mJ8adUGc4Ezgq9VGNC2ZgOsWuppBFqf7o4dUYurDIgYaxsSUMW6u+JKY20nkSB7YyoGelVby7+53VTE975Uy6T1KBky0VhKoiJyfxvMuAKmRETSyhT3N5K2IgqyoxNp2BD8FZfXietq7J3U76uX5eqlSyOPJzBOVyCB7dQhQeoQRMYDOEZXuHNEc6L8+58LFtzTjZzCn/gfP4A1N6NgA==</latexit>

T > QThey all have “ ”

Result for DGKT vacuum



The vacuum is in tension with the Weak Gravity Conjecture (WGC)

Does this mean that the DGKT solution is inconsistent?

Not clear yet, since the WGC for codimension one 
membranes is much less understood than for particles

(there is no brane charged under F4 flux which is BPS or self-repulsive)
<latexit sha1_base64="QSm9NoDWydC6to//hITuyWm/N34=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqKcQ8OIxwbwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O//YRK81g2zCRBP6JDyUPOqLHSY6NS7xdLbtldgKwTLyMlyFDrF796g5ilEUrDBNW667mJ8adUGc4Ezgq9VGNC2ZgOsWuppBFqf7o4dUYurDIgYaxsSUMW6u+JKY20nkSB7YyoGelVby7+53VTE975Uy6T1KBky0VhKoiJyfxvMuAKmRETSyhT3N5K2IgqyoxNp2BD8FZfXietq7J3U76uX5eqlSyOPJzBOVyCB7dQhQeoQRMYDOEZXuHNEc6L8+58LFtzTjZzCn/gfP4A1N6NgA==</latexit>
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• DGKT scale-separated vacuum is inconsistent with 
quantum gravity

Either

Result for DGKT vacuum



The vacuum is in tension with the Weak Gravity Conjecture (WGC)

Does this mean that the DGKT solution is inconsistent?

Not clear yet, since the WGC for codimension one 
membranes is much less understood than for particles

• WGC for membranes is more subtle and needs to 
be understood better (no black hole argument)

(there is no brane charged under F4 flux which is BPS or self-repulsive)
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The vacuum is in tension with the Weak Gravity Conjecture (WGC)

Does this mean that the DGKT solution is inconsistent?

Not clear yet, since the WGC for codimension one 
membranes is much less understood than for particles

• WGC for membranes is more subtle and needs to 
be understood better (no black hole argument)

Attractive branes can be a hint to construct the CFT dual if 
it exists (first example of this type ever seen!)

(there is no brane charged under F4 flux which is BPS or self-repulsive)
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If we are looking for AdS scale-separated vacua, which is the most 
promising corner of the landscape?

Non-SUSY 4 supercharges 8 or more supercharges

(4d N=1 theories)

Conclusion

Easier, but unstable Difficult or impossible???
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If we are looking for AdS scale-separated vacua, which is the most 
promising corner of the landscape?

Non-SUSY 4 supercharges 8 or more supercharges

Without 
parity 

symmetry

With 
parity 

symmetry

One has to deal with 
instabilities issues

They are stable, but… scale-separated?

Easier, but unstable Difficult or impossible

Thank you!

Conclusion
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At the orientifold locus, the worldvolume theory is a pure SU(2) gauge theory
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Evidence for WGC and SDC

String theory compactifications: Plethora of quantitative tests!

• Systematic approach according to the level of supersymmetry

• Interesting connections to mathematics

[Grimm, Palti, IV’18]
[Grimm,Palti,Li’18]

[Lee,Lerche,Weigand’18-19]
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Black hole arguments:

• WGC follows from requiring black holes to decay

• WGC/SDC follows from entropy bounds associated to small BHs

• Connection between WGC and weak cosmic censorship [Crisford et al’17]

[Arkani-Hamed et al’06]

[Hamada et al’21]

Using positivity/unitarity bounds: lead to mild versions of the WGC
[Cheung et al’18][Hamada et al’18]…
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• Independent motivation based on 
black hole physics

• Plethora of evidence based on 
string theory, AdS/CFT, scattering 
amplitudes,…

review: [Harlow et al’22]
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If applied to a p-form gauge field:

T  Q
(tension) (charge)

There must exist a (p-1)-brane with

Exact equality only occurs if it is a supersymmetric BPS state
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Weak Gravity conjecture: [Arkani-Hamed et al’06]

If applied to a p-form gauge field:

T  Q
(tension) (charge)

There must exist a (p-1)-brane with

Exact equality only occurs if it is a supersymmetric BPS state

Consider an AdS vacuum supported by fluxes in the internal dimensions:

f0 ⇠
Z

⌃p

Fpflux:
p-form gauge field in the 

extra dimensions

WGC codimension-one charged brane in AdS



Cobordism conjecture

to avoid a (D-k-1)-form global symmetry with charges

⌦QG
k = 0 [McNamara,Vafa’19]

The cobordism group of a quantum gravity theory must be trivial:

D : total dimension
k : internal dimension

[M ] 2 ⌦QG
k
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to avoid a (D-k-1)-form global symmetry with charges

⌦QG
k = 0 [McNamara,Vafa’19]

The cobordism group of a quantum gravity theory must be trivial:
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Cd ⇠ Dd
<latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit>

D : total dimension
k : internal dimension

[M ] 2 ⌦QG
k



Cobordism conjecture

to avoid a (D-k-1)-form global symmetry with charges

⌦QG
k = 0 [McNamara,Vafa’19]

The cobordism group of a quantum gravity theory must be trivial:

Cd
<latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit> Dd

<latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit>

Bd+1
<latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit>

Cd ⇠ Dd
<latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit>

Cd
<latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit>

Bd+1
<latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit>

Cd = @Bd+1 (trivial class)

D : total dimension
k : internal dimension

[M ] 2 ⌦QG
k



Cobordism conjecture

to avoid a (D-k-1)-form global symmetry with charges

⌦QG
k = 0 [McNamara,Vafa’19]

The cobordism group of a quantum gravity theory must be trivial:

Cd
<latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit> Dd

<latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit>

Bd+1
<latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit>

Cd ⇠ Dd
<latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit>

Cd
<latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit>

Bd+1
<latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit>

Cd = @Bd+1 (trivial class)

EFT1 EFT2
domain 
wall

D : total dimension
k : internal dimension

[M ] 2 ⌦QG
k



Cobordism conjecture

to avoid a (D-k-1)-form global symmetry with charges

⌦QG
k = 0 [McNamara,Vafa’19]

The cobordism group of a quantum gravity theory must be trivial:

Cd
<latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit> Dd

<latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit>

Bd+1
<latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit>

Cd ⇠ Dd
<latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit>

Cd
<latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit>

Bd+1
<latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit>

Cd = @Bd+1 (trivial class)

EFT1 EFT2
domain 
wall

D : total dimension
k : internal dimension

EFTdomain 
wall

end-of-the-
world brane

[M ] 2 ⌦QG
k



Cobordism conjecture

to avoid a (D-k-1)-form global symmetry with charges

⌦QG
k = 0 [McNamara,Vafa’19]

The cobordism group of a quantum gravity theory must be trivial:

Cd
<latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit> Dd

<latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit>

Bd+1
<latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit>

Cd ⇠ Dd
<latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit>

Cd
<latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit>

Bd+1
<latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit>

Cd = @Bd+1 (trivial class)

EFT1 EFT2
domain 
wall

D : total dimension
k : internal dimension

EFTdomain 
wall

end-of-the-
world brane

[M ] 2 ⌦QG
k

It implies all theories of same dimension are connected by finite energy 
domain walls, and predicts the existence of new defects in string theory!



Instabilities of non-SUSY vacua

Swampland conjecture:  Any non-supersymmetric vacuum is at best metastable

Is there any universal instability that arises when breaking supersymmetry?



Instabilities of non-SUSY vacua

Swampland conjecture:  Any non-supersymmetric vacuum is at best metastable

Is there any universal instability that arises when breaking supersymmetry?

Candidate: Bubbles of nothing

nothing
Non-perturbative instability 
from the vacuum to nothing:

[Witten’81]

CdBd+1
<latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit>



Instabilities of non-SUSY vacua

Swampland conjecture:  Any non-supersymmetric vacuum is at best metastable

Is there any universal instability that arises when breaking supersymmetry?

The compact space       shrinks to a pointCd
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Non-perturbative instability 
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Candidate: Bubbles of nothing

Instabilities of non-SUSY vacua

Swampland conjecture:  Any non-supersymmetric vacuum is at best metastable

Is there any universal instability that arises when breaking supersymmetry?

nothing
Non-perturbative instability 
from the vacuum to nothing:

[Witten’81]
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Cobordism conjecture:
(no global symmetries)

⌦QG
k = 0

[Garcia-Etxebarria,Montero,Sousa,IV’20]

No topological obstruction 
to have bubbles of nothing



Candidate: Bubbles of nothing

Instabilities of non-SUSY vacua

Swampland conjecture:  Any non-supersymmetric vacuum is at best metastable

Is there any universal instability that arises when breaking supersymmetry?

nothing
Non-perturbative instability 
from the vacuum to nothing:

[Witten’81]
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Cobordism conjecture:
(no global symmetries)

⌦QG
k = 0

[Garcia-Etxebarria,Montero,Sousa,IV’20]

No topological obstruction 
to have bubbles of nothing

They will expand and describe a vacuum instability if a certain energy condition 
(DEC) is violated semiclassically

(which can happen when supersymmetry is broken)


