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<latexit sha1_base64="BQ98Fgz71lqMPDSPDybVkgLxE7g=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mqoMeCIB4r2A9oQ9hsN+3SzSbsToo15Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YOKfXjU1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOMb2Z+Z8KU5rF8gGnCvIgMJQ85JWAk367c+lkf2CNkQ0Umee7bVafmzIFXiVuQKirQ9O2v/iCmacQkUEG07rlOAl5GFHAqWF7up5olhI7JkPUMlSRi2svmh+f4zCgDHMbKlAQ8V39PZCTSehoFpjMiMNLL3kz8z+ulEF57GZdJCkzSxaIwFRhiPEsBD7hiFMTUEEIVN7diOiKKUDBZlU0I7vLLq6Rdr7kXtfr9ZbVRL+IooRN0is6Ri65QA92hJmohilL0jF7Rm/VkvVjv1seidc0qZo7RH1ifP4efk5s=</latexit>
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<latexit sha1_base64="4PO6i3B8BZHyOQYkOW34K4Hu+Hw=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BUbwIEcwDkiXMTjrJkNmHM73BsOx3ePGgiFc/xpt/4yTZgyYWNBRV3XR3eZEUGm3728qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaHOQxmqlsc0SBFAHQVKaEUKmO9JaHqjq6nfHIPSIgwecBKB67NBIPqCMzSSe9NNOghPmFzfpWm3WLLL9gx0mTgZKZEMtW7xq9MLeexDgFwyrduOHaGbMIWCS0gLnVhDxPiIDaBtaMB80G4yOzqlJ0bp0X6oTAVIZ+rviYT5Wk98z3T6DId60ZuK/3ntGPuXbiKCKEYI+HxRP5YUQzpNgPaEAo5yYgjjSphbKR8yxTianAomBGfx5WXSqJSds3Ll/rxUrWRx5MkROSanxCEXpEpuSY3UCSeP5Jm8kjdrbL1Y79bHvDVnZTOH5A+szx8IcZI4</latexit>



The	Weak	Gravity	Conjecture

02

Arkani-Hamed,	Motl,	Nicolis,	Vafa	'06

+
Fgrav

<latexit sha1_base64="BQ98Fgz71lqMPDSPDybVkgLxE7g=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mqoMeCIB4r2A9oQ9hsN+3SzSbsToo15Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YOKfXjU1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOMb2Z+Z8KU5rF8gGnCvIgMJQ85JWAk367c+lkf2CNkQ0Umee7bVafmzIFXiVuQKirQ9O2v/iCmacQkUEG07rlOAl5GFHAqWF7up5olhI7JkPUMlSRi2svmh+f4zCgDHMbKlAQ8V39PZCTSehoFpjMiMNLL3kz8z+ulEF57GZdJCkzSxaIwFRhiPEsBD7hiFMTUEEIVN7diOiKKUDBZlU0I7vLLq6Rdr7kXtfr9ZbVRL+IooRN0is6Ri65QA92hJmohilL0jF7Rm/VkvVjv1seidc0qZo7RH1ifP4efk5s=</latexit>

FEM
<latexit sha1_base64="4PO6i3B8BZHyOQYkOW34K4Hu+Hw=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BUbwIEcwDkiXMTjrJkNmHM73BsOx3ePGgiFc/xpt/4yTZgyYWNBRV3XR3eZEUGm3728qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaHOQxmqlsc0SBFAHQVKaEUKmO9JaHqjq6nfHIPSIgwecBKB67NBIPqCMzSSe9NNOghPmFzfpWm3WLLL9gx0mTgZKZEMtW7xq9MLeexDgFwyrduOHaGbMIWCS0gLnVhDxPiIDaBtaMB80G4yOzqlJ0bp0X6oTAVIZ+rviYT5Wk98z3T6DId60ZuK/3ntGPuXbiKCKEYI+HxRP5YUQzpNgPaEAo5yYgjjSphbKR8yxTianAomBGfx5WXSqJSds3Ll/rxUrWRx5MkROSanxCEXpEpuSY3UCSeP5Jm8kjdrbL1Y79bHvDVnZTOH5A+szx8IcZI4</latexit>
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<latexit sha1_base64="BQ98Fgz71lqMPDSPDybVkgLxE7g=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mqoMeCIB4r2A9oQ9hsN+3SzSbsToo15Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YOKfXjU1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOMb2Z+Z8KU5rF8gGnCvIgMJQ85JWAk367c+lkf2CNkQ0Umee7bVafmzIFXiVuQKirQ9O2v/iCmacQkUEG07rlOAl5GFHAqWF7up5olhI7JkPUMlSRi2svmh+f4zCgDHMbKlAQ8V39PZCTSehoFpjMiMNLL3kz8z+ulEF57GZdJCkzSxaIwFRhiPEsBD7hiFMTUEEIVN7diOiKKUDBZlU0I7vLLq6Rdr7kXtfr9ZbVRL+IooRN0is6Ri65QA92hJmohilL0jF7Rm/VkvVjv1seidc0qZo7RH1ifP4efk5s=</latexit>
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<latexit sha1_base64="4PO6i3B8BZHyOQYkOW34K4Hu+Hw=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BUbwIEcwDkiXMTjrJkNmHM73BsOx3ePGgiFc/xpt/4yTZgyYWNBRV3XR3eZEUGm3728qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaHOQxmqlsc0SBFAHQVKaEUKmO9JaHqjq6nfHIPSIgwecBKB67NBIPqCMzSSe9NNOghPmFzfpWm3WLLL9gx0mTgZKZEMtW7xq9MLeexDgFwyrduOHaGbMIWCS0gLnVhDxPiIDaBtaMB80G4yOzqlJ0bp0X6oTAVIZ+rviYT5Wk98z3T6DId60ZuK/3ntGPuXbiKCKEYI+HxRP5YUQzpNgPaEAo5yYgjjSphbKR8yxTianAomBGfx5WXSqJSds3Ll/rxUrWRx5MkROSanxCEXpEpuSY3UCSeP5Jm8kjdrbL1Y79bHvDVnZTOH5A+szx8IcZI4</latexit>
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<latexit sha1_base64="4PO6i3B8BZHyOQYkOW34K4Hu+Hw=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BUbwIEcwDkiXMTjrJkNmHM73BsOx3ePGgiFc/xpt/4yTZgyYWNBRV3XR3eZEUGm3728qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaHOQxmqlsc0SBFAHQVKaEUKmO9JaHqjq6nfHIPSIgwecBKB67NBIPqCMzSSe9NNOghPmFzfpWm3WLLL9gx0mTgZKZEMtW7xq9MLeexDgFwyrd uOHaGbMIWCS0gLnVhDxPiIDaBtaMB80G4yOzqlJ0bp0X6oTAVIZ+rviYT5Wk98z3T6DId60ZuK/3ntGPuXbiKCKEYI+HxRP5YUQzpNgPaEAo5yYgjjSphbKR8yxTianAomBGfx5WXSqJSds3Ll/rxUrWRx5MkROSanxCEXpEpuSY3UCSeP5Jm8kjdrbL1Y79bHvDVnZTOH5A+szx8IcZI4</latexit>
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<latexit sha1_base64="BQ98Fgz71lqMPDSPDybVkgLxE7g=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mqoMeCIB4r2A9oQ9hsN+3SzSbsToo15Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YOKfXjU1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOMb2Z+Z8KU5rF8gGnCvIgMJQ85JWAk367c+lkf2CNkQ0Umee7bVafmzIFXiVuQKirQ9O2v/iCmacQkUEG07rlOAl5GFHAqWF7up5olhI7JkPUMlSRi2svmh+f4zCgDHMbKlAQ8V39PZCTSehoFpjMiMNLL3kz8z+ulEF57GZdJCkzSxaIwFRhiPEsBD7hiFMTUEEIVN7diOiKKUDBZlU0I7vLLq6Rdr7kXtfr9ZbVRL+IooRN0is6Ri65QA92hJmohilL0jF7Rm/VkvVjv1seidc0qZo7RH1ifP4efk5s=</latexit>
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<latexit sha1_base64="BQ98Fgz71lqMPDSPDybVkgLxE7g=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mqoMeCIB4r2A9oQ9hsN+3SzSbsToo15Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YOKfXjU1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOMb2Z+Z8KU5rF8gGnCvIgMJQ85JWAk367c+lkf2CNkQ0Umee7bVafmzIFXiVuQKirQ9O2v/iCmacQkUEG07rlOAl5GFHAqWF7up5olhI7JkPUMlSRi2svmh+f4zCgDHMbKlAQ8V39PZCTSehoFpjMiMNLL3kz8z+ulEF57GZdJCkzSxaIwFRhiPEsBD7hiFMTUEEIVN7diOiKKUDBZlU0I7vLLq6Rdr7kXtfr9ZbVRL+IooRN0is6Ri65QA92hJmohilL0jF7Rm/VkvVjv1seidc0qZo7RH1ifP4efk5s=</latexit>

FEM
<latexit sha1_base64="4PO6i3B8BZHyOQYkOW34K4Hu+Hw=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BUbwIEcwDkiXMTjrJkNmHM73BsOx3ePGgiFc/xpt/4yTZgyYWNBRV3XR3eZEUGm3728qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaHOQxmqlsc0SBFAHQVKaEUKmO9JaHqjq6nfHIPSIgwecBKB67NBIPqCMzSSe9NNOghPmFzfpWm3WLLL9gx0mTgZKZEMtW7xq9MLeexDgFwyrduOHaGbMIWCS0gLnVhDxPiIDaBtaMB80G4yOzqlJ0bp0X6oTAVIZ+rviYT5Wk98z3T6DId60ZuK/3ntGPuXbiKCKEYI+HxRP5YUQzpNgPaEAo5yYgjjSphbKR8yxTianAomBGfx5WXSqJSds3Ll/rxUrWRx5MkROSanxCEXpEpuSY3UCSeP5Jm8kjdrbL1Y79bHvDVnZTOH5A+szx8IcZI4</latexit>

+
+

FEM
<latexit sha1_base64="4PO6i3B8BZHyOQYkOW34K4Hu+Hw=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BUbwIEcwDkiXMTjrJkNmHM73BsOx3ePGgiFc/xpt/4yTZgyYWNBRV3XR3eZEUGm3728qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaHOQxmqlsc0SBFAHQVKaEUKmO9JaHqjq6nfHIPSIgwecBKB67NBIPqCMzSSe9NNOghPmFzfpWm3WLLL9gx0mTgZKZEMtW7xq9MLeexDgFwyrd uOHaGbMIWCS0gLnVhDxPiIDaBtaMB80G4yOzqlJ0bp0X6oTAVIZ+rviYT5Wk98z3T6DId60ZuK/3ntGPuXbiKCKEYI+HxRP5YUQzpNgPaEAo5yYgjjSphbKR8yxTianAomBGfx5WXSqJSds3Ll/rxUrWRx5MkROSanxCEXpEpuSY3UCSeP5Jm8kjdrbL1Y79bHvDVnZTOH5A+szx8IcZI4</latexit>

Fgrav
<latexit sha1_base64="BQ98Fgz71lqMPDSPDybVkgLxE7g=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mqoMeCIB4r2A9oQ9hsN+3SzSbsToo15Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YOKfXjU1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOMb2Z+Z8KU5rF8gGnCvIgMJQ85JWAk367c+lkf2CNkQ0Umee7bVafmzIFXiVuQKirQ9O2v/iCmacQkUEG07rlOAl5GFHAqWF7up5olhI7JkPUMlSRi2svmh+f4zCgDHMbKlAQ8V39PZCTSehoFpjMiMNLL3kz8z+ulEF57GZdJCkzSxaIwFRhiPEsBD7hiFMTUEEIVN7diOiKKUDBZlU0I7vLLq6Rdr7kXtfr9ZbVRL+IooRN0is6Ri65QA92hJmohilL0jF7Rm/VkvVjv1seidc0qZo7RH1ifP4efk5s=</latexit>

+
Fgrav

<latexit sha1_base64="BQ98Fgz71lqMPDSPDybVkgLxE7g=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mqoMeCIB4r2A9oQ9hsN+3SzSbsToo15Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YOKfXjU1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOMb2Z+Z8KU5rF8gGnCvIgMJQ85JWAk367c+lkf2CNkQ0Umee7bVafmzIFXiVuQKirQ9O2v/iCmacQkUEG07rlOAl5GFHAqWF7up5olhI7JkPUMlSRi2svmh+f4zCgDHMbKlAQ8V39PZCTSehoFpjMiMNLL3kz8z+ulEF57GZdJCkzSxaIwFRhiPEsBD7hiFMTUEEIVN7diOiKKUDBZlU0I7vLLq6Rdr7kXtfr9ZbVRL+IooRN0is6Ri65QA92hJmohilL0jF7Rm/VkvVjv1seidc0qZo7RH1ifP4efk5s=</latexit>

FEM
<latexit sha1_base64="4PO6i3B8BZHyOQYkOW34K4Hu+Hw=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BUbwIEcwDkiXMTjrJkNmHM73BsOx3ePGgiFc/xpt/4yTZgyYWNBRV3XR3eZEUGm3728qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaHOQxmqlsc0SBFAHQVKaEUKmO9JaHqjq6nfHIPSIgwecBKB67NBIPqCMzSSe9NNOghPmFzfpWm3WLLL9gx0mTgZKZEMtW7xq9MLeexDgFwyrduOHaGbMIWCS0gLnVhDxPiIDaBtaMB80G4yOzqlJ0bp0X6oTAVIZ+rviYT5Wk98z3T6DId60ZuK/3ntGPuXbiKCKEYI+HxRP5YUQzpNgPaEAo5yYgjjSphbKR8yxTianAomBGfx5WXSqJSds3Ll/rxUrWRx5MkROSanxCEXpEpuSY3UCSeP5Jm8kjdrbL1Y79bHvDVnZTOH5A+szx8IcZI4</latexit>

FEM
<latexit sha1_base64="4PO6i3B8BZHyOQYkOW34K4Hu+Hw=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BUbwIEcwDkiXMTjrJkNmHM73BsOx3ePGgiFc/xpt/4yTZgyYWNBRV3XR3eZEUGm3728qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaHOQxmqlsc0SBFAHQVKaEUKmO9JaHqjq6nfHIPSIgwecBKB67NBIPqCMzSSe9NNOghPmFzfpWm3WLLL9gx0mTgZKZEMtW7xq9MLeexDgFwyrduOHaGbMIWCS0gLnVhDxPiIDaBtaMB80G4yOzqlJ0bp0X6oTAVIZ+rviYT5Wk98z3T6DId60ZuK/3ntGPuXbiKCKEYI+HxRP5YUQzpNgPaEAo5yYgjjSphbKR8yxTianAomBGfx5WXSqJSds3Ll/rxUrWRx5MkROSanxCEXpEpuSY3UCSeP5Jm8kjdrbL1Y79bHvDVnZTOH5A+szx8IcZI4</latexit>

+

+

Fgrav
<latexit sha1_base64="BQ98Fgz71lqMPDSPDybVkgLxE7g=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mqoMeCIB4r2A9oQ9hsN+3SzSbsToo15Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YOKfXjU1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOMb2Z+Z8KU5rF8gGnCvIgMJQ85JWAk367c+lkf2CNkQ0Umee7bVafmzIFXiVuQKirQ9O2v/iCmacQkUEG07rlOAl5GFHAqWF7up5olhI7JkPUMlSRi2svmh+f4zCgDHMbKlAQ8V39PZCTSehoFpjMiMNLL3kz8z+ulEF57GZdJCkzSxaIwFRhiPEsBD7hiFMTUEEIVN7diOiKKUDBZlU0I7vLLq6Rdr7kXtfr9ZbVRL+IooRN0is6Ri65QA92hJmohilL0jF7Rm/VkvVjv1seidc0qZo7RH1ifP4efk5s=</latexit>

+
+

+
+

Newtonian
bound	state
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+
Fgrav

<latexit sha1_base64="BQ98Fgz71lqMPDSPDybVkgLxE7g=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mqoMeCIB4r2A9oQ9hsN+3SzSbsToo15Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YOKfXjU1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOMb2Z+Z8KU5rF8gGnCvIgMJQ85JWAk367c+lkf2CNkQ0Umee7bVafmzIFXiVuQKirQ9O2v/iCmacQkUEG07rlOAl5GFHAqWF7up5olhI7JkPUMlSRi2svmh+f4zCgDHMbKlAQ8V39PZCTSehoFpjMiMNLL3kz8z+ulEF57GZdJCkzSxaIwFRhiPEsBD7hiFMTUEEIVN7diOiKKUDBZlU0I7vLLq6Rdr7kXtfr9ZbVRL+IooRN0is6Ri65QA92hJmohilL0jF7Rm/VkvVjv1seidc0qZo7RH1ifP4efk5s=</latexit>

FEM
<latexit sha1_base64="4PO6i3B8BZHyOQYkOW34K4Hu+Hw=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BUbwIEcwDkiXMTjrJkNmHM73BsOx3ePGgiFc/xpt/4yTZgyYWNBRV3XR3eZEUGm3728qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaHOQxmqlsc0SBFAHQVKaEUKmO9JaHqjq6nfHIPSIgwecBKB67NBIPqCMzSSe9NNOghPmFzfpWm3WLLL9gx0mTgZKZEMtW7xq9MLeexDgFwyrduOHaGbMIWCS0gLnVhDxPiIDaBtaMB80G4yOzqlJ0bp0X6oTAVIZ+rviYT5Wk98z3T6DId60ZuK/3ntGPuXbiKCKEYI+HxRP5YUQzpNgPaEAo5yYgjjSphbKR8yxTianAomBGfx5WXSqJSds3Ll/rxUrWRx5MkROSanxCEXpEpuSY3UCSeP5Jm8kjdrbL1Y79bHvDVnZTOH5A+szx8IcZI4</latexit>

WGC	violaDon	implies	infinite	tower
of	Newtonian	bound	states	(in												)

+
+

FEM
<latexit sha1_base64="4PO6i3B8BZHyOQYkOW34K4Hu+Hw=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BUbwIEcwDkiXMTjrJkNmHM73BsOx3ePGgiFc/xpt/4yTZgyYWNBRV3XR3eZEUGm3728qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaHOQxmqlsc0SBFAHQVKaEUKmO9JaHqjq6nfHIPSIgwecBKB67NBIPqCMzSSe9NNOghPmFzfpWm3WLLL9gx0mTgZKZEMtW7xq9MLeexDgFwyrd uOHaGbMIWCS0gLnVhDxPiIDaBtaMB80G4yOzqlJ0bp0X6oTAVIZ+rviYT5Wk98z3T6DId60ZuK/3ntGPuXbiKCKEYI+HxRP5YUQzpNgPaEAo5yYgjjSphbKR8yxTianAomBGfx5WXSqJSds3Ll/rxUrWRx5MkROSanxCEXpEpuSY3UCSeP5Jm8kjdrbL1Y79bHvDVnZTOH5A+szx8IcZI4</latexit>

Fgrav
<latexit sha1_base64="BQ98Fgz71lqMPDSPDybVkgLxE7g=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mqoMeCIB4r2A9oQ9hsN+3SzSbsToo15Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YOKfXjU1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOMb2Z+Z8KU5rF8gGnCvIgMJQ85JWAk367c+lkf2CNkQ0Umee7bVafmzIFXiVuQKirQ9O2v/iCmacQkUEG07rlOAl5GFHAqWF7up5olhI7JkPUMlSRi2svmh+f4zCgDHMbKlAQ8V39PZCTSehoFpjMiMNLL3kz8z+ulEF57GZdJCkzSxaIwFRhiPEsBD7hiFMTUEEIVN7diOiKKUDBZlU0I7vLLq6Rdr7kXtfr9ZbVRL+IooRN0is6Ri65QA92hJmohilL0jF7Rm/VkvVjv1seidc0qZo7RH1ifP4efk5s=</latexit> …

+
Fgrav

<latexit sha1_base64="BQ98Fgz71lqMPDSPDybVkgLxE7g=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mqoMeCIB4r2A9oQ9hsN+3SzSbsToo15Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YOKfXjU1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOMb2Z+Z8KU5rF8gGnCvIgMJQ85JWAk367c+lkf2CNkQ0Umee7bVafmzIFXiVuQKirQ9O2v/iCmacQkUEG07rlOAl5GFHAqWF7up5olhI7JkPUMlSRi2svmh+f4zCgDHMbKlAQ8V39PZCTSehoFpjMiMNLL3kz8z+ulEF57GZdJCkzSxaIwFRhiPEsBD7hiFMTUEEIVN7diOiKKUDBZlU0I7vLLq6Rdr7kXtfr9ZbVRL+IooRN0is6Ri65QA92hJmohilL0jF7Rm/VkvVjv1seidc0qZo7RH1ifP4efk5s=</latexit>

FEM
<latexit sha1_base64="4PO6i3B8BZHyOQYkOW34K4Hu+Hw=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BUbwIEcwDkiXMTjrJkNmHM73BsOx3ePGgiFc/xpt/4yTZgyYWNBRV3XR3eZEUGm3728qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaHOQxmqlsc0SBFAHQVKaEUKmO9JaHqjq6nfHIPSIgwecBKB67NBIPqCMzSSe9NNOghPmFzfpWm3WLLL9gx0mTgZKZEMtW7xq9MLeexDgFwyrduOHaGbMIWCS0gLnVhDxPiIDaBtaMB80G4yOzqlJ0bp0X6oTAVIZ+rviYT5Wk98z3T6DId60ZuK/3ntGPuXbiKCKEYI+HxRP5YUQzpNgPaEAo5yYgjjSphbKR8yxTianAomBGfx5WXSqJSds3Ll/rxUrWRx5MkROSanxCEXpEpuSY3UCSeP5Jm8kjdrbL1Y79bHvDVnZTOH5A+szx8IcZI4</latexit>

D = 4
<latexit sha1_base64="qwASAh+WGnvh2eFV+1DYlBWXIx0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKezGgF6EgB48RjQPSJYwO+lNhszOLjOzQgj5BC8eFPHqF3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Mbz2h0jyWj2acoB/RgeQhZ9RY6eH2utorltyyOwdZJV5GSpCh3it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuqUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88idcJqlByRaLwlQQE5PZ36TPFTIjxpZQpri9lbAhVZQZm07BhuAtv7xKmpWyd1Gu3FdLNTeLIw8ncArn4MEl1OAO6tAABgN4hld4c4Tz4rw7H4vWnJPNHMMfOJ8/iS+NPw==</latexit>

FEM
<latexit sha1_base64="4PO6i3B8BZHyOQYkOW34K4Hu+Hw=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKexGQY8BUbwIEcwDkiXMTjrJkNmHM73BsOx3ePGgiFc/xpt/4yTZgyYWNBRV3XR3eZEUGm3728qtrK6tb+Q3C1vbO7t7xf2Dhg5jxaHOQxmqlsc0SBFAHQVKaEUKmO9JaHqjq6nfHIPSIgwecBKB67NBIPqCMzSSe9NNOghPmFzfpWm3WLLL9gx0mTgZKZEMtW7xq9MLeexDgFwyrduOHaGbMIWCS0gLnVhDxPiIDaBtaMB80G4yOzqlJ0bp0X6oTAVIZ+rviYT5Wk98z3T6DId60ZuK/3ntGPuXbiKCKEYI+HxRP5YUQzpNgPaEAo5yYgjjSphbKR8yxTianAomBGfx5WXSqJSds3Ll/rxUrWRx5MkROSanxCEXpEpuSY3UCSeP5Jm8kjdrbL1Y79bHvDVnZTOH5A+szx8IcZI4</latexit>

+

+

Fgrav
<latexit sha1_base64="BQ98Fgz71lqMPDSPDybVkgLxE7g=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0mqoMeCIB4r2A9oQ9hsN+3SzSbsToo15Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5ttbWNza3tks75d29/YOKfXjU1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOMb2Z+Z8KU5rF8gGnCvIgMJQ85JWAk367c+lkf2CNkQ0Umee7bVafmzIFXiVuQKirQ9O2v/iCmacQkUEG07rlOAl5GFHAqWF7up5olhI7JkPUMlSRi2svmh+f4zCgDHMbKlAQ8V39PZCTSehoFpjMiMNLL3kz8z+ulEF57GZdJCkzSxaIwFRhiPEsBD7hiFMTUEEIVN7diOiKKUDBZlU0I7vLLq6Rdr7kXtfr9ZbVRL+IooRN0is6Ri65QA92hJmohilL0jF7Rm/VkvVjv1seidc0qZo7RH1ifP4efk5s=</latexit>
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Q1/m
<latexit sha1_base64="wtEMw22ifmBia8xyKJ8GuAQQ6zA=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU02qoMeCF48tmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH7vFJWyeZIjQgCU9UN8KaciZpYJjhtJsqikXEaSea3M/9zhNVmiXy0UxTGgo8kixmBBsrBa2BfyUGbtWreQugdeIXpAoFmgP3qz9MSCaoNIRjrXu+l5owx8owwums0s80TTGZ4BHtWSqxoDrMF8fO0IVVhihOlC1p0EL9PZFjofVURLZTYDPWq95c/M/rZSa+C3Mm08xQSZaL4owjk6D552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFffXmdtOs1/7pWb91UG14RRxnO4BwuwYdbaMADNCEAAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPBGyOGw==</latexit>

Q2/m
<latexit sha1_base64="pqAshguRw9VektOxgXm2ZR2dVeQ=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU02qoMeCF48tmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH7vFJWyeZIjQgCU9UN8KaciZpYJjhtJsqikXEaSea3M/9zhNVmiXy0UxTGgo8kixmBBsrBa1B/UoM3KpX8xZA68QvSBUKNAfuV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8F+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6addr/nWt3rqpNrwijjKcwTlcgg+30IAHaEIABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBfKOHA==</latexit>

BH
region

�
<latexit sha1_base64="R2VWAqw8+9bPatMy+yOKj+GIh0I=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGUY8BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNb8KMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/K4yiiE3SKzlGArlEd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPhJ2PDQ==</latexit>
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Q1/m
<latexit sha1_base64="wtEMw22ifmBia8xyKJ8GuAQQ6zA=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU02qoMeCF48tmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH7vFJWyeZIjQgCU9UN8KaciZpYJjhtJsqikXEaSea3M/9zhNVmiXy0UxTGgo8kixmBBsrBa2BfyUGbtWreQugdeIXpAoFmgP3qz9MSCaoNIRjrXu+l5owx8owwums0s80TTGZ4BHtWSqxoDrMF8fO0IVVhihOlC1p0EL9PZFjofVURLZTYDPWq95c/M/rZSa+C3Mm08xQSZaL4owjk6D552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFffXmdtOs1/7pWb91UG14RRxnO4BwuwYdbaMADNCEAAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPBGyOGw==</latexit>

Q2/m
<latexit sha1_base64="pqAshguRw9VektOxgXm2ZR2dVeQ=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU02qoMeCF48tmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH7vFJWyeZIjQgCU9UN8KaciZpYJjhtJsqikXEaSea3M/9zhNVmiXy0UxTGgo8kixmBBsrBa1B/UoM3KpX8xZA68QvSBUKNAfuV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8F+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6addr/nWt3rqpNrwijjKcwTlcgg+30IAHaEIABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBfKOHA==</latexit>

BH
region

The	WGC	–	Mul5ple				s Cheung
Remmen	'14

�
<latexit sha1_base64="R2VWAqw8+9bPatMy+yOKj+GIh0I=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGUY8BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNb8KMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/K4yiiE3SKzlGArlEd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPhJ2PDQ==</latexit>



03

BH
region Q1/m

<latexit sha1_base64="wtEMw22ifmBia8xyKJ8GuAQQ6zA=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU02qoMeCF48tmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH7vFJWyeZIjQgCU9UN8KaciZpYJjhtJsqikXEaSea3M/9zhNVmiXy0UxTGgo8kixmBBsrBa2BfyUGbtWreQugdeIXpAoFmgP3qz9MSCaoNIRjrXu+l5owx8owwums0s80TTGZ4BHtWSqxoDrMF8fO0IVVhihOlC1p0EL9PZFjofVURLZTYDPWq95c/M/rZSa+C3Mm08xQSZaL4owjk6D552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFffXmdtOs1/7pWb91UG14RRxnO4BwuwYdbaMADNCEAAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPBGyOGw==</latexit>

Q2/m
<latexit sha1_base64="pqAshguRw9VektOxgXm2ZR2dVeQ=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU02qoMeCF48tmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH7vFJWyeZIjQgCU9UN8KaciZpYJjhtJsqikXEaSea3M/9zhNVmiXy0UxTGgo8kixmBBsrBa1B/UoM3KpX8xZA68QvSBUKNAfuV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8F+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6addr/nWt3rqpNrwijjKcwTlcgg+30IAHaEIABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBfKOHA==</latexit>

stable

stable

The	WGC	–	Mul9ple				s Cheung
Remmen	'14

�
<latexit sha1_base64="R2VWAqw8+9bPatMy+yOKj+GIh0I=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexGUY8BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNb8KMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0qpVg4tq7f6yUr/K4yiiE3SKzlGArlEd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPhJ2PDQ==</latexit>



BH,	Reece
Rudelius	'15The	WGC	with	Moduli

04

RN	BH
region Q1/m

<latexit sha1_base64="wtEMw22ifmBia8xyKJ8GuAQQ6zA=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU02qoMeCF48tmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH7vFJWyeZIjQgCU9UN8KaciZpYJjhtJsqikXEaSea3M/9zhNVmiXy0UxTGgo8kixmBBsrBa2BfyUGbtWreQugdeIXpAoFmgP3qz9MSCaoNIRjrXu+l5owx8owwums0s80TTGZ4BHtWSqxoDrMF8fO0IVVhihOlC1p0EL9PZFjofVURLZTYDPWq95c/M/rZSa+C3Mm08xQSZaL4owjk6D552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFffXmdtOs1/7pWb91UG14RRxnO4BwuwYdbaMADNCEAAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPBGyOGw==</latexit>

Q2/m
<latexit sha1_base64="pqAshguRw9VektOxgXm2ZR2dVeQ=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU02qoMeCF48tmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH7vFJWyeZIjQgCU9UN8KaciZpYJjhtJsqikXEaSea3M/9zhNVmiXy0UxTGgo8kixmBBsrBa1B/UoM3KpX8xZA68QvSBUKNAfuV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8F+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6addr/nWt3rqpNrwijjKcwTlcgg+30IAHaEIABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBfKOHA==</latexit>



BH,	Reece
Rudelius	'15The	WGC	with	Moduli

04

BH
region

w/	moduli Q1/m
<latexit sha1_base64="wtEMw22ifmBia8xyKJ8GuAQQ6zA=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU02qoMeCF48tmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH7vFJWyeZIjQgCU9UN8KaciZpYJjhtJsqikXEaSea3M/9zhNVmiXy0UxTGgo8kixmBBsrBa2BfyUGbtWreQugdeIXpAoFmgP3qz9MSCaoNIRjrXu+l5owx8owwums0s80TTGZ4BHtWSqxoDrMF8fO0IVVhihOlC1p0EL9PZFjofVURLZTYDPWq95c/M/rZSa+C3Mm08xQSZaL4owjk6D552jIFCWGTy3BRDF7KyJjrDAxNp+KDcFffXmdtOs1/7pWb91UG14RRxnO4BwuwYdbaMADNCEAAgye4RXeHOm8OO/Ox7K15BQzp/AHzucPBGyOGw==</latexit>

Q2/m
<latexit sha1_base64="pqAshguRw9VektOxgXm2ZR2dVeQ=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU02qoMeCF48tmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH7vFJWyeZIjQgCU9UN8KaciZpYJjhtJsqikXEaSea3M/9zhNVmiXy0UxTGgo8kixmBBsrBa1B/UoM3KpX8xZA68QvSBUKNAfuV3+YkExQaQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1RiQXWYL46doQurDFGcKFvSoIX6eyLHQuupiGynwGasV725+J/Xy0x8F+ZMppmhkiwXxRlHJkHzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K/+vI6addr/nWt3rqpNrwijjKcwTlcgg+30IAHaEIABBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fBfKOHA==</latexit>

Ex.	from	Alim,	BH,	Rudelius,	to	appear



How	to	compute	BH	ext.	bound?

Use	the	low-energy	EFT:

05

S =

Z
dDx

✓
1

22
D

p
|g|R� 1

2
G��(�)(r�)2 � 1

4e2(�)
Fµ⌫F

µ⌫

◆

<latexit sha1_base64="khnuU7/nF593lMjJVAw/w7MJaU4=">AAACh3icbVFdb9MwFHXCgK18rBuPe7miQsqQKElWsb0gDW0CHsdHt0l1Ezmuk1p1nMx2EFWWv8KP4o1/g5NW2ti40rWO7z1Hvj43KQXXxvf/OO6DjYePHm9u9Z48ffZ8u7+ze66LSlE2poUo1GVCNBNcsrHhRrDLUjGSJ4JdJIuTtn/xgynNC/ndLEs2zUkmecopMbYU9399e4+5NDCLTuEn4IRnmfBwqgitg6YO8YKUJYlPo7 DB+kqZ+jq7buArvIEbTgOf4hqXc95m47XnPnhYkkQQ6G5ReFswAhaFK1oDH600rwDLyuLoBneTqP24P/CHfhdwHwRrMEDrOIv7v/GsoFXOpKGCaD0J/NJMa6IMp4I1PVxpVhK6IBmbWChJzvS07nxs4JWtzCAtlE3rSVe9rahJrvUyTywzJ2au7/ba4v96k8qkR9Oay7IyTNLVQ2klwBTQLgVmXDFqxNICQhW3swKdE+uXsavrWROCu1++D87DYXAwDL+MBsfe2o5NtIdeIg8F6BAdo8/oDI0RdTac186BM3K33LfuO/doRXWdteYF+ifcD38BWUHBFA==</latexit>

BH,	to	appear
older	works



How	to	compute	BH	ext.	bound?

Use	the	low-energy	EFT:

05

S =

Z
dDx

✓
1

22
D

p
|g|R� 1

2
G��(�)(r�)2 � 1

4e2(�)
Fµ⌫F

µ⌫

◆

<latexit sha1_base64="khnuU7/nF593lMjJVAw/w7MJaU4=">AAACh3icbVFdb9MwFHXCgK18rBuPe7miQsqQKElWsb0gDW0CHsdHt0l1Ezmuk1p1nMx2EFWWv8KP4o1/g5NW2ti40rWO7z1Hvj43KQXXxvf/OO6DjYePHm9u9Z48ffZ8u7+ze66LSlE2poUo1GVCNBNcsrHhRrDLUjGSJ4JdJIuTtn/xgynNC/ndLEs2zUkmecopMbYU9399e4+5NDCLTuEn4IRnmfBwqgitg6YO8YKUJYlPo7 DB+kqZ+jq7buArvIEbTgOf4hqXc95m47XnPnhYkkQQ6G5ReFswAhaFK1oDH600rwDLyuLoBneTqP24P/CHfhdwHwRrMEDrOIv7v/GsoFXOpKGCaD0J/NJMa6IMp4I1PVxpVhK6IBmbWChJzvS07nxs4JWtzCAtlE3rSVe9rahJrvUyTywzJ2au7/ba4v96k8qkR9Oay7IyTNLVQ2klwBTQLgVmXDFqxNICQhW3swKdE+uXsavrWROCu1++D87DYXAwDL+MBsfe2o5NtIdeIg8F6BAdo8/oDI0RdTac186BM3K33LfuO/doRXWdteYF+ifcD38BWUHBFA==</latexit>

BH,	to	appear
older	works

D � 3

D � 2
2
DM2(�) +G�1

��(�)

✓
dM

d�

◆2

= e2(�)Q2

<latexit sha1_base64="hCM3jDdlAJOY1fsNOHVPrI6HPtk="></latexit>

Extremality	bound	is	soluDon	to	diff.	eqn:



How	to	compute	BH	ext.	bound?

Use	the	low-energy	EFT:

05

S =

Z
dDx

✓
1

22
D

p
|g|R� 1

2
G��(�)(r�)2 � 1

4e2(�)
Fµ⌫F

µ⌫

◆

<latexit sha1_base64="khnuU7/nF593lMjJVAw/w7MJaU4=">AAACh3icbVFdb9MwFHXCgK18rBuPe7miQsqQKElWsb0gDW0CHsdHt0l1Ezmuk1p1nMx2EFWWv8KP4o1/g5NW2ti40rWO7z1Hvj43KQXXxvf/OO6DjYePHm9u9Z48ffZ8u7+ze66LSlE2poUo1GVCNBNcsrHhRrDLUjGSJ4JdJIuTtn/xgynNC/ndLEs2zUkmecopMbYU9399e4+5NDCLTuEn4IRnmfBwqgitg6YO8YKUJYlPo7 DB+kqZ+jq7buArvIEbTgOf4hqXc95m47XnPnhYkkQQ6G5ReFswAhaFK1oDH600rwDLyuLoBneTqP24P/CHfhdwHwRrMEDrOIv7v/GsoFXOpKGCaD0J/NJMa6IMp4I1PVxpVhK6IBmbWChJzvS07nxs4JWtzCAtlE3rSVe9rahJrvUyTywzJ2au7/ba4v96k8qkR9Oay7IyTNLVQ2klwBTQLgVmXDFqxNICQhW3swKdE+uXsavrWROCu1++D87DYXAwDL+MBsfe2o5NtIdeIg8F6BAdo8/oDI0RdTac186BM3K33LfuO/doRXWdteYF+ifcD38BWUHBFA==</latexit>

BH,	to	appear
older	works

D � 3

D � 2
2
DM2(�) +G�1

��(�)

✓
dM

d�

◆2

= e2(�)Q2

<latexit sha1_base64="hCM3jDdlAJOY1fsNOHVPrI6HPtk="></latexit>

Extremality	bound	is	soluDon	to	diff.	eqn:

…such	that																	everywhere	along
descending	gradient	flow	path.

M(�) > 0
<latexit sha1_base64="PmYVkiKDX5bDcL+Q1/IpQ7H1n7s=">AAAB8nicbVBNSwMxEM36WetX1aOXYBEqSNmtgp6k4MWLUMF+wHYp2TTbhmaTJZkVytKf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99tZWV1b39gsbBW3d3b39ksHhy2jUk1ZkyqhdCckhgkuWRM4CNZJNCNxKFg7HN1O/fYT04Yr+QjjhAUxGUgecUrASv59pZsM+Rm+wW6vVHar7gx4mXg5KaMcjV7pq9tXNI2ZBCqIMb7nJhBkRAOngk2K3dSwhNARGTDfUkliZoJsdvIEn1qljyOlbUnAM/X3REZiY8ZxaDtjAkOz6E3F/zw/heg6yLhMUmCSzhdFqcCg8PR/3OeaURBjSwjV3N6K6ZBoQsGmVLQheIsvL5NWrepdVGsPl+X6eR5HAR2jE1RBHrpCdXSHGqiJKFLoGb2iNwecF+fd+Zi3rjj5zBH6A+fzBxZAj78=</latexit>



How	to	compute	BH	ext.	bound?

05

BH,	to	appear
older	works

M(�)
<latexit sha1_base64="I887P//a3wjhunuNdtD0vfUx/h8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpTdKuix4MWLUMFtC+1Ssmm2Dc1mQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5oWSM21c99sprK1vbG4Vt0s7u3v7B+XDo5ZOUkWoTxKeqE6INeVMUN8ww2lHKorjkNN2OL6d+e0nqjRLxKOZSBrEeChYxAg2VmrfV3tyxM775Ypbc+dAq8TLSQVyNPvlr94gIWlMhSEca931XGmCDCvDCKfTUi/VVGIyxkPatVTgmOogm587RWdWGaAoUbaEQXP190SGY60ncWg7Y2xGetmbif953dREN0HGhEwNFWSxKEo5Mgma/Y4GTFFi+MQSTBSztyIywgoTYxMq2RC85ZdXSate8y5r9YerSuMij6MIJ3AKVfDgGhpwB03wgcAYnuEV3hzpvDjvzseiteDkM8fwB87nD3C2juk=</latexit>

�
<latexit sha1_base64="elYzrG3tuxssCdgf071BaxOdImM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5SkFfRY8OKxgv2ANpTNdtMs3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWcKkI7JOax6gdYU84k7RhmOO0nimIRcNoLpne533uiSrNYPppZQn2BJ5KFjGCTS8MkYqNqza27C6B14hWkBgXao+rXcByTVFBpCMdaDzw3MX6GlWGE03llmGqaYDLFEzqwVGJBtZ8tbp2jC6uMURgrW9Kghfp7IsNC65kIbKfAJtKrXi7+5w1SE976GZNJaqgky0VhypGJUf44GjNFieEzSzBRzN6KSIQVJsbGU7EheKsvr5Nuo+41642H61rrqoijDGdwDpfgwQ204B7a0AECETzDK7w5wnlx3p2PZWvJKWZO4Q+czx8OOI4t</latexit>

�
<latexit sha1_base64="elYzrG3tuxssCdgf071BaxOdImM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5SkFfRY8OKxgv2ANpTNdtMs3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWcKkI7JOax6gdYU84k7RhmOO0nimIRcNoLpne533uiSrNYPppZQn2BJ5KFjGCTS8MkYqNqza27C6B14hWkBgXao+rXcByTVFBpCMdaDzw3MX6GlWGE03llmGqaYDLFEzqwVGJBtZ8tbp2jC6uMURgrW9Kghfp7IsNC65kIbKfAJtKrXi7+5w1SE976GZNJaqgky0VhypGJUf44GjNFieEzSzBRzN6KSIQVJsbGU7EheKsvr5Nuo+41642H61rrqoijDGdwDpfgwQ204B7a0AECETzDK7w5wnlx3p2PZWvJKWZO4Q+czx8OOI4t</latexit>

M(�)
<latexit sha1_base64="I887P//a3wjhunuNdtD0vfUx/h8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpTdKuix4MWLUMFtC+1Ssmm2Dc1mQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5oWSM21c99sprK1vbG4Vt0s7u3v7B+XDo5ZOUkWoTxKeqE6INeVMUN8ww2lHKorjkNN2OL6d+e0nqjRLxKOZSBrEeChYxAg2VmrfV3tyxM775Ypbc+dAq8TLSQVyNPvlr94gIWlMhSEca931XGmCDCvDCKfTUi/VVGIyxkPatVTgmOogm587RWdWGaAoUbaEQXP190SGY60ncWg7Y2xGetmbif953dREN0HGhEwNFWSxKEo5Mgma/Y4GTFFi+MQSTBSztyIywgoTYxMq2RC85ZdXSate8y5r9YerSuMij6MIJ3AKVfDgGhpwB03wgcAYnuEV3hzpvDjvzseiteDkM8fwB87nD3C2juk=</latexit>

“A<ractor” “Dilaton-like”

CharacterisCc	Exs:



Extremal	BH	solu/ons
Extremal	solns	given	by	gradient	flow:

06

d�

dz
= �e G�1

��

dM

d�
<latexit sha1_base64="aQztw/KupjWGgf/WEtv5PiTpfyo=">AAACK3icbVDJSgMxGM7Urdat6tFLsAi9tMxUQS9C0YNehAp2gU47ZDKZNjSTGZKMUId5Hy++igc9uODV9zDdQFt/CPn4FpL/cyNGpTLNDyOztLyyupZdz21sbm3v5Hf3GjKMBSZ1HLJQtFwkCaOc1BVVjLQiQVDgMtJ0B5cjvXlPhKQhv1PDiHQC1OPUpxgpTTn5C9sXCCcetKM+TfX9kJ6XSDexI0lTeOUkI34idpOSlcKZ/yadhZx8wSyb44GLwJqCAphOzcm/2F6I44BwhRmSsm2ZkeokSCiKGUlzdixJhPAA9UhbQ44CIjvJeNcUHmnGg34o9OEKjtnfiQQFUg4DVzsDpPpyXhuR/2ntWPlnnYTyKFaE48lDfsygCuGoOOhRQbBiQw0QFlT/FeI+0mUoXW9Ol2DNr7wIGpWydVyu3J4UqsVpHVlwAA5BEVjgFFTBNaiBOsDgETyDN/BuPBmvxqfxNbFmjGlmH/wZ4/sHhomnww==</latexit>

d 

dz
= �D � 3

D � 2
e 2DM(�)

<latexit sha1_base64="lvLzDQFKiw2RgMiFas2XNOji/kw="></latexit>

ds2 = �e2 dt2 + e�
2 

D�3 (dr2 + r2d⌦2)
<latexit sha1_base64="Tcyc6QDAtq097yWDo4zG2YJOp4M="></latexit>

z =
1

(D � 3)(VolSD�2) rD�3
<latexit sha1_base64="gWMtuIE61M13/4B1HTWOcT2kQnI="></latexit>

where



Extremal	BH	solu/ons
Extremal	solns	given	by	gradient	flow:

06

d�

dz
= �e G�1

��

dM

d�
<latexit sha1_base64="aQztw/KupjWGgf/WEtv5PiTpfyo=">AAACK3icbVDJSgMxGM7Urdat6tFLsAi9tMxUQS9C0YNehAp2gU47ZDKZNjSTGZKMUId5Hy++igc9uODV9zDdQFt/CPn4FpL/cyNGpTLNDyOztLyyupZdz21sbm3v5Hf3GjKMBSZ1HLJQtFwkCaOc1BVVjLQiQVDgMtJ0B5cjvXlPhKQhv1PDiHQC1OPUpxgpTTn5C9sXCCcetKM+TfX9kJ6XSDexI0lTeOUkI34idpOSlcKZ/yadhZx8wSyb44GLwJqCAphOzcm/2F6I44BwhRmSsm2ZkeokSCiKGUlzdixJhPAA9UhbQ44CIjvJeNcUHmnGg34o9OEKjtnfiQQFUg4DVzsDpPpyXhuR/2ntWPlnnYTyKFaE48lDfsygCuGoOOhRQbBiQw0QFlT/FeI+0mUoXW9Ol2DNr7wIGpWydVyu3J4UqsVpHVlwAA5BEVjgFFTBNaiBOsDgETyDN/BuPBmvxqfxNbFmjGlmH/wZ4/sHhomnww==</latexit>

d 

dz
= �D � 3

D � 2
e 2DM(�)

<latexit sha1_base64="lvLzDQFKiw2RgMiFas2XNOji/kw="></latexit>

ds2 = �e2 dt2 + e�
2 

D�3 (dr2 + r2d⌦2)
<latexit sha1_base64="Tcyc6QDAtq097yWDo4zG2YJOp4M="></latexit>

z =
1

(D � 3)(VolSD�2) rD�3
<latexit sha1_base64="gWMtuIE61M13/4B1HTWOcT2kQnI="></latexit>

where

is	“fake	superpoten/al”M(�)
<latexit sha1_base64="I887P//a3wjhunuNdtD0vfUx/h8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpTdKuix4MWLUMFtC+1Ssmm2Dc1mQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5oWSM21c99sprK1vbG4Vt0s7u3v7B+XDo5ZOUkWoTxKeqE6INeVMUN8ww2lHKorjkNN2OL6d+e0nqjRLxKOZSBrEeChYxAg2VmrfV3tyxM775Ypbc+dAq8TLSQVyNPvlr94gIWlMhSEca931XGmCDCvDCKfTUi/VVGIyxkPatVTgmOogm587RWdWGaAoUbaEQXP190SGY60ncWg7Y2xGetmbif953dREN0HGhEwNFWSxKEo5Mgma/Y4GTFFi+MQSTBSztyIywgoTYxMq2RC85ZdXSate8y5r9YerSuMij6MIJ3AKVfDgGhpwB03wgcAYnuEV3hzpvDjvzseiteDkM8fwB87nD3C2juk=</latexit>

Ceresole,	Dall’Agata	'07
Andrianopoli,	D’Auria,	Orazi,	Trigiante	'07



Extremal	BH	solu/ons

06

M(�)
<latexit sha1_base64="I887P//a3wjhunuNdtD0vfUx/h8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpTdKuix4MWLUMFtC+1Ssmm2Dc1mQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5oWSM21c99sprK1vbG4Vt0s7u3v7B+XDo5ZOUkWoTxKeqE6INeVMUN8ww2lHKorjkNN2OL6d+e0nqjRLxKOZSBrEeChYxAg2VmrfV3tyxM775Ypbc+dAq8TLSQVyNPvlr94gIWlMhSEca931XGmCDCvDCKfTUi/VVGIyxkPatVTgmOogm587RWdWGaAoUbaEQXP190SGY60ncWg7Y2xGetmbif953dREN0HGhEwNFWSxKEo5Mgma/Y4GTFFi+MQSTBSztyIywgoTYxMq2RC85ZdXSate8y5r9YerSuMij6MIJ3AKVfDgGhpwB03wgcAYnuEV3hzpvDjvzseiteDkM8fwB87nD3C2juk=</latexit>

�
<latexit sha1_base64="elYzrG3tuxssCdgf071BaxOdImM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5SkFfRY8OKxgv2ANpTNdtMs3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWcKkI7JOax6gdYU84k7RhmOO0nimIRcNoLpne533uiSrNYPppZQn2BJ5KFjGCTS8MkYqNqza27C6B14hWkBgXao+rXcByTVFBpCMdaDzw3MX6GlWGE03llmGqaYDLFEzqwVGJBtZ8tbp2jC6uMURgrW9Kghfp7IsNC65kIbKfAJtKrXi7+5w1SE976GZNJaqgky0VhypGJUf44GjNFieEzSzBRzN6KSIQVJsbGU7EheKsvr5Nuo+41642H61rrqoijDGdwDpfgwQ204B7a0AECETzDK7w5wnlx3p2PZWvJKWZO4Q+czx8OOI4t</latexit>

A4ractor	mechanism

�h
<latexit sha1_base64="u3/AS2KtL94KPJns2xGqGbpcv/A=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePFYwX5AG8pmu2nWbnbD7kYoof/BiwdFvPp/vPlv3KY5aOuDgcd7M8zMCxLOtHHdb6e0tr6xuVXeruzs7u0fVA+POlqmitA2kVyqXoA15UzQtmGG016iKI4DTrvB5Hbud5+o0kyKBzNNqB/jsWAhI9hYqTNIIjaMhtWaW3dzoFXiFaQGBVrD6tdgJEkaU2EIx1r3PTcxfoaVYYTTWWWQappgMsFj2rdU4JhqP8uvnaEzq4xQKJUtYVCu/p7IcKz1NA5sZ4xNpJe9ufif109NeONnTCSpoYIsFoUpR0ai+etoxBQlhk8twUQxeysiEVaYGBtQxYbgLb+8SjqNundZb9xf1ZoXRRxlOIFTOAcPrqEJd9CCNhB4hGd4hTdHOi/Ou/OxaC05xcwx/IHz+QOJUo8I</latexit>

Ferrara,	Kallosh,	Strominger	'95
Ferrara,	Kallosh	'96	(x2)



Extremal	BH	solu/ons

06

M(�)
<latexit sha1_base64="I887P//a3wjhunuNdtD0vfUx/h8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpTdKuix4MWLUMFtC+1Ssmm2Dc1mQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5oWSM21c99sprK1vbG4Vt0s7u3v7B+XDo5ZOUkWoTxKeqE6INeVMUN8ww2lHKorjkNN2OL6d+e0nqjRLxKOZSBrEeChYxAg2VmrfV3tyxM775Ypbc+dAq8TLSQVyNPvlr94gIWlMhSEca931XGmCDCvDCKfTUi/VVGIyxkPatVTgmOogm587RWdWGaAoUbaEQXP190SGY60ncWg7Y2xGetmbif953dREN0HGhEwNFWSxKEo5Mgma/Y4GTFFi+MQSTBSztyIywgoTYxMq2RC85ZdXSate8y5r9YerSuMij6MIJ3AKVfDgGhpwB03wgcAYnuEV3hzpvDjvzseiteDkM8fwB87nD3C2juk=</latexit>

�
<latexit sha1_base64="elYzrG3tuxssCdgf071BaxOdImM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5SkFfRY8OKxgv2ANpTNdtMs3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWcKkI7JOax6gdYU84k7RhmOO0nimIRcNoLpne533uiSrNYPppZQn2BJ5KFjGCTS8MkYqNqza27C6B14hWkBgXao+rXcByTVFBpCMdaDzw3MX6GlWGE03llmGqaYDLFEzqwVGJBtZ8tbp2jC6uMURgrW9Kghfp7IsNC65kIbKfAJtKrXi7+5w1SE976GZNJaqgky0VhypGJUf44GjNFieEzSzBRzN6KSIQVJsbGU7EheKsvr5Nuo+41642H61rrqoijDGdwDpfgwQ204B7a0AECETzDK7w5wnlx3p2PZWvJKWZO4Q+czx8OOI4t</latexit>

�
<latexit sha1_base64="elYzrG3tuxssCdgf071BaxOdImM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5SkFfRY8OKxgv2ANpTNdtMs3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWcKkI7JOax6gdYU84k7RhmOO0nimIRcNoLpne533uiSrNYPppZQn2BJ5KFjGCTS8MkYqNqza27C6B14hWkBgXao+rXcByTVFBpCMdaDzw3MX6GlWGE03llmGqaYDLFEzqwVGJBtZ8tbp2jC6uMURgrW9Kghfp7IsNC65kIbKfAJtKrXi7+5w1SE976GZNJaqgky0VhypGJUf44GjNFieEzSzBRzN6KSIQVJsbGU7EheKsvr5Nuo+41642H61rrqoijDGdwDpfgwQ204B7a0AECETzDK7w5wnlx3p2PZWvJKWZO4Q+czx8OOI4t</latexit>

M(�)
<latexit sha1_base64="I887P//a3wjhunuNdtD0vfUx/h8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpTdKuix4MWLUMFtC+1Ssmm2Dc1mQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5oWSM21c99sprK1vbG4Vt0s7u3v7B+XDo5ZOUkWoTxKeqE6INeVMUN8ww2lHKorjkNN2OL6d+e0nqjRLxKOZSBrEeChYxAg2VmrfV3tyxM775Ypbc+dAq8TLSQVyNPvlr94gIWlMhSEca931XGmCDCvDCKfTUi/VVGIyxkPatVTgmOogm587RWdWGaAoUbaEQXP190SGY60ncWg7Y2xGetmbif953dREN0HGhEwNFWSxKEo5Mgma/Y4GTFFi+MQSTBSztyIywgoTYxMq2RC85ZdXSate8y5r9YerSuMij6MIJ3AKVfDgGhpwB03wgcAYnuEV3hzpvDjvzseiteDkM8fwB87nD3C2juk=</latexit>

A4ractor	mechanism

�h
<latexit sha1_base64="u3/AS2KtL94KPJns2xGqGbpcv/A=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePFYwX5AG8pmu2nWbnbD7kYoof/BiwdFvPp/vPlv3KY5aOuDgcd7M8zMCxLOtHHdb6e0tr6xuVXeruzs7u0fVA+POlqmitA2kVyqXoA15UzQtmGG016iKI4DTrvB5Hbud5+o0kyKBzNNqB/jsWAhI9hYqTNIIjaMhtWaW3dzoFXiFaQGBVrD6tdgJEkaU2EIx1r3PTcxfoaVYYTTWWWQappgMsFj2rdU4JhqP8uvnaEzq4xQKJUtYVCu/p7IcKz1NA5sZ4xNpJe9ufif109NeONnTCSpoYIsFoUpR0ai+etoxBQlhk8twUQxeysiEVaYGBtQxYbgLb+8SjqNundZb9xf1ZoXRRxlOIFTOAcPrqEJd9CCNhB4hGd4hTdHOi/Ou/OxaC05xcwx/IHz+QOJUo8I</latexit>

Ferrara,	Kallosh,	Strominger	'95
Ferrara,	Kallosh	'96	(x2)

�h = 1
<latexit sha1_base64="dtAGt/Yh4cVo9eqlt7YY37qqZ7w=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkVdCLUPDisYL9gCaEzXbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAtTzpR2nG+rtLa+sblV3q7s7O7tV+2Dw45KMklomyQ8kb0QK8qZoG3NNKe9VFIch5x2w/HtzO8+UqlYIh70JKV+jIeCRYxgbaTArnrpiAUjdIM8JiI9CeyaU3fmQKvELUgNCrQC+8sbJCSLqdCEY6X6rpNqP8dSM8LptOJliqaYjPGQ9g0VOKbKz+eHT9GpUQYoSqQpodFc/T2R41ipSRyazhjrkVr2ZuJ/Xj/T0bWfM5FmmgqyWBRlHOkEzVJAAyYp0XxiCCaSmVsRGWGJiTZZVUwI7vLLq6TTqLsX9cb9Za15XsRRhmM4gTNw4QqacActaAOBDJ7hFd6sJ+vFerc+Fq0lq5g5gj+wPn8A/XySlg==</latexit>

Dilaton-like;
singular	in	ext.	limit

vs.



Ini$al	condi$ons:	locally	unique

07

Mtrial(�) > Mext(�)
<latexit sha1_base64="J3YrO6yjNwkc9ZSJ7Rn5kpVuWFc=">AAACEHicbZC7SgNBFIZn4y3G26qlzWAQYxN2o6CVBGxshAjmAtllmZ3MJkNmL8ycFcOSR7DxVWwsFLG1tPNtnCRbaOIPAz/fOYcz5/cTwRVY1rdRWFpeWV0rrpc2Nre2d8zdvZaKU0lZk8Yilh2fKCZ4xJrAQbBOIhkJfcHa/vBqUm/fM6l4HN3BKGFuSPoRDzgloJFnHt94mSNDDJITMa44yYCf4EucU/YAOfPMslW1psKLxs5NGeVqeOaX04tpGrIIqCBKdW0rATcjEjgVbFxyUsUSQoekz7raRiRkys2mB43xkSY9HMRSvwjwlP6eyEio1Cj0dWdIYKDmaxP4X62bQnDhZjxKUmARnS0KUoEhxpN0cI9LRkGMtCFUcv1XTAdEEgo6w5IOwZ4/edG0alX7tFq7PSvXrTyOIjpAh6iCbHSO6ugaNVATUfSIntErejOejBfj3fiYtRaMfGYf/ZHx+QMQDJvo</latexit>

M
tr
ia
l(
�)

<latexit sha1_base64="UXvloFfAlHQ10Ysp9H5xrZkdUAQ=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL8EiVJCSVEGPBS9ehAr2A5oQNtttu3SzCbsTscQc/CtePCji1b/hzX/jts1BWx8MPN6bYWZeEHOmwLa/jcLS8srqWnG9tLG5tb1j7u61VJRIQpsk4pHsBFhRzgRtAgNOO7GkOAw4bQejq4nfvqdSsUjcwTimXogHgvUZwaAl3zy48VMX6AOkIBnmWVZx4yE78c2yXbWnsBaJk5MyytHwzS+3F5EkpAIIx0p1HTsGL8USGOE0K7mJojEmIzygXU0FDqny0un9mXWslZ7Vj6QuAdZU/T2R4lCpcRjozhDDUM17E/E/r5tA/9JLmYgToILMFvUTbkFkTcKwekxSAnysCSaS6VstMsQSE9CRlXQIzvzLi6RVqzpn1drtebl+msdRRIfoCFWQgy5QHV2jBmoigh7RM3pFb8aT8WK8Gx+z1oKRz+yjPzA+fwBZ1pY8</latexit>

M
ex
t(
�)

<latexit sha1_base64="MTr5zVhDDUEDdv+iHTsdcEfCAgM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahgpSkCrosuHEjVLAPaEKYTKft0MkkzNyINQR/xY0LRdz6H+78G6dtFtp64MLhnHu5954g5kyBbX8bhaXlldW14nppY3Nre8fc3WupKJGENknEI9kJsKKcCdoEBpx2YklxGHDaDkZXE799T6VikbiDcUy9EA8E6zOCQUu+eXDjpy7QB0h1ZVnFjYfsxDfLdtWewlokTk7KKEfDN7/cXkSSkAogHCvVdewYvBRLYITTrOQmisaYjPCAdjUVOKTKS6fXZ9axVnpWP5K6BFhT9fdEikOlxmGgO0MMQzXvTcT/vG4C/UsvZSJOgAoyW9RPuAWRNYnC6jFJCfCxJphIpm+1yBBLTEAHVtIhOPMvL5JWreqcVWu35+X6aR5HER2iI1RBDrpAdXSNGqiJCHpEz+gVvRlPxovxbnzMWgtGPrOP/sD4/AHKw5Vd</latexit>

?



Ini$al	condi$ons:	locally	unique

07

Branch	cut
(becomes	complex)

Mtrial(�) > Mext(�)
<latexit sha1_base64="J3YrO6yjNwkc9ZSJ7Rn5kpVuWFc=">AAACEHicbZC7SgNBFIZn4y3G26qlzWAQYxN2o6CVBGxshAjmAtllmZ3MJkNmL8ycFcOSR7DxVWwsFLG1tPNtnCRbaOIPAz/fOYcz5/cTwRVY1rdRWFpeWV0rrpc2Nre2d8zdvZaKU0lZk8Yilh2fKCZ4xJrAQbBOIhkJfcHa/vBqUm/fM6l4HN3BKGFuSPoRDzgloJFnHt94mSNDDJITMa44yYCf4EucU/YAOfPMslW1psKLxs5NGeVqeOaX04tpGrIIqCBKdW0rATcjEjgVbFxyUsUSQoekz7raRiRkys2mB43xkSY9HMRSvwjwlP6eyEio1Cj0dWdIYKDmaxP4X62bQnDhZjxKUmARnS0KUoEhxpN0cI9LRkGMtCFUcv1XTAdEEgo6w5IOwZ4/edG0alX7tFq7PSvXrTyOIjpAh6iCbHSO6ugaNVATUfSIntErejOejBfj3fiYtRaMfGYf/ZHx+QMQDJvo</latexit>

M
tr
ia
l(
�)

<latexit sha1_base64="UXvloFfAlHQ10Ysp9H5xrZkdUAQ=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL8EiVJCSVEGPBS9ehAr2A5oQNtttu3SzCbsTscQc/CtePCji1b/hzX/jts1BWx8MPN6bYWZeEHOmwLa/jcLS8srqWnG9tLG5tb1j7u61VJRIQpsk4pHsBFhRzgRtAgNOO7GkOAw4bQejq4nfvqdSsUjcwTimXogHgvUZwaAl3zy48VMX6AOkIBnmWVZx4yE78c2yXbWnsBaJk5MyytHwzS+3F5EkpAIIx0p1HTsGL8USGOE0K7mJojEmIzygXU0FDqny0un9mXWslZ7Vj6QuAdZU/T2R4lCpcRjozhDDUM17E/E/r5tA/9JLmYgToILMFvUTbkFkTcKwekxSAnysCSaS6VstMsQSE9CRlXQIzvzLi6RVqzpn1drtebl+msdRRIfoCFWQgy5QHV2jBmoigh7RM3pFb8aT8WK8Gx+z1oKRz+yjPzA+fwBZ1pY8</latexit>

M
R
N
(�
)

<latexit sha1_base64="vMezrttbBi0+ycbI7R+NZ+wuO0I=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAgVpCRV0GXBjRulin1AE8JkOmmHTh7M3IghxF9x40IRt36IO//GaZuFth64cDjnXu69x4s5k2Ca39rS8srq2nppo7y5tb2zq+/td2SUCELbJOKR6HlYUs5C2gYGnPZiQXHgcdr1xpcTv/tAhWRReA9pTJ0AD0PmM4JBSa5euXYzG+gjZHc3eV6z4xE7dvWqWTenMBaJVZAqKtBy9S97EJEkoCEQjqXsW2YMToYFMMJpXrYTSWNMxnhI+4qGOKDSyabH58aRUgaGHwlVIRhT9fdEhgMp08BTnQGGkZz3JuJ/Xj8B/8LJWBgnQEMyW+Qn3IDImCRhDJigBHiqCCaCqVsNMsICE1B5lVUI1vzLi6TTqFun9cbtWbV5UsRRQgfoENWQhc5RE12hFmojglL0jF7Rm/akvWjv2sesdUkrZiroD7TPH48OlKI=</latexit>

M
ex
t(
�)

<latexit sha1_base64="MTr5zVhDDUEDdv+iHTsdcEfCAgM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahgpSkCrosuHEjVLAPaEKYTKft0MkkzNyINQR/xY0LRdz6H+78G6dtFtp64MLhnHu5954g5kyBbX8bhaXlldW14nppY3Nre8fc3WupKJGENknEI9kJsKKcCdoEBpx2YklxGHDaDkZXE799T6VikbiDcUy9EA8E6zOCQUu+eXDjpy7QB0h1ZVnFjYfsxDfLdtWewlokTk7KKEfDN7/cXkSSkAogHCvVdewYvBRLYITTrOQmisaYjPCAdjUVOKTKS6fXZ9axVnpWP5K6BFhT9fdEikOlxmGgO0MMQzXvTcT/vG4C/UsvZSJOgAoyW9RPuAWRNYnC6jFJCfCxJphIpm+1yBBLTEAHVtIhOPMvL5JWreqcVWu35+X6aR5HER2iI1RBDrpAdXSNGqiJCHpEz+gVvRlPxovxbnzMWgtGPrOP/sD4/AHKw5Vd</latexit>



Mtrial(�) < Mext(�)
<latexit sha1_base64="/9cDhePAk4dsnKrDQq+N4zVYp6Q=">AAACEHicbZC7SgNBFIZn4y3G26qlzWAQYxN2o6CFRcDGRohgLpBdltnJbDJk9sLMWTEseQQbX8XGQhFbSzvfxkmyhSb+MPDznXM4c34/EVyBZX0bhaXlldW14nppY3Nre8fc3WupOJWUNWksYtnxiWKCR6wJHATrJJKR0Bes7Q+vJvX2PZOKx9EdjBLmhqQf8YBTAhp55vGNlzkyxCA5EeOKkwz4Cb7EOWUPkDPPLFtVayq8aOzclFGuhmd+Ob2YpiGLgAqiVNe2EnAzIoFTwcYlJ1UsIXRI+qyrbURCptxsetAYH2nSw0Es9YsAT+nviYyESo1CX3eGBAZqvjaB/9W6KQQXbsajJAUW0dmiIBUYYjxJB/e4ZBTESBtCJdd/xXRAJKGgMyzpEOz5kxdNq1a1T6u127Ny3crjKKIDdIgqyEbnqI6uUQM1EUWP6Bm9ojfjyXgx3o2PWWvByGf20R8Znz8M4Jvm</latexit>

Ini$al	condi$ons:	locally	unique
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M
tr
ia
l(
�)

<latexit sha1_base64="UXvloFfAlHQ10Ysp9H5xrZkdUAQ=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL8EiVJCSVEGPBS9ehAr2A5oQNtttu3SzCbsTscQc/CtePCji1b/hzX/jts1BWx8MPN6bYWZeEHOmwLa/jcLS8srqWnG9tLG5tb1j7u61VJRIQpsk4pHsBFhRzgRtAgNOO7GkOAw4bQejq4nfvqdSsUjcwTimXogHgvUZwaAl3zy48VMX6AOkIBnmWVZx4yE78c2yXbWnsBaJk5MyytHwzS+3F5EkpAIIx0p1HTsGL8USGOE0K7mJojEmIzygXU0FDqny0un9mXWslZ7Vj6QuAdZU/T2R4lCpcRjozhDDUM17E/E/r5tA/9JLmYgToILMFvUTbkFkTcKwekxSAnysCSaS6VstMsQSE9CRlXQIzvzLi6RVqzpn1drtebl+msdRRIfoCFWQgy5QHV2jBmoigh7RM3pFb8aT8WK8Gx+z1oKRz+yjPzA+fwBZ1pY8</latexit>

M
R
N
(�
)

<latexit sha1_base64="vMezrttbBi0+ycbI7R+NZ+wuO0I=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAgVpCRV0GXBjRulin1AE8JkOmmHTh7M3IghxF9x40IRt36IO//GaZuFth64cDjnXu69x4s5k2Ca39rS8srq2nppo7y5tb2zq+/td2SUCELbJOKR6HlYUs5C2gYGnPZiQXHgcdr1xpcTv/tAhWRReA9pTJ0AD0PmM4JBSa5euXYzG+gjZHc3eV6z4xE7dvWqWTenMBaJVZAqKtBy9S97EJEkoCEQjqXsW2YMToYFMMJpXrYTSWNMxnhI+4qGOKDSyabH58aRUgaGHwlVIRhT9fdEhgMp08BTnQGGkZz3JuJ/Xj8B/8LJWBgnQEMyW+Qn3IDImCRhDJigBHiqCCaCqVsNMsICE1B5lVUI1vzLi6TTqFun9cbtWbV5UsRRQgfoENWQhc5RE12hFmojglL0jF7Rm/akvWjv2sesdUkrZiroD7TPH48OlKI=</latexit>

M
ex
t(
�)

<latexit sha1_base64="MTr5zVhDDUEDdv+iHTsdcEfCAgM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahgpSkCrosuHEjVLAPaEKYTKft0MkkzNyINQR/xY0LRdz6H+78G6dtFtp64MLhnHu5954g5kyBbX8bhaXlldW14nppY3Nre8fc3WupKJGENknEI9kJsKKcCdoEBpx2YklxGHDaDkZXE799T6VikbiDcUy9EA8E6zOCQUu+eXDjpy7QB0h1ZVnFjYfsxDfLdtWewlokTk7KKEfDN7/cXkSSkAogHCvVdewYvBRLYITTrOQmisaYjPCAdjUVOKTKS6fXZ9axVnpWP5K6BFhT9fdEikOlxmGgO0MMQzXvTcT/vG4C/UsvZSJOgAoyW9R PuAWRNYnC6jFJCfCxJphIpm+1yBBLTEAHVtIhOPMvL5JWreqcVWu35+X6aR5HER2iI1RBDrpAdXSNGqiJCHpEz+gVvRlPxovxbnzMWgtGPrOP/sD4/AHKw5Vd</latexit>

Zero
crossing



…but	globally	ambiguous

08

MRN(�)
<latexit sha1_base64="vMezrttbBi0+ycbI7R+NZ+wuO0I=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAgVpCRV0GXBjRulin1AE8JkOmmHTh7M3IghxF9x40IRt36IO//GaZuFth64cDjnXu69x4s5k2Ca39rS8srq2nppo7y5tb2zq+/td2SUCELbJOKR6HlYUs5C2gYGnPZiQXHgcdr1xpcTv/tAhWRReA9pTJ0AD0PmM4JBSa5euXYzG+gjZHc3eV6z4xE7dvWqWTenMBaJVZAqKtBy9S97EJEkoCEQjqXsW2YMToYFMMJpXrYTSWNMxnhI+4qGOKDSyabH58aRUgaGHwlVIRhT9fdEhgMp08BTnQGGkZz3JuJ/Xj8B/8LJWBgnQEMyW+Qn3IDImCRhDJigBHiqCCaCqVsNMsICE1B5lVUI1vzLi6TTqFun9cbtWbV5UsRRQgfoENWQhc5RE12hFmojglL0jF7Rm/akvWjv2sesdUkrZiroD7TPH48OlKI=</latexit>

A1ractor	#1 A1ractor	#2

M
ext (�)

<latexit sha1_base64="zR0apSFocM5/+eLpPWv/zlMv73w=">AAAB/XicdVDJSgNBFOxxjXEbl5uXxiBEkDATBT0GvHgRIpgFMsPQ0+lJmvQsdL8R4zD4K148KOLV//Dm39hZhLgVPCiq3uMV5SeCK7CsD2NufmFxabmwUlxdW9/YNLe2mypOJWUNGotYtn2imOARawAHwdqJZCT0BWv5g/OR37phUvE4uoZhwtyQ9CIecEpAS565e+llDrBbyPTkedlJ+vzQM0t2xRoDW7/Il1VCU9Q9893pxjQNWQRUEKU6tpWAmxEJnAqWF51UsYTQAemxjqYRCZlys3H6HB9opYuDWOqJAI/V2YuMhEoNQ19vhgT66qc3Ev/yOikEZ27GoyQFFtHJoyAVGGI8qgJ3uWQUxFATQiXXWTHtE0ko6MKKsyX8T5rVin1cqV6dlGpH0zoKaA/tozKy0SmqoQtURw1E0R16QE/o2bg3Ho0X43WyOmdMb3bQNxhvn8xDlV4=</latexit>

M
ex
t
(�
)

<latexit sha1_base64="QYLkKZ3PQ3ReSe0FexdGwQGHZ58=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhgoSZKOgx4MWLEMEskBmGnk5P0qRnobtGjMPgr3jxoIhX/8Obf2NnQTT6oODxXhVV9fxEcAWW9WkUFhaXlleKq6W19Y3NLXN7p6XiVFLWpLGIZccnigkesSZwEKyTSEZCX7C2P7wY++1bJhWPoxsYJcwNST/iAacEtOSZe1de5gC7g0xXnlecZMCPPLNsVa0J8Dex50kZzdDwzA+nF9M0ZBFQQZTq2lYCbkYkcCpYXnJSxRJCh6TPuppGJGTKzSbX5/hQKz0cxFJXBHii/pzISKjUKPR1Z0hgoOa9sfif100hOHczHiUpsIhOFwWpwBDjcRS4xyWjIEaaECq5vhXTAZGEgg6spEP48/Jf0qpV7ZNq7fq0XD+exVFE++gAVZCNzlAdXaIGaiKK7tEjekYvxoPxZLwab9PWgjGb2UW/YLx/AcwxlV4=</latexit>



…but	globally	ambiguous

08

MRN(�)
<latexit sha1_base64="vMezrttbBi0+ycbI7R+NZ+wuO0I=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAgVpCRV0GXBjRulin1AE8JkOmmHTh7M3IghxF9x40IRt36IO//GaZuFth64cDjnXu69x4s5k2Ca39rS8srq2nppo7y5tb2zq+/td2SUCELbJOKR6HlYUs5C2gYGnPZiQXHgcdr1xpcTv/tAhWRReA9pTJ0AD0PmM4JBSa5euXYzG+gjZHc3eV6z4xE7dvWqWTenMBaJVZAqKtBy9S97EJEkoCEQjqXsW2YMToYFMMJpXrYTSWNMxnhI+4qGOKDSyabH58aRUgaGHwlVIRhT9fdEhgMp08BTnQGGkZz3JuJ/Xj8B/8LJWBgnQEMyW+Qn3IDImCRhDJigBHiqCCaCqVsNMsICE1B5lVUI1vzLi6TTqFun9cbtWbV5UsRRQgfoENWQhc5RE12hFmojglL0jF7Rm/akvWjv2sesdUkrZiroD7TPH48OlKI=</latexit>

A1ractor	#1 A1ractor	#2

M
ext (�)

<latexit sha1_base64="zR0apSFocM5/+eLpPWv/zlMv73w=">AAAB/XicdVDJSgNBFOxxjXEbl5uXxiBEkDATBT0GvHgRIpgFMsPQ0+lJmvQsdL8R4zD4K148KOLV//Dm39hZhLgVPCiq3uMV5SeCK7CsD2NufmFxabmwUlxdW9/YNLe2mypOJWUNGotYtn2imOARawAHwdqJZCT0BWv5g/OR37phUvE4uoZhwtyQ9CIecEpAS565e+llDrBbyPTkedlJ+vzQM0t2xRoDW7/Il1VCU9Q9893pxjQNWQRUEKU6tpWAmxEJnAqWF51UsYTQAemxjqYRCZlys3H6HB9opYuDWOqJAI/V2YuMhEoNQ19vhgT66qc3Ev/yOikEZ27GoyQFFtHJoyAVGGI8qgJ3uWQUxFATQiXXWTHtE0ko6MKKsyX8T5rVin1cqV6dlGpH0zoKaA/tozKy0SmqoQtURw1E0R16QE/o2bg3Ho0X43WyOmdMb3bQNxhvn8xDlV4=</latexit>

M
ex
t
(�
)

<latexit sha1_base64="QYLkKZ3PQ3ReSe0FexdGwQGHZ58=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NAYhgoSZKOgx4MWLEMEskBmGnk5P0qRnobtGjMPgr3jxoIhX/8Obf2NnQTT6oODxXhVV9fxEcAWW9WkUFhaXlleKq6W19Y3NLXN7p6XiVFLWpLGIZccnigkesSZwEKyTSEZCX7C2P7wY++1bJhWPoxsYJcwNST/iAacEtOSZe1de5gC7g0xXnlecZMCPPLNsVa0J8Dex50kZzdDwzA+nF9M0ZBFQQZTq2lYCbkYkcCpYXnJSxRJCh6TPuppGJGTKzSbX5/hQKz0cxFJXBHii/pzISKjUKPR1Z0hgoOa9sfif100hOHczHiUpsIhOFwWpwBDjcRS4xyWjIEaaECq5vhXTAZGEgg6spEP48/Jf0qpV7ZNq7fq0XD+exVFE++gAVZCNzlAdXaIGaiKK7tEjekYvxoPxZLwab9PWgjGb2UW/YLx/AcwxlV4=</latexit>

first-order
phase	transi>on



WGC	in	general

09

Q1/m
<latexit sha1_base64="hGjQRYDA8iM0jwGhx9okSQO6tkQ=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBg9TdVtBjwYvHFty20C4lm2bb0CS7JFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFjc2t7Z3ibmlv/+DwqHx80tZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ/dzv/NElWaxfDTThAYCjySLGMHGSn5r4F2LQbniVt0F0DrxclKBHM1B+as/jEkqqDSEY617npuYIMPKMMLprNRPNU0wmeAR7VkqsaA6yBbHztCFVYYoipUtadBC/T2RYaH1VIS2U2Az1qveXPzP66UmugsyJpPUUEmWi6KUIxOj+edoyBQlhk8twUQxeysiY6wwMTafkg3BW315nbRrVa9erbVuKo2rPI4inME5XIIHt9CAB2iCDwQYPMMrvDnSeXHenY9la8HJZ07hD5zPHwM4jhc=</latexit>

Q2/m
<latexit sha1_base64="b3xR8uEniWxTaVVwoi3hXjiuG88=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBg9TdVtBjwYvHFty20C4lm2bb0CS7JFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFjc2t7Z3ibmlv/+DwqHx80tZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ/dzv/NElWaxfDTThAYCjySLGMHGSn5rULsWg3LFrboLoHXi5aQCOZqD8ld/GJNUUGkIx1r3PDcxQY aVYYTTWamfappgMsEj2rNUYkF1kC2OnaELqwxRFCtb0qCF+nsiw0LrqQhtp8BmrFe9ufif10tNdBdkTCapoZIsF0UpRyZG88/RkClKDJ9agoli9lZExlhhYmw+JRuCt/ryOmnXql69WmvdVBpXeRxFOINzuAQPbqEBD9AEHwgweIZXeHOk8+K8Ox/L1oKTz5zCHzifPwS+jhg=</latexit>

BH
region
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09

Equivalently:

			a	superextremal	mul9part.	state
with	charge

ra9onal	charge	direc9on						(																		),
9

<latexit sha1_base64="hPBQxKkMvUledn9UhgFuqkpFSSw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2A9oQ9lsJ+3SzSbsbsQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJYPZpqgH9GR5CFn1Fip08cnu0MPyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6adeq3lW1dl+vNNw8jiKcwTlcggfX0IA7aEILGEzgGV7hzUmcF+fd+Vi2Fpx85hT+wPn8AZiEj64=</latexit>

8
<latexit sha1_base64="gsalMU/NNGRAFDSbVM0Cs8cUdAI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHYSxokIMqzW37uYg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1n+blzcmGVEbGbbUlDcvX3REYjrWdRYDsjaiZ61VuI/3n91IS3fsZlkhqUbLkoTAUxMVn8TkZcITNiZgllittbCZtQRZmxCVVsCN7qy+uk06h7V/XGw3Wt6RZxlOEMzuESPLiBJtxDC9rAYArP8ApvTuK8OO/Ox7K15BQzp/AHzucPZ9SPjg==</latexit>

Q̂
<latexit sha1_base64="j3xOPL1MSIKYyTBJuD0XXn//pm4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx5bsB/QhrLZbtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i/87hPXRsTqEWcJ9yM6ViIUjKKVuoMJxaw1H5YrbtVdgmwSLycVyNEclr8Go5ilEVfIJDWm77kJ+hnVKJjk89IgNTyhbErHvG+pohE3frY8d06urDIiYaxtKSRL9fdERiNjZlFgOyOKE7PuLcT/vH6K4Z2fCZWkyBVbLQpTSTAmi9/JSGjOUM4soUwLeythE6opQ5tQyYbgrb+8STq1qndTrbXqlYabx1GEC7iEa/DgFhrwAE1oA4MpPMMrvDmJ8+K8Ox+r1oKTz5zDHzifP3Ddj5Q=</latexit>

Q̂ / ~q 2 �
<latexit sha1_base64="2mBDgKXuM6S3DUZFnY8Pq5XCJBg=">AAACC3icbVDLSgMxFM34rPVVdekmtAiuykwVdFlwocsW7AM6Q7mTZtrQJDMmmUIZunfjr7hxoYhbf8Cdf2P6WGjrgcDJOfeSnBMmnGnjut/O2vrG5tZ2bie/u7d/cFg4Om7qOFWENkjMY9UOQVPOJG0YZjhtJ4qCCDlthcObqd8aUaVZLO/NOKGBgL5kESNgrNQtFP0BmKw+wX6i4sTE2B9Rkj3YO5PYvwUhoFsouWV3BrxKvAUpoQVq3cKX34tJKqg0hIPWHc9NTJCBMoxwOsn7qaYJkCH0acdSCYLqIJtlmeAzq/RwFCt7pMEz9fdGBkLrsQjtpAAz0MveVPzP66Qmug4yJpPUUEnmD0UpxzbztBjcY4oSw8eWAFHM/hWTASggxtaXtyV4y5FXSbNS9i7Klfplqeou6sihU1RE58hDV6iK7lANNRBBj+gZvaI358l5cd6dj/nomrPYOUF/4Hz+ALsXmsg=</latexit>

~Q / Q̂
<latexit sha1_base64="WuS5gaZcRADYz8w9lT+jWRPgDp0=">AAACAHicbVBLSwMxGMzWV62vVQ8evASL4KnsVkGPBS8eW7AP6C4lm2bb0GwSkmyhLHvxr3jxoIhXf4Y3/41puwdtHQhMZr6PZCaSjGrjed9OaWNza3unvFvZ2z84PHKPTzpapAqTNhZMqF6ENGGUk7ahhpGeVAQlESPdaHI/97tTojQV/NHMJAkTNOI0phgZKw3cs2BKcNbKYSCVkEbAYIyMvQ/cqlfzFoDrxC9IFRRoDtyvYChwmhBuMENa931PmjBDylDMSF4JUk0kwhM0In1LOUqIDrNFgBxeWmUIY6Hs4QYu1N8bGUq0niWRnUyQGetVby7+5/VTE9+FGeUyNYTj5UNxyqANOm8DDqki2LCZJQgrav8K8RgphI3trGJL8Fcjr5NOveZf1+qtm2rDK+oog3NwAa6AD25BAzyAJmgDDHLwDF7Bm/PkvDjvzsdytOQUO6fgD5zPH+Fllog=</latexit>
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09

Equivalently:

			a	superextremal	mul9part.	state
with	charge

ra9onal	charge	direc9on						(																		),
9

<latexit sha1_base64="hPBQxKkMvUledn9UhgFuqkpFSSw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2A9oQ9lsJ+3SzSbsbsQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJYPZpqgH9GR5CFn1Fip08cnu0MPyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6adeq3lW1dl+vNNw8jiKcwTlcggfX0IA7aEILGEzgGV7hzUmcF+fd+Vi2Fpx85hT+wPn8AZiEj64=</latexit>

8
<latexit sha1_base64="gsalMU/NNGRAFDSbVM0Cs8cUdAI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHYSxokIMqzW37uYg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1n+blzcmGVEbGbbUlDcvX3REYjrWdRYDsjaiZ61VuI/3n91IS3fsZlkhqUbLkoTAUxMVn8TkZcITNiZgllittbCZtQRZmxCVVsCN7qy+uk06h7V/XGw3Wt6RZxlOEMzuESPLiBJtxDC9rAYArP8ApvTuK8OO/Ox7K15BQzp/AHzucPZ9SPjg==</latexit>

Q̂
<latexit sha1_base64="j3xOPL1MSIKYyTBJuD0XXn//pm4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx5bsB/QhrLZbtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i/87hPXRsTqEWcJ9yM6ViIUjKKVuoMJxaw1H5YrbtVdgmwSLycVyNEclr8Go5ilEVfIJDWm77kJ+hnVKJjk89IgNTyhbErHvG+pohE3frY8d06urDIiYaxtKSRL9fdERiNjZlFgOyOKE7PuLcT/vH6K4Z2fCZWkyBVbLQpTSTAmi9/JSGjOUM4soUwLeythE6opQ5tQyYbgrb+8STq1qndTrbXqlYabx1GEC7iEa/DgFhrwAE1oA4MpPMMrvDmJ8+K8Ox+r1oKTz5zDHzifP3Ddj5Q=</latexit>

Q̂ / ~q 2 �
<latexit sha1_base64="2mBDgKXuM6S3DUZFnY8Pq5XCJBg=">AAACC3icbVDLSgMxFM34rPVVdekmtAiuykwVdFlwocsW7AM6Q7mTZtrQJDMmmUIZunfjr7hxoYhbf8Cdf2P6WGjrgcDJOfeSnBMmnGnjut/O2vrG5tZ2bie/u7d/cFg4Om7qOFWENkjMY9UOQVPOJG0YZjhtJ4qCCDlthcObqd8aUaVZLO/NOKGBgL5kESNgrNQtFP0BmKw+wX6i4sTE2B9Rkj3YO5PYvwUhoFsouWV3BrxKvAUpoQVq3cKX34tJKqg0hIPWHc9NTJCBMoxwOsn7qaYJkCH0acdSCYLqIJtlmeAzq/RwFCt7pMEz9fdGBkLrsQjtpAAz0MveVPzP66Qmug4yJpPUUEnmD0UpxzbztBjcY4oSw8eWAFHM/hWTASggxtaXtyV4y5FXSbNS9i7Klfplqeou6sihU1RE58hDV6iK7lANNRBBj+gZvaI358l5cd6dj/nomrPYOUF/4Hz+ALsXmsg=</latexit>

~Q / Q̂
<latexit sha1_base64="WuS5gaZcRADYz8w9lT+jWRPgDp0=">AAACAHicbVBLSwMxGMzWV62vVQ8evASL4KnsVkGPBS8eW7AP6C4lm2bb0GwSkmyhLHvxr3jxoIhXf4Y3/41puwdtHQhMZr6PZCaSjGrjed9OaWNza3unvFvZ2z84PHKPTzpapAqTNhZMqF6ENGGUk7ahhpGeVAQlESPdaHI/97tTojQV/NHMJAkTNOI0phgZKw3cs2BKcNbKYSCVkEbAYIyMvQ/cqlfzFoDrxC9IFRRoDtyvYChwmhBuMENa931PmjBDylDMSF4JUk0kwhM0In1LOUqIDrNFgBxeWmUIY6Hs4QYu1N8bGUq0niWRnUyQGetVby7+5/VTE9+FGeUyNYTj5UNxyqANOm8DDqki2LCZJQgrav8K8RgphI3trGJL8Fcjr5NOveZf1+qtm2rDK+oog3NwAa6AD25BAzyAJmgDDHLwDF7Bm/PkvDjvzsdytOQUO6fgD5zPH+Fllog=</latexit>

mul9par9cle
states
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F12 =
e2Q1Q2 � D�3

D�2
2
Dm1m2 �G�1

��
dm1
d�

dm2
d�

(VolSD�2)rD�2
+ . . .

<latexit sha1_base64="k6exBPzXbgregRjWeecKSIv0iu0=">AAACmnicbVFNa9wwEJWdfqTbj2zTQw7tQXQppLS72E4gvQRCGpKWXhKa3QTWu0aW5axYyRKSXFiEflT/Sm/9N5W9pqRJB2bm8eYNMxrlklFtouh3EG48ePjo8eaT3tNnz19s9V9uT7SoFSZjLJhQ1znShNGKjA01jFxLRRDPGbnKl5+b+tUPojQV1aVZSTLj6KaiJcXIeCrr/zzNbJw4eAjTUiFsyTyBF1nsPYHDjjsZ7jkfvC pdIilRduJF3It4KzrLbCoXFDbBze0wdl1f0YicT23lFpn8JZ3dTTkyCyFtmxW3E8Gcg9/n7cT3UK2Bgx9gygphdNYfRKOoNXgfxB0YgM7Os/6vtBC45qQymCGtp3EkzcwiZShmxPXSWhOJ8BLdkKmHFeJEz2x7WgffeaaApVDeKwNb9naHRVzrFc+9stlf36015P9q09qUn2aWVrI2pMLrQWXNoBGw+SdYUEWwYSsPEFbU7wrxAvkLGv+bPX+E+O6T74NJMor3RsnF/uDoY3eOTfAavAW7IAYH4Ah8AedgDHCwExwGp8FZ+CY8Dr+G39bSMOh6XoF/LLz8Awkfxwo=</latexit>
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F12 =
e2Q1Q2 � D�3

D�2
2
Dm1m2 �G�1

��
dm1
d�

dm2
d�

(VolSD�2)rD�2
+ . . .

<latexit sha1_base64="k6exBPzXbgregRjWeecKSIv0iu0=">AAACmnicbVFNa9wwEJWdfqTbj2zTQw7tQXQppLS72E4gvQRCGpKWXhKa3QTWu0aW5axYyRKSXFiEflT/Sm/9N5W9pqRJB2bm8eYNMxrlklFtouh3EG48ePjo8eaT3tNnz19s9V9uT7SoFSZjLJhQ1znShNGKjA01jFxLRRDPGbnKl5+b+tUPojQV1aVZSTLj6KaiJcXIeCrr/zzNbJw4eAjTUiFsyTyBF1nsPYHDjjsZ7jkfvC pdIilRduJF3It4KzrLbCoXFDbBze0wdl1f0YicT23lFpn8JZ3dTTkyCyFtmxW3E8Gcg9/n7cT3UK2Bgx9gygphdNYfRKOoNXgfxB0YgM7Os/6vtBC45qQymCGtp3EkzcwiZShmxPXSWhOJ8BLdkKmHFeJEz2x7WgffeaaApVDeKwNb9naHRVzrFc+9stlf36015P9q09qUn2aWVrI2pMLrQWXNoBGw+SdYUEWwYSsPEFbU7wrxAvkLGv+bPX+E+O6T74NJMor3RsnF/uDoY3eOTfAavAW7IAYH4Ah8AedgDHCwExwGp8FZ+CY8Dr+G39bSMOh6XoF/LLz8Awkfxwo=</latexit>

gauge gravity modulus

short-range
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Scalar	“charge”	is						:

F12 =
e2Q1Q2 � D�3

D�2
2
Dm1m2 �G�1

��
dm1
d�

dm2
d�

(VolSD�2)rD�2
+ . . .

<latexit sha1_base64="k6exBPzXbgregRjWeecKSIv0iu0=">AAACmnicbVFNa9wwEJWdfqTbj2zTQw7tQXQppLS72E4gvQRCGpKWXhKa3QTWu0aW5axYyRKSXFiEflT/Sm/9N5W9pqRJB2bm8eYNMxrlklFtouh3EG48ePjo8eaT3tNnz19s9V9uT7SoFSZjLJhQ1znShNGKjA01jFxLRRDPGbnKl5+b+tUPojQV1aVZSTLj6KaiJcXIeCrr/zzNbJw4eAjTUiFsyTyBF1nsPYHDjjsZ7jkfvC pdIilRduJF3It4KzrLbCoXFDbBze0wdl1f0YicT23lFpn8JZ3dTTkyCyFtmxW3E8Gcg9/n7cT3UK2Bgx9gygphdNYfRKOoNXgfxB0YgM7Os/6vtBC45qQymCGtp3EkzcwiZShmxPXSWhOJ8BLdkKmHFeJEz2x7WgffeaaApVDeKwNb9naHRVzrFc+9stlf36015P9q09qUn2aWVrI2pMLrQWXNoBGw+SdYUEWwYSsPEFbU7wrxAvkLGv+bPX+E+O6T74NJMor3RsnF/uDoY3eOTfAavAW7IAYH4Ah8AedgDHCwExwGp8FZ+CY8Dr+G39bSMOh6XoF/LLz8Awkfxwo=</latexit>

gauge gravity modulus

Spp = �
Z

m(�)ds� q

Z
A

+(deriv. interactions)
<latexit sha1_base64="wUu9v9JyrmgCBn0kAU8BEixffG4="></latexit>

dm
d�

<latexit sha1_base64="nNYf6jHdtLjeMP/vpfiRSyJ+oqI=">AAAB+3icbVDLSgMxFM3UV62vsS67MFgEF1JmKqjLgiAuK9gHdIaSyWTa0CQzJBmxDPMN/oEuXCji1h9x59+YPhbaeuBeDufcS25OkDCqtON8W4WV1bX1jeJmaWt7Z3fP3i+3VZxKTFo4ZrHsBkgRRgVpaaoZ6SaSIB4w0glGVxO/c0+korG40+OE+BwNBI0oRtpIfbvsRRLhLIQ8N81LhjTv21Wn5kwBl4k7J9VG5fyxeH343OzbX14Y45QToTFDSvVcJ9F+hqSmmJG85KWKJAiP0ID0DBWIE+Vn09tzeGyUEEaxNCU0nKq/NzLElRrzwExypIdq0ZuI/3m9VEeXfkZFkmoi8OyhKGVQx3ASBAypJFizsSEIS2puhXiITBjaxFUyIbiLX14m7XrNPavVb91q4xTMUAQVcAROgAsuQAPcgCZoAQwewBN4BW9Wbr1Y79bHbLRgzXcOwB9Ynz/QHJZw</latexit>

short-range

vs.
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Par4cle	a6racts	iden4cal	copy	if

F ⌘ e2q2 � D � 3

D � 2
2
Dm2 �G�1

��

✓
dm

d�

◆2

< 0
<latexit sha1_base64="mfgOLc1NWLAQlhBMt/KcLvDuQ4A="></latexit>
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Par4cle	a6racts	iden4cal	copy	if

F ⌘ e2q2 � D � 3

D � 2
2
Dm2 �G�1

��

✓
dm

d�

◆2

< 0
<latexit sha1_base64="mfgOLc1NWLAQlhBMt/KcLvDuQ4A="></latexit>

					Newtonian/scalar	bound	state	(D=4)

+
++

FEM
<latexit sha1_base64="tmUzpiICbTxtB4xm9agKKCjgZ54=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8SNiNgh4DongRIpgHJEuYnXSSIbMPZ3qDYdnv8OJBEa9+jDf/xkmyB00saCiquunu8iIpNNr2t7W0vLK6tp7byG9ube/sFvb26zqMFYcaD2Womh7TIEUANRQooRkpYL4noeENryZ+YwRKizB4wHEErs/6gegJztBI7k0naSM8YXJ9l6adQtEu2VPQReJkpEgyVDuFr3Y35LEPAXLJtG 45doRuwhQKLiHNt2MNEeND1oeWoQHzQbvJ9OiUHhulS3uhMhUgnaq/JxLmaz32PdPpMxzoeW8i/ue1YuxduokIohgh4LNFvVhSDOkkAdoVCjjKsSGMK2FupXzAFONocsqbEJz5lxdJvVxyzkrl+/Ni5TSLI0cOyRE5IQ65IBVyS6qkRjh5JM/klbxZI+vFerc+Zq1LVjZzQP7A+vwBBqOSMg==</latexit>

Fgrav
<latexit sha1_base64="/dc8UZu1qnHS3Sb9FTl/Gp0yt5o=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIHqQkVdBjQRCPFewHtCFsttt26WYTdifFGvJLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvCAWXIPjfFuFtfWNza3idmlnd2+/bB8ctnSUKMqaNBKR6gREM8ElawIHwTqxYiQMBGsH45uZ354wpXkkH2AaMy8kQ8kHnBIwkm+Xb/20B+wR0qEikyzz7YpTdebAq8TNSQXlaPj2V68f0SRkEqggWnddJwYvJQo4FSwr9RLNYkLHZMi6hkoSMu2l88MzfGqUPh5EypQEPFd/T6Qk1HoaBqYzJDDSy95M/M/rJjC49lIu4wSYpItFg0RgiPAsBdznilEQU0MIVdzciumIKELBZFUyIbjLL6+SVq3qXlRr95eV+nkeRxEdoxN0hlx0heroDjVQE1GUoGf0it6sJ+vFerc+Fq0FK585Qn9gff4AhdGTlQ==</latexit>

Fscalar
<latexit sha1_base64="3shIqlewe5bTNT9YPswJnTSdUdk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCBylJFfRYEMRjBfsBbQib7bZdutmE3YlaYn6KFw+KePWXePPfuG1z0NYHA4/3ZpiZF8SCa3Ccb6uwsrq2vlHcLG1t7+zu2eX9lo4SRVmTRiJSnYBoJrhkTeAgWCdWjISBYO1gfDX12/dMaR7JO5jEzAvJUPIBpwSM5Nvlaz/tAXuEVFMiiMoy3644VWcGvEzcnFRQjoZvf/X6EU1CJoEKonXXdWLwUqKAU8GyUi/RLCZ0TIasa6gkIdNeOjs9w8dG6eNBpExJwDP190RKQq0nYWA6QwIjvehNxf+8bgKDSy/lMk6ASTpfNEgEhghPc8B9rhgFMTGEUMXNrZiOiCIUTFolE4K7+PIyadWq7lm1dnteqZ/mcRTRITpCJ8hFF6iOblADNRFFD+gZvaI368l6sd6tj3lrwcpnDtAfWJ8/CPiUbw==</latexit>

+
FEM

<latexit sha1_base64="tmUzpiICbTxtB4xm9agKKCjgZ54=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8SNiNgh4DongRIpgHJEuYnXSSIbMPZ3qDYdnv8OJBEa9+jDf/xkmyB00saCiquunu8iIpNNr2t7W0vLK6tp7byG9ube/sFvb26zqMFYcaD2Womh7TIEUANRQooRkpYL4noeENryZ+YwRKizB4wHEErs/6gegJztBI7k0naSM8YXJ9l6adQtEu2VPQReJkpEgyVDuFr3Y35LEPAXLJtG45doRuwhQKLiHNt2MNEeND1oeWoQHzQbvJ9OiUHhulS3uhMhUgnaq/JxLmaz32PdPpMxzoeW8i/ue1YuxduokIohgh4LNFvVhSDOkkAdoVCjjKsSGMK2FupXzAFONocsqbEJz5lxdJvVxyzkrl+/Ni5TSLI0cOyRE5IQ65IBVyS6qkRjh5JM/klbxZI+vFerc+Zq1LVjZzQP7A+vwBBqOSMg==</latexit>

Fgrav
<latexit sha1_base64="/dc8UZu1qnHS3Sb9FTl/Gp0yt5o=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIHqQkVdBjQRCPFewHtCFsttt26WYTdifFGvJLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvCAWXIPjfFuFtfWNza3idmlnd2+/bB8ctnSUKMqaNBKR6gREM8ElawIHwTqxYiQMBGsH45uZ354wpXkkH2AaMy8kQ8kHnBIwkm+Xb/20B+wR0qEikyzz7YpTdebAq8TNSQXlaPj2V68f0SRkEqggWnddJwYvJQo4FSwr9RLNYkLHZMi6hkoSMu2l88MzfGqUPh5EypQEPFd/T6Qk1HoaBqYzJDDSy95M/M/rJjC49lIu4wSYpItFg0RgiPAsBdznilEQU0MIVdzciumIKELBZFUyIbjLL6+SVq3qXlRr95eV+nkeRxEdoxN0hlx0heroDjVQE1GUoGf0it6sJ+vFerc+Fq0FK585Qn9gff4AhdGTlQ==</latexit>

Fscalar
<latexit sha1_base64="3shIqlewe5bTNT9YPswJnTSdUdk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCBylJFfRYEMRjBfsBbQib7bZdutmE3YlaYn6KFw+KePWXePPfuG1z0NYHA4/3ZpiZF8SCa3Ccb6uwsrq2vlHcLG1t7+zu2eX9lo4SRVmTRiJSnYBoJrhkTeAgWCdWjISBYO1gfDX12/dMaR7JO5jEzAvJUPIBpwSM5Nvlaz/tAXuEVFMiiMoy3644VWcGvEzcnFRQjoZvf/X6EU1CJoEKonXXdWLwUqKAU8GyUi/RLCZ0TIasa6gkIdNeOjs9w8dG6eNBpExJwDP190RKQq0nYWA6QwIjvehNxf+8bgKDSy/lMk6ASTpfNEgEhghPc8B9rhgFMTGEUMXNrZiOiCIUTFolE4K7+PIyadWq7lm1dnteqZ/mcRTRITpCJ8hFF6iOblADNRFFD+gZvaI368l6sd6tj3lrwcpnDtAfWJ8/CPiUbw==</latexit>
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Par4cle	a6racts	iden4cal	copy	if

F ⌘ e2q2 � D � 3

D � 2
2
Dm2 �G�1

��

✓
dm

d�

◆2

< 0
<latexit sha1_base64="mfgOLc1NWLAQlhBMt/KcLvDuQ4A="></latexit>

					Newtonian/scalar	bound	state	(D=4)

+
++

FEM
<latexit sha1_base64="tmUzpiICbTxtB4xm9agKKCjgZ54=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8SNiNgh4DongRIpgHJEuYnXSSIbMPZ3qDYdnv8OJBEa9+jDf/xkmyB00saCiquunu8iIpNNr2t7W0vLK6tp7byG9ube/sFvb26zqMFYcaD2Womh7TIEUANRQooRkpYL4noeENryZ+YwRKizB4wHEErs/6gegJztBI7k0naSM8YXJ9l6adQtEu2VPQReJkpEgyVDuFr3Y35LEPAXLJtG 45doRuwhQKLiHNt2MNEeND1oeWoQHzQbvJ9OiUHhulS3uhMhUgnaq/JxLmaz32PdPpMxzoeW8i/ue1YuxduokIohgh4LNFvVhSDOkkAdoVCjjKsSGMK2FupXzAFONocsqbEJz5lxdJvVxyzkrl+/Ni5TSLI0cOyRE5IQ65IBVyS6qkRjh5JM/klbxZI+vFerc+Zq1LVjZzQP7A+vwBBqOSMg==</latexit>

Fgrav
<latexit sha1_base64="/dc8UZu1qnHS3Sb9FTl/Gp0yt5o=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIHqQkVdBjQRCPFewHtCFsttt26WYTdifFGvJLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvCAWXIPjfFuFtfWNza3idmlnd2+/bB8ctnSUKMqaNBKR6gREM8ElawIHwTqxYiQMBGsH45uZ354wpXkkH2AaMy8kQ8kHnBIwkm+Xb/20B+wR0qEikyzz7YpTdebAq8TNSQXlaPj2V68f0SRkEqggWnddJwYvJQo4FSwr9RLNYkLHZMi6hkoSMu2l88MzfGqUPh5EypQEPFd/T6Qk1HoaBqYzJDDSy95M/M/rJjC49lIu4wSYpItFg0RgiPAsBdznilEQU0MIVdzciumIKELBZFUyIbjLL6+SVq3qXlRr95eV+nkeRxEdoxN0hlx0heroDjVQE1GUoGf0it6sJ+vFerc+Fq0FK585Qn9gff4AhdGTlQ==</latexit>

Fscalar
<latexit sha1_base64="3shIqlewe5bTNT9YPswJnTSdUdk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCBylJFfRYEMRjBfsBbQib7bZdutmE3YlaYn6KFw+KePWXePPfuG1z0NYHA4/3ZpiZF8SCa3Ccb6uwsrq2vlHcLG1t7+zu2eX9lo4SRVmTRiJSnYBoJrhkTeAgWCdWjISBYO1gfDX12/dMaR7JO5jEzAvJUPIBpwSM5Nvlaz/tAXuEVFMiiMoy3644VWcGvEzcnFRQjoZvf/X6EU1CJoEKonXXdWLwUqKAU8GyUi/RLCZ0TIasa6gkIdNeOjs9w8dG6eNBpExJwDP190RKQq0nYWA6QwIjvehNxf+8bgKDSy/lMk6ASTpfNEgEhghPc8B9rhgFMTGEUMXNrZiOiCIUTFolE4K7+PIyadWq7lm1dnteqZ/mcRTRITpCJ8hFF6iOblADNRFFD+gZvaI368l6sd6tj3lrwcpnDtAfWJ8/CPiUbw==</latexit>

+
FEM

<latexit sha1_base64="tmUzpiICbTxtB4xm9agKKCjgZ54=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8SNiNgh4DongRIpgHJEuYnXSSIbMPZ3qDYdnv8OJBEa9+jDf/xkmyB00saCiquunu8iIpNNr2t7W0vLK6tp7byG9ube/sFvb26zqMFYcaD2Womh7TIEUANRQooRkpYL4noeENryZ+YwRKizB4wHEErs/6gegJztBI7k0naSM8YXJ9l6adQtEu2VPQReJkpEgyVDuFr3Y35LEPAXLJtG45doRuwhQKLiHNt2MNEeND1oeWoQHzQbvJ9OiUHhulS3uhMhUgnaq/JxLmaz32PdPpMxzoeW8i/ue1YuxduokIohgh4LNFvVhSDOkkAdoVCjjKsSGMK2FupXzAFONocsqbEJz5lxdJvVxyzkrl+/Ni5TSLI0cOyRE5IQ65IBVyS6qkRjh5JM/klbxZI+vFerc+Zq1LVjZzQP7A+vwBBqOSMg==</latexit>

Fgrav
<latexit sha1_base64="/dc8UZu1qnHS3Sb9FTl/Gp0yt5o=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIHqQkVdBjQRCPFewHtCFsttt26WYTdifFGvJLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvCAWXIPjfFuFtfWNza3idmlnd2+/bB8ctnSUKMqaNBKR6gREM8ElawIHwTqxYiQMBGsH45uZ354wpXkkH2AaMy8kQ8kHnBIwkm+Xb/20B+wR0qEikyzz7YpTdebAq8TNSQXlaPj2V68f0SRkEqggWnddJwYvJQo4FSwr9RLNYkLHZMi6hkoSMu2l88MzfGqUPh5EypQEPFd/T6Qk1HoaBqYzJDDSy95M/M/rJjC49lIu4wSYpItFg0RgiPAsBdznilEQU0MIVdzciumIKELBZFUyIbjLL6+SVq3qXlRr95eV+nkeRxEdoxN0hlx0heroDjVQE1GUoGf0it6sJ+vFerc+Fq0FK585Qn9gff4AhdGTlQ==</latexit>

Fscalar
<latexit sha1_base64="3shIqlewe5bTNT9YPswJnTSdUdk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCBylJFfRYEMRjBfsBbQib7bZdutmE3YlaYn6KFw+KePWXePPfuG1z0NYHA4/3ZpiZF8SCa3Ccb6uwsrq2vlHcLG1t7+zu2eX9lo4SRVmTRiJSnYBoJrhkTeAgWCdWjISBYO1gfDX12/dMaR7JO5jEzAvJUPIBpwSM5Nvlaz/tAXuEVFMiiMoy3644VWcGvEzcnFRQjoZvf/X6EU1CJoEKonXXdWLwUqKAU8GyUi/RLCZ0TIasa6gkIdNeOjs9w8dG6eNBpExJwDP190RKQq0nYWA6QwIjvehNxf+8bgKDSy/lMk6ASTpfNEgEhghPc8B9rhgFMTGEUMXNrZiOiCIUTFolE4K7+PIyadWq7lm1dnteqZ/mcRTRITpCJ8hFF6iOblADNRFFD+gZvaI368l6sd6tj3lrwcpnDtAfWJ8/CPiUbw==</latexit>

Depends	on							and										.|q|
m

<latexit sha1_base64="D/NXCyo96B8zqUYzARXjHlR/kyY=">AAAB9HicbVC7SgNBFL3rM8ZXVLCxGQyChYTdWGgZsLEzgnlAsoTZyWwyZGZ2MzMbCJt8h42FIrb+imDnp9g5eRSaeODC4Zx7ufeeIOZMG9f9clZW19Y3NjNb2e2d3b393MFhVUeJIrRCIh6peoA15UzSimGG03qsKBYBp7WgdzPxawOqNIvkgxnG1Be4I1nICDZW8puhwiQd9UfjVIxbubxbcKdAy8Sbk3zpmHxcfPt35Vbus9mOSCKoNIRjrRueGxs/xcowwuk420w0jTHp4Q5tWCqxoNpPp0eP0ZlV2iiMlC1p0FT9PZFiofVQBLZTYNPVi95E/M9rJCa89lMm48RQSWaLwoQjE6FJAqjNFCWGDy3BRDF7KyJdbHMwNqesDcFbfHmZVIsF77JQvPfyJRdmyMAJnMI5eHAFJbiFMlSAQB8e4RlenIHz5Lw6b7PWFWc+cwR/4Lz/ADwUlgI=</latexit>

1
m

dm
d�

<latexit sha1_base64="QzvXwfP2ChfrUp5qxj39ISQVsmE=">AAACB3icbZDLSgMxFIYzXmu9jboSQYNFcFVmqqDLgi5cVrAX6Awlk2ba0CQzJBmhDLPSja/ixoUi4s5XcKVvY9rpQlsPJHz8/zkk5w9iRpV2nG9rbn5hcWm5sFJcXVvf2LS3thsqSiQmdRyxSLYCpAijgtQ11Yy0YkkQDxhpBoOLkd+8JVLRSNzoYUx8jnqChhQjbaSOve+FEuHUzVKewZy7kGfm8uI+zTp2ySk744Kz4E6gVD3Y/bp7P72sdexPrxvhhBOhMUNKtV0n1n6KpKaYkazoJYrECA9Qj7QNCsSJ8tPxHhk8MkoXhpE0R2g4Vn9PpIgrNeSB6eRI99W0NxL/89qJDs/9lIo40UTg/KEwYVBHcBQK7FJJsGZDAwhLav4KcR+ZMLSJrmhCcKdXnoVGpeyelCvXbqnqgLwKYA8cgmPggjNQBVegBuoAg3vwCJ7Bi/VgPVmv1lveOmdNZnbAn7I+fgAt4Zxr</latexit>



Repulsive	Force	Conjecture

11

a	self-repulsive	(											)	charged	par;cle.

Pal;	'17

9
<latexit sha1_base64="hPBQxKkMvUledn9UhgFuqkpFSSw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2A9oQ9lsJ+3SzSbsbsQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJYPZpqgH9GR5CFn1Fip08cnu0MPyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6adeq3lW1dl+vNNw8jiKcwTlcggfX0IA7aEILGEzgGV7hzUmcF+fd+Vi2Fpx85hT+wPn8AZiEj64=</latexit>

F � 0
<latexit sha1_base64="vOrf35uFQO/LR5nQqRLFiJMWu8c=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRV0GVBEJcV7AOaUCbTm3boZBJmJkqJ/RQ3LhRx65e482+ctFlo64GBwzn3cs+cIOFMacf5tkpr6xubW+Xtys7u3v6BXT3sqDiVFNo05rHsBUQBZwLammkOvUQCiQIO3WBynfvdB5CKxeJeTxPwIzISLGSUaCMN7KoXET2mhGc3M+yNADsDu+bUnTnwKnELUkMFWgP7yxvGNI1AaMqJUn3XSbSfEakZ5TCreKmChNAJGUHfUEEiUH42jz7Dp0YZ4jCW5gmN5+rvjYxESk2jwEzmQdWyl4v/ef1Uh1d+xkSSahB0cShMOdYxznvAQyaBaj41hFDJTFZMx0QSqk1bFVOCu/zlVdJp1N3zeuPuotZ0ijrK6BidoDPkokvURLeohdqIokf0jF7Rm/VkvVjv1sditGQVO0foD6zPH1Mvk1M=</latexit>



Repulsive	Force	Conjecture

11

a	self-repulsive	(											)	charged	par;cle.

Pal;	'17

9
<latexit sha1_base64="hPBQxKkMvUledn9UhgFuqkpFSSw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2A9oQ9lsJ+3SzSbsbsQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJYPZpqgH9GR5CFn1Fip08cnu0MPyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6adeq3lW1dl+vNNw8jiKcwTlcggfX0IA7aEILGEzgGV7hzUmcF+fd+Vi2Fpx85hT+wPn8AZiEj64=</latexit>

F � 0
<latexit sha1_base64="vOrf35uFQO/LR5nQqRLFiJMWu8c=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRV0GVBEJcV7AOaUCbTm3boZBJmJkqJ/RQ3LhRx65e482+ctFlo64GBwzn3cs+cIOFMacf5tkpr6xubW+Xtys7u3v6BXT3sqDiVFNo05rHsBUQBZwLammkOvUQCiQIO3WBynfvdB5CKxeJeTxPwIzISLGSUaCMN7KoXET2mhGc3M+yNADsDu+bUnTnwKnELUkMFWgP7yxvGNI1AaMqJUn3XSbSfEakZ5TCreKmChNAJGUHfUEEiUH42jz7Dp0YZ4jCW5gmN5+rvjYxESk2jwEzmQdWyl4v/ef1Uh1d+xkSSahB0cShMOdYxznvAQyaBaj41hFDJTFZMx0QSqk1bFVOCu/zlVdJp1N3zeuPuotZ0ijrK6BidoDPkokvURLeohdqIokf0jF7Rm/VkvVjv1sditGQVO0foD6zPH1Mvk1M=</latexit>

What	about	ext.	BHs? BH,	to	appear

D � 3

D � 2
2
DM2(�) +G�1

��(�)

✓
dM

d�

◆2

= e2(�)Q2

<latexit sha1_base64="hCM3jDdlAJOY1fsNOHVPrI6HPtk="></latexit>



Repulsive	Force	Conjecture

11

a	self-repulsive	(											)	charged	par;cle.

Pal;	'17

9
<latexit sha1_base64="hPBQxKkMvUledn9UhgFuqkpFSSw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2A9oQ9lsJ+3SzSbsbsQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJYPZpqgH9GR5CFn1Fip08cnu0MPyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6adeq3lW1dl+vNNw8jiKcwTlcggfX0IA7aEILGEzgGV7hzUmcF+fd+Vi2Fpx85hT+wPn8AZiEj64=</latexit>

F � 0
<latexit sha1_base64="vOrf35uFQO/LR5nQqRLFiJMWu8c=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRV0GVBEJcV7AOaUCbTm3boZBJmJkqJ/RQ3LhRx65e482+ctFlo64GBwzn3cs+cIOFMacf5tkpr6xubW+Xtys7u3v6BXT3sqDiVFNo05rHsBUQBZwLammkOvUQCiQIO3WBynfvdB5CKxeJeTxPwIzISLGSUaCMN7KoXET2mhGc3M+yNADsDu+bUnTnwKnELUkMFWgP7yxvGNI1AaMqJUn3XSbSfEakZ5TCreKmChNAJGUHfUEEiUH42jz7Dp0YZ4jCW5gmN5+rvjYxESk2jwEzmQdWyl4v/ef1Uh1d+xkSSahB0cShMOdYxznvAQyaBaj41hFDJTFZMx0QSqk1bFVOCu/zlVdJp1N3zeuPuotZ0ijrK6BidoDPkokvURLeohdqIokf0jF7Rm/VkvVjv1sditGQVO0foD6zPH1Mvk1M=</latexit>

What	about	ext.	BHs? BH,	to	appear

D � 3

D � 2
2
DM2(�) +G�1

��(�)

✓
dM

d�

◆2

= e2(�)Q2

<latexit sha1_base64="hCM3jDdlAJOY1fsNOHVPrI6HPtk="></latexit>

=) F = 0
<latexit sha1_base64="DPlMYtg+GMiXq0tRsqDBw3DfZx4=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQKuhEKgrhwUcE+oAllMp2kQyczYWailNCVG3/FjQtF3PoN7vwbJ20W2nrgwuGce7n3niBhVGnH+bYWFpeWV1ZLa+X1jc2tbXtnt6VEKjFpYsGE7ARIEUY5aWqqGekkkqA4YKQdDC9zv31PpKKC3+lRQvwYRZyGFCNtpJ594N0IHkkaDTSSUjxAL0Z6gBHLrsYXTs+uOFVnAjhP3IJUQIFGz/7y+gKnMeEaM6RU13US7WdIaooZGZe9VJEE4SGKSNdQjmKi/GzyxhgeGaUPQyFNcQ0n6u+JDMVKjeLAdOZHqlkvF//zuqkOz/2M8iTVhOPpojBlUAuYZwL7VBKs2cgQhCU1t0I8QBJhbZIrmxDc2ZfnSatWdU+qtdvTSt0p4iiBfXAIjoELzkAdXIMGaAIMHsEzeAVv1pP1Yr1bH9PWBauY2QN/YH3+AFItmPU=</latexit> !

So	RFC						WGC??⌘<latexit sha1_base64="qiJjCllmLJxQw/IppyI8rPRm/Vk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48VbCu0oWy2k3btZhN3N4US+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMTqIaAaBZfYNNwIfEgU0igQ2A5GNzO/PUaleSzvzSRBP6IDyUPOqLFSq4tPKR/3yhW36s5BVomXkwrkaPTKX91+zNIIpWGCat3x3MT4GVWGM4HTUjfVmFA2ogPsWCpphNrP5tdOyZlV+iSMlS1pyFz9PZHRSOtJFNjOiJqhXvZm4n9eJzXhtZ9xmaQGJVssClNBTExmr5M+V8iMmFhCmeL2VsKGVFFmbEAlG4K3/PIqadWq3kW1dndZqbt5HEU4gVM4Bw+uoA630IAmMHiEZ3iFNyd2Xpx352PRWnDymWP4A+fzB74fjy4=</latexit>



RFC					WGC

12

6⌘
<latexit sha1_base64="EWz2SmaOUViiX8IAcedU79FXOpA=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh4LXjxWsB/YXUo2zbah2WRNsoWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc3c789pgqzaR4MJOEBjEeCBYxgo2VHn0hjU+fUjbulStu1Z0DrRIvJxXI0eiVv/y+JGlMhSEca9313MQEGVaGEU6nJT/VNMFkhAe0a6nAMdVBNr94is6s0keRVLaEQXP190SGY60ncWg7Y2yGetmbif953dREN0HGRJIaKshiUZRyZCSavY/6TFFi+MQSTBSztyIyxAoTY0Mq2RC85ZdXSatW9S6qtfvLSv0qj6MIJ3AK5+DBNdThDhrQBAICnuEV3hztvDjvzseiteDkM8fwB87nD+p/kQk=</latexit>

q/m
<latexit sha1_base64="dRVlpEEH7dtCZIfHcbho1dMTiCg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBg9TdKuix4MVjRfsB7VKyabYNTbJrkhXK0p/gxYMiXv1F3vw3pts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H45uZ336iSrNIPphJTH2Bh5KFjGBjpfvHc9EvV9yqmwEtEy8nFcjR6Je/eoOIJIJKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupRILqv00O3WKTqwyQGGkbEmDMvX3RIqF1hMR2E6BzUgvejPxP6+bmPDaT5mME0MlmS8KE45MhGZ/owFTlBg+sQQTxeytiIywwsTYdEo2BG/x5WXSqlW9i2rt7rJSP8vjKMIRHMMpeHAFdbiFBjSBwBCe4RXeHO68OO/Ox7y14OQzh/AHzucPDbaNkw==</latexit>

1

m

dm

d�
<latexit sha1_base64="374mwo1+PDf8EtT0P3Z8jriMvTA=">AAACB3icbZDLSsNAFIZP6q3WW9SlIINFcCElqYIuC25cVrAXaEKZTCft0JkkzEyEErJz46u4caGIW1/BnW/jtM1CWw/M8PH/5zBz/iDhTGnH+bZKK6tr6xvlzcrW9s7unr1/0FZxKgltkZjHshtgRTmLaEszzWk3kRSLgNNOML6Z+p0HKhWLo3s9Sagv8DBiISNYG6lvH3uhxCRz80zkaM4DJHJzecmI5X276tScWaFlcAuoQlHNvv3lDWKSChppwrFSPddJtJ9hqRnhNK94qaIJJmM8pD2DERZU+dlsjxydGmWAwliaE2k0U39PZFgoNRGB6RRYj9SiNxX/83qpDq/9jEVJqmlE5g+FKUc6RtNQ0IBJSjSfGMBEMvNXREbYhKFNdBUTgru48jK06zX3ola/u6w2zos4ynAEJ3AGLlxBA26hCS0g8AjP8Apv1pP1Yr1bH/PWklXMHMKfsj5/AB4wmWU=</latexit>

sube
xtr.	B

Hs ext.	BH

Lee,	Lerche,	Weigand	'18
BH,	Reece,	Rudelius	'19



RFC					WGC

12

6⌘
<latexit sha1_base64="EWz2SmaOUViiX8IAcedU79FXOpA=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtoh4LXjxWsB/YXUo2zbah2WRNsoWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc3c789pgqzaR4MJOEBjEeCBYxgo2VHn0hjU+fUjbulStu1Z0DrRIvJxXI0eiVv/y+JGlMhSEca9313MQEGVaGEU6nJT/VNMFkhAe0a6nAMdVBNr94is6s0keRVLaEQXP190SGY60ncWg7Y2yGetmbif953dREN0HGRJIaKshiUZRyZCSavY/6TFFi+MQSTBSztyIyxAoTY0Mq2RC85ZdXSatW9S6qtfvLSv0qj6MIJ3AK5+DBNdThDhrQBAICnuEV3hztvDjvzseiteDkM8fwB87nD+p/kQk=</latexit>

subextr.	&
self-repulsive

q/m
<latexit sha1_base64="dRVlpEEH7dtCZIfHcbho1dMTiCg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBg9TdKuix4MVjRfsB7VKyabYNTbJrkhXK0p/gxYMiXv1F3vw3pts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H45uZ336iSrNIPphJTH2Bh5KFjGBjpfvHc9EvV9yqmwEtEy8nFcjR6Je/eoOIJIJKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupRILqv00O3WKTqwyQGGkbEmDMvX3RIqF1hMR2E6BzUgvejPxP6+bmPDaT5mME0MlmS8KE45MhGZ/owFTlBg+sQQTxeytiIywwsTYdEo2BG/x5WXSqlW9i2rt7rJSP8vjKMIRHMMpeHAFdbiFBjSBwBCe4RXeHO68OO/Ox7y14OQzh/AHzucPDbaNkw==</latexit>

1

m

dm

d�
<latexit sha1_base64="374mwo1+PDf8EtT0P3Z8jriMvTA=">AAACB3icbZDLSsNAFIZP6q3WW9SlIINFcCElqYIuC25cVrAXaEKZTCft0JkkzEyEErJz46u4caGIW1/BnW/jtM1CWw/M8PH/5zBz/iDhTGnH+bZKK6tr6xvlzcrW9s7unr1/0FZxKgltkZjHshtgRTmLaEszzWk3kRSLgNNOML6Z+p0HKhWLo3s9Sagv8DBiISNYG6lvH3uhxCRz80zkaM4DJHJzecmI5X276tScWaFlcAuoQlHNvv3lDWKSChppwrFSPddJtJ9hqRnhNK94qaIJJmM8pD2DERZU+dlsjxydGmWAwliaE2k0U39PZFgoNRGB6RRYj9SiNxX/83qpDq/9jEVJqmlE5g+FKUc6RtNQ0IBJSjSfGMBEMvNXREbYhKFNdBUTgru48jK06zX3ola/u6w2zos4ynAEJ3AGLlxBA26hCS0g8AjP8Apv1pP1Yr1bH/PWklXMHMKfsj5/AB4wmWU=</latexit>

sube
xtr.	B

Hs ext.	BH

superextr.	&
self-a;rac=ve

Lee,	Lerche,	Weigand	'18
BH,	Reece,	Rudelius	'19



CHC	for	the	RFC

13

Strongly	self-repulsive	m.p.	state:

+

+

�

+

+

+
�

+

Fij � 0<latexit sha1_base64="ut1T9QtO8D4cfyMRJKIlYox4+gk=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJqqDLgiAuK9gHNCFMppN27OTBzEQoIRt/xY0LRdz6Ge78GydtFtp64MLhnHu59x4/4Uwqy/o2Kiura+sb1c3a1vbO7p65f9CVcSoI7ZCYx6LvY0k5i2hHMcVpPxEUhz6nPX9yXfi9Ryoki6N7NU2oG+JRxAJGsNKSZx45IVZjgnl2k3sZQw85ckYUWZ5ZtxrWDGiZ2CWpQ4m2Z345w5ikIY0U4VjKgW0lys2wUIxwmtecVNIEkwke0YGmEQ6pdLPZAzk61coQBbHQFSk0U39PZDiUchr6urM4Vy56hfifN0hVcOVmLEpSRSMyXxSkHKkYFWmgIROUKD7VBBPB9K2IjLHAROnMajoEe/HlZdJtNuzzRvPuot6yyjiqcAwncAY2XEILbqENHSCQwzO8wpvxZLwY78bHvLVilDOH8AfG5w/Yo5XZ</latexit>

BH,	Reece,	Rudelius	'19



CHC	for	the	RFC

13

Strongly	self-repulsive	m.p.	state:

+

+

�

+

+

+
�

+

Fij � 0<latexit sha1_base64="ut1T9QtO8D4cfyMRJKIlYox4+gk=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJqqDLgiAuK9gHNCFMppN27OTBzEQoIRt/xY0LRdz6Ge78GydtFtp64MLhnHu59x4/4Uwqy/o2Kiura+sb1c3a1vbO7p65f9CVcSoI7ZCYx6LvY0k5i2hHMcVpPxEUhz6nPX9yXfi9Ryoki6N7NU2oG+JRxAJGsNKSZx45IVZjgnl2k3sZQw85ckYUWZ5ZtxrWDGiZ2CWpQ4m2Z345w5ikIY0U4VjKgW0lys2wUIxwmtecVNIEkwke0YGmEQ6pdLPZAzk61coQBbHQFSk0U39PZDiUchr6urM4Vy56hfifN0hVcOVmLEpSRSMyXxSkHKkYFWmgIROUKD7VBBPB9K2IjLHAROnMajoEe/HlZdJtNuzzRvPuot6yyjiqcAwncAY2XEILbqENHSCQwzO8wpvxZLwY78bHvLVilDOH8AfG5w/Yo5XZ</latexit>

BH,	Reece,	Rudelius	'19

			a	strongly	self-repulsive	m.p.	state
with	charge

raDonal	charge	direcDon				,
9

<latexit sha1_base64="hPBQxKkMvUledn9UhgFuqkpFSSw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2A9oQ9lsJ+3SzSbsbsQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJYPZpqgH9GR5CFn1Fip08cnu0MPyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6adeq3lW1dl+vNNw8jiKcwTlcggfX0IA7aEILGEzgGV7hzUmcF+fd+Vi2Fpx85hT+wPn8AZiEj64=</latexit>

8
<latexit sha1_base64="gsalMU/NNGRAFDSbVM0Cs8cUdAI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHstHM0vQj+hY8pAzaqzUHYSxokIMqzW37uYg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1n+blzcmGVEbGbbUlDcvX3REYjrWdRYDsjaiZ61VuI/3n91IS3fsZlkhqUbLkoTAUxMVn8TkZcITNiZgllittbCZtQRZmxCVVsCN7qy+uk06h7V/XGw3Wt6RZxlOEMzuESPLiBJtxDC9rAYArP8ApvTuK8OO/Ox7K15BQzp/AHzucPZ9SPjg==</latexit>

Q̂
<latexit sha1_base64="j3xOPL1MSIKYyTBJuD0XXn//pm4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx5bsB/QhrLZbtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i/87hPXRsTqEWcJ9yM6ViIUjKKVuoMJxaw1H5YrbtVdgmwSLycVyNEclr8Go5ilEVfIJDWm77kJ+hnVKJjk89IgNTyhbErHvG+pohE3frY8d06urDIiYaxtKSRL9fdERiNjZlFgOyOKE7PuLcT/vH6K4Z2fCZWkyBVbLQpTSTAmi9/JSGjOUM4soUwLeythE6opQ5tQyYbgrb+8STq1qndTrbXqlYabx1GEC7iEa/DgFhrwAE1oA4MpPMMrvDmJ8+K8Ox+r1oKTz5zDHzifP3Ddj5Q=</latexit>

~Q / Q̂
<latexit sha1_base64="WuS5gaZcRADYz8w9lT+jWRPgDp0=">AAACAHicbVBLSwMxGMzWV62vVQ8evASL4KnsVkGPBS8eW7AP6C4lm2bb0GwSkmyhLHvxr3jxoIhXf4Y3/41puwdtHQhMZr6PZCaSjGrjed9OaWNza3unvFvZ2z84PHKPTzpapAqTNhZMqF6ENGGUk7ahhpGeVAQlESPdaHI/97tTojQV/NHMJAkTNOI0phgZKw3cs2BKcNbKYSCVkEbAYIyMvQ/cqlfzFoDrxC9IFRRoDtyvYChwmhBuMENa931PmjBDylDMSF4JUk0kwhM0In1LOUqIDrNFgBxeWmUIY6Hs4QYu1N8bGUq0niWRnUyQGetVby7+5/VTE9+FGeUyNYTj5UNxyqANOm8DDqki2LCZJQgrav8K8RgphI3trGJL8Fcjr5NOveZf1+qtm2rDK+oog3NwAa6AD25BAzyAJmgDDHLwDF7Bm/PkvDjvzsdytOQUO6fgD5zPH+Fllog=</latexit>



RFC	examples:	10d	Hetero4c	ST

14

Lightest	par4cle	of	charge				:

m2 =
2

↵0 (Q
2 � 2) = e2M2

10(Q
2 � 2)

<latexit sha1_base64="lTBQynB8gMQMkduDXY1G36D/+GQ="></latexit>

Q
<latexit sha1_base64="tO0N/U0aksZloZfGs33jrP27buU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RyUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBpwGMxw==</latexit>



(							)

RFC	examples:	10d	Hetero6c	ST

14

Lightest	par6cle	of	charge				:

m2 =
2

↵0 (Q
2 � 2) = e2M2

10(Q
2 � 2)

<latexit sha1_base64="lTBQynB8gMQMkduDXY1G36D/+GQ="></latexit>

Q
<latexit sha1_base64="tO0N/U0aksZloZfGs33jrP27buU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RyUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2pu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBpwGMxw==</latexit>

WGC: e2Q2M2
10 �


↵2

2
+

7

8

�
m2 = m2

<latexit sha1_base64="SHLQbiab6ll5Dk5cljFeGGzXveE="></latexit>

↵ =
1

2
<latexit sha1_base64="AQWR9H8SCIdmDUbzidPtFZ6UdRc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWpgm6EghuXFewDmlBuppN26GQSZiZCDcFfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIOFPacb6tpeWV1bX10kZ5c2t7Z9fe22+pOJWENknMY9kJQFHOBG1qpjntJJJCFHDaDkY3E7/9QKVisbjX44T6EQwECxkBbaSefegBT4aAr7EXSiCZm2e1vGdXnKozBV4kbkEqqECjZ395/ZikERWacFCq6zqJ9jOQmhFO87KXKpoAGcGAdg0VEFHlZ9Prc3xilD4OY2lKaDxVf09kECk1jgLTGYEeqnlvIv7ndVMdXvkZE0mqqSCzRWHKsY7xJArcZ5ISzceGAJHM3IrJEEwK2gRWNiG48y8vklat6p5Xa3cXlfpZEUcJHaFjdIpcdInq6BY1UBMR9Iie0St6s56sF+vd+pi1LlnFzAH6A+vzB4CqlIs=</latexit>

RFC: e2Q2M2
10 � 2

✓
dm

d�

◆2

+
7

8
m2 = m2

<latexit sha1_base64="y9O9jYBActIpwuTsSomN4yruRMM="></latexit> dm
d� = m

4
<latexit sha1_base64="TgfKrZo01nHjVfZXoH8ak+PgQMA=">AAACCXicbZDLSgMxFIYz9VbrbVRw4yZYBBdSZqqgG6Hgxp0V7AU6Q8lkMm1okhmSjFCG2brxVdy4UMStDyC481HcmV4W2nog4ef7zyE5f5AwqrTjfFmFhcWl5ZXiamltfWNzy97eaao4lZg0cMxi2Q6QIowK0tBUM9JOJEE8YKQVDC5HfuuOSEVjcauHCfE56gkaUYy0QV0bepFEOAshz83l1fs0hxdTaNBp3rXLTsUZF5wX7lSUa3v44/jbv6537U8vjHHKidCYIaU6rpNoP0NSU8xIXvJSRRKEB6hHOkYKxInys/EmOTw0JIRRLM0RGo7p74kMcaWGPDCdHOm+mvVG8D+vk+ro3M+oSFJNBJ48FKUM6hiOYoEhlQRrNjQCYUnNXyHuI5OCNuGVTAju7MrzolmtuCeV6o1brjlgUkWwDw7AEXDBGaiBK1AHDYDBPXgEz+DFerCerFfrbdJasKYzu+BPWe8/V/edEw==</latexit>

(										)



(							)
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m2 =
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<latexit sha1_base64="lTBQynB8gMQMkduDXY1G36D/+GQ="></latexit>

Q
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WGC: e2Q2M2
10 �


↵2

2
+

7

8

�
m2 = m2

<latexit sha1_base64="SHLQbiab6ll5Dk5cljFeGGzXveE="></latexit>

↵ =
1

2
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RFC: e2Q2M2
10 � 2

✓
dm

d�

◆2

+
7

8
m2 = m2

<latexit sha1_base64="y9O9jYBActIpwuTsSomN4yruRMM="></latexit> dm
d� = m

4
<latexit sha1_base64="TgfKrZo01nHjVfZXoH8ak+PgQMA=">AAACCXicbZDLSgMxFIYz9VbrbVRw4yZYBBdSZqqgG6Hgxp0V7AU6Q8lkMm1okhmSjFCG2brxVdy4UMStDyC481HcmV4W2nog4ef7zyE5f5AwqrTjfFmFhcWl5ZXiamltfWNzy97eaao4lZg0cMxi2Q6QIowK0tBUM9JOJEE8YKQVDC5HfuuOSEVjcauHCfE56gkaUYy0QV0bepFEOAshz83l1fs0hxdTaNBp3rXLTsUZF5wX7lSUa3v44/jbv6537U8vjHHKidCYIaU6rpNoP0NSU8xIXvJSRRKEB6hHOkYKxInys/EmOTw0JIRRLM0RGo7p74kMcaWGPDCdHOm+mvVG8D+vk+ro3M+oSFJNBJ48FKUM6hiOYoEhlQRrNjQCYUnNXyHuI5OCNuGVTAju7MrzolmtuCeV6o1brjlgUkWwDw7AEXDBGaiBK1AHDYDBPXgEz+DFerCerFfrbdJasKYzu+BPWe8/V/edEw==</latexit>

(										)
Bounds	are	equivalent!



RFC	examples:	Het.	ST	on

15

T 10�D
<latexit sha1_base64="/bJrkzz5/DjxDAn9WXBngWroRa0=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQYmHYjaB2BrSwjJAbJGuYncwmQ2Zn15lZISx5BsHGQhFb38HKR7DzQeydXApN/GHg4//PYc45XsSZ0rb9ZaUWFpeWV9KrmbX1jc2t7PZOTYWxJLRKQh7KhocV5UzQqmaa00YkKQ48Tute/2KU1++oVCwUFT2IqBvgrmA+I1gbq1G5SRz76HLYzubsgj0WmgdnCrnz9/z3x33rsNzOfrY6IYkDKjThWKmmY0faTbDUjHA6zLRiRSNM+rhLmwYFDqhyk/G8Q3RgnA7yQ2me0Gjs/u5IcKDUIPBMZYB1T81mI/O/rBlr/8xNmIhiTQWZfOTHHOkQjZZHHSYp0XxgABPJzKyI9LDERJsTZcwRnNmV56FWLDjHheK1kyudwERp2IN9yIMDp1CCKyhDFQhweIAneLZurUfrxXqdlKasac8u/JH19gNHY5Mp</latexit>

↵0

4 m2 = 1
2Q

2
L +N � 1 = 1

2Q
2
R + Ñ , N, Ñ � 0

<latexit sha1_base64="/W+kS/n5SkVitpbbcFNdyY8tFQo=">AAACU3icbZFdaxNBFIZn19qPaNvUXnpzMEgFY9iNhfamJeCNgoRWTFvIxnB29mwyZvajM7OFsOyFP6FX/VtF8MI/4o0XOkkKauOBgZfnPYcz806YS6GN53133AcrD1fX1jdqjx5vbm3Xd56c6axQnHo8k5m6CFGTFCn1jDCSLnJFmISSzsPJm5l/fkVKiyz9aKY5DRIcpSIWHI1Fw/rnIFbIywBlPsa9qtyvIPnUhiNYcL8q2x WcDt9b9hK6r/wl58PcCYyQEZXdqgnB5WWBEXSbfyAEIwJvWG94LW9esCz8O9Ho7N6827s+/nIyrH8NoowXCaWGS9S673u5GZSojOCSqlpQaMqRT3BEfStTTEgPynkmFTy3JII4U/akBub074kSE62nSWg7EzRjfd+bwf95/cLEh4NSpHlhKOWLRXEhwWQwCxgioYgbObUCuRL2rsDHaCMz9htqNgT//pOXxVm75b9utU/9RqfJFrXOnrJn7AXz2QHrsLfshPUYZ7fsB/vlMOeb89N13ZVFq+vczeyyf8rd/A3rdLIY</latexit>

Ext.	bound	(Sen	'94): ↵0

4 m2 � 1
2 max(Q2

L, Q
2
R)

<latexit sha1_base64="aqpTEPUB6EtNn9zBUDXPCzlH/mg="></latexit>
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↵0

4 m2 = 1
2Q

2
L +N � 1 = 1

2Q
2
R + Ñ , N, Ñ � 0

<latexit sha1_base64="/W+kS/n5SkVitpbbcFNdyY8tFQo=">AAACU3icbZFdaxNBFIZn19qPaNvUXnpzMEgFY9iNhfamJeCNgoRWTFvIxnB29mwyZvajM7OFsOyFP6FX/VtF8MI/4o0XOkkKauOBgZfnPYcz806YS6GN53133AcrD1fX1jdqjx5vbm3Xd56c6axQnHo8k5m6CFGTFCn1jDCSLnJFmISSzsPJm5l/fkVKiyz9aKY5DRIcpSIWHI1Fw/rnIFbIywBlPsa9qtyvIPnUhiNYcL8q2x WcDt9b9hK6r/wl58PcCYyQEZXdqgnB5WWBEXSbfyAEIwJvWG94LW9esCz8O9Ho7N6827s+/nIyrH8NoowXCaWGS9S673u5GZSojOCSqlpQaMqRT3BEfStTTEgPynkmFTy3JII4U/akBub074kSE62nSWg7EzRjfd+bwf95/cLEh4NSpHlhKOWLRXEhwWQwCxgioYgbObUCuRL2rsDHaCMz9htqNgT//pOXxVm75b9utU/9RqfJFrXOnrJn7AXz2QHrsLfshPUYZ7fsB/vlMOeb89N13ZVFq+vczeyyf8rd/A3rdLIY</latexit>

Ext.	bound	(Sen	'94): ↵0

4 m2 � 1
2 max(Q2

L, Q
2
R)

<latexit sha1_base64="aqpTEPUB6EtNn9zBUDXPCzlH/mg="></latexit>

F = 22
D

↵0 (Q2
L +Q2

R)� 2
Dm2 � 2

D
Q2

LQ2
R

(↵0)2
4 m2

<latexit sha1_base64="7NoG10+WuAc5GZQQw8gy1ICkC5E="></latexit>

Fgauge
<latexit sha1_base64="dK0DbZhn3Ras0mctRDdPGgEi7bE=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4EJKUhcKbgqCuBEr2Ac2IUwmk3boZBJmJkIJ2fgrblwo4tbPcOfKX3HSdqGtBy4czrmXe+/xE0alsqwvo7SwuLS8Ul6trK1vbG6Z2zttGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fjDi8LvPBAhaczv1CghboT6nIYUI6Ulz9xzIqQGGLHsMvcyR0Swj9I+yT2zatWsMeA8saek2jCvb77Pg/umZ346QYzTiHCFGZKyZ1uJcjMkFMWM5BUnlSRBeIj6pKcpRxGRbjZ+IIeHWglgGAtdXMGx+nsiQ5GUo8jXncW5ctYrxP+8XqrCMzejPEkV4XiyKEwZVDEs0oABFQQrNtIEYUH1rRAPkEBY6cwqOgR79uV50q7X7JNa/dauNo7BBGWwDw7AEbDBKWiAK9AELYBBDp7AC3g1Ho1n4814n7SWjOnMLvgD4+MH2QKZbw==</latexit>

FWilson line
<latexit sha1_base64="8LbiHSR3QfUzDuRJWfu9JzCINX0=">AAACB3icbVBNS8NAFNxUrbVajfYoyGIRPEhJ6kGPBUE8VrAf0ISw2W7apZtN2N0IIeTmxb/ixYMiXv0L3vwxgpu2B20dWBhm3nv73vgxo1JZ1pdRWlvfKG9WtqrbO7XdPXP/oCejRGDSxRGLxMBHkjDKSVdRxcggFgSFPiN9f3pV+P17IiSN+J1KY+KGaMxpQDFSWvLMIydEaoIRy65zL3NECPuUyYg7sJiYe2bDalozwFViL0ijbTj171o57XjmpzOKcBISrjBDUg5tK1ZuhoSimJG86iSSxAhP0ZgMNeUoJNLNZnfk8EQrIxhEQj+u4Ez93ZGhUMo09HVlsbVc9grxP2+YqODSzSiPE0U4nn8UJAyqCBahwBEVBCuWaoKwoHpXiCdIIKx0dFUdgr188irptZr2ebN1azfaZ2COCjgEx+AU2OACtMEN6IAuwOABPIEX8Go8Gs/Gm/E+Ly0Zi546+APj4wdW5JvB</latexit>

Fgrav+dil.
<latexit sha1_base64="DFhOCKFV5JRRcZH4HCcEX9YAurs=">AAACBHicbVDLSsNAFJ3UV62vqMtuBosgKCGpCwU3BUHciBXsA5sQJpNJO3TyYGZSKCELN/6KGxeKuPUj3LnyV5y0XWj1wIXDOfdy7z1ewqiQpvmplRYWl5ZXyquVtfWNzS19e6ct4pRj0sIxi3nXQ4IwGpGWpJKRbsIJCj1GOt7wvPA7I8IFjaNbOU6IE6J+RAOKkVSSq1ftEMkBRiy7yN3M5iHsczQ69CkzclevmYY5AfxLrBmpNfSr668z/67p6h+2H+M0JJHEDAnRs8xEOhnikmJG8oqdCpIgPER90lM0QiERTjZ5Iof7SvFhEHNVkYQT9edEhkIhxqGnOouTxbxXiP95vVQGp05GoySVJMLTRUHKoIxhkQj0KSdYsrEiCHOqboV4gDjCUuVWUSFY8y//Je26YR0b9Rur1jgCU5RBFeyBA2CBE9AAl6AJWgCDe/AInsGL9qA9aa/a27S1pM1mdsEvaO/fbiia0A==</latexit>

� ! ⇤�
<latexit sha1_base64="CsQzKZBOYfXzhUpd/+P7BcDiXT8=">AAACAnicbVDLSsNAFJ34rPUVdSWCDBbBhZSkLnRnwYUuXLRgH9CEMplM2qEzSZiZCCUUN/opblwoxY0Lv8Kd36Af4TTtQlsPDBzOuYc793gxo1JZ1qcxN7+wuLScW8mvrq1vbJpb23UZJQKTGo5YJJoekoTRkNQUVYw0Y0EQ9xhpeL2Lkd+4JULSKLxR/Zi4HHVCGlCMlJba5q5ziThH0FERdK51ztc8k9pmwSpaGeAssSekcD78eth/q35X2uaH40c44SRUmCEpW7YVKzdFQlHMyCDvJJLECPdQh7Q0DREn0k2zEwbwUCs+DCKhX6hgpv5OpIhL2eeenuRIdeW0NxL/81qJCs7clIZxokiIx4uChEF976gP6FNBsGJ9TRAWVP8V4i4SCCvdWl6XYE+fPEvqpaJ9UixV7UL5GIyRA3vgABwBG5yCMrgCFVADGNyBR/AMXox748kYGq/j0TljktkBf2C8/wC5cZq9</latexit>

(												)



F = � 42
D

(↵0m)2

✓
↵0

2 m2 �Q2
L

◆✓
↵0

2 m2 �Q2
R

◆

<latexit sha1_base64="DNj9HMmvYQiwofmq9kkKzLzR7A8="></latexit>
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↵0

4 m2 = 1
2Q

2
L +N � 1 = 1

2Q
2
R + Ñ , N, Ñ � 0

<latexit sha1_base64="/W+kS/n5SkVitpbbcFNdyY8tFQo=">AAACU3icbZFdaxNBFIZn19qPaNvUXnpzMEgFY9iNhfamJeCNgoRWTFvIxnB29mwyZvajM7OFsOyFP6FX/VtF8MI/4o0XOkkKauOBgZfnPYcz806YS6GN53133AcrD1fX1jdqjx5vbm3Xd56c6axQnHo8k5m6CFGTFCn1jDCSLnJFmISSzsPJm5l/fkVKiyz9aKY5DRIcpSIWHI1Fw/rnIFbIywBlPsa9qtyvIPnUhiNYcL8q2x WcDt9b9hK6r/wl58PcCYyQEZXdqgnB5WWBEXSbfyAEIwJvWG94LW9esCz8O9Ho7N6827s+/nIyrH8NoowXCaWGS9S673u5GZSojOCSqlpQaMqRT3BEfStTTEgPynkmFTy3JII4U/akBub074kSE62nSWg7EzRjfd+bwf95/cLEh4NSpHlhKOWLRXEhwWQwCxgioYgbObUCuRL2rsDHaCMz9htqNgT//pOXxVm75b9utU/9RqfJFrXOnrJn7AXz2QHrsLfshPUYZ7fsB/vlMOeb89N13ZVFq+vczeyyf8rd/A3rdLIY</latexit>

Ext.	bound	(Sen	'94): ↵0

4 m2 � 1
2 max(Q2

L, Q
2
R)

<latexit sha1_base64="aqpTEPUB6EtNn9zBUDXPCzlH/mg="></latexit>



F = � 42
D

(↵0m)2

✓
↵0

2 m2 �Q2
L

◆✓
↵0

2 m2 �Q2
R

◆

<latexit sha1_base64="DNj9HMmvYQiwofmq9kkKzLzR7A8="></latexit>

RFC	examples:	Het.	ST	on

15

RFC:

T 10�D
<latexit sha1_base64="/bJrkzz5/DjxDAn9WXBngWroRa0=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQYmHYjaB2BrSwjJAbJGuYncwmQ2Zn15lZISx5BsHGQhFb38HKR7DzQeydXApN/GHg4//PYc45XsSZ0rb9ZaUWFpeWV9KrmbX1jc2t7PZOTYWxJLRKQh7KhocV5UzQqmaa00YkKQ48Tute/2KU1++oVCwUFT2IqBvgrmA+I1gbq1G5SRz76HLYzubsgj0WmgdnCrnz9/z3x33rsNzOfrY6IYkDKjThWKmmY0faTbDUjHA6zLRiRSNM+rhLmwYFDqhyk/G8Q3RgnA7yQ2me0Gjs/u5IcKDUIPBMZYB1T81mI/O/rBlr/8xNmIhiTQWZfOTHHOkQjZZHHSYp0XxgABPJzKyI9LDERJsTZcwRnNmV56FWLDjHheK1kyudwERp2IN9yIMDp1CCKyhDFQhweIAneLZurUfrxXqdlKasac8u/JH19gNHY5Mp</latexit>

↵0

4 m2 = 1
2Q

2
L +N � 1 = 1

2Q
2
R + Ñ , N, Ñ � 0

<latexit sha1_base64="/W+kS/n5SkVitpbbcFNdyY8tFQo=">AAACU3icbZFdaxNBFIZn19qPaNvUXnpzMEgFY9iNhfamJeCNgoRWTFvIxnB29mwyZvajM7OFsOyFP6FX/VtF8MI/4o0XOkkKauOBgZfnPYcz806YS6GN53133AcrD1fX1jdqjx5vbm3Xd56c6axQnHo8k5m6CFGTFCn1jDCSLnJFmISSzsPJm5l/fkVKiyz9aKY5DRIcpSIWHI1Fw/rnIFbIywBlPsa9qtyvIPnUhiNYcL8q2x WcDt9b9hK6r/wl58PcCYyQEZXdqgnB5WWBEXSbfyAEIwJvWG94LW9esCz8O9Ho7N6827s+/nIyrH8NoowXCaWGS9S673u5GZSojOCSqlpQaMqRT3BEfStTTEgPynkmFTy3JII4U/akBub074kSE62nSWg7EzRjfd+bwf95/cLEh4NSpHlhKOWLRXEhwWQwCxgioYgbObUCuRL2rsDHaCMz9htqNgT//pOXxVm75b9utU/9RqfJFrXOnrJn7AXz2QHrsLfshPUYZ7fsB/vlMOeb89N13ZVFq+vczeyyf8rd/A3rdLIY</latexit>

Ext.	bound	(Sen	'94): ↵0

4 m2 � 1
2 max(Q2

L, Q
2
R)

<latexit sha1_base64="aqpTEPUB6EtNn9zBUDXPCzlH/mg="></latexit>

:	either																				(BPS,										)F � 0
<latexit sha1_base64="37G5p5g9Wp2Do2bcG+Z+KHfhbp4=">AAAB+nicbVC7SgNBFJ31GeNro6XNYBAsJOzGQjsDglhGMA/ILmF2cjcZMvtgZlYJa2o/wFqEFIrY+hHWdn6NziYpNPHAwOGce7lnjhdzJpVlfRkLi0vLK6u5tfz6xubWtlnYqcsoERRqNOKRaHpEAmch1BRTHJqxABJ4HBpe/zzzGzcgJIvCazWIwQ1IN2Q+o0RpqW0WnICoHiU8vRhipwvYaptFq2SNgeeJPSXFs++Hj6fK6L7aNj+dTkSTAEJFOZGyZVuxclMiFKMchnknkRAT2iddaGkakgCkm46jD/GBVjrYj4R+ocJj9fdGSgIpB4GnJ7OgctbLxP+8VqL8UzdlYZwoCOnkkJ9wrCKc9YA7TABVfKAJoYLprJj2iCBU6bbyugR79svzpF4u2cel8pVdrByhCXJoD+2jQ2SjE1RBl6iKaoiiW/SIntGLcWeMjFfjbTK6YEx3dtEfGO8/jIuX7Q==</latexit>

↵0

2 m2 = Q2
R

<latexit sha1_base64="wsaH1lKxXQirSUQHFIxaovU4Ti4=">AAACBnicbVC7SgNBFJ2NrxhfqylFGAwSCwm7a6GNErDRLhHzgOwmzE5mkyGzD2ZmhbBsITa2Vn6DjYUitn6DnX/j5FFo4oELh3Pu5d573IhRIQ3jW8ssLC4tr2RXc2vrG5tb+vZOXYQxx6SGQxbyposEYTQgNUklI82IE+S7jDTcwcXIb9wSLmgY3MhhRBwf9QLqUYykkjr6nu1xhBMbsaiPimlipdBvW/AMVjvXbaujF4ySMQacJ+aUFMr5p6vi4/ldpaN/2d0Qxz4JJGZIiJZpRNJJEJcUM5Lm7FiQCOEB6pGWogHyiXCS8RspPFBKF3ohVxVIOFZ/TyTIF2Lou6rTR7IvZr2R+J/XiqV36iQ0iGJJAjxZ5MUMyhCOMoFdygmWbKgIwpyqWyHuI5WLVMnlVAjm7MvzpG6VzOOSVTUL5SMwQRbsgn1wCExwAsrgElRADWBwD57BK3jTHrQX7V37mLRmtOlMHvyB9vkDuU+aMQ==</latexit>

F = 0
<latexit sha1_base64="kbzoYQkxbXfdDCXO5YKZmPbDsXk=">AAAB+HicbVDLSgMxFL1TX7U+OupSkGARXEiZqQvdiAVBXLZgH9AOJZNm2tDMgyQj1KFLv8KNC0Vc6srvcOc36EeYabvQ1gOBwzn3ck+OG3EmlWV9GpmFxaXllexqbm19YzNvbm3XZRgLQmsk5KFoulhSzgJaU0xx2owExb7LacMdXKR+44YKycLgWg0j6vi4FzCPEay01DHzbR+rPsE8uRyhM2R1zIJVtMZA88SeksL569fd3nv1u9IxP9rdkMQ+DRThWMqWbUXKSbBQjHA6yrVjSSNMBrhHW5oG2KfSScbBR+hAK13khUK/QKGx+nsjwb6UQ9/Vk2lMOeul4n9eK1beqZOwIIoVDcjkkBdzpEKUtoC6TFCi+FATTATTWRHpY4GJ0l3ldAn27JfnSb1UtI+LpapdKB/BBFnYhX04BBtOoAxXUIEaEIjhHh7hybg1Hoxn42UymjGmOzvwB8bbD5KSlsA=</latexit>

or ↵0

2 m2  Q2
L

<latexit sha1_base64="ervgk5q1PZxUoGj26aGohIB5gdI=">AAACCHicbVC7SgNBFJ31GeNrNaWFg0FiIWF3LbSSgI2CRQLmAdnNMjuZTYbMPpiZFcKyhYWNnZUfYWOhiK2fYOffOHkUmnjgwuGce7n3Hi9mVEjD+NYWFpeWV1Zza/n1jc2tbX1ntyGihGNSxxGLeMtDgjAakrqkkpFWzAkKPEaa3uBi5DdvCRc0Cm/kMCZOgHoh9SlGUkmuvm/7HOHURizuo1KWWhkMOha0GYE197pjuXrRKBtjwHliTkmxUni6Kj2e31Vd/cvuRjgJSCgxQ0K0TSOWToq4pJiRLG8ngsQID1CPtBUNUUCEk44fyeChUrrQj7iqUMKx+nsiRYEQw8BTnQGSfTHrjcT/vHYi/TMnpWGcSBLiySI/YVBGcJQK7FJOsGRDRRDmVN0KcR+pZKTKLq9CMGdfnicNq2yelK2aWawcgwlyYA8cgCNgglNQAZegCuoAg3vwDF7Bm/agvWjv2sekdUGbzhTAH2ifP30Fmy8=</latexit>



RFC	&	WGC	bounds	again	equivalent!

F = � 42
D

(↵0m)2

✓
↵0

2 m2 �Q2
L

◆✓
↵0

2 m2 �Q2
R

◆

<latexit sha1_base64="DNj9HMmvYQiwofmq9kkKzLzR7A8="></latexit>

RFC	examples:	Het.	ST	on

15

RFC:

T 10�D
<latexit sha1_base64="/bJrkzz5/DjxDAn9WXBngWroRa0=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQYmHYjaB2BrSwjJAbJGuYncwmQ2Zn15lZISx5BsHGQhFb38HKR7DzQeydXApN/GHg4//PYc45XsSZ0rb9ZaUWFpeWV9KrmbX1jc2t7PZOTYWxJLRKQh7KhocV5UzQqmaa00YkKQ48Tute/2KU1++oVCwUFT2IqBvgrmA+I1gbq1G5SRz76HLYzubsgj0WmgdnCrnz9/z3x33rsNzOfrY6IYkDKjThWKmmY0faTbDUjHA6zLRiRSNM+rhLmwYFDqhyk/G8Q3RgnA7yQ2me0Gjs/u5IcKDUIPBMZYB1T81mI/O/rBlr/8xNmIhiTQWZfOTHHOkQjZZHHSYp0XxgABPJzKyI9LDERJsTZcwRnNmV56FWLDjHheK1kyudwERp2IN9yIMDp1CCKyhDFQhweIAneLZurUfrxXqdlKasac8u/JH19gNHY5Mp</latexit>

↵0

4 m2 = 1
2Q

2
L +N � 1 = 1

2Q
2
R + Ñ , N, Ñ � 0

<latexit sha1_base64="/W+kS/n5SkVitpbbcFNdyY8tFQo=">AAACU3icbZFdaxNBFIZn19qPaNvUXnpzMEgFY9iNhfamJeCNgoRWTFvIxnB29mwyZvajM7OFsOyFP6FX/VtF8MI/4o0XOkkKauOBgZfnPYcz806YS6GN53133AcrD1fX1jdqjx5vbm3Xd56c6axQnHo8k5m6CFGTFCn1jDCSLnJFmISSzsPJm5l/fkVKiyz9aKY5DRIcpSIWHI1Fw/rnIFbIywBlPsa9qtyvIPnUhiNYcL8q2x WcDt9b9hK6r/wl58PcCYyQEZXdqgnB5WWBEXSbfyAEIwJvWG94LW9esCz8O9Ho7N6827s+/nIyrH8NoowXCaWGS9S673u5GZSojOCSqlpQaMqRT3BEfStTTEgPynkmFTy3JII4U/akBub074kSE62nSWg7EzRjfd+bwf95/cLEh4NSpHlhKOWLRXEhwWQwCxgioYgbObUCuRL2rsDHaCMz9htqNgT//pOXxVm75b9utU/9RqfJFrXOnrJn7AXz2QHrsLfshPUYZ7fsB/vlMOeb89N13ZVFq+vczeyyf8rd/A3rdLIY</latexit>

Ext.	bound	(Sen	'94): ↵0

4 m2 � 1
2 max(Q2

L, Q
2
R)

<latexit sha1_base64="aqpTEPUB6EtNn9zBUDXPCzlH/mg="></latexit>

F-theory	exs: (Lee,	Lerche,	Weigand	'18,	'19)



BH/self-force	theorems

16

I.	A	par7cle	that	is	self-repulsive
throughout	moduli	space	is	superextremal

BH,	to	appear

II.	A	par7cle	that	has	vanishing	self-force
and	non-vanishing	mass	throughout
moduli	space	is	extremal

D � 3

D � 2
2
DM2(�) +G�1

��(�)

✓
dM

d�

◆2

= e2(�)Q2

<latexit sha1_base64="hCM3jDdlAJOY1fsNOHVPrI6HPtk="></latexit>

s.t.																	everywhereM(�) > 0
<latexit sha1_base64="AEzfpEzQjTnNh4vdlnSQwSyZdio=">AAAB8nicbZDLSgMxFIbP1FutVasuBQkWoYKUmbrQlRTcuBFasBeYDiWTZtrQTGZIMkIZ+gyu3HShiNs+jTtfRkwvC63+EPj4/3PIOcePOVPatj+tzNr6xuZWdju3k9/d2y8cHDZVlEhCGyTikWz7WFHOBG1opjltx5Li0Oe05Q9vZ3nrkUrFIvGgRzH1QtwXLGAEa2O596VOPGDn6AbZ3ULRLttzob/gLKFYzT/Vp5Ovk1q38NHpRSQJqdCEY6Vcx461l2KpGeF0nOskisaYDHGfugYFDqny0vnIY3RmnB4KImme0Gju/uxIcajUKPRNZYj1QK1mM/O/zE10cO2lTMSJpoIsPgoSjnSEZvujHpOUaD4ygIlkZlZEBlhios2VcuYIzurKf6FZKTuX5UrdKVYvYKEsHMMplMCBK6jCHdSgAQQieIYXeLW0NbHerPdFacZa9hzBL1nTb9v/k0o=</latexit>



Ex:	BPS	versus	extremal

17
Ex.	from	Alim,	BH,	Rudelius,	to	appear

BH
region

M2	brane	on
conifold	S2

<latexit sha1_base64="GrNG1b+Y/Tv2l2NCL3K+bOo5ldg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF4+V2lpoY9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY38z8hyeujYjVPU4S7kd0qEQoGEUrNZuPtX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6Rdq3oX1drdZaXu5nEU4QRO4Rw8uII63EIDWsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfPJo1t</latexit>

M2	branes	on
other	hol.	curves

�

<latexit sha1_base64="gXpGc2R16aT4l84O9n3n8gWEWfg=">AAAB73icbVBNS8NAEJ2tX7V+VT16WSyCp5JUQY9FLx4r2A9oQtlsN+nSzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBVcG8f5RqW19Y3NrfJ2ZWd3b/+genjU0UmmKGvTRCSqFxDNBJesbbgRrJcqRuJAsG4wvp353SemNE/kg5mkzI9JJHnIKTFW6nkBjyLlTQfVmlN35sCrxC1IDQq0BtUvb5jQLGbSUEG07rtOavycKMOpYNOKl2mWEjomEetbKknMtJ/P753iM6sMcZgoW9Lgufp7Iiex1pM4sJ0xMSO97M3E/7x+ZsJrP+cyzQyTdLEozAQ2CZ49j4dcMWrExBJCFbe3YjoiilBjI6rYENzll1dJp1F3L+qN+8ta86aIowwncArn4MIVNOEOWtAGCgKe4RXe0CN6Qe/oY9FaQsXMMfwB+vwBLFWQDg==</latexit>

Q2/m
<latexit sha1_base64="fAQ7kNdr2ZFtOrlJyK13woP/RzE=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjTxhLtgokcSLx4hcYEENqRbutDQdjdt14Rs+A1ePGiMV3+QN/+NBfag4EsmeXlvJjPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRahPYh6rbog15UxS3zDDaTdRFIuQ0044uZ/7nSeqNIvlo5kmNBB4JFnECDZW8luD2rUYlCtu1V0ArRMvJxXI0RyUv/rDmKSCSkM41rrnuYkJMq wMI5zOSv1U0wSTCR7RnqUSC6qDbHHsDF1aZYiiWNmSBi3U3xMZFlpPRWg7BTZjverNxf+8XmqiuyBjMkkNlWS5KEo5MjGaf46GTFFi+NQSTBSztyIyxgoTY/Mp2RC81ZfXSbtW9erVWuum0rjI4yjCGZzDFXhwCw14gCb4QIDBM7zCmyOdF+fd+Vi2Fpx85hT+wPn8AQJWjhA=</latexit>

Q1/m
<latexit sha1_base64="4nZbVgdctcoAh7P+2gCyDalQ2m0=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjTxhLtgokcSLx4hcYEENqRbutDQdjdt14Rs+A1ePGiMV3+QN/+NBfag4EsmeXlvJjPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRahPYh6rbog15UxS3zDDaTdRFIuQ0044uZ/7nSeqNIvlo5kmNBB4JFnECDZW8lsD71oMyhW36i6A1omXkwrkaA7KX/1hTFJBpSEca93z3MQEGVaGEU5npX6qaYLJBI9oz1KJBdVBtjh2hi6tMkRRrGxJgxbq74kMC62nIrSdApuxXvXm4n9eLzXRXZAxmaSGSrJcFKUcmRjNP0dDpigxfGoJJorZWxEZY4WJsfmUbAje6svrpF2revVqrXVTaVzkcRThDM7hCjy4hQY8QBN8IMDgGV7hzZHOi/PufCxbC04+cwp/4Hz+AADQjg8=</latexit>



Ex:	BPS	versus	extremal

17
Ex.	from	Alim,	BH,	Rudelius,	to	appear

BH
region

Extremal	&	BPS
(											never	vanishes)M(�)

<latexit sha1_base64="doYJDXufP+4GYAsbvUg6phb1+AI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CVahXspuFfRY8OJFqOC2hXYp2TTbhmazIckKZemP8OJBEa/+Hm/+G9N2D9r6YODx3gwz80LJmTau++0U1tY3NreK26Wd3b39g/LhUUsnqSLUJwlPVCfEmnImqG+Y4bQjFcVxyGk7HN/O/PYTVZol4tFMJA1iPBQsYgQbK7Xvqz05Yhf9csWtuXOgVeLlpAI5mv3yV2+QkDSmwhCOte56rjRBhpVhhNNpqZdqKjEZ4yHtWipwTHWQzc+donOrDFCUKFvCoLn6eyLDsdaTOLSdMTYjvezNxP+8bmqimyBjQqaGCrJYFKUcmQTNfkcDpigxfGIJJorZWxEZYYWJsQmVbAje8surpFWveZe1+sNVpXGWx1GEEziFKnhwDQ24gyb4QGAMz/AKb450Xpx352PRWnDymWP4A+fzB25OjuE=</latexit>

Superextremal	&	BPSM2	brane	on
conifold	S2

<latexit sha1_base64="GrNG1b+Y/Tv2l2NCL3K+bOo5ldg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF4+V2lpoY9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY38z8hyeujYjVPU4S7kd0qEQoGEUrNZuPtX654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6Rdq3oX1drdZaXu5nEU4QRO4Rw8uII63EIDWsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wfPJo1t</latexit>

(																	at
conifold	point)
M(�) = 0

<latexit sha1_base64="OkO6n5YKGqRZBy5iZ+peIKbTgKA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CVahXspuFfQiFLx4ESrYD2mXkk2zbWiSXZKsUJb+Ci8eFPHqz/HmvzFt96CtDwYe780wMy+IOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2jqKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYxupn7riSrNIvlgxjH1BR5IFjKCjZUe78rdeMjOrt1eseRW3BnQMvEyUoIM9V7xq9uPSCKoNIRjrTueGxs/xcowwumk0E00jTEZ4QHtWCqxoNpPZwdP0KlV+iiMlC1p0Ez9PZFiofVYBLZTYDPUi95U/M/rJCa88lMm48RQSeaLwoQjE6Hp96jPFCWGjy3BRDF7KyJDrDAxNqOCDcFbfHmZNKsV77xSvb8o1U6yOPJwBMdQBg8uoQa3UIcGEBDwDK/w5ijnxXl3PuatOSebOYQ/cD5/AGImj2I=</latexit>

Q2/m
<latexit sha1_base64="fAQ7kNdr2ZFtOrlJyK13woP/RzE=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjTxhLtgokcSLx4hcYEENqRbutDQdjdt14Rs+A1ePGiMV3+QN/+NBfag4EsmeXlvJjPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRahPYh6rbog15UxS3zDDaTdRFIuQ0044uZ/7nSeqNIvlo5kmNBB4JFnECDZW8luD2rUYlCtu1V0ArRMvJxXI0RyUv/rDmKSCSkM41rrnuYkJMq wMI5zOSv1U0wSTCR7RnqUSC6qDbHHsDF1aZYiiWNmSBi3U3xMZFlpPRWg7BTZjverNxf+8XmqiuyBjMkkNlWS5KEo5MjGaf46GTFFi+NQSTBSztyIyxgoTY/Mp2RC81ZfXSbtW9erVWuum0rjI4yjCGZzDFXhwCw14gCb4QIDBM7zCmyOdF+fd+Vi2Fpx85hT+wPn8AQJWjhA=</latexit>

Q1/m
<latexit sha1_base64="4nZbVgdctcoAh7P+2gCyDalQ2m0=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjTxhLtgokcSLx4hcYEENqRbutDQdjdt14Rs+A1ePGiMV3+QN/+NBfag4EsmeXlvJjPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRahPYh6rbog15UxS3zDDaTdRFIuQ0044uZ/7nSeqNIvlo5kmNBB4JFnECDZW8lsD71oMyhW36i6A1omXkwrkaA7KX/1hTFJBpSEca93z3MQEGVaGEU5npX6qaYLJBI9oz1KJBdVBtjh2hi6tMkRRrGxJgxbq74kMC62nIrSdApuxXvXm4n9eLzXRXZAxmaSGSrJcFKUcmRjNP0dDpigxfGoJJorZWxEZY4WJsfmUbAje6svrpF2revVqrXVTaVzkcRThDM7hCjy4hQY8QBN8IMDgGV7hzZHOi/PufCxbC04+cwp/4Hz+AADQjg8=</latexit>



Are	RFC/WGC	truly	independent?

18

Assume	4d	theory,	one			,	WGC,	RFC�
<latexit sha1_base64="LlFlRQYbGpnq8HS2lKh0UfYgQDA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCb2T2WTMzOwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJpyho0EYluR2iY4Io1LLeCtVPNUEaCtaLR7cxvPTFteKIe7DhlocSB4jGnaJ3U7A5QSuyVyn7Fn4OskiAnZchR75W+uv2EZpIpSwUa0wn81IYT1JZTwabFbmZYinSEA9ZxVKFkJpzMr52Sc6f0SZxoV8qSufp7YoLSmLGMXKdEOzTL3kz8z+tkNr4JJ1ylmWWKLhbFmSA2IbPXSZ9rRq0YO4JUc3croUPUSK0LqOhCCJZfXiXNaiW4rFTvr8o1P4+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzmBP7A+/wBgs+PBw==</latexit>

=) 9
<latexit sha1_base64="vCMloRCkao2aeaL0W1isb9PFMXw=">AAACAHicbVA9SwNBEJ3zM8avUwsLm8UgWIW7KGgZsLGwiGA+IDnC3mbvsmRv99jdU0NI41+xsVDE1p9h579xk1yhiQ8GHu/NMDMvTDnTxvO+naXlldW19cJGcXNre2fX3dtvaJkpQutEcqlaIdaUM0HrhhlOW6miOAk5bYaDq4nfvKdKMynuzDClQYJjwSJGsLFS1z3s3EgRKxb3DVZKPqAOfbRbddcteWVvCrRI/JyUIEet6351epJkCRWGcKx12/dSE4ywMoxwOi52Mk1TTAY4pm1LBU6oDkbTB8boxCo9FEllSxg0VX9PjHCi9TAJbWeCTV/PexPxP6+dmegyGDGRZoYKMlsUZRwZiSZpoB5TlBg+tAQTxeytiPSxwsTYzIo2BH/+5UXSqJT9s3Ll9rxU9fI4CnAEx3AKPlxAFa6hBnUgMIZneIU358l5cd6dj1nrkpPPHMAfOJ8/VxSW1A==</latexit> superext.,	self-aAracCve	parCcle

BH,	Reece,	Rudelius	'19



Are	RFC/WGC	truly	independent?

18

Assume	4d	theory,	one			,	WGC,	RFC�
<latexit sha1_base64="LlFlRQYbGpnq8HS2lKh0UfYgQDA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCb2T2WTMzOwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJpyho0EYluR2iY4Io1LLeCtVPNUEaCtaLR7cxvPTFteKIe7DhlocSB4jGnaJ3U7A5QSuyVyn7Fn4OskiAnZchR75W+uv2EZpIpSwUa0wn81IYT1JZTwabFbmZYinSEA9ZxVKFkJpzMr52Sc6f0SZxoV8qSufp7YoLSmLGMXKdEOzTL3kz8z+tkNr4JJ1ylmWWKLhbFmSA2IbPXSZ9rRq0YO4JUc3croUPUSK0LqOhCCJZfXiXNaiW4rFTvr8o1P4+jAKdwBhcQwDXU4A7q0AAKj/AMr/DmJd6L9+59LFrXvHzmBP7A+/wBgs+PBw==</latexit>

=) 9
<latexit sha1_base64="vCMloRCkao2aeaL0W1isb9PFMXw=">AAACAHicbVA9SwNBEJ3zM8avUwsLm8UgWIW7KGgZsLGwiGA+IDnC3mbvsmRv99jdU0NI41+xsVDE1p9h579xk1yhiQ8GHu/NMDMvTDnTxvO+naXlldW19cJGcXNre2fX3dtvaJkpQutEcqlaIdaUM0HrhhlOW6miOAk5bYaDq4nfvKdKMynuzDClQYJjwSJGsLFS1z3s3EgRKxb3DVZKPqAOfbRbddcteWVvCrRI/JyUIEet6351epJkCRWGcKx12/dSE4ywMoxwOi52Mk1TTAY4pm1LBU6oDkbTB8boxCo9FEllSxg0VX9PjHCi9TAJbWeCTV/PexPxP6+dmegyGDGRZoYKMlsUZRwZiSZpoB5TlBg+tAQTxeytiPSxwsTYzIo2BH/+5UXSqJT9s3Ll9rxU9fI4CnAEx3AKPlxAFa6hBnUgMIZneIU358l5cd6dj1nrkpPPHMAfOJ8/VxSW1A==</latexit> superext.,	self-aAracCve	parCcle

Q
<latexit sha1_base64="ivOWzRIdLZ4CCbewxjzCrvrBXKQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RyUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDp5uMyQ==</latexit>

M
<latexit sha1_base64="EbnivuvBJSuAfrjJvKvflIjdA0M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCFy9CC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+GbmPzyh0jyW92aSoB/RoeQhZ9RYqXnXL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUq/lcRThBE7hHDy4gjrcQgNawADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6GLjMU=</latexit>

ex
t.	B

Hs
bound
states

(not	BHs!)

not	a	sharp
contradicCon,
but	bizzare

BH,	Reece,	Rudelius	'19



Lee,	Lerche,	Weigand	'18:

Are	RFC/WGC	truly	independent?

18

WGC/RFC	agree	in	asymptoAc	regions
of	moduli	space

(Under	certain	assumpAons;
	excluding	bizarre	scenarios)



Are	RFC/WGC	equivalent	in	ST?

19

More	generally,	consider	“strong	forms”:

BH	region

QKK/m

Q5/m

Q,m

5d	spectrum:
2Q, 2m BH,	Reece

Rudelius	'15



More	generally,	consider	“strong	forms”:

Are	RFC/WGC	equivalent	in	ST?

19

Tower	WGC: s.t.8 ~Q 2 �, 9n 2 Z>0
<latexit sha1_base64="YYyHR/Ov6gXkLYWr0WOyzVe6i14="></latexit>

there	is	a	superextr.	parJcle	of	charge							.	n ~Q
<latexit sha1_base64="bX0L9rxrbWKsvybMCw8lYwMhVL8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rEF+yFtKJvtpF262YTdTaGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4fu63J6g0j+WjmSboR3QoecgZNVZ6kqQ3QZY1Zv1S2a24C5B14uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4KzYSzUmlI3pELuWShqh9rPFwTNyaZUBCWNlSxqyUH9PZDTSehoFtjOiZqRXvbn4n9dNTXjnZ1wmqUHJlovCVBATk/n3ZMAVMiOmllCmuL2VsBFVlBmbUdGG4K2+vE5a1Yp3Xak2bso1N4+jAOdwAVfgwS3U4AHq0AQGETzDK7w5ynlx3p2PZeuGk8+cwR84nz+X/ZA3</latexit>

BH,	Reece,	Rudelius	'19
Andriolo,	Junghans,	Noumi,	Shiu	'18



Are	RFC/WGC	equivalent	in	ST?

19

String	modular	invariance

BH,	Reece,	Rudelius	'16
Montero,	Shiu,	Soler	'16

� =
↵0

4
M2

Q
k�⇤

�



Are	RFC/WGC	equivalent	in	ST?

19

Subla9ce	WGC: 9n 2 Z>0
<latexit sha1_base64="OCmB01YTIXRBs5diSTAypGVikOU=">AAACB3icbVBNS8NAEN3Ur1q/oh4FWSyCp5JUQU9S8OKxgv3AJpTNdtou3WzC7kYsITcv/hUvHhTx6l/w5r9x0/agrQ8GHu/NMDMviDlT2nG+rcLS8srqWnG9tLG5tb1j7+41VZRICg0a8Ui2A6KAMwENzTSHdiyBhAGHVjC6yv3WPUjFInGrxzH4IRkI1meUaCN17UMPHswWhQX2mKmQ6GEQpHdZN73ETta1y07FmQAvEndGymiGetf+8noRTUIQmnKiVMd1Yu2nRGpGOWQlL1EQEzoiA+gYKkgIyk8nf2T42Cg93I+kKaHxRP09kZJQqXEYmM78TjXv5eJ/XifR/Qs/ZSJONAg6XdRPONYRzkPBPSaBaj42hFDJzK2YDokkVJvoSiYEd/7lRdKsVtzTSvXmrFxzZnEU0QE6QifIReeohq5RHTUQRY/oGb2iN+vJerHerY9pa8GazeyjP7A+fwAjq5jH</latexit>

s.t. 8 ~Q 2 �
<latexit sha1_base64="xkMiLgc9/XMBCS83HyrYojaXc0c=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7AbBT0GPOgxAfOA7BJ6J7PJkJnZZWY2EJaAF3/FiwdFvPoT3vwbJ4+DJhY0FFXddHeFCWfauO63k1tb39jcym8Xdnb39g+Kh0dNHaeK0AaJeazaIWjKmaQNwwyn7URRECGnrXB4O/VbI6o0i+WDGSc0ENCXLGIEjJW6xRM/ihVwjv0RJVl9gn0msX8HQkC3WHLL7gx4lXgLUkIL1LrFL78Xk1RQaQgHrTuem5ggA2UY4XRS8FNNEyBD6NOOpRIE1UE2+2GCz63Sw/YYW9Lgmfp7IgOh9ViEtlOAGehlbyr+53VSE90EGZNJaqgk80VRyrGJ8TQQ3GOKEsPHlgBRzN6KyQAUEGNjK9gQvOWXV0mzUvYuy5X6VanqLuLIo1N0hi6Qh65RFd2jGmoggh7RM3pFb86T8+K8Ox/z1pyzmDlGf+B8/gA80Zcy</latexit>

there	is	a	superextr.	parAcle	of	charge							.	n ~Q
<latexit sha1_base64="bX0L9rxrbWKsvybMCw8lYwMhVL8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rEF+yFtKJvtpF262YTdTaGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4fu63J6g0j+WjmSboR3QoecgZNVZ6kqQ3QZY1Zv1S2a24C5B14uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4KzYSzUmlI3pELuWShqh9rPFwTNyaZUBCWNlSxqyUH9PZDTSehoFtjOiZqRXvbn4n9dNTXjnZ1wmqUHJlovCVBATk/n3ZMAVMiOmllCmuL2VsBFVlBmbUdGG4K2+vE5a1Yp3Xak2bso1N4+jAOdwAVfgwS3U4AHq0AQGETzDK7w5ynlx3p2PZeuGk8+cwR84nz+X/ZA3</latexit>

,

String	modular	invariance

BH,	Reece,	Rudelius	'16
Montero,	Shiu,	Soler	'16

� =
↵0

4
M2

Q
k�⇤

�



Are	RFC/WGC	equivalent	in	ST?

19

Subla9ce	WGC: 9n 2 Z>0
<latexit sha1_base64="OCmB01YTIXRBs5diSTAypGVikOU=">AAACB3icbVBNS8NAEN3Ur1q/oh4FWSyCp5JUQU9S8OKxgv3AJpTNdtou3WzC7kYsITcv/hUvHhTx6l/w5r9x0/agrQ8GHu/NMDMviDlT2nG+rcLS8srqWnG9tLG5tb1j7+41VZRICg0a8Ui2A6KAMwENzTSHdiyBhAGHVjC6yv3WPUjFInGrxzH4IRkI1meUaCN17UMPHswWhQX2mKmQ6GEQpHdZN73ETta1y07FmQAvEndGymiGetf+8noRTUIQmnKiVMd1Yu2nRGpGOWQlL1EQEzoiA+gYKkgIyk8nf2T42Cg93I+kKaHxRP09kZJQqXEYmM78TjXv5eJ/XifR/Qs/ZSJONAg6XdRPONYRzkPBPSaBaj42hFDJzK2YDokkVJvoSiYEd/7lRdKsVtzTSvXmrFxzZnEU0QE6QifIReeohq5RHTUQRY/oGb2iN+vJerHerY9pa8GazeyjP7A+fwAjq5jH</latexit>

s.t. 8 ~Q 2 �
<latexit sha1_base64="xkMiLgc9/XMBCS83HyrYojaXc0c=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7AbBT0GPOgxAfOA7BJ6J7PJkJnZZWY2EJaAF3/FiwdFvPoT3vwbJ4+DJhY0FFXddHeFCWfauO63k1tb39jcym8Xdnb39g+Kh0dNHaeK0AaJeazaIWjKmaQNwwyn7URRECGnrXB4O/VbI6o0i+WDGSc0ENCXLGIEjJW6xRM/ihVwjv0RJVl9gn0msX8HQkC3WHLL7gx4lXgLUkIL1LrFL78Xk1RQaQgHrTuem5ggA2UY4XRS8FNNEyBD6NOOpRIE1UE2+2GCz63Sw/YYW9Lgmfp7IgOh9ViEtlOAGehlbyr+53VSE90EGZNJaqgk80VRyrGJ8TQQ3GOKEsPHlgBRzN6KyQAUEGNjK9gQvOWXV0mzUvYuy5X6VanqLuLIo1N0hi6Qh65RFd2jGmoggh7RM3pFb86T8+K8Ox/z1pyzmDlGf+B8/gA80Zcy</latexit>

there	is	a	superextr.	parAcle	of	charge							.	n ~Q
<latexit sha1_base64="bX0L9rxrbWKsvybMCw8lYwMhVL8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rEF+yFtKJvtpF262YTdTaGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4fu63J6g0j+WjmSboR3QoecgZNVZ6kqQ3QZY1Zv1S2a24C5B14uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4KzYSzUmlI3pELuWShqh9rPFwTNyaZUBCWNlSxqyUH9PZDTSehoFtjOiZqRXvbn4n9dNTXjnZ1wmqUHJlovCVBATk/n3ZMAVMiOmllCmuL2VsBFVlBmbUdGG4K2+vE5a1Yp3Xak2bso1N4+jAOdwAVfgwS3U4AHq0AQGETzDK7w5ynlx3p2PZeuGk8+cwR84nz+X/ZA3</latexit>

,

String	modular	invariance

BH,	Reece,	Rudelius	'16
Montero,	Shiu,	Soler	'16

� =
↵0

4
M2

Q
k�⇤

�

Caveat: ↵0

4 m2 = 1
2 max(Q2

L, Q
2
R)

<latexit sha1_base64="aCgJkT2XCptKM/Wy+oo3PuPN6tU="></latexit>

is	extremal?



The	subla*ce	RFC

20

Similar	KK	theory	mo9va9on	(for	TRFC)

Subla*ce	RFC:																					s.t.														,
there	is	a	self-repulsive	par9cle
of	charge							.	

9n 2 Z>0
<latexit sha1_base64="OCmB01YTIXRBs5diSTAypGVikOU=">AAACB3icbVBNS8NAEN3Ur1q/oh4FWSyCp5JUQU9S8OKxgv3AJpTNdtou3WzC7kYsITcv/hUvHhTx6l/w5r9x0/agrQ8GHu/NMDMviDlT2nG+rcLS8srqWnG9tLG5tb1j7+41VZRICg0a8Ui2A6KAMwENzTSHdiyBhAGHVjC6yv3WPUjFInGrxzH4IRkI1meUaCN17UMPHswWhQX2mKmQ6GEQpHdZN73ETta1y07FmQAvEndGymiGetf+8noRTUIQmnKiVMd1Yu2nRGpGOWQlL1EQEzoiA+gYKkgIyk8nf2T42Cg93I+kKaHxRP09kZJQqXEYmM78TjXv5eJ/XifR/Qs/ZSJONAg6XdRPONYRzkPBPSaBaj42hFDJzK2YDokkVJvoSiYEd/7lRdKsVtzTSvXmrFxzZnEU0QE6QifIReeohq5RHTUQRY/oGb2iN+vJerHerY9pa8GazeyjP7A+fwAjq5jH</latexit>

8 ~Q 2 �
<latexit sha1_base64="xkMiLgc9/XMBCS83HyrYojaXc0c=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7AbBT0GPOgxAfOA7BJ6J7PJkJnZZWY2EJaAF3/FiwdFvPoT3vwbJ4+DJhY0FFXddHeFCWfauO63k1tb39jcym8Xdnb39g+Kh0dNHaeK0AaJeazaIWjKmaQNwwyn7URRECGnrXB4O/VbI6o0i+WDGSc0ENCXLGIEjJW6xRM/ihVwjv0RJVl9gn0msX8HQkC3WHLL7gx4lXgLUkIL1LrFL78Xk1RQaQgHrTuem5ggA2UY4XRS8FNNEyBD6NOOpRIE1UE2+2GCz63Sw/YYW9Lgmfp7IgOh9ViEtlOAGehlbyr+53VSE90EGZNJaqgk80VRyrGJ8TQQ3GOKEsPHlgBRzN6KyQAUEGNjK9gQvOWXV0mzUvYuy5X6VanqLuLIo1N0hi6Qh65RFd2jGmoggh7RM3pFb86T8+K8Ox/z1pyzmDlGf+B8/gA80Zcy</latexit>

n ~Q
<latexit sha1_base64="bX0L9rxrbWKsvybMCw8lYwMhVL8=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rEF+yFtKJvtpF262YTdTaGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4fu63J6g0j+WjmSboR3QoecgZNVZ6kqQ3QZY1Zv1S2a24C5B14uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4KzYSzUmlI3pELuWShqh9rPFwTNyaZUBCWNlSxqyUH9PZDTSehoFtjOiZqRXvbn4n9dNTXjnZ1wmqUHJlovCVBATk/n3ZMAVMiOmllCmuL2VsBFVlBmbUdGG4K2+vE5a1Yp3Xak2bso1N4+jAOdwAVfgwS3U4AHq0AQGETzDK7w5ynlx3p2PZeuGk8+cwR84nz+X/ZA3</latexit>



Towards	a	proof	of	the	sLRFC

21

Show	that	par5cles	with	mass

BH,	Lo5to,	work	in	progress

↵0

4
m(�)2 =

1

2
max(Q2

L, Q
2
R)

<latexit sha1_base64="NVXASSxJRyuN/gGcPwEPttAFEbY="></latexit>

have	vanishing	self	force.



Towards	a	proof	of	the	sLRFC
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Show	that	par5cles	with	mass

BH,	Lo5to,	work	in	progress

↵0

4
m(�)2 =

1

2
max(Q2

L, Q
2
R)

<latexit sha1_base64="NVXASSxJRyuN/gGcPwEPttAFEbY="></latexit>

have	vanishing	self	force.

These	couple	to	Wilson	line	moduli
(														)	and	the	dilaton�0 = ⇤�

<latexit sha1_base64="kcis9j5EqenUD+EoWfhWVN93kOY=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyiq5JUQTdCwYUuXFSwD2hCuZlM2qEzSZiZCKXUjb/ixoUibv0Ld/6N0zYLbT0wcDjnHu7cE6ScKe0439bC4tLyymphrbi+sbm1be/sNlSSSULrJOGJbAWgKGcxrWumOW2lkoIIOG0G/aux33ygUrEkvteDlPoCujGLGAFtpI69712DEHCML7F3a2Ih4KnSsUtO2ZkAzxM3JyWUo9axv7wwIZmgsSYclGq7Tqr9IUjNCKejopcpmgLpQ5e2DY1BUOUPJxeM8JFRQhwl0rxY44n6OzEEodRABGZSgO6pWW8s/ue1Mx1d+EMWp5mmMZkuijKOdYLHdeCQSUo0HxgCRDLzV0x6IIFoU1rRlODOnjxPGpWye1qu3J2Vqk5eRwEdoEN0glx0jqroBtVQHRH0iJ7RK3qznqwX6936mI4uWHlmD/2B9fkDPgmVbA==</latexit>

WL	moduli: �ab̃(z, z̄) = Ja(z)J̃ b̃(z̄)
<latexit sha1_base64="iSMaEEs0mdVNCTzrzJANtXr3XwQ="></latexit>
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Calculate						,						,									,									,								,							,							
in	terms	of	CFT	0,1,2-pt.	func>ons

BH,	Lo>to,	work	in	progress

2
D

<latexit sha1_base64="Y4QFvbZ53k2Oyfzzy6mp41Qqrzs=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjQg8cK9gPbWCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMrqd+64kpzWN5b8YJ8yMcSB5yisZKD90RJgn2bh6rvVLZrbgzkGXi5aQMOeq90le3H9M0YtJQgVp3PDcxfobKcCrYpNhNNUuQjnDAOpZKjJj2s9nFE3JqlT4JY2VLGjJTf09kGGk9jgLbGaEZ6kVvKv7ndVITXvkZl0lqmKTzRWEqiInJ9H3S54pRI8aWIFXc3kroEBVSY0Mq2hC8xZeXSbNa8c4r1buLcs3N4yjAMZzAGXhwCTW4hTo0gIKEZ3iFN0c7L8678zFvXXHymSP4A+fzBwL0kGw=</latexit>

fab
<latexit sha1_base64="sfbJ9p6OpQiUVHMG45nW/BT3yiM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Ae0oUy2m3bpZhN2N0IJ+RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkvWNtwI1ksUwygQrBtM7+Z+94kpzWP5aGYJ8yMcSx5yisZK3XCYIQnyYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCWz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66TTq3lW98XBda7pFHGU4g3O4BA9uoAn30II2UJjCM7zCm5M4L86787FsLTnFzCn8gfP5Awxuj1I=</latexit>

G��0
<latexit sha1_base64="1aLmE+55uRXQLbnZ+6VwNSA+ssY=">AAAB/XicbVDLSgMxFL3js9bX+Ni5CRbRVZmpgi4LLnRZwT6gHYZMJtOGZjJDkhHqUPwVNy4Ucet/uPNvTNtZaOuBkMM555KbE6ScKe0439bS8srq2nppo7y5tb2za+/tt1SSSUKbJOGJ7ARYUc4EbWqmOe2kkuI44LQdDK8nfvuBSsUSca9HKfVi3BcsYgRrI/n24Y2f97jJhxgV9+nYtytO1ZkCLRK3IBUo0PDtr16YkCymQhOOleq6Tqq9HEvNCKfjci9TNMVkiPu0a6jAMVVePt1+jE6MEqIokeYIjabq74kcx0qN4sAkY6wHat6biP953UxHV17ORJppKsjsoSjjSCdoUgUKmaRE85EhmEhmdkVkgCUm2hRWNiW4819eJK1a1T2v1u4uKnWnqKMER3AMZ+DCJdThFhrQBAKP8Ayv8GY9WS/Wu/Uxiy5ZxcwB/IH1+QPWTJTE</latexit>

G��
<latexit sha1_base64="lO7u5KzbIwKDJ/5PIMdGRd0jby4=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPBgx4r2A9ol5JNp21oNrsm2UJZ+ju8eFDEqz/Gm//GbLsHbX0ww+O9GTJ5QSy4Nq777aytb2xubRd2irt7+weHpaPjpo4SxbDBIhGpdkA1Ci6xYbgR2I4V0jAQ2ArGt5nfmqDSPJKPZhqjH9Kh5APOqLGSf9dLu/URJ1mb9Uplt+LOQVaJl5My5Kj3Sl/dfsSSEKVhgmrd8dzY+ClVhjOBs2I30RhTNqZD7FgqaYjaT+dHz8i5VfpkEClb0pC5+nsjpaHW0zCwkyE1I73sZeJ/Xicxgxs/5TJODEq2eGiQCGIikiVA+lwhM2JqCWWK21sJG1FFmbE5FW0I3vKXV0mzWvEuK9WHq3LNzeMowCmcwQV4cA01uIc6NIDBEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AKlKRpg==</latexit>

G��
<latexit sha1_base64="PVUpkRJTLEvmx0p4piwad1aDd3I=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXBhS4r2Ac0IUwmk3boZBJmJoUS+iduXCji1j9x5984bbPQ1gMDh3PO5d45YcaZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq9JcEtohKU9lP8SKciZoRzPNaT+TFCchp71wfDf3exMqFUvFk55m1E/wULCYEayNFNj2fVB43OQjjLz2iM0Cu+40nAXQOnFLUocS7cD+8qKU5AkVmnCs1MB1Mu0XWGpGOJ3VvFzRDJMxHtKBoQInVPnF4vIZujBKhOJUmic0Wqi/JwqcKDVNQpNMsB6pVW8u/ucNch3f+gUTWa6pIMtFcc6RTtG8BhQxSYnmU0MwkczcisgIS0y0KatmSnBXv7xOus2Ge9VoPl7XW05ZRxXO4BwuwYUbaMEDtKEDBCbwDK/wZhXWi/VufSyjFaucOYU/sD5/AAdLkzU=</latexit>

G�i
<latexit sha1_base64="I9fQmv1t42il1pm3xUVgxVAbFxE=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLgQpcV7APaoWQyt21oJjMmmUIZ+h1uXCji1o9x59+YtrPQ1gOBwznncm9OkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvjVFpHstHM0nQj+hA8j5n1FjJv+tlXWHTISV82iuV3Yo7B1klXk7KkKPeK311w5ilEUrDBNW647mJ8TOqDGcCp8VuqjGhbEQH2LFU0gi1n82PnpJzq4SkHyv7pCFz9fdERiOtJ1FgkxE1Q73szcT/vE5q+jd+xmWSGpRssaifCmJiMmuAhFwhM2JiCWWK21sJG1JFmbE9FW0J3vKXV0mzWvEuK9WHq3LNzesowCmcwQV4cA01uIc6NIDBEzzDK7w5Y+fFeXc+FtE1J585gT9wPn8AbtaR0g==</latexit>

G�i
<latexit sha1_base64="L2F7fMgSUnOdHB/qQ1EpRz7eZX8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCBz1WsB/YhrLZTtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHS420/6zVGnPBpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7xlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9j4ZcIXMiIkllClubyVsRBVlxoZUsiF4yy+vklat6l1Ua/eXlbqbx1GEEziFc/DgCupwBw1oAgMJz/AKb452Xpx352PRWnDymWP4A+fzBw2SkHQ=</latexit>
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2
D

<latexit sha1_base64="Y4QFvbZ53k2Oyfzzy6mp41Qqrzs=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjQg8cK9gPbWCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMrqd+64kpzWN5b8YJ8yMcSB5yisZKD90RJgn2bh6rvVLZrbgzkGXi5aQMOeq90le3H9M0YtJQgVp3PDcxfobKcCrYpNhNNUuQjnDAOpZKjJj2s9nFE3JqlT4JY2VLGjJTf09kGGk9jgLbGaEZ6kVvKv7ndVITXvkZl0lqmKTzRWEqiInJ9H3S54pRI8aWIFXc3kroEBVSY0Mq2hC8xZeXSbNa8c4r1buLcs3N4yjAMZzAGXhwCTW4hTo0gIKEZ3iFN0c7L8678zFvXXHymSP4A+fzBwL0kGw=</latexit>

fab
<latexit sha1_base64="sfbJ9p6OpQiUVHMG45nW/BT3yiM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Ae0oUy2m3bpZhN2N0IJ+RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkvWNtwI1ksUwygQrBtM7+Z+94kpzWP5aGYJ8yMcSx5yisZK3XCYIQnyYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCWz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66TTq3lW98XBda7pFHGU4g3O4BA9uoAn30II2UJjCM7zCm5M4L86787FsLTnFzCn8gfP5Awxuj1I=</latexit>

G��0
<latexit sha1_base64="1aLmE+55uRXQLbnZ+6VwNSA+ssY=">AAAB/XicbVDLSgMxFL3js9bX+Ni5CRbRVZmpgi4LLnRZwT6gHYZMJtOGZjJDkhHqUPwVNy4Ucet/uPNvTNtZaOuBkMM555KbE6ScKe0439bS8srq2nppo7y5tb2za+/tt1SSSUKbJOGJ7ARYUc4EbWqmOe2kkuI44LQdDK8nfvuBSsUSca9HKfVi3BcsYgRrI/n24Y2f97jJhxgV9+nYtytO1ZkCLRK3IBUo0PDtr16YkCymQhOOleq6Tqq9HEvNCKfjci9TNMVkiPu0a6jAMVVePt1+jE6MEqIokeYIjabq74kcx0qN4sAkY6wHat6biP953UxHV17ORJppKsjsoSjjSCdoUgUKmaRE85EhmEhmdkVkgCUm2hRWNiW4819eJK1a1T2v1u4uKnWnqKMER3AMZ+DCJdThFhrQBAKP8Ayv8GY9WS/Wu/Uxiy5ZxcwB/IH1+QPWTJTE</latexit>

G��
<latexit sha1_base64="lO7u5KzbIwKDJ/5PIMdGRd0jby4=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPBgx4r2A9ol5JNp21oNrsm2UJZ+ju8eFDEqz/Gm//GbLsHbX0ww+O9GTJ5QSy4Nq777aytb2xubRd2irt7+weHpaPjpo4SxbDBIhGpdkA1Ci6xYbgR2I4V0jAQ2ArGt5nfmqDSPJKPZhqjH9Kh5APOqLGSf9dLu/URJ1mb9Uplt+LOQVaJl5My5Kj3Sl/dfsSSEKVhgmrd8dzY+ClVhjOBs2I30RhTNqZD7FgqaYjaT+dHz8i5VfpkEClb0pC5+nsjpaHW0zCwkyE1I73sZeJ/Xicxgxs/5TJODEq2eGiQCGIikiVA+lwhM2JqCWWK21sJG1FFmbE5FW0I3vKXV0mzWvEuK9WHq3LNzeMowCmcwQV4cA01uIc6NIDBEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AKlKRpg==</latexit>

G��
<latexit sha1_base64="PVUpkRJTLEvmx0p4piwad1aDd3I=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXBhS4r2Ac0IUwmk3boZBJmJoUS+iduXCji1j9x5984bbPQ1gMDh3PO5d45YcaZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq9JcEtohKU9lP8SKciZoRzPNaT+TFCchp71wfDf3exMqFUvFk55m1E/wULCYEayNFNj2fVB43OQjjLz2iM0Cu+40nAXQOnFLUocS7cD+8qKU5AkVmnCs1MB1Mu0XWGpGOJ3VvFzRDJMxHtKBoQInVPnF4vIZujBKhOJUmic0Wqi/JwqcKDVNQpNMsB6pVW8u/ucNch3f+gUTWa6pIMtFcc6RTtG8BhQxSYnmU0MwkczcisgIS0y0KatmSnBXv7xOus2Ge9VoPl7XW05ZRxXO4BwuwYUbaMEDtKEDBCbwDK/wZhXWi/VufSyjFaucOYU/sD5/AAdLkzU=</latexit>

G�i
<latexit sha1_base64="I9fQmv1t42il1pm3xUVgxVAbFxE=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLgQpcV7APaoWQyt21oJjMmmUIZ+h1uXCji1o9x59+YtrPQ1gOBwznncm9OkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvjVFpHstHM0nQj+hA8j5n1FjJv+tlXWHTISV82iuV3Yo7B1klXk7KkKPeK311w5ilEUrDBNW647mJ8TOqDGcCp8VuqjGhbEQH2LFU0gi1n82PnpJzq4SkHyv7pCFz9fdERiOtJ1FgkxE1Q73szcT/vE5q+jd+xmWSGpRssaifCmJiMmuAhFwhM2JiCWWK21sJG1JFmbE9FW0J3vKXV0mzWvEuK9WHq3LNzesowCmcwQV4cA01uIc6NIDBEzzDK7w5Y+fFeXc+FtE1J585gT9wPn8AbtaR0g==</latexit>

G�i
<latexit sha1_base64="L2F7fMgSUnOdHB/qQ1EpRz7eZX8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCBz1WsB/YhrLZTtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHS420/6zVGnPBpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7xlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9j4ZcIXMiIkllClubyVsRBVlxoZUsiF4yy+vklat6l1Ua/eXlbqbx1GEEziFc/DgCupwBw1oAgMJz/AKb452Xpx352PRWnDymWP4A+fzBw2SkHQ=</latexit>

other	moduli
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2
D

<latexit sha1_base64="Y4QFvbZ53k2Oyfzzy6mp41Qqrzs=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjQg8cK9gPbWCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMrqd+64kpzWN5b8YJ8yMcSB5yisZKD90RJgn2bh6rvVLZrbgzkGXi5aQMOeq90le3H9M0YtJQgVp3PDcxfobKcCrYpNhNNUuQjnDAOpZKjJj2s9nFE3JqlT4JY2VLGjJTf09kGGk9jgLbGaEZ6kVvKv7ndVITXvkZl0lqmKTzRWEqiInJ9H3S54pRI8aWIFXc3kroEBVSY0Mq2hC8xZeXSbNa8c4r1buLcs3N4yjAMZzAGXhwCTW4hTo0gIKEZ3iFN0c7L8678zFvXXHymSP4A+fzBwL0kGw=</latexit>

fab
<latexit sha1_base64="sfbJ9p6OpQiUVHMG45nW/BT3yiM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Ae0oUy2m3bpZhN2N0IJ+RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkvWNtwI1ksUwygQrBtM7+Z+94kpzWP5aGYJ8yMcSx5yisZK3XCYIQnyYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCWz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66TTq3lW98XBda7pFHGU4g3O4BA9uoAn30II2UJjCM7zCm5M4L86787FsLTnFzCn8gfP5Awxuj1I=</latexit>

G��0
<latexit sha1_base64="1aLmE+55uRXQLbnZ+6VwNSA+ssY=">AAAB/XicbVDLSgMxFL3js9bX+Ni5CRbRVZmpgi4LLnRZwT6gHYZMJtOGZjJDkhHqUPwVNy4Ucet/uPNvTNtZaOuBkMM555KbE6ScKe0439bS8srq2nppo7y5tb2za+/tt1SSSUKbJOGJ7ARYUc4EbWqmOe2kkuI44LQdDK8nfvuBSsUSca9HKfVi3BcsYgRrI/n24Y2f97jJhxgV9+nYtytO1ZkCLRK3IBUo0PDtr16YkCymQhOOleq6Tqq9HEvNCKfjci9TNMVkiPu0a6jAMVVePt1+jE6MEqIokeYIjabq74kcx0qN4sAkY6wHat6biP953UxHV17ORJppKsjsoSjjSCdoUgUKmaRE85EhmEhmdkVkgCUm2hRWNiW4819eJK1a1T2v1u4uKnWnqKMER3AMZ+DCJdThFhrQBAKP8Ayv8GY9WS/Wu/Uxiy5ZxcwB/IH1+QPWTJTE</latexit>

G��
<latexit sha1_base64="lO7u5KzbIwKDJ/5PIMdGRd0jby4=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPBgx4r2A9ol5JNp21oNrsm2UJZ+ju8eFDEqz/Gm//GbLsHbX0ww+O9GTJ5QSy4Nq777aytb2xubRd2irt7+weHpaPjpo4SxbDBIhGpdkA1Ci6xYbgR2I4V0jAQ2ArGt5nfmqDSPJKPZhqjH9Kh5APOqLGSf9dLu/URJ1mb9Uplt+LOQVaJl5My5Kj3Sl/dfsSSEKVhgmrd8dzY+ClVhjOBs2I30RhTNqZD7FgqaYjaT+dHz8i5VfpkEClb0pC5+nsjpaHW0zCwkyE1I73sZeJ/Xicxgxs/5TJODEq2eGiQCGIikiVA+lwhM2JqCWWK21sJG1FFmbE5FW0I3vKXV0mzWvEuK9WHq3LNzeMowCmcwQV4cA01uIc6NIDBEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AKlKRpg==</latexit>

G��
<latexit sha1_base64="PVUpkRJTLEvmx0p4piwad1aDd3I=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXBhS4r2Ac0IUwmk3boZBJmJoUS+iduXCji1j9x5984bbPQ1gMDh3PO5d45YcaZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq9JcEtohKU9lP8SKciZoRzPNaT+TFCchp71wfDf3exMqFUvFk55m1E/wULCYEayNFNj2fVB43OQjjLz2iM0Cu+40nAXQOnFLUocS7cD+8qKU5AkVmnCs1MB1Mu0XWGpGOJ3VvFzRDJMxHtKBoQInVPnF4vIZujBKhOJUmic0Wqi/JwqcKDVNQpNMsB6pVW8u/ucNch3f+gUTWa6pIMtFcc6RTtG8BhQxSYnmU0MwkczcisgIS0y0KatmSnBXv7xOus2Ge9VoPl7XW05ZRxXO4BwuwYUbaMEDtKEDBCbwDK/wZhXWi/VufSyjFaucOYU/sD5/AAdLkzU=</latexit>

G�i
<latexit sha1_base64="I9fQmv1t42il1pm3xUVgxVAbFxE=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLgQpcV7APaoWQyt21oJjMmmUIZ+h1uXCji1o9x59+YtrPQ1gOBwznncm9OkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvjVFpHstHM0nQj+hA8j5n1FjJv+tlXWHTISV82iuV3Yo7B1klXk7KkKPeK311w5ilEUrDBNW647mJ8TOqDGcCp8VuqjGhbEQH2LFU0gi1n82PnpJzq4SkHyv7pCFz9fdERiOtJ1FgkxE1Q73szcT/vE5q+jd+xmWSGpRssaifCmJiMmuAhFwhM2JiCWWK21sJG1JFmbE9FW0J3vKXV0mzWvEuK9WHq3LNzesowCmcwQV4cA01uIc6NIDBEzzDK7w5Y+fFeXc+FtE1J585gT9wPn8AbtaR0g==</latexit>

G�i
<latexit sha1_base64="L2F7fMgSUnOdHB/qQ1EpRz7eZX8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCBz1WsB/YhrLZTtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHS420/6zVGnPBpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7xlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9j4ZcIXMiIkllClubyVsRBVlxoZUsiF4yy+vklat6l1Ua/eXlbqbx1GEEziFc/DgCupwBw1oAgMJz/AKb452Xpx352PRWnDymWP4A+fzBw2SkHQ=</latexit>

0
<latexit sha1_base64="CjqzENbWeqMnDp4k+dxhOzA37ug=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jpp16reVbXWvK7U3TyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AdP2Mpg==</latexit>



Towards	a	proof	of	the	sLRFC

21

Calculate						,						,									,									,								,							,							
in	terms	of	CFT	0,1,2-pt.	func>ons

BH,	Lo>to,	work	in	progress

2
D

<latexit sha1_base64="Y4QFvbZ53k2Oyfzzy6mp41Qqrzs=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FjQg8cK9gPbWCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMrqd+64kpzWN5b8YJ8yMcSB5yisZKD90RJgn2bh6rvVLZrbgzkGXi5aQMOeq90le3H9M0YtJQgVp3PDcxfobKcCrYpNhNNUuQjnDAOpZKjJj2s9nFE3JqlT4JY2VLGjJTf09kGGk9jgLbGaEZ6kVvKv7ndVITXvkZl0lqmKTzRWEqiInJ9H3S54pRI8aWIFXc3kroEBVSY0Mq2hC8xZeXSbNa8c4r1buLcs3N4yjAMZzAGXhwCTW4hTo0gIKEZ3iFN0c7L8678zFvXXHymSP4A+fzBwL0kGw=</latexit>

fab
<latexit sha1_base64="sfbJ9p6OpQiUVHMG45nW/BT3yiM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Ae0oUy2m3bpZhN2N0IJ+RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkvWNtwI1ksUwygQrBtM7+Z+94kpzWP5aGYJ8yMcSx5yisZK3XCYIQnyYbXm1t0FyDrxClKDAq1h9WswimkaMWmoQK37npsYP0NlOBUsrwxSzRKkUxyzvqUSI6b9bHFuTi6sMiJhrGxJQxbq74kMI61nUWA7IzQTverNxf+8fmrCWz/jMkkNk3S5KEwFMTGZ/05GXDFqxMwSpIrbWwmdoEJqbEIVG4K3+vI66TTq3lW98XBda7pFHGU4g3O4BA9uoAn30II2UJjCM7zCm5M4L86787FsLTnFzCn8gfP5Awxuj1I=</latexit>

G��0
<latexit sha1_base64="1aLmE+55uRXQLbnZ+6VwNSA+ssY=">AAAB/XicbVDLSgMxFL3js9bX+Ni5CRbRVZmpgi4LLnRZwT6gHYZMJtOGZjJDkhHqUPwVNy4Ucet/uPNvTNtZaOuBkMM555KbE6ScKe0439bS8srq2nppo7y5tb2za+/tt1SSSUKbJOGJ7ARYUc4EbWqmOe2kkuI44LQdDK8nfvuBSsUSca9HKfVi3BcsYgRrI/n24Y2f97jJhxgV9+nYtytO1ZkCLRK3IBUo0PDtr16YkCymQhOOleq6Tqq9HEvNCKfjci9TNMVkiPu0a6jAMVVePt1+jE6MEqIokeYIjabq74kcx0qN4sAkY6wHat6biP953UxHV17ORJppKsjsoSjjSCdoUgUKmaRE85EhmEhmdkVkgCUm2hRWNiW4819eJK1a1T2v1u4uKnWnqKMER3AMZ+DCJdThFhrQBAKP8Ayv8GY9WS/Wu/Uxiy5ZxcwB/IH1+QPWTJTE</latexit>

G��
<latexit sha1_base64="lO7u5KzbIwKDJ/5PIMdGRd0jby4=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPBgx4r2A9ol5JNp21oNrsm2UJZ+ju8eFDEqz/Gm//GbLsHbX0ww+O9GTJ5QSy4Nq777aytb2xubRd2irt7+weHpaPjpo4SxbDBIhGpdkA1Ci6xYbgR2I4V0jAQ2ArGt5nfmqDSPJKPZhqjH9Kh5APOqLGSf9dLu/URJ1mb9Uplt+LOQVaJl5My5Kj3Sl/dfsSSEKVhgmrd8dzY+ClVhjOBs2I30RhTNqZD7FgqaYjaT+dHz8i5VfpkEClb0pC5+nsjpaHW0zCwkyE1I73sZeJ/Xicxgxs/5TJODEq2eGiQCGIikiVA+lwhM2JqCWWK21sJG1FFmbE5FW0I3vKXV0mzWvEuK9WHq3LNzeMowCmcwQV4cA01uIc6NIDBEzzDK7w5E+fFeXc+FqNrTr5zAn/gfP4AKlKRpg==</latexit>

G��
<latexit sha1_base64="PVUpkRJTLEvmx0p4piwad1aDd3I=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXBhS4r2Ac0IUwmk3boZBJmJoUS+iduXCji1j9x5984bbPQ1gMDh3PO5d45YcaZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq9JcEtohKU9lP8SKciZoRzPNaT+TFCchp71wfDf3exMqFUvFk55m1E/wULCYEayNFNj2fVB43OQjjLz2iM0Cu+40nAXQOnFLUocS7cD+8qKU5AkVmnCs1MB1Mu0XWGpGOJ3VvFzRDJMxHtKBoQInVPnF4vIZujBKhOJUmic0Wqi/JwqcKDVNQpNMsB6pVW8u/ucNch3f+gUTWa6pIMtFcc6RTtG8BhQxSYnmU0MwkczcisgIS0y0KatmSnBXv7xOus2Ge9VoPl7XW05ZRxXO4BwuwYUbaMEDtKEDBCbwDK/wZhXWi/VufSyjFaucOYU/sD5/AAdLkzU=</latexit>

G�i
<latexit sha1_base64="I9fQmv1t42il1pm3xUVgxVAbFxE=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLgQpcV7APaoWQyt21oJjMmmUIZ+h1uXCji1o9x59+YtrPQ1gOBwznncm9OkAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvjVFpHstHM0nQj+hA8j5n1FjJv+tlXWHTISV82iuV3Yo7B1klXk7KkKPeK311w5ilEUrDBNW647mJ8TOqDGcCp8VuqjGhbEQH2LFU0gi1n82PnpJzq4SkHyv7pCFz9fdERiOtJ1FgkxE1Q73szcT/vE5q+jd+xmWSGpRssaifCmJiMmuAhFwhM2JiCWWK21sJG1JFmbE9FW0J3vKXV0mzWvEuK9WHq3LNzesowCmcwQV4cA01uIc6NIDBEzzDK7w5Y+fFeXc+FtE1J585gT9wPn8AbtaR0g==</latexit>

G�i
<latexit sha1_base64="L2F7fMgSUnOdHB/qQ1EpRz7eZX8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCBz1WsB/YhrLZTtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHS420/6zVGnPBpv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7xlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9j4ZcIXMiIkllClubyVsRBVlxoZUsiF4yy+vklat6l1Ua/eXlbqbx1GEEziFc/DgCupwBw1oAgMJz/AKb452Xpx352PRWnDymWP4A+fzBw2SkHQ=</latexit>

All	of	these	are	universal

=)
<latexit sha1_base64="5f/t1QwudlrSeIxm5M2RI+8CJ2A=">AAAB+HicbVA9SwNBEJ2LXzF+5NTSZjEIVuEuCloGbCwsIpgPSI6wt9m7LNnbPXb3lBjyS2wsFLH1p9j5b9wkV2jig4HHezPMzAtTzrTxvG+nsLa+sblV3C7t7O7tl92Dw5aWmSK0SSSXqhNiTTkTtGmY4bSTKoqTkNN2OLqe+e0HqjST4t6MUxokOBYsYgQbK/Xdcu9WilixeGiwUvKx71a8qjcHWiV+TiqQo9F3v3oDSbKECk M41rrre6kJJlgZRjidlnqZpikmIxzTrqUCJ1QHk/nhU3RqlQGKpLIlDJqrvycmONF6nIS2M8FmqJe9mfif181MdBVMmEgzQwVZLIoyjoxEsxTQgClKDB9bgoli9lZEhlhhYmxWJRuCv/zyKmnVqv55tXZ3Ual7eRxFOIYTOAMfLqEON9CAJhDI4Ble4c15cl6cd+dj0Vpw8pkj+APn8wc7/JNo</latexit>

by	same	calc.	as	Het.	on												,T 10�D
<latexit sha1_base64="PtrWxr4UqUSClGCimYCiQCL/B6U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBC8GHajoMeAHjxGyAuSNcxOOsmQ2dl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsriAXXxnW/nZXVtfWNzdxWfntnd2+/cHDY0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HoZuo3n1BpHsmaGcfoh3QgeZ8zaqzUqj2knnt+O+kWim7JnYEsEy8jRchQ7Ra+Or2IJSFKwwTVuu25sfFTqgxnAif5TqIxpmxEB9i2VNIQtZ/O7p2QU6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6POlxhcyIsSWUKW5vJWxIFWXGRpS3IXiLLy+TRrnkXZTK95fFipvFkYNjOIEz8OAKKnAHVagDAwHP8ApvzqPz4rw7H/PWFSebOYI/cD5/APuojzg=</latexit>

F = 0
<latexit sha1_base64="rIteEon/bxw6t5NsFZGRwaVb4J4=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWpgm6EgiAuK9gHtKFMppN26GQSZiZCDf0SNy4UceunuPNvnKRZaOuBgcM593LPHD/mTGnH+bZKa+sbm1vl7crO7t5+1T447KgokYS2ScQj2fOxopwJ2tZMc9qLJcWhz2nXn95kfveRSsUi8aBnMfVCPBYsYARrIw3t6iDEekIwT2/n6Bo5Q7vm1J0caJW4BalBgdbQ/hqMIpKEVGjCsVJ914m1l2KpGeF0XhkkisaYTPGY9g0VOKTKS/Pgc3RqlBEKImme0ChXf2+kOFRqFvpmMouplr1M/M/rJzq48lIm4kRTQRaHgoQjHaGsBTRikhLNZ4ZgIpnJisgES0y06apiSnCXv7xKOo26e15v3F/Umk5RRxmO4QTOwIVLaMIdtKANBBJ4hld4s56sF+vd+liMlqxi5wj+wPr8AZiIklQ=</latexit>

!

(Checked	so	far	for	bosonic	string)

0
<latexit sha1_base64="CjqzENbWeqMnDp4k+dxhOzA37ug=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jpp16reVbXWvK7U3TyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AdP2Mpg==</latexit>



Actually,	this	fixes	the	normaliza5on
issue	in	the	sLWGC	proof!

A	Weak	Gravity	Theorem

22

BH,	Lo5to,	work	in	progress

Recall:	a	par5cle	with	vanishing	self-force
and	non-vanishing	mass	throughout
moduli	space	is	extremal BH,	to	appear



Actually,	this	fixes	the	normaliza5on

issue	in	the	sLWGC	proof!

A	Weak	Gravity	Theorem

22

BH,	Lo5to,	work	in	progress

↵0

4
m(�)2 � 1

2
max(Q2

L, Q
2
R)

<latexit sha1_base64="WMlQ/C+PoEsX9fpYlpDi5y1XGjs="></latexit>

So	the	extremality	bound	is	always

in	tree-level	ST,



Actually,	this	fixes	the	normaliza5on

issue	in	the	sLWGC	proof!

A	Weak	Gravity	Theorem

22

BH,	Lo5to,	work	in	progress

↵0

4
m(�)2 � 1

2
max(Q2

L, Q
2
R)

<latexit sha1_base64="WMlQ/C+PoEsX9fpYlpDi5y1XGjs="></latexit>

So	the	extremality	bound	is	always

in	tree-level	ST,

…provided	above	argument	succeeds.



Summary

23

A	priori,	WGC	&	RFC	are	indep.	conjectures.

CR	'14
HRR	'15
HRR	'16

PalE	'17
LLW	'18
HRR	'19

AMNV	'06

…and	many	others



Summary

23

A	priori,	WGC	&	RFC	are	indep.	conjectures.

However,	they	are	closely	related:

Ext.	BHs	have	vanishing	self-force

WGC	w/o	RFC large,	superext.	bound	states=)
<latexit sha1_base64="5f/t1QwudlrSeIxm5M2RI+8CJ2A=">AAAB+HicbVA9SwNBEJ2LXzF+5NTSZjEIVuEuCloGbCwsIpgPSI6wt9m7LNnbPXb3lBjyS2wsFLH1p9j5b9wkV2jig4HHezPMzAtTzrTxvG+nsLa+sblV3C7t7O7tl92Dw5aWmSK0SSSXqhNiTTkTtGmY4bSTKoqTkNN2OLqe+e0HqjST4t6MUxokOBYsYgQbK/Xdcu9WilixeGiwUvKx71a8qjcHWiV+TiqQo9F3v3oDSbKECkM41rrre6kJJlgZRjidlnqZpikmIxzTrqUCJ1QHk/nhU3RqlQGKpLIlDJqrvycmONF6nIS2M8FmqJe9mfif181MdBVMmEgzQwVZLIoyjoxEsxTQgClKDB9bgoli9lZEhlhhYmxWJRuCv/zyKmnVqv55tXZ3Ual7eRxFOIYTOAMfLqEON9CAJhDI4Ble4c15cl6cd+dj0Vpw8pkj+APn8wc7/JNo</latexit>

sLWGC	&	sLRFC	have	unified	ST	proof

(at	tree-level	in	NSNS	sector)



Summary

23

A	priori,	WGC	&	RFC	are	indep.	conjectures.

However,	they	are	closely	related:

Ext.	BHs	have	vanishing	self-force,	…

Important	disKncKons	remain:

BPS	states	have	vanishing	self-force

but	are	not	always	extremal!
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